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INTRODUCTION
The City of Raton, New Mexico is currently investigating the possibility of transferring 100-percent of their effluent to a reuse system. Their existing system uses approximately one-third of their annual effluent production. The remaining two-thirds of the effluent produced is discharged to a local creek. This paper discusses the design considerations and proposed improvements that need to be made to the Raton reuse system to achieve 100-percent reuse. Included in the proposed improvements is the allocation of a portion of the remaining effluent to be used as once through cooling water in a Biomass Cogeneration Electrical Plant, which is currently in the planning stages, with construction proposed to begin in 2005.

BACKGROUND OF TREATMENT FACILITY
The existing wastewater treatment facility is fed via a gravity sewer system that serves a population of approximately 7,400 people. Located at the southeast part of town, it has a design capacity of approximately 0.9-mgd. Between 1992 and 2000, the average daily effluent ranged from 0.68 to 0.86 mgd, and had a mean discharge of 0.78 mgd. Figure 1 shows the trends in effluent use from 1992 to 2000.

The existing facility has two methods of effluent discharge. The first is discharge to Doggett creek, which is on an intermittent stream adjacent to the facility, and the second is irrigation of Raton Municipal Golf Course and nearby athletic fields. Effluent discharge to Doggett Creek has been the primary location of discharge for the 30-year life of the plant and over the past ten years had handled a yearly average 193 million gallons (approximately 66% of the annual effluent volume.) The remaining 33% of the yearly effluent is typically used over a period of 3.5 months as reuse water for Raton’s recreation facilities. In order to achieve 100-percent reuse, the reuse system improvements must have the ability to store all of the effluent from the winter months and utilize it during summer irrigation periods. 

Figure 1 – Effluent Trends from 1992 to 2000 for Raton, New Mexico
[image: image1.png]ELECTROLYTIC

OxiDANT BHREIC

ot BRINE

TANK

-~
DISINFECTED WATER -
RAWWATER





BACKGROUND OF ENVIRONMENTAL IMPACT
Although Doggett Creek has served as an ideal discharge point for approximately 30-years, increased environmental restrictions and regulations have made this location an impractical alternative for effluent to discharge. Over the past four-years Raton’s National Pollutant Discharge Elimination System (NPDES) permit had been dependent on continuous toxicity testing and monitoring. Biomonitoring on Doggett Creek consists of using Daphenia Pulex (water flea) for toxicity testing every 3 months and Pimephales promelas (Fathead minnow) every 6 months. Results of the Toxicity Reduction Evaluation (TRE) have been consistent with the Pimephales promelas being non-toxic at 100% effluent, and the Daphenia Pulex being toxic within a range of 30-50% effluent dilution. (Paulette, et al., 2001)

The City of Raton and Wilson & Company have worked in conjunction with numerous experts and testing labs in order to identify the toxicant. Phase I and Phase II Toxicity Identification Evaluations were completed in 1999. The results of these tests indicated that the toxicant is most likely a non-polar organic. Samples were analyzed for a series of Metals and semi-volatile organic compounds (SVOC’s). The analysis concluded that 15 metals were not present, of the metals that were present, 13 were significantly lower than that of federal drinking water standards, and no SVOC’s in any quantity were detected. The effluent was also tested for organo-phosphates (pesticides) and carbamate herbicides, neither of which was detected. (Paulette, et al., 2001)

In March 2001, the New Mexico Environment Department revised Raton’s NPDES permit to include a Whole Effluent Toxicity (WET) limit. The implementation of a WET limit greatly increases the frequency and cost of testing, which in turn is becoming too costly for the City of Raton to perform. As a result of the WET limit, Raton is investigating the possibility and practicality of complete reuse in order to eliminate discharge to Doggett Creek.

APPLICABLE WATER QUALITY REGULATIONS AND GUIDELINES
In addition to having to meet the NPDES permit requirements that are mentioned in the previous section, the city also has to currently meet regulations for ground water discharge of effluent at each of the existing locations as well as guidelines for the above ground application of reclaimed wastewater. One of the critical components in the proposed reuse system improvements is to meet both the existing regulatory requirements and guidelines, as well as try to anticipate any changes to the reuse guidelines that may be issued in the near future.

GROUND WATER DISCHARGE PERMITTING
As of 1998, the city of Raton currently has a groundwater discharge permit that allows 600,000 gallons per day to be applied to 250 acres of city property, an additional 20,000 gallons per day available for aggregate wash water at the concrete plant, and a maximum of 5 million gallons per year of sludge to be land applied on 60-acres of land.

Currently, the city of Raton is in the process of revising this ground water permit to allow irrigation of an additional 141 acres of city owned land in order to reuse 100-percent of the effluent. Also included in this revision is the addition of a 24-acre effluent retention lake that is proposed to be used for storage during winter months when irrigation does not occur.

NMED REUSE GUIDELINES/POLICY PERTAINING TO THE EXISTING AND PROPOSED SYSTEM
The original reuse system that provides irrigation to the golf course and athletic fields was designed as part of the 1977 wastewater treatment facility plans. Over the systems 26-year life span the guidelines for the use of reclaimed wastewater for above ground application have changed considerably.  Until recently, the New Mexico Environment Department has been in the process of revising these guidelines. The preliminary engineering for the proposed reuse improvements was done in compliance with the New Mexico Criteria For The Use of Domestic Wastewater For Surface Irrigation (NMED, 2000). Under these guidelines all effluent used at the golf course and athletic fields needed to be filtered and have a chlorine residual at the point of testing. This criterion dictated the process that needed to be included in the proposed design.

In August 2003 NMED released its final policy for reuse (New Mexico Environment Department (NMED) Policy For The Above Ground Use of Reclaimed Domestic Wastewater). The new policy has eliminated the requirement for specific process (i.e. filtration) and defined classes of effluent based upon the intended reuse application, and for each of those classes established a set of quality based standards that the reclaimed wastewater is obligated to meet. Tables 2 and 3 at the end of this report describe the various classes and quality standards for each effluent class, respectively. The implications of this new policy are discussed in subsequent sections.

OVERVIEW OF REUSE IMPROVEMENT DESIGN CONSIDERATIONS
The primary objective of the proposed reuse improvements is to transfer the City of Raton from partial reuse to complete reuse. In order to provide complete reuse, effluent that is produced during the winter months must be stored until it is able to be used during the spring and summer irrigation seasons. The proposed method of storage is to construct a natural pond that will provide storage for approximately 150 days out of the year. 

The primary design consideration for the retention lake was the annual cycle of flow thru the retention lake. Conceptually, this lake will fill up for five months during the winter and then during the summer months the demand on reuse will need to be balanced, to allow for all of the effluent that is being produced by the treatment plant as well as the effluent that is stored in the retention lake to be used.  The goal is that by the end of the irrigation season the lake is almost empty, which will allow for storage of all effluent produced during the following year.

Current demand for reuse from the existing locations and the anticipated demand of the cogeneration plant will exceed the current average daily production of the wastewater treatment plant. Therefore, during summer months a portion of the flow to the biomass plant will have to be supplemented with effluent stored in the retention lake. The remaining effluent in the retention lake will be used to irrigate local ranch lands. In order to allow for storage of effluent the following year, the retention lake will have to be emptied by the end of the irrigation season each year.

STORAGE OF REUSE EFFLUENT IN OPEN LAKES
Due to the long duration of storage associated with retaining effluent during the winter months, it will be necessary to manage the effluent retention lake in order to minimize new biological growth within the lake. Issues associated with long-term storage of reuse effluent are growth of algae and phytoplankton, re-growth of microorganisms, high levels of turbidity and color, and deterioration of water quality due to aquatic wildlife. The amount of growth in the effluent lake can vary drastically; due to this possible differentiation, the approach to how to manage the effluent lake is dependent on the amount and type of biological growth within the lake.

Algae and phytoplankton can be controlled with the addition of algaecides. Turbidity and color should be reduced with proportion to the amount of algae in the lake. Deterioration of water quality due to aquatic wildlife is a problem that all bodies of water face, there is not much that can be done to prevent this issue. Dredging of the lake will help reduce the build-up of wildlife waste in the lake. (Metcalf & Eddy, 2003)

The existing reuse system pumps effluent to storage ponds at the golf course for irrigation purposes. Historically, these storage ponds have remained biologically manageable with little or no odor problems. It is reasonable to conclude that the new effluent lake, which is made up of the same effluent that the golf course storage ponds are, will grow in a similar manner to these storage ponds.  Final determination of the growth patterns within the lake cannot be made before the lake is in use. The only means of knowing the growth patterns in the effluent lake is to build and use the lake.

DISINFECTION ALTERNATIVES OF EFFLUENT
There are two primary types of disinfection that are currently used for wastewater effluent. The most traditional method of disinfection is chlorination of the effluent. A relatively new, but very effective technology is Ultraviolet (UV) disinfection. Both methods of disinfection are commonly used, and provide acceptable disinfection of effluent water.

ULTRAVIOLET DISINFECTION
UV is an extremely effective means of treatment. This type of disinfection is accomplished by either having the effluent run through an open channel or having an in-line system where the UV banks are enclosed in a length of pipe. For both set-ups the effluent is exposed to ultraviolet light provided by a single or series of banks that contain various number of UV bulbs depending on manufacturer and the desired kill rate. Ultraviolet disinfection is less effective toward effluent with high total suspended solids (TSS) due to the reduction in UV transmittance. UV is most effective as a microbacide in secondary and tertiary effluents with a peak wavelength of 254 nm (Jolis et al, 2001).  Traditionally, effluent that is stored in a pond is difficult to treat with UV disinfection due to the levels of TSS that are present in the effluent. Recent research suggests that the incapability of UV with stored effluent is a result of the degree to which the Coliform is embedded in the suspended solids. (Emerick et al, 1999, Nelson, 2000).

Advantages of UV disinfection are (Metcalf & Eddy, 2003):

· Effective disinfectant

· No residual toxicity

· More effective than Chlorine in inactivating most viruses, spores, and cysts

· Does not increase total dissolved solids level in treated effluent

· Improved safety compared to use of chemical disinfectants

Disadvantages of UV disinfection are (Metcalf & Eddy, 2003):

· No immediate measure of whether disinfection was successful

· No residual effect

· Energy-intensive

· More expensive than chlorine

· Larger footprint than chlorine system

CHLORINE DISINFECTION
Chlorination is a more traditional method of disinfection. For smaller capacity water systems, 10 mgd or less, the most practical and least difficult chlorination system to operate is a chlorine generation system. This system uses clean water (other than effluent) flowing through a brine (sodium chloride – NaCl) tank to generate chlorine (Cl2) and hypochlorite (OCl) The chlorine is pumped into the effluent to disinfect it. Figure 2 illustrates a typical chlorine generation process.

Figure 2 – Typical Chlorine Generation System Schematic (Miox, 2002)
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Advantages to chlorine are (Metcalf & Eddy, 2003):

· Well-established technology

· Effective disinfectant

· Chlorine residual can be monitored and maintained

· Germicidal chlorine residual can be maintained in long transmission lines

· Oxidizes Sulfides

· Smaller footprint than UV systems

Disadvantages to chlorine are (Metcalf & Eddy, 2003):

· Use of hazardous and corrosive chemicals can be a threat to plant workers (typically associated with chlorine gas systems)

· Longer contact time required compared to other means of disinfection

· TDS level of treated effluent is increased

· Chloride content of wastewater is increased

· Sodium level in effluent is increased

PROPOSED DISINFECTION PROCESS
Initially, due to the reuse guidelines published by NMED in 2000, the disinfection process that was selected was chlorine generation in order to meet the chlorine residual requirement.  The recently published policy by NMED has removed the chlorine residual requirement, and will allow either chlorine or ultraviolet disinfection. However, chlorine generation is still more advantageous for the proposed design. Since both the proposed reuse system and the existing reuse system pump effluent to reservoir storage, chlorine helps manage growth in the retention lakes by providing a residual at the influent of each lake. The proposed reuse system also has disinfection after the retention lake (before the effluent from the lake goes to the cogeneration plant). Because the effluent at this location is coming out of the lake it is likely it will have low ultraviolet transmissivity, this can result in a lower UV kill rate and/or higher energy consumption. For these two reasons chlorine generation is proposed to be a better alternative.

FILTRATION
Although, under the new NMED policy, filtration is not required, there is a quality standard for turbidity of Class 1A effluent. According to the new policy the existing applications are considered Class 1B effluent, and the proposed reuse locations are considered Class 2 effluent (see Tables 2 and 3.) 

The proposed reuse improvements call for the effluent that is being used to irrigate the golf course and athletic fields to be filtered. Hence, these locations will be provided with higher quality effluent than required. The following systems were considered for filtration.
DISC FILTERS
Disc filters are a relatively new technology that uses fabric membranes instead of granular media to filter the effluent. The particular disc filter that is being compared is the Hydrotech Disc filter that is manufactured by U.S. Filter. The Disc Filter is shown in Figure 3. This system is a self-contained system that can be placed indoors or outdoors.  Unlike gravity filters or pressure filters, the disc filter does not have to be taken off-line to backwash the filter. This particular disc filter uses a portion of the filtered effluent to spray over the filters and backwash them as they are in the process of filtering effluent. This allows for continuous operation as well as continuous cleaning. 

Figure 3 – U.S. Filters Hydrotech Disc Filter
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The Hydrotech Disc Filter is not designed for filtering effluent that is stored in retention ponds. The filter is better suited to treat effluent directly from the treatment plant. According to U.S. Filter, they are currently working to improve the performance of the disc filter so that is will be a reliable means of filtration from effluent lakes. The filter currently is unproven for removing algal growth from the stored effluent. U.S. Filter is trying a couple pilot plants that use chemical additives to create larger floc particles that the filter media will be capable of removing. They anticipate that there should be significant back-up data within a year for the disc filter to be considered for application at effluent lakes.

Advantages to Disc filters are:

· Compact Size (Approximately 75% smaller than other filters)

· Capable of removing Algae (although not recommended)

· Easily expandable, by adding more filter discs

· Cleaner than granular media to replace

· Low Headloss

Disadvantages to Disc Filters are:

· New technology, not as commonly used as granular media

· Rotating filters and moving backwash nozzles may require more periodic maintenance.

· Replacement filters are available from only one manufacturer

· Unproven for removal of particles grown in effluent storage lakes

Although the Hydrotech Disc Filter is not currently acceptable for filtration of the effluent from the retention lake, it is still a possible filter alternative for use on a direct line from the treatment plant to the golf course and athletic fields. 

GRAVITY FILTERS
Gravity filters are the most traditional means of filtration. Comprised of a tank that holds a granular filter media (typically sand, anthracite, or both) the effluent starts from the top of the filter and trickles through the granular media, which collects the suspended solids that are within the effluent. Cleaning of traditional gravity filters requires them to be taken off-line and backwashed. The backwash process is achieved by pumping clean (potable) water up through the granular media in the opposite direction. Newer styles of gravity filters circulate the media as well as the effluent. The circulation of the media provides a continuous cleaning process that eliminates the duration of time that the filter is off-line being backwashed. Gravity filters are the largest of the filter alternatives. The required filter size to polish the 500 gpm of effluent to the golf course and athletic fields has approximately a 10-foot by 10-foot footprint, and is 15-feet tall. Due to the size of the gravity filters, they are typically placed outside.

Advantages to gravity filters are:

· Proven Technology

· Minimum number of moving parts, allows for low operation and maintenance cost

· Granular media available from numerous suppliers.

Disadvantages of gravity filters are:

· Large size

· Granular media difficult to replace

· Backwash may require filter to be taken off-line

Gravity filtration is a tried and true method of effluent polishing. As with the disc filter, gravity filtration is capable of providing the level of filtration necessary for the golf course and athletic fields. In order for a gravity filter to be used with the proposed, reuse improvements the filter would have to be located on the effluent line from the effluent retention lake. This is the only location that it is possible to get the hydraulic head necessary for a gravity filter.

PRESSURE FILTERS
Pressure filters are similar to gravity filters with respect to the filter media. They typically have a granular media that the effluent is pushed through. As a result of the pressure in the tank, it is not necessary to have such a tall filter. The size of a pressure filter tank that has the capacity of polishing the required effluent to the golf course and athletic fields is approximately 9-feet tall and 7-feet in diameter.  The backwash cycle for pressure filters requires that the filter be taken off-line and clean water be pushed through the granular media in the opposite direction of flow.

Advantages to Pressure Filters are:

· Slightly smaller than gravity filters

· Can be used at the location of reuse

· Maintain Pressure within the system (excluding pressure drop through the filter)

Disadvantages to Pressure Filters are:

· Tanks are under pressure. 

· Backwash requires filter to be off-line

· Cannot be used at effluent retention lake

· Granular media difficult to replace

Pressure filters would only work if they were placed at the locations where the effluent is being used. This is due to the pressure head that they require to push the effluent through the granular media. If the pressure filters were placed immediately following the lift station, the pressure through the filters would be too high for the pressure vessel of the filter to handle. Should a pressure filter be placed before the discharge at the golf course, there would still be enough pressure in the line to push the effluent through the filter. Should a pressure filter be placed at the athletic fields it would be necessary to use a small booster pump to push the effluent through the filter and pressurize the irrigation system.

The following table compares the dimensions, head loss, flow rates, water loss, and water quality for the three filters.

Table 1 – Comparison of Filter Properties
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FILTRATION RECOMMENDATIONS
The most critical parameter that the filters have to meet is a low head loss. The wastewater treatment plant site has an elevation change of approximately 10-feet. Because of this parameter the disc filter is the most practical of the alternatives considered. Gravity filters are relatively low in headloss, but the filter unit itself is 17-feet tall which makes a gravity flow system more costly to build. The pressure filter has a great deal of headloss associated with it. Pressure filters placed on the existing reuse line are impractical due to the friction losses generated in the line, and the pressures at the treatment plant that would be required to pump to the golf course. The existing reuse line is the same age as the wastewater treatment plant (26-years), and the pressures needed at the treatment plant side of the transmission line to overcome the headloss created by the filters and the friction of the line may be detrimental to the transmission line.

The disc filters are ideal for this application because they are short units (6’-6” tall) and have an extremely low headloss within the filter. Because of this they can be gravity fed from the treatment plant to a location that requires substantially less earthwork than a gravity filter would. Immediately following the disc filters is a clear well from which effluent will be pumped to the golf course and lift station. The pumps in this lift station only have to overcome the friction loss in the existing line.

COOLING WATER FOR COGENERATION ELECTRICAL PLANT
The use of effluent as cooling water is an unconventional application. The fact that the co-generation electrical plant is considered a “Green Energy” plant makes this application even more unconventional. A co-generation electrical facility will provide 2 benefits to Raton; 1) the use of “Green Energy” facilities are favored heavily by the federal government, and therefore, have significant tax and funding advantages associated with their application. 2) The co-generation plant proposes to use regional deadfall from national forest lands as a fuel source. Typically, under brush is an eliminated using controlled burn in a small area. The National Forest Service is concerned that due to the thick nature of the under brush, controlled burns would be difficult to manage. It has been suggested that the under brush be mechanically removed and used as a source of fuel for a cogeneration electrical plant in Raton. The co-generation facility is being designed, constructed, and operated by a third party, which has expressed an interest in buying 300 gallons per minute up to 300,000 gallons per day. The major advantages to this reuse application are 1) Raton is achieving beneficial reuse by earning revenue on their effluent; 2) the co-generation facility will need effluent year-round, which translates to less effluent being stored in the retention lake.

GENERAL INFORMATION ABOUT EFFLUENT USE IN INDUSTRIAL PROCESSES
The predominant use for effluent water in industrial processes is as cooling water. For many industrial processes, including electric power generation, as much as one-quarter to one -half of the water used is in the cooling process. The quality and processes used to polish the effluent prior to use, as cooling water is dependent on the process in which the effluent is being used.  Effluent can be used as cooling water once, this is referred to as Once-Through, or it can be used multiple times (Re-circulated.) Table 4 shows the different treatment processes required for the different types of use generally associated with cooling water. The co-generation facility has requested a water quality that is equivalent to the wastewater treatment plants NPDES permit quality.

Table 4 - Processes Used in Treating Water for Cooling (Metcalf & Eddy, 2003)
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From Table 4 it is understandable that using the effluent as Once-Through cooling water would require significantly less treatment before use in the cogeneration plant. According to Table 4, Once-through cooling water does not need to be filtered. However, other processes that are required for this use can be as costly if not more costly than filtration. Hardness sequestering and pH adjustment both require the use of chemical additives to prevent scaling, corrosion, and biological growth. For the Once-Through cooling water Table 4 suggests chemical treatment over ultraviolet because the chlorine leaves a residual in the effluent that will continue to kill biological growth as long as the residual is still in the effluent. Ultraviolet light kills biological growth only while the organisms are exposed to the UV light. As soon as the effluent is not in contact with the ultraviolet light, treatment is complete. 


TYPICAL WATER QUALITY ISSUES ASSOCIATED WITH EFFLUENT COOLING WATER  (Metcalf & Eddy, 2003)
The following water quality issues are not exclusively associated with effluent cooling water, they can be caused by freshwater as well, but they occur more frequently with reuse water. The main water quality issues associated with cooling water are:

· Scaling

· Metallic Corrosion

· Biological growth

· Fouling in heat exchangers and Condensers

Scaling:

Scaling typically occurs on hot surfaces and is frequently composed of calcium deposits and magnesium deposits. Occasionally scaling can result from silica deposits, but most water contains low levels of silica, making this a rare occurrence. Typical methods for reducing the amount of scaling include precipitating out phosphates from the water in order to prevent the formation of calcium phosphate. Ion exchange and nano-filtration can be used to remove calcium and magnesium from the effluent, but these methods are considerably more expensive.

Metallic Corrosion:

Caused by an electro-chemical reaction between two separate metallic surfaces that are separated by the effluent. One metallic surface serves as an anode (in which oxidation of the metal occurs). The other metallic surface serves as a cathode (in which reduction of the metal occurs). The rate and amount of corrosion is usually affected by the quality of the effluent. Conductivity in water increases with the amount of Total Dissolved Solids (TDS) in the effluent. Corrosion can be controlled by the addition of chemical corrosion inhibitors.

Biological Growth:

Due to the environmental conditions within heat exchangers (temperature, moisture, nutrients, and available organics), they become an ideal place for biological growth. The biological growth may deposit to heat exchangers, create corrosive by-products. Biological growth is usually controlled by the use of biocides, pH adjustment, and preliminary disinfection. Disinfection guidelines are usually similar to the guidelines for reuse application to unrestricted public lands.

Fouling:
The term fouling refers to collection of any deposits on heat exchangers; these deposits can be biological, chemical, and physical. Fouling is less of an issue with Once-Through use of effluent than it is in re-circulated systems. Most of the treatment processes listed in Table 4 can be used for the reduction of fouling.

SUMMARY OF REQUIRED EFFLUENT TREATMENT FOR COOLING WATER USE
The final treatment of the effluent to be used as cooling water in a cogeneration electrical plant is a complex issue due to the variability in the quality, amount, and type of treatment of the effluent. The treatment of the effluent for this application could be done by the wastewater treatment plant, but would most likely be done at the cogeneration facility (with the exception of disinfection.) For the purposes of effluent supply, the only final treatment that needs to be done is disinfection via the addition of chlorine. This will be done at the Retention Lake Disinfection Building, as shown in Figure 4.

PROPOSED RATON REUSE SYSTEM IMPROVEMENTS
The proposed improvements are intended to work with the existing treatment plant, but they are being designed to accommodate flow situations through an ICEAS treatment process. The next phase of Raton’s system improvements is to replace the aging treatment plant with an ICEAS system, which will change the hydraulic characteristics from continuous flow to a plug flow downstream of the treatment system. Because of this future improvement, one of the existing treatment plants sludge lagoons is being converted to an equalization basin as part of the reuse improvements. From the equalization basin the effluent will be split using a mag-meter and actuated flow control valve to allow 350-gpm of flow go through the disc filters and to irrigation at the golf course and athletic fields. The remainder of the flow will be pumped using vertical split case pumps to the retention lake and/or the cogeneration facility. A chlorine generation system (located in the same building as the filters and pumps) will disinfect flow to both the existing reuse system and the retention lake. From the retention lake, a dry-pit lift station will be used to pump effluent to the cogeneration facility and other reuse applications. Another chlorine generation system is located adjacent to the dry-pit in order to disinfect all effluent from the retention lake. In the event that the lake water is too turbid and/or too low of quality for the cogeneration facility to use, the cogeneration facility can receive effluent directly from the treatment plant through a by-pass line around the lake. Any effluent in excess of the amount agreed upon to be provided to the cogeneration facility will be put in the retention lake for storage and irrigation of ranch lands during summer months. Figure 4 shows a schematic of the flow routing, and system layout.
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