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Background

The U.S. Environmental Protection Agency (EPA) released proposed numeric nutrient criteria for Florida’s streams and lakes on January 15, 2010. The proposed criteria (presented in Table 1) are much more stringent than the advanced wastewater treatment requirements of 3 mg/L for Total Nitrogen (TN) and 1 mg/L for Total Phosphorus (TP).  

Table 1. EPA Proposed Numeric Nutrient Criteria

	Area of Florida
	Total Nitrogen (mg/L)
	Total Phosphorus (mg/L)

	Panhandle
	0.824
	0.043

	Bone Valley
	1.798
	0.739

	Peninsula
	1.205
	0.107

	North Central
	1.479
	0.359


In addition to the criteria proposed in Table 1, EPA is likely to propose even more stringent “downstream” standards.  In order to meet the stringent requirements of the proposed NNC, wastewater (and some water utilities) will need to implement expensive treatment technologies and/or provide alternate disposal of treated wastewater.

Purpose

Florida Rural Water Association is dedicated to helping water and wastewater facilities in Florida meet the challenges of increasingly stringent rule requirements.  This paper has been developed to provide systems options for meeting the intent of the proposed rule, and to provide rough cost estimates of each option presented.  Florida Rural Water conducted cost estimates for three different system sizes – a 15,000 gpd plant, a 400,000 gpd plant, and a 2.5 mgd plant as most of our member facilities fall within this size range.

Treatment Options

Advanced Wastewater Treatment (AWT) – In Florida, wastewater that has received advanced wastewater treatment has a total nitrogen concentration of 3 mg/L or less and a total phosphorus concentration of 1 mg/L or less.  Usually, a combination of advanced biological and chemical treatment processes are used to achieve AWT.  While AWT treatment processes are effective at the removal of nitrogen and phosphorus, these processes are not sufficient to meet the proposed numeric nutrient criteria.

Reverse Osmosis (RO) and Membrane Filtration - One option a facility has to meeting the proposed rule is to upgrade treatment processes to include RO and membrane filtration.

Reverse osmosis is similar to membrane filtration. The difference is that membrane filtration removes particles through straining, or size exclusion, and can (theoretically) achieve exclusion of particles regardless of operational parameters like influent pressure and concentration while RO involves a diffusion process where the separation efficiency is dependent on concentration of contaminants in the influent, pressure, influent flow rate and membrane area. RO works by using pressure to force wastewater through a membrane.  Concentrate containing the contaminants (in this case, Nitrogen and Phosphorus) remain on one side and clean water passes to the other side.

Membrane bioreactors (MBRs) and tertiary membrane filtration have been known to reduce TN to below 3 mg/L and TP to 0.1-0.04 mg/L. RO systems used for tertiary treatment can reduce TN to below 0.5 mg/L and TP to below 0.008 mg/L.

Disadvantages. Recovery rates range from 40-60% (can get higher if water is recycled back through process), membrane fouling, high energy costs.

Ion Exchange – Ion exchange is a unit process by which ions of a given species are displaced from an insoluble exchange material (resin) by ions of a different species in solution. 

In domestic wastewater treatment, ion exchange can be used to remove ammonium ions (NH4), nitrate ions (NO3), and phosphate ions (PO4) depending on the resin used in the ion exchange process.  Ion exchange units operate similarly to water softening systems.

Ion exchange can remove 99 percent or more of NH4 ions and when used as tertiary treatment, 90 percent or more of nitrate ions.

Ion exchange can also be used to remove phosphates, however, phosphates are weakly selected by resins and the presence of other ions will limit the phosphate removal capacity of the resin.

The disadvantages to ion exchange are: 1. The exchanged ion may not be suitable for discharge into the surface waters of concern.  2. Some exchanged ions may cause problems in system piping (e.g., scaling).  3. Regeneration and replacement of spent resin can be costly.

Zero Liquid Discharge (ZLD) – In zero liquid discharge systems, very little to no liquid waste leaves the facility.  Mainly used in industrial applications, the objective of this process is to reduce water consumption by reusing as much water as possible. The ZLD system is not a suitable solution for domestic wastewater treatment applications since the objective of a WWTP is to dispose of effluent to make room for treatment of a continuous stream of new influent. However, ZLD treatment is analyzed here because the end water product is of very high quality and could potentially be discharged to surface waters or reused.  ZLD systems are capable of meeting drinking water criteria, however, industry research has revealed that the citizens of Florida are not ready for direct potable reuse.  Also, the operational costs of ZLD systems are not practical for domestic wastewater treatment.  

Table 2. Cost Estimates to Upgrade to Alternative Treatment Options From Secondary Treatment

	WWTP Size
	Zero Liquid Discharge

System
	AWT
	RO/Membrane Filtration

	
	Capital Costs ($Million)
	O&M Costs

($/yr)
	Capital Costs ($Million)
	O&M Costs

($/yr)
	Capital Costs 

($Million)
	O&M Costs

($/yr)

	15,000 GPD
	3.0
	165,000
	1.9
	83,000
	0.14
	35,000

	400,000 GPD
	8.0
	2.3M
	4.7
	198,000
	1.2
	288,000

	2.5 MGD
	26
	13M
	11.1
	494,000
	4.9
	1.2M

	
	Ion Exchange
	
	

	
	Capital Costs 

($)
	O&M Costs

($/yr)
	
	
	
	

	15,000 GPD
	40
	10,000
	
	
	
	

	400,000 GPD
	1,040
	266,000
	
	
	
	

	2.5 MGD
	6,500
	1.7M
	
	
	
	


Notes: Land and Brine Disposal Costs not included. ZLD O&M costs are 3% of capital costs plus energy costs. RO and Membrane costs assume that facility already meets AWT requirements.

Alternative Disposal Options

Alternatives to surface water discharge are deep well injection and/or land application of secondary treated effluent.  It is difficult to provide cost estimates for land application systems since the costs are mainly dependent upon land and pipe requirements, which vary from project to project due to differences in treatment plant size, the amount of effluent needing to be disposed, and the distance the effluent needs to be piped.  Also, land prices vary by region. 

The costs of land application will need to be estimated on a case by case basis.  Some pipe land cost estimates are provided. 

The estimated cost of Schedule 80 PVC pipe is $3 x in. diameter/linear foot of pipe (installed).

In 2008, the value of irrigated cropland or improved pastureland was around $7,800/acre in the southern region of Florida and $5,000/acre in the northern region.  Transition land (land likely to be converted from agricultural to residential or commercial) less than 5 miles from a major town was around $7,800 in the northern region and $33,100 in the southern region.

Deep Well Injection – Deep wells must be drilled well below the Underground Source of Drinking Water (USDW)/aquifer and must be monitored to make sure that the injected effluent is not migrating into the USDW/aquifer.  Estimated costs for deep well injection are provided in Table 3 below.

Table 3. Deep Well Injection Estimates

	WWTP Size
	Deep Well Injection

	
	Capital Costs ($Million)
	O&M Costs

($/yr)

	15,000 GPD
	5.5
	4,800

	400,000 GPD
	3.4
	6,000

	2.5 MGD
	1.3
	7,200


Sprayfields – Usually, effluent that is sent to sprayfields need only meet the secondary treatment and basic level disinfection criteria, so no upgrades would be needed to the existing treatment plant.  However, this option requires a lot of land, which can be expensive and/or in short supply in very developed/urban areas.  Typically, land application rates on sprayfields are limited to 2 inches/week.

In addition, to the cost of land and piping the effluent to the sprayfield, the cost of fencing, sprayheads, and liner for the required storage pond(s) should be considered.

Rapid Infiltration Basins and Absorption Fields (RIBs and AFs) – These land application systems usually require less land than sprayfields due to having a higher hydraulic capacity.  The typical application rate for AFs and RIBs is 3 inches/day. 

Public Access Reuse – Reclaimed water used to irrigate public access areas requires secondary treatment, filtration, and high-level disinfection.  Systems with treatment plant capacities of less than 0.1 mgd usually are restricted from providing reclaimed water for public access purposes due to reliability issues. No minimum system size is required if a facility will provide the reclaimed water for fire protection and/or toilet flushing only.

The costs associated with a public access reuse system include filters, system and reject storage ponds/tanks, distribution system piping, backflow prevention devices, flow meters, public notification, increased O&M, etc.

Other Reuse – Reclaimed water can also be used for aesthetic, commercial, and industrial purposes (e.g., ponds, decorative fountains, car washes, process water for concrete or pesticide mix, cooling towers, etc.).  Utilities affected by the new rule may want to look for large water users in the area that could use reclaimed water as a substitute for drinking/ground water.  
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