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DAIRY CATTLE OPERATION IMPACTS ON GROUNDWATER (CALIFORNIA)

California is the largest dairy producing state in the US. A major portion of California dairy CAFOs are located in low-relief valleys and basins. Large amounts of liquid manure are generated and stored at these dairies. Liquid manure is frequently applied to forage crop lands via flood or furrow irrigation nearly year-round (Harter et al., 2002a).  Dairies are potentially a major contributor of nitrate and salts to groundwater.  

San Joaquin Valley, California

The dairy areas of Stanislaus and Merced Counties have had a long-standing history of nitrate and salt problems in their groundwater (Lowry, 1987).  Soils are predominantly sandy and depth to groundwater is typically shallow, thus this area is more susceptible to groundwater contamination from surface activities than other areas (Page and Boulding, 1973).

A research project is being conducted by the University of California at Davis to study the impacts of dairy operations on groundwater quality, and to develop strategies to protect and improve groundwater quality (Harter et al., 2005, http://groundwater.ucdavis.edu/gw_201.htm).  The specific objectives for the research project are as follows: 

· Implement a groundwater monitoring program to characterize shallow groundwater quality underneath a number of cooperating dairies in central California
· Develop specific recommendations for improvements in dairy nutrient management that are likely to have significant impact on groundwater quality

· Develop strategies to improve current groundwater quality

· Educate regulatory agency staff and dairy operators about potential pathways of manure nutrients in the subsurface below dairies and about their potential role in safeguarding ground water quality
A groundwater monitoring project was implemented that strategically placed monitoring wells at five dairies in northeastern San Joaquin Valley (Stanislaus and Merced Counties), which are (a) upgradient and downgradient from fields receiving manure water, (b) near ponds, and (c) in the corral area (Harter et al., 2005, 2002a, 2002b).  The 79 total monitoring wells were sampled approximately once every five to six weeks (Harter et al., 2002b). Typical groundwater levels in this area range from 5 to 15 feet below ground surface.  The participating dairies are considered to be well managed and both their operation and geographic environment are representative of many other dairies in the San Joaquin Valley (Harter et al., 2005).  

Monitoring for the array of potential point and nonpoint sources for each dairy was divided into three major source areas: (1) liquid manure water lagoons (ponds), (2) feedlot or exercise yard, dry manure, and feed storage areas (corrals), and (3) manure irrigated forage fields (fields).  The monitoring results indicated that nitrate, reduced nitrogen and electrical conductivity (salinity) were subject to large spatial and temporal variability, though the range of observed nitrate and salinity levels was similar on all five dairies.  Average shallow groundwater nitrate-N concentrations within the dairies were 64 mg/L compared to 24 mg/L immediately upgradient of these dairies, and average electrical conductivity levels were 1.9 mS/cm (1.9 mmho/cm) within the dairies and 0.8 mS/cm (0.8 mmho/cm) immediately upgradient.  Within the dairies, nitrate-N levels did not significantly vary across the three major source areas (dairy management units). However, electrical conductivity levels were significantly higher in corral and lagoon areas (2.3 mS/cm) than in field areas (1.6 mS/cm), thus indicating leaching from the corrals and lagoons.  Since fields treated with manure represent by far the largest land area of the dairy, these areas represent the largest potential mass source of contaminants, and thus proper nutrient management during land application will be a key to protecting groundwater quality (Harter et al., 2002a, 2002b).  The project is also developing nutrient management practices that will allow operators to fertilize crops with only liquid manure, without significant reduction in crop yield, while minimizing the nitrogen and salt losses to shallow groundwater (Harter et al., 2005).

