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1.0   Overview of Costs Information Relative to Phosphorus Abatement
There are several cost components that have to be reviewed in order to understand the cost elements and conditions of phosphorus abatement at the point discharge source and at the nonpoint discharge source.  The effectiveness of water quality trading programs for reducing total phosphorus in impaired streams such as those river systems that within the Bear River watershed highly depend on the cost savings achieved by a trade and the ongoing trading process either between a point discharge source and a nonpoint source or even possibly between nonpoint sources.  A low control cost source discharges less phosphorus in order for a high cost source to discharge more within a the rules of a phosphorus reduction regulation such as imposed by the Total Maximum Daily Load mandated reduction.  So there has to be a significant difference in costs to provide incentives for ongoing trading.  The important cost difference has to be between a point discharge source and nonpoint discharge sources to drive the point-nonpoint trade.  There may be other cost component differences that drive nonpoint-to-nonpoint source trades and there may be several cost components and cost differences associated with phosphorus abatement at the nonpoint discharger level.   

In general, further reductions in phosphorus load to meet National Pollution Discharge Elimination System (NPDES) standards set by the states ( Idaho, Utah and Wyoming in the case of the Bear River  Watershed) at the point source level require Tier 2 and Tier 3 level treatment at waste water treatment plants (the WTTP).  Point source animal confinement operations also have to be permitted and adopt manure management plans in order to achieve reductions in phosphorus.  Nonpoint sources are exempt from the Clean Water Act (CWA) provisions, but may be brought into compliance through extension of the NPDES permitting system or by various programs to regulate phosphorus discharges if the states exercise their wide latitude of powers under the CWA provisions.  In these latter cases, the regulation prescribes best management (BMPs) and reduction technologies that have to be adopted by the nonpoint discharge sources.  There are several alternative BMP practices that influence the costs associated with their adoption and management such as riparian restoration, alternative irrigation application, conservation tillage, grass strips, manure management systems, crop rotation alternatives and other production process.  The effectiveness of these BMPs is also of concern and alters the cost of adoption and operation considerably.  
2.0    
Projections of Waste Water Treatment Costs to Reduce Phosphorus Discharge
Whitehead (2004) developed some cost levels for phosphorus reduction for the three waste water treatment plants that are within the Cub River watershed which is a tributary to the Middle Bear River, the latter of which then flows into the Cutler reservoir.  These cost estimates were developed from averages of cost estimates for phosphorus reduction using alternative methodologies to develop the reductions and the costs involved.  Additional details on the underlying assumptions and estimation methodology are found in the Whitehead M.S.thesis completed under the sponsorship of this Targeted Watershed project in the Department of Economics at Utah State University contained in Appendix A of this section of the report.  Much more detail on cost projection methodology and the resulting estimates is given in the thesis, particularly chapters III and IV where the detail of the analysis is covered.  Additionally, a survey sent out to waste water treatment facility officers that was developed for the Whitehead study is contained in Appendix B of this section.
One treatment plant with an average flow of 756,191 gallons per day incurs annualized cost of $168.60 per pound reduction using Tier 2 treatment for the reduction of total phosphorus and has to add Tier 3 treatment to get to the 0.05 mg/L level of Phosphorus discharge.  The Tier 3 treatment has a lower estimated cost of $72.45 per pound but greater reduction of phosphorus has to be accomplished with the Tier 3 treatment than the Tier 2 process.  Another plant with average flow of 208,350 gallons per day incurs a cost of $152.91 per pound of phosphorus reduction using Tier 2 treatment and $186.90 per pound reduction in phosphorus discharge using Tier 3 treatment to get to the 0.05 mg/L standard.  The third plant with an average flow of 25,853 gallons per day has a cost of $1,364.29 per pound for Tier 2 and $4,261 per pound phosphorus reduction for Tier 3 treatment.  All of these costs are in 2004 dollars.   
Glover (2000) developed some costs of biological phosphorus removal at a treatment plant with discharges that eventually find their way to the East Canyon Reservoir located in the mountains of the Wasatch Front area of Utah.  These costs have been indexed to 2007 dollar values.  The updated costs of reducing phosphorus from 2 mg/L to a 0.1 mg/L runs $1,850.79 per pound of reduction and $13,993.51 per pound to go from 0.1 mg/L to a Utah standard of 0.05 mg/L.  So there is a wide range of costs depending on phosphorus reduction levels and the treatment technology used to meet the lower concentrations of phosphorus in the effluent.  
3.0   Costs of BMP Implementations to Reduce Phosphorus Loading

It is cost differences between trading entities that drives the negotiations and initiation of water quality trading.  The low cost discharge source is usually assumed to discharge less nutrient effluent in order for a high cost discharge source to buy credits or allowances in order to discharge more if there is an environmentally equivalent condition for such a trade to take place and reduce total nutrient discharge.  It is often reported that nonpoint sources, mainly agricultural operations, are the low cost discharge sources and therefore would take the seller position in any trade negations (Faeth, 2000; and Ribaudo et al. 2005).  So it has been important in this particular study to verify these assumptions as they relate to the Bear River Watershed and the potential nonpoint source costs that are, and would be in the future, lower costs of investment in and operation of best management practices (BMPs) in order to initiate the future reduction in phosphorus discharge in order to meet TMDL regulations using the water quality trading policy tool. 
Whitehead (2004) has obtained some cost estimates from various sources and we report these in Table 1 below.  Farm units in the Cub River watershed were identified in the Whitehead study using GIS tools, and phosphorus reductions were estimated, mainly using phosphorus load conditions from other than Cub River area conditions and using PLOAD (a GIS tool) to calculate total phosphorus from fields.  This is a different approach to projecting phosphorus loads than was completed in the water quality modeling and field load identification as reported later in this report for the Bear River and the Little Bear River areas.  Then estimates of reductions in phosphorus were made with assumptions about export coefficients reflecting the movement of phosphorus to flow lines and to tributaries to the Cub River and actually into the river.  The Cub River enters the Middle Bear River section of the Bear River in northern Utah.  Then cost estimates associated with these reductions were projected.  Four types of BMP controls were considered in the Whitehead study, namely, conservation tillage, nutrient management systems, grass filters, and animal waste system for dairies.  The costs are in 2004 dollars.
Table 1.  Estimated Costs of Phosphorus Reduction in the Cub River Watershed ($/lb.)

	
	BMP Type

	
	Conservation tillage
	Nutrient planning management 
	Grass filter
	Animal waste system for dairies

	Mean cost
	2.08
	7.83
	0.85
	73.77

	Maximum cost
	8.15
	30.73
	3.36
	92.27

	Minimum cost
	0.93
	3.54
	0.39
	66.36


The assumptions on the effectiveness of the BMPs listed in Table 1 are that conservation tillage practices can reduce up to 66 percent of the phosphorus load per field.  Nutrient planning management effectiveness is less at 45 percent while grass filter practices are estimated to reduce phosphorus field load at 50 percent.  Animal waste systems adopted by dairies are assumed to only reduce 30 percent of the phosphorus load of any given dairy.  In this latter case there would have to be a combination of BMP implementations to reduce dairy phosphorus loads in order to meet Idaho and Utah standards of target load.  So the costs for the animal waste system are only part of the costs that dairies would have to bare in order to meet current water quality standards.  There are animal waste systems that are combined with digester complexes in Utah and Idaho, but their effectiveness in converting manure to methane and the costs of such conversion are still being investigated as the systems have only recently been built and are just initiating operation.  Capital costs for these systems are running in the $700,000 to $1,000,000 range depending on the collection system and the size of the dairy herd (Glover 2007; Hansen, 2005). 
Nonpoint sources and various agencies which provide advice on BMP costs and implementation should recognize that costs become specific to types of BMPs and the conditions under which they are introduced in order to bring about nutrient discharge reductions.  Additional information is needed about actual on-farm costs of the implementation of BMPs for the Bear River Watershed.  However, these estimates do provide some information on the level of costs for the BMPs considered and which would most likely have to be implemented in the watershed.  The costs for the grass filter given in Table 1 may be considerably underestimated since there would be approximately 5 percent of the land of a farm that would be in grass and row crop or alfalfa production would be decreased.   

Johansson (2000) provides another set of estimates of the cost of phosphorus reduction by implementing BMPs but the estimates are made for the Lower Minnesota River basin in the upper Midwest.  The primary crop production patterns for this area are row crop rotations and continuous row crop with corn and soybeans being the rotation and continuous corn being the continuous crop pattern.  Pasture is also included.  These reduction and cost estimates are of interest since fertilizer application method and amount applied is included with each tillage practice as part of the BMP implementation.  The BMP, percent reduction of phosphorus and cost per pound of phosphorus reduction (in 2000 dollars) are given in Table 2.
Table 2.  BMP, Phosphorus Reduction, and Cost per Pound Reduction Estimates for Phosphorus Reduction in the Lower Minnesota River Basin.
	Cropping pattern
	Tillage
	Method of fertilizer application
	Fertilizer rate
	Percent phosphorus reduction
	Cost per pound of phosphorus reduction

	Rotation
	Conventional
	Broadcast
	High
	Base case – no reduction
	Base case- no reduction

	Rotation
	Conventional
	Broadcast
	Medium
	17
	$29.26

	Rotation
	Conventional
	Broadcast
	Low
	26
	$50.68

	Rotation
	Conventional
	Incorporated
	High
	22
	$7.21

	Rotation
	Conventional
	Incorporated
	Medium
	24
	$34.00

	Rotation
	Conventional
	Incorporated
	Low
	26
	$48.29

	Rotation
	Conservation
	Broadcast
	High
	29
	$7.48

	Rotation
	Conservation
	Broadcast
	Medium
	40
	$16.89

	Rotation
	Conservation
	Broadcast
	Low
	52
	$27.77

	Rotation
	Conservation
	Incorporated
	High
	49
	$7.66

	Rotation
	Conservation
	Incorporated
	Medium
	49
	$19.72

	Rotation
	Conservation
	Incorporated
	Low
	52
	$26.68

	Pasture
	No Tillage
	No fertilizer
	No fertilizer
	62
	$295.41

	Continuous
	Conventional
	Broadcast
	High
	Increases discharge
	$1,095


The costs per pound of phosphorus reduced by implementation of the BMPs are mixed between the conventional tillage and fertilizer application options in this Minnesota case.  The other element of influence in these numbers is the reductions of phosphorus that are attained in different soil complexes which exist in the watershed.  The percentage reduction attained is what tells the story on abatement when shifting from the conventional tillage practice to conservation tillage and the fertilizer application method and amount applied.  Except for the conservation tillage BMP at high application rate, which actually provides a higher percentage than all conventional tillage cases, all the conservation tillage cases yield reduction percentages above 40 percent.  The 40 percent reduction level has been a target for nonpoint source reduction in several proposed uniform reduction plans in extending regulation to the nonpoint sources.  There appears to be a jump in effectiveness noted in the above figures for the Minnesota River case from the conventional BMP cases to plus or minus 50 percent for most conservation tillage implementations, and the cost per pound reduced is increasing, in general, as fertilizer application is reduced.  The costs are considerably higher than the costs projected by the Whitehead study, but the Whitehead study does not take into account soil conditions and fertilizer application conditions.  
Recently Bowcutt and Daugs (2008) attempted to derive estimates of BMP costs that are to be more representative of conditions in the Bear River Watershed using Potomac River Watershed cost data and matching these data with Natural Resource Conservation Service (NRCS) BMP price listing information for BMP project implementation capital and operating costs.  The estimates were developed in order to provide information to the Cutler Group and to Logan City (contributor of discharge into the Cutler Reservoir) future waste water treatment planning process.  The main target for which this information was intended was for planning purposes for Logan City to develop plans to comply with discharge regulations pertaining to the Cutler Reservoir.  However, some interesting BMP cost information comes out of this report both for nonpoint sources and for waste water treatment plant point source discharge planning.  The costs per pound of phosphorus removed are significantly higher than both the Whitehead and the Johansson estimates previously reviewed.  This may be a related to the use of the Potomac River phosphorus reduction data and also due to the fact that capital costs of implementation were apparently not amortized over the life of the specific BMPs included in the study.  However, additional information is contained in the estimates on an expanded set of BMP strategies such as land retirement, fencing, cover crops, and sprinkler irrigation alternatives.
A summary of the BMP, phosphorus reduction, and cost per pound of phosphorus reduction information from this report is given in Table 3.  The phosphorus reduction is reported in either pounds/acre for pounds/linear foot except for the animal waste facility for which the reduction is the total reduction of phosphorus estimated for a system.  The cost estimates are in current 2008 dollars.  
The most interesting of the estimates is the projected phosphorus reduction and the cost per pound of phosphorus reduction that is projected for the introduction of sprinkler irrigation.  This reduction alternative is mainly attractive in these estimates because of the phosphorus reduction and this reduction at somewhere around a conventional tillage cost that has little reduction effectiveness.  Certainly this alternative is attractive as an approach to discharge reduction and particularly attractive to a point discharge source as an alternative to Tier 2 and Tier 3 treatment at the waste water treatment plant.  Of course there are pipeline costs that are involved if a community transports effluent to neighboring nonpoint source sprinkler irrigation operations, but the pipeline investment would also be a part of the capital costs of setting up this BMP as a public agency waste water treatment alternative in addition to treatment at the existing waste water treatment plant facility.  Land acquisition costs are probably not included in the Bowcutt-Daugs projections and if included would perhaps increase the cost per pound of phosphorus reduction significantly.  Land transaction cost is what is making the land retirement alternative relatively expensive although there is considerable discussion about the 
Table 3.  Estimated Phosphorus reduction and cost per pound of phosphorus reduction for   

alternative BMPs possibilities of land retirement as an alternative water quality improvement program at the same time it is a land use preservation alternative. 

	BMP
	Pounds of phosphorus reduction per acre 

(or linear foot)
	Cost per pound of phosphorus reduction ($/lb.)

	Land retirement
	1.65/acre
	3,342

	Grazing land protection
	0.194/acre
	108

	Stream fencing
	0.016/linear foot
	623

	Stream bank stabilization
	0.14/linear foot
	7

	Cover crops
	0.39/acre
	306

	Grass filter strips
	1.28/acre
	187

	Animal waste facility
	241.84 per system
	331

	Conservation tillage
	0.18/acre
	153

	Agricultural nutrient management
	0.39/acre
	76

	Sprinkler irrigation
	26/acre
	58


The conservation tillage and grass strip options are significantly higher in cost relative to the Johansson and Whitehead costs presented earlier.  It is shown in Bowcutt-Daugs  projections in Table 3 is that fencing and stream bank stabilization do not yield great reductions in phosphorus movement from the field to the stream relative to the phosphorus reduction costs even though the cost of stream bank stabilization appears to be minimal.  The effectiveness of these 10 BMP options is not shown in the table and more information would be needed from the report to develop some estimates of effectiveness percent for each alternative.
4.0   Nonpoint Source-Point Source Cost Comparisons
What is shown by here by the cost comparisons that have been displayed by the three cost projections that have been summarized is that there are significant differences in point source costs relative to nonpoint costs that would provide incentive for point source-to-nonpoint source initiation of trading activity.  If one looks at the appendix in the Whitehead study there are some projected differences in costs between nonpoint sources that would make a limited number of nonpoint-to-nonpoint source trades viable.  However, for the most part one can conclude that trade viability is for the Bear River Watershed focus trading area is going to be point source trading with the nonpoint source discharges on a basis that the nonpoint sources are brought into regulation via the state’s exercise of broad latitude under regulation of the Clean Water Act provisions or brought into trading negotiations through the extended NPDES process that finances the phosphorus reductions of nonpoint source discharges through the point sources. 
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