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RIVERBANK FILTRATION CASE STUDIES
As described previously, riverbank filtration (RBF) systems are particularly well suited for providing better water quality than withdrawal directly from the surface water.  Under appropriate circumstances (several dozen feet of unconsolidated, unfractured porous media) reliable RBF systems can remove microbial pathogens, organic contaminants (including taste and odor causing substances and DBP precursors), hormones, endocrine disruptors, turbidity, and other substances. RBF is particularly well suited for Cryptosporidium removal (EE&T, 2004; AWWA, 2004).  

The following case studies outline the benefits several utilities have experienced from using riverbank filtration to provide protection against contaminants in surface water, including contaminants that could come from CAFO sources.

Lincoln, Nebraska
The Lincoln Water System (Nebraska) (www.lincoln.ne.gov/city/pworks/water) produces an average of 40 mgd for approximately 250,000 people.  They obtain their source water from two horizontal collector wells and approximately 40 vertical groundwater wells.  The two horizontal collection wells are located 70 feet below the surface of the river, and are considered as Ground Water Under the Direct Influence (GWUDI) of surface water.  In addition to the natural filtration provided by the soil, the utility removes iron and manganese via aeration, chlorination, and filtration, and also via ozonation and filtration.  Chloramination is used as the residual disinfectant.
The primary CAFOs in their source water area are beef cattle farms.  The SWAP completed for the source water by the Nebraska Department of Environmental Quality identified CAFOs as one of the potential pollutant sources for the river.  Since the river flows through three states, the utility has no control over source water protection efforts other than within their limited jurisdiction.  As such, the utility relies on the riverbank filtration (and additional treatment) in combination with continually monitoring water quality for contaminants.  Given the 70 feet of bank filtration, they do not expect to see much influence from CAFOs on their source water quality.  
In support of the value of riverbank filtration, a study by the USGS (in cooperation with the City of Lincoln) showed Cryptosporidium and Giardia were found in 48 percent and 44 percent of Platte River water samples, respectively, but neither were detected in any of the collector well samples analyzed (Vogel et al., 2005a).  Furthermore, Cryptosporidium has not been detected in any of the Lincoln Water System’s well water samples.  In addition, the riverbank filtration is partially effective at removing pesticides such as atrazine.  For example, in the springtime after some rain events, relatively high levels of atrazine have been detected in the river, while approximately 40 to 60 percent lower concentration levels were detected in the collector well samples approximately 5 to 7 days later.  
Another study by the USGS (in cooperation with the City of Lincoln and the USEPA) examined the occurrence of pharmaceutical compounds in wastewater sites (a cattle feedlot lagoon, a hog confinement lagoon, and wastewater-treatment plant effluent), surface-water sites (Platte River, Salt Creek, and Loup Power Canal), ground-water sites (one collector well and three vertical wells), and drinking-water sites (raw and finished) (Vogel et al., 2005b).  Pharmaceutical compounds were detected often in the wastewater-treatment plant effluent, while low-level concentrations of pharmaceuticals were detected in surface and ground water.  In contrast, finished drinking water samples did not contain detectable concentra​tions of pharmaceuticals (other than low levels of cotinine and caffeine).  While antibiotics were detected in some of the wastewater samples and twice in Salt Creek, they were not detected in any of the samples from the Platte River or the well field (Vogel et al., 2005b).
Cedar Rapids, Iowa

The City of Cedar Rapids (Iowa) Water Department (www.cedar-rapids.org/water/) produces an average of 38.2 mgd for approximately 130,000 people.  Approximately 70 percent of the water demand is associated with grain processing and other large water consuming industries. Prior to 1963 the City treated water obtained directly from the Cedar River. However, taste and odor issues due to elevated algae levels in the river prompted replacement of the surface water intakes with a series of shallow alluvial wells installed adjacent to the river. This system has been expanded over the years and now the City uses 45 vertical wells and 4 horizontal collector wells adjacent to the river (North et al., 2003).  The groundwater is treated by the city using lime softening, filtration, and chloramination.

The wells are completed in alluvium at depths up to 72 feet, located 30 to 900 ft from the river. Flowpath studies by the USGS and other agencies have revealed that about 74 percent of the water in the wells originates in the river, 21 percent from the aquifer, and 5 percent from infiltration of precipitation (North et al., 2003; Schnoebelen et al., 2003; and Schulmeyer and Schnoebelen, 1998). These studies also show that some individual wells derive an even greater percentage of their water from the river, up to 90 percent.  Subsequent studies have shown that approximately 95% or more of the water in the wells originates in the river with the balance from the underlying aquifer and infiltration from precipitation.  

The Cedar River drains a major agricultural watershed that also includes some urban areas in Iowa and Minnesota. Approximately 90 percent of watershed area is agricultural, principally corn and soybean production.  While there are AFO/CAFO operations in the watershed, there is not a high density.  Of those, swine are the predominant CAFOs in the area; there are also beef cattle, dairy cattle, and chicken CAFOs.  

The water department worked with state and federal agencies to complete a source water assessment, identifying potential contamination sources in the Cedar River watershed. AFOs/CAFOs were not specifically identified as significant potential contaminant sources in the SWAP. The water utility expects that contributions from individual AFO/CAFO facilities will be diluted before reaching the well field, and that the soil filtration will help to remove contaminants. However, since the area land use is predominately agricultural, the utility is concerned about the cumulative contributions of all agricultural chemicals, especially nitrogenous compounds. The utility’s water quality program has confirmed that some contaminants, including nitrate, herbicides and bacteria, enter the Cedar River watershed upstream from the wells. 

The watershed upstream of the wells covers an approximately 6,500 square mile area.  The city has no jurisdiction and very little "presence" in that area, and thus their source water protection activities have focused on monitoring and educational efforts. The city does meet with Soil Conservation Service and area land owners to discuss water quality issues. These meetings generally focus on nutrient loadings related to row crop activities.  Their future goals include improved communication and cooperation with those upstream of Cedar Rapids and will probably not focus on AFO/CAFO wastes. 

Water quality challenges include both point and non-point sources, and the greatest contaminant challenge is the elevated levels and increasing trend of nitrate levels. The river routinely has nitrate levels in spring and summer greater than the current MCL of 10 mg/L as N. Monitoring and management of the timing of withdrawals from the wells, coupled with a 2 to 3 mg/L (as N) removal between the river and the wells, has resulted in the City being able to provide water to their customers without exceeding the nitrate MCL (North et al., 2003). In particular, one finding from a four year study conducted by USGS on the wellfield revealed that nitrate levels were 4 to 6 times lower in wells completed in a wetland area adjacent to the river compared to samples from the groundwater or river upgradient of the wetland area (Schnoebelen et al., 2003).

Other water quality challenges for the river include excessive suspended solids (soil erosion), phosphorus, and fecal coliforms. The 57 mile segment upstream from the City’s wellfields has been placed on the State’s list of impaired streams due to both nitrate and fecal coliforms. Other problems in the river, especially during the last few years, include atrazine, acetochlor, cyanazine, metolachlor, and other herbicides, along with degradation byproducts of these herbicides. Those herbicides that are currently regulated with primary MCLs (e.g., atrazine) have been detected at some times of the year in the river at levels above the MCL (North et al., 2003; Schnoebelen et al., 2003). 

Riverbank filtration has proven to be highly effective for Cedar Rapids, and RBF water is preferred to treating raw river water as it provides a more consistent and better water quality.  The primary benefits of RBF for the Cedar Rapids Water Department are as follows (water quality data summaries are based on average concentrations from analyses performed by the Water Department’s in-house certified laboratory):

· Significant reduction in the occurrence of taste and odor events (taste and odor incidents were common when Cedar Rapids drew water directly from the river; but with RBF they have seen only two short-lived, isolated taste and odor events in the last 15 years)
· Reduction of nitrate levels thus ensuring compliance with regulatory requirements (nitrate concentrations are reduced by approximately 45 percent through RBF)

· Aesthetic enhancements provided by the reduction/removal of algae and compounds that affect taste and odor 
· Consistent, low turbidity levels and especially the elimination of turbidity spikes that occur in the river following rain or snow melt events (the well water is much easier to treat than water taken directly from the river).  Turbidities are often reduced by 90 percent or more through RBF.
· There is generally 2 to 3 log removal of 2–3 micron-sized particles through RBF, thus suggesting a reduction in microorganisms such as Cryptosporidium.  
· Some reduction of atrazine concentrations through RBF as evidenced by the avoidance of the extreme spikes that are detected on occasion in the river (however, there are insufficient data to estimate the typical or average percent removal)
· Average TOC reduction of approximately 70 percent (and thus a reduction in DBP precursors)
· Consistent water temperatures and avoiding the extreme high and low temperatures experienced in the river in late summer and winter (again, this makes the well water much easier to treat than water taken directly from the river)
In terms of comparing the costs of RBF versus additional treatment for raw river water, the city does not have specific data to make cost comparisons.  However, they believe that the improved water quality benefits from RBF far outweigh the additional pumping, operations and maintenance, and capital costs associated with the alluvial wells.  If water was drawn directly from the river, they would expect to incur costs for treatment processes that are not currently necessary with RBF such as presedimentation, carbon filtration and DBP precursor removal.

The utility has also researched the benefits of UV disinfection for adenoviruses, in particular sequential UV-chloramination (Ballester and Malley, 2004). Because of the relatively high level of ammonia in the raw water (0.5 mg/L) resulting from agricultural use of the surrounding land, and the expense of breakpoint chlorination and DBP regulations, the water is a good candidate for sequential disinfection (Ballester and Malley, 2004), and the city is planning to proceed with the installation of UV disinfection at both of our treatment plants.  Capital cost estimates for both of their treatment plants combined are $11 million, and expected operations and maintenance costs are $0.22 to $0.25 per 1,000 gallons.

Mankato, Minnesota
The City of Mankato, Minnesota Water Department (www.ci.mankato.mn.us/utility/treatmain.php3) draws its water from four wells.  Combined they supply an average 5.4 mgd to approximately 33,000 people.  Approximately 75 percent of the supply comes from a shallow Ranney Collector type well, sixty (60) feet deep, and the remaining 25 percent from three deep wells, cased and open rock hole type, 700 feet deep (two of these are for emergency standby).  The Ranney Well has the capacity to pump six million gallons of water per day, and the three deeper wells have capacity to supply an additional 1.1 mgd.  The treatment plant uses lime softening, sand filtration, and free chlorine disinfection.
The shallow collector well is located at the confluence of the Minnesota and Blue Earth Rivers, and is considered GWUDI of these rivers.  The size of the Blue Earth River watershed contributing water to the City’s collector well is approximately 3,500 square miles (Minnesota Department of Health, 2003).  Agricultural operations dominate the land use within the source water area (the greater Blue Earth River watershed and a portion of the Minnesota River watershed), and the predominant land use is for row crops.  The predominant CAFO type in the watershed is swine; there are also beef cattle, dairy cattle, chicken and turkey CAFOs.

The water department worked with the Minnesota Department of Health and other agencies to develop the SWAP for Mankato’s water supply (http://156.98.150.16/swa/surfwaterFile/1070009.pdf).  According to the source water assessment, the contaminants of greatest concern for the GWUDI supply are pesticides, microorganisms, nitrate, and volatile and synthetic organic compounds.  CAFOs were identified as one of the significant potential contaminant sources in the area.  Although not required, the City of Mankato intends to use the source water assessment as the basis for development and implementation of a source water protection plan (Minnesota Department of Health, 2003). Future efforts to develop and implement a source water protection plan will require the cooperation of various federal, state, and local units of government, and interested parties within the Blue Earth River and Minnesota River Watersheds.

As a means of improving their water treatment capabilities, Mankato is planning to replace their existing sand filters with ultramembrane filters.  They claim it has the ability to remove 99.99 percent of Cryptosporidium, 99.9 percent of Giardia, and practically all bacteria and viruses (City of Mankato, 2005).  This treatment system will provide an additional barrier to protect against potential microbial contamination from agricultural practices in the source water area, as well as providing treatment benefits related to other contaminants.  Water plant construction is expected to begin in Spring 2006 and be completed in 2007.  

As part of their future source water protection goal of reducing nitrate in their water supply, the utility is also planning to implement a nitrate monitoring program in their source water area.  The utility already monitors nitrate levels three times per day to ensure compliance with the MCL, since the levels fluctuate in the collector well as a result of fluctuations in surface runoff.  The utility is also interested in means to protect the source water area from contaminants due to releases from CAFO ponds, over-applied land application, and fields with direct flow to streams and rivers.

