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By Karen R. Burow, U.S. Geological Survey

Slide 1: Title slide and map with Modesto location
Now that you have a perspective on the national occurrence of contaminants in public wells from Patty’s presentation, I’m going to show you an example of how man-made and natural contaminants have affected one region, and how an understanding of the distribution and causes of contamination have enabled the local drinking-water utility to address some of their water quality problems. 
This story shows the challenges that water providers face when trying to manage multiple types and sources of contaminants. 
And it’s also an example of how we can use science to identify key factors affecting the quality of groundwater, enabling water managers to find the most efficient means to deliver clean water to consumers.    
Slide 2: Areal photo of Modesto area
In 2002, we began a study of contaminants affecting public-supply wells in Modesto, California. Modesto is a moderate-sized city in the midst of one of the most productive agricultural regions in the world—the San Joaquin Valley. 
Long term agricultural development and more recent urban activity have resulted in increased inputs of both natural and man-made contaminants to the aquifer. 
The goal of our study, which involved extensive sampling and computer modeling, was to determine the occurrence and distribution of contaminants of concern in the aquifer, and then determine the primary mechanisms that affect whether and how contaminants entered Modesto’s wells. 
I’m going to give you a brief overview of the study findings and then introduce Nick Pinhey, who is the Director of Utility Planning and Projects from the City of Modesto and he will tell you how the information from our study was used to address some of the issues they’ve faced in Modesto.

Slide 3: Cross-section of wells beneath urban and agricultural land uses

First, you need some background information on the aquifer in the Modesto area. This cross-section shows wells that tap groundwater beneath urban and agricultural land-use activities. 
The aquifer is a complex mixture of gravel, sand, silt, and clay. Most supply wells in the area draw water from the upper 200 to 400 feet of sediments.  
Water from a public-supply well usually is a mixture of waters that have been affected by both present and historical land-use practices. The shallowest part of the well often taps the water that is most affected by overlying human activity.

Although groundwater movement is typically slow, irrigation and groundwater pumping in this region have increased the amount of water moving through the aquifer by more than 10 times the natural amount. 
As a result, * water affected by recent land-uses has moved downward to depths of more than 150 feet, and has moved much more quickly than would have happened under natural conditions. 
Because the wells in Modesto are in the unconfined aquifer, there are no protective layers to keep contaminants in the shallow part of the aquifer from moving deeper toward the public-supply wells.

Slide 4: Shallow water impacted by overlying land surface activities
Groundwater supplies for cities in the Modesto region have been impacted by the same types of contaminants found elsewhere in the US: trace elements, radionuclides, nitrate, and VOCs.

Typical of many urban areas, contaminants from commercial and industrial activities have reached shallow groundwater. For example, perchloroethene (PCE) has leaked from drycleaners, causing several wells to have concentrations above its MCL. 
Use of fertilizers in agricultural areas have resulted in concentrations of nitrate above its MCL. 
However, the most widespread problem during the last 10 years has been high concentrations of uranium. 
Currently, 21 of the 113 wells operated by the City of Modesto are shut down (that’s nearly 20%!). Half of those shut down are due to uranium concentrations over the MCL. 
So, where does the uranium come from? In this region, uranium is naturally abundant on soils and aquifer sediments. Under natural conditions the uranium stayed on the sediment and did not build up in groundwater. 

But, agricultural and urban development during the last 100 years has initiated a complex chain-reaction that has resulted in uranium being released from the sediments into the groundwater. 

Slide 5: Uranium Source and Mobilization

Around the turn of the century, advancements in irrigation technology allowed farmers to convert dryland grains to more-thirsty, higher-value crops such as orchards and vineyards. 
Farmers irrigated during the summer, which coupled with increased plant production, resulted in increased concentrations of bicarbonate in shallow groundwater. 
The bicarbonate in groundwater releases uranium from aquifer sediment, where it is then mobile in groundwater. 
At that time, no one realized the long term effect that this development would have on groundwater quality.

Slide 6: Well selected for detailed study

As part of our Modesto study, we selected a single 400-foot deep well for detailed investigation. This particular well periodically had high uranium concentrations (above the MCL). 
The shallow groundwater near the well that has been affected by overlying land-use activities contains high uranium concentrations. In contrast, groundwater in the deep part of the aquifer has very low uranium concentrations. 

Slide 7: Short-circuiting mechanism moving shallow, contaminated water to deeper part of aquifer

So how does the high-uranium shallow groundwater get into the well? Remember that water pumped from a well is a mixture of water entering the well from different parts of the aquifer. 
During the winter season, when water demand was low, the well was not pumping except for short periods. 
When the well was not pumping, * water with high uranium in the shallow part of the aquifer entered the wellscreen, moved down the wellbore, and exited the well, displacing groundwater with low uranium concentrations that would normally reside at depth in the aquifer. 
When the well was turned on for only short periods in the winter, the high uranium water stored near the bottom of the well was mixed with high uranium water entering the well from the shallow aquifer, resulting in concentrations above the MCL. 
We call this mechanism of contamination ‘short-circuiting,’ because contaminants reach the deep part of the aquifer much more quickly than the average flow of groundwater through the aquifer. 
Slide 8: Pumping out affected water

However, in the summer, the well was operated for much longer periods. 
*The sustained pumping depleted the high uranium water that had accumulated at depth during the winter. 
In the summer, uranium concentrations in the well were much lower because the low uranium water entering the well from the deep part of the aquifer diluted the high uranium water entering the well from the shallow part of the aquifer. 
Understanding the mechanism for contaminants entering this well provided information that could be used to apply a relatively simple management strategy for this particular well and others like it: pumping the well for longer periods in the winter can prevent significant short-circuiting of high uranium water through the wellbore, and prevent the deeper zone from accumulating the contaminated groundwater. 

However, this is a temporary solution for one well, and not all wells in the Modesto area are as deep as this well. 
Many wells are much shallower, and tap more water with high concentrations of uranium. 
None of the options available for avoiding high concentrations of uranium are simple or inexpensive solutions, but through the results of our scientific monitoring and analysis we are able to understand the problem enough to evaluate possible management solutions. 

Slide 9: Implications for Management
 The water-quality problems in Modesto provide us with a good example of the types of complexities water managers face in their task to deliver clean water to their customers. 
Water providers often have to manage multiple contaminants from a variety of sources, both natural and man-made. 
For a contaminant like PCE, where the source of contamination is localized and defined, wellhead protection strategies may help prevent future problems. However, wellhead protection strategies would do little to prevent problems with uranium or other widespread or naturally-occurring contaminants. 
As we’ve found, it takes knowledge of the interaction between human activities, the physical and chemical properties of the aquifer, and the mechanics of the well itself to fully understand the quality of groundwater reaching public-supply wells and to effectively manage groundwater drinking-water supplies. 
Slide 10: For further information

Thank you very much for your time. 
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