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Introduction
No matter what you want to call it, animal waste is a serious agricultural and environmental problem for Pennsylvania’s farmers and for our land, rivers, and streams, and for the water that eventually drains into the Chesapeake Bay. In the center of our state, in a scenic farming community known as Morrison’s Cove located in the middle of the Clover Creek Watershed, dairy farmers tend more than 25,000 dairy cows. Despite the pastoral beauty of the surroundings, Morrison’s Cove is in trouble. 

The cows here produce about 200 tons of manure a day, and all this manure has overloaded the area’s ecosystem. 
While the creeks, streams, and springs in the Cove look clean and pristine, the water quality ranks low due to the high nitrate and phosphate levels, and the source of the pollution, according to a U.S. Geological Survey, is animal waste.
 But until now, dairy farmers in the Cove have had no environmentally sustainable way to handle all the animal waste.

In recent times, many of the larger farms -- most operations range from 80 to more than 2000 cows -- have converted to liquid manure application on their fields to dispose of the tons of manure produced daily within the Cove. While most of the agricultural operations follow existing nutrient management plans, changing regulations mean farmers must change the way they dispose of all this manure. They must, because the Cove is wrestling with pollution problems.  
The Problem

Many fields within Morrison’s Cove exceed maximum phosphorus limits, and, while some fields can possibly meet future nitrogen regulations, few think the fields will be able to comply with proposed phosphorus limits. In addition to the excess nutrients from the manure on the fields, this area, which includes the Borough of Martinsburg and its surrounding communities in Blair and Bedford Counties, faces major problems with its water supply. 

          The public water supply comes from groundwater wells, and the agricultural runoff has polluted the groundwater. “The farmers have manure management plans, but it still gets into the water,” says Julie Dick, the executive director of the Cove Area Regional Digester (CARD) project, a project determined to solve the pollution problems of the Cove by taking an environmentally sustainable approach to manure management. What makes the situation in Morrison’s Cove so challenging, she explains, is the area’s geology. 

The Cove is situated on a limestone and dolomite plateau, a landscape known as a karst. Below the surface, the groundwater has dissolved the soft rock into a vast network of underground caverns, sinkholes, springs, and gorges. The groundwater flows rapidly through these formations and, unlike more common landscapes, the water is not filtered by running through the ground. This makes the Cove’s water supply very susceptible to pollution. In fact, the area’s agricultural runoff has steadily increased the nitrate pollution of the water in the Cove, and today two of the four wells that supply Martinsburg Borough require treatment as these wells exceed or come close to exceeding the federal/state maximum for nitrates (10 mg/l). 
As you might expect, the drinking water in many private wells and water supplies in the region also has high concentrations of nitrogen and phosphorus from all the agricultural runoff. 


Then this same water with its high levels of nitrogen and phosphorus flows into the Juniata River. The Juniata flows into the Susquehanna River, and the Susquehanna flows into the Chesapeake Bay.

The Cove’s Connection with the Chesapeake
The Susquehanna River is the largest tributary flowing into the Bay and, before it empties into the northern portion of the Bay in Maryland, it flows over 400 miles. According to DEP, the Susquehanna supplies 50% of the fresh water entering the Bay and is the Bay's largest contributor of fresh water.
 That is why the health of the Chesapeake is so closely tied to the health of the Susquehanna River and, in turn, to the Cove.

According to the Pennsylvania Chesapeake Bay Program, nitrogen and phosphorous are the major non-point source nutrient pollutants threatening the health of the Bay.  (A non-point source of pollution is described as “non-point,” because its entry into the water supply cannot be “pinpointed” at an exact location.) In the upper portion of the Bay, where as much as 90% of the fresh water comes from the Susquehanna River, an estimated 75% of the nitrogen and 50% of the phosphorous comes from our state.

Until the Cove Biodigester and its allied water treatment facility becomes a reality, all the nitrogen and phosphorus from the Cove is ending up in the Bay, and these nutrients harm the Bay’s water quality just as they harm the Cover’s water quality. Water from the Chesapeake Bay Watershed, a massive area of about 64,000 square miles covering more than half of Pennsylvania and five other states, constantly drains into the Bay. This water carries sediments from erosion, contaminants, and nutrient-rich agricultural runoff. 
When all these nutrients arrive in the Bay, they promote the growth of algae blooms. When bacteria consume the algae, the bacteria takes in the oxygen in the water, thus robbing crabs, fish, oysters and other marine life of the oxygen they require. The algae blooms also block sunlight needed by the underwater vegetation and further stresses marine life by reducing the spots where juvenile crabs can hide from predators. A further reduction in the already low oyster population is especially serious, because oysters act as natural filters, as their feeding controls the growth of algae and bacteria. 

The Cove Solution 

Fortunately, the Cove community has not been sitting back letting the pollution problems worsen. About seven years ago, a handful of concerned citizens formed the Agriculture Today and Tomorrow committee to find a centralized solution using innovative and cost-effective technologies to solve the area’s manure and water supply problems. The committee considered the possibilities and came up with the CARD project, now expanded into the Cove Area Regional Digester and Water Treatment project.

As of August 2008, both the engineering plan and the funding sources are close to being finalized. Julie Dick and her board members hope work to build the permanent facility can begin soon, with the goal of the plant being operational by 2010. When the plant is up and running, it will greatly reduce the nutrient load now polluting the local groundwater sources and the surrounding drinking water supplies. The facility will also generate enough electricity from the methane gas produced from the digestion of the manure to power the plant and as many as 1000 homes. 
In addition, the operation will produce pathogen-free, nutrient-rich, kiln-dried soil amendments. Selling both the excess electricity and the “drier-than-sawdust” soil amendments are expected to generate about $1.7 million in annual income, enabling the estimated $30M facility to be self-sustaining.

When the facility opens, CARD hopes to receive 0.170 million gallons per day of raw manure from the participating farms. To get all this manure, CARD recently offered to pay farmers for their farms’ animal waste, and the incentive is working. “So far,” says Dick, “over half of the animal units required to operate the facility has been secured.” The plant will handle up to 75 manure deliveries per day, so no farm needs to store manure for more than a day or two. 

 In addition, at CARD’s expense, the plant will send trucks to the farms to pick up the manure and bring it to the biodigester. Before exiting the facility, each truck will be sanitized, and the used sanitizer will be collected and processed for further treatment. 

2007 Pilot Program


Last summer, thanks to a grant from Pennsylvania’s Chesapeake Bay Commission, CARD advanced to the testing phase. The engineering firm of Herbert, Rowland, and Grubic Engineering (HRG) has been involved in the project since 2002, and HRG, led by chief project engineer Jason Wert, created the plan for the Cove Biodigester and wastewater treatment. “This project combines two processes, an anaerobic methane digester and a wastewater treatment plant,” Wert explains. In fact, the addition of a wastewater treatment plan is what makes the CARD project most unique. 


The seven-month pilot program in 2007 included the thickening of the manure, its treatment through an egg-shaped anaerobic digester, and its de-watering to reduce the material’s water content. Then the wastewater was combined and treated to yield a discharge that met the state’s and the region’s highest standards making the released water nearly drinkable and far cleaner than the local water. “The water we released was nearly drinkable,” Wert reports.

All the phases of the pilot program were done at the test site, Pleasant View Farm in Martinsburg, and completed by September 2007.  The equipment, while not employing new technology, was combined and used in innovative ways. The pilot went extremely well, but not without a few good surprises.

“First and foremost,” says Wert, “we were very pleased to see that the equipment worked as expected and that we were able to optimize in many ways what the ultimate engineering design would be. The configuration of the equipment worked well, better than we expected, and we realized it produced more methane gas to produce more electricity, with less effort.”

”Secondly, we found there are much more concentrated nutrients in the manure than we expected. That means the Cove Digester project will end up removing more nutrients from our surface waterways and ultimately the Chesapeake, so the project will go even further to reduce pollution.”


The pilot program uncovered one problem, and HRG made an equipment change. During the test period, raw manure from about 6500 cows was brought to the Pleasant View dairy farm. Initially, after being unloaded, the manure was thickened to reduce its volume by centrifuge. However, the raw manure was much more fibrous than anticipated, and the centrifuge kept jamming. After the centrifuge’s failure, gravity belt thickeners replaced the centrifuge, and these gravity belt thickeners performed without problem. Even better, Wert noted, replacing this high-tech centrifuge with less costly, low-tech belt thickeners will save the project about $500,000. 


After the manure was thickened, it was sent to a modified anaerobic egg-shaped digester. The digester, operating at 145°F with a residence time of 12 days, used advanced wastewater treatment technology to enhance volatile solids destruction and methane gas production. 

Following the manure’s digestion, the digested solids were dewatered to improve handling characteristics and to reduce excess water content. Finally, all wastewater was treated to comply with the highest state and regional regulations. This final step, the treatment of the wastewater, makes the CARD project so outstanding as this process does the most to remove nutrients, specifically nitrogen and phosphorus, from entering our state’s waterways and ultimately, the Bay.
The Treatment of the Wastewater

While about 2000 digesters across the U.S. already treat animal waste, not one of these offers the state-of-the art wastewater treatment planned for the Cove’s plant. According to Wert, the wastewater treatment added to the back end of the process will remove nearly all the phosphorus and nitrogen from the manure and keep it from polluting the environment.

 “The removal of these nutrients,” says Wert, “provides the long-term environmentally sustainable approach to manure management the Cove needs. Preventing phosphorus and nitrogen from moving into the local streams and ultimately the Chesapeake Bay will result in a very, very large savings. It will be the largest project of its kind in the nation for this level of water treatment.”

According to the pilot project results, the wastewater treatment will remove 99.7 percent of the nitrogen from the manure. “This nitrogen,” Wert notes, “will either end up as treated in our water and released into our atmosphere as safe, odorless nitrogen gas. Our atmosphere is 79 percent nitrogen. Or, this nitrogen will end up in our dry soil amendments where the presence of the nitrogen will make it a very good fertilizer.” 
The removal of the nitrogen will prevent about 800,000 pounds of nitrogen from entering the Cove’s waters and from moving downstream to the Chesapeake Bay, according to Wert. Or, to be exact, the pilot test proved the system capable of reducing the nitrogen from the Cove to the Chesapeake Bay by 358,344 kg/yr (790,000 lb/yr).


Amazingly, the water released from the plant will so clean as to be nearly drinkable. In fact, the water released will be far cleaner than the Cove waterways it will enter. The pilot project successfully showed how even manure can become “clean and green.”
The Chesapeake Bay Commission Grant

Thanks to the grant from the Chesapeake Bay Commission, the pilot program was able to prove the validity of the CARD Biodigester and its wastewater treatment plan. It enabled Wert and the engineering team from HRG to perfect their design plan and to prove this unique system is able to remove the phosphorus and nitrogen now going into the ground water and able to provide the long-term environmentally sustainable approach to handling animal waste in the Cove. Certainly other locations troubled by pollution problems from animal waster will become interested in building similar plants. 
The Chesapeake Bay Commission grant, said Ron Donlan, the founder of the original Today and Tomorrow Committee and CARD board member, has been so important. The study proved that the Cove could find a solution to its pollution problems, bringing the area “closer to the day when odors are minimized, the groundwater is protected, our resources totally utilized and our agriculture sustained.” 

In addition, thanks to this grant from Chesapeake Bay Commission, the equipment used for this pilot project is available for loan for other communities. Persons interested in arranging for a test program in their community can contact Julie Dick, by phoning her in Martinsburg at 814-934-7622 or 814-793-0090, or emailing her at Julie@CoveDigester.org. Or, contact Jason Wert, PE, Sr. Project Manager, HRG, Inc. Engineers, 814-238-7117 or via email, jwert@hrg-inc.com.

What’s Next
Now that the technology has been tested and proven and the financial support nearly secured, Dick and her board hope to have the permanent biodigester and water treatment plant by 2010. The project hopes to be in full-scale operation by the 2010 deadline for removing Chesapeake Bay from the list of waters not meeting water quality standards. The federal Clean Water Act requires each state to list the waters in its state that do not met standards, and this list, called the section 303(d) list, requires a management strategy be developed for all listed waters. 

The development team for CARD estimates the project will become financially self-sustaining at nitrogen credits of $1.10/kg/yr ($0.50/lb/yr) with electricity at $0.04/kwh.
 With current credit projections of $20/kg/yr ($9/lb/yr), finding a willing buyer of credits should not be difficult. According to Dick, “Financial support for the facility has been identified and the project is advancing into final engineering design stage.”

The development team leading the Cove Regional Digester and Water Treatment Facility Project are now declaring the project “a go,” as the project has secured over half of the animal units required to operate the facility.  “We will compensate farmers for their manure,” says Dick.  Offering money to the farmers is a big attraction as some dairy farmers in the Cove pay as much as $50,000 per year to get rid of it.  She adds any Cove area farmers interested in participating should contact her as soon as possible, as the amount of manure will determine the size of the facility to be built. 


Says Dick, “We are ready to move forward, and we thank everyone, especially the Chesapeake Bay Commission for bringing us so far.”
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