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SMALL SYSTEM ELECTRIC POWER USE

OPPORTUNITIES FOR SAVINGS

Executive Summary

Operation of water and wastewater systems is normally a power intensive process, frequently requiring large electric motors for pumping, mixing, and other elements of the treatment and distribution functions. In this era of rapidly increasing energy costs, minimizing this power consumption assumes significant importance both in terms of energy conservation and monetary savings.  This paper describes the typical rate structures utilized by United States electric utilities and how these rate structures can most effectively be utilized by water utilities, especially small ones, to minimize their electric costs and thereby save money and energy.

 In the US, billing commercial (as opposed to residential) customers for electric power use is normally a two-component procedure.  First, the customer is charged for demand which is a measure of the generating, transformer and line capacity needed to be sure that customer has adequate power for his maximum needs at any time.  The second element of the power charge is frequently referred to as the energy charge and is the amount of time electricity is consumed at the established demand. Demand is measured in kilowatts (kW) for small to medium amounts and energy in kilowatt-hours (kWh).

The procedures for utilizing these measured kW and kWh amounts to develop power charges can range from simple to highly complex and are normally referred to as rate structures, rate schedules, or tariffs. Regardless of their complexity, these billing schemes frequently have some common characteristics that include:

· Power suppliers don’t like to develop more generating, transforming and transmission capacity than is required to meet customer needs and rates often reflect this with penalties for excess demands developed, especially in high demand periods like summer months.  These penalties commonly take the form of ratchet clauses that will be explained further later in the paper.

· It is to the advantage of the supplier to keep it’s power capacity utilized as fully as possible and rates often reflect this with price breaks for usage during so called off-peak hours (normally nighttime and weekend hours).  These off-peak rates can be used to great advantage by customers when applicable and can apply to both demand and energy charges.

· Similar to on-peak/off-peak considerations, it is more cost effective and efficient for power devices (motors) to be kept loaded (operating) rather than sitting idle, and rates often encourage this with price breaks for higher kilowatt-hour usage. The point at which this price break occurs is commonly controlled by the demand, so demand control can have a compound effect.

· Demand costs are usually a few dollars per kW whereas energy costs are normally a few cents per kWh.

A survey of typical rate structures in the US showed that:

· Demand charges averaged about $7.50/kW with a wide range from less than $1.00/kW to nearly $20.00/kW

· Energy charges averaged 4.66 cents per kWh but again with a wide range from about a quarter of a cent to nearly 12 cents per kWh

· About half the rates had a demand ratchet clause.  Ratchet refers to a provision whereby a customer is never charged less than some percent of the maximum demand established during a previous time period – frequently the past year or the past summer months. This can be a severe and controlling penalty if, for example, a water utility uses an extra pump during a high water demand, but never or seldom uses it again. This ratchet demand can control the entire year’s charges.

· About half the rates had a price break for energy use at the higher amounts.  The point at which this occurred was controlled by demand in half the rates that had such a provision. The average price reduction for this break was about 1 cent per kWh.  Although this may not sound like much, it can generate substantial savings because kWh consumptions are usually in the thousands

· Seven of the utilities checked had special water and/or sewer rates available.

· Although it wasn’t tabulated, a majority of the utilities have special time-of-day rates available that provide significant price reductions when customers can operate in off-peak hours. These reductions can be in either kW charges or kWh charges or both.

Typical Savings Situations

A number of typical situations are presented that demonstrate how these rate structures can be utilized to save significant money in systems without expenditure of funds for equipment or technical services.  A pilot study in New York to validate the suggestions made produced significant results. With only nine systems examined, the project officer was able to state:

1. ” A lot more Operators of water systems than I would have ever imagined had 
never seen an electric bill until we needed them to collect the data.

2.  At one of those systems we were able to discover a meter located on an 
abandoned storage tank. This meter was generating a bill for $39.00 a month 
for over ten years. This added up to over $5,000.00 thrown away and would 
have continued if not for the survey.

3. At another system I was able to show the Operator that he was paying less 
than $20.00 to produce that month's water supply and over $225.00 that same 
month to heat a separate building that the water passed through before 
entering the distribution system. A simple heat tape was installed and the 
heat turned off since they didn't use the building for anything else anyway.

4. When a system with multiple wells saw the over $2.00/1,000 gallons produced at 
one well site they decided to only use it in case of emergencies.

5. At yet another system I found a meter with a three-phase service left 
over from a well pump application that today serves a single 100 watt light 
bulb in that building.”

6. Bills are often estimated and these amounts are usually higher than actual usage would be.  This can be minimized by making electric meters accessible, especially in bad weather.”

The potential for savings in small systems is clearly demonstrated.  Using the US Environmental Protection Agency figures for 2007, small community water systems serve about 52 million people. Applying conservative consumption figures and the electric efficiency and cost figures determined in the New York pilot study, it can be estimated that these small water systems spend between $300,000,000 and $500,000,000 per year on electricity. Obviously, if even a small percentage of this amount can be conserved, the savings in money and energy will be substantial.

Introduction

Operation of water and wastewater systems is normally a power intensive process, frequently requiring large electric motors for pumping, mixing, and other elements of the treatment and distribution functions. In this era of rapidly increasing energy costs, minimizing this power consumption assumes significant importance both in terms of energy conservation and monetary savings.  This paper describes the typical rate structures utilized by United States electric utilities and how these rate structures can most effectively be utilized by water utilities, especially small ones, to minimize their electric costs and thereby save money and energy. The approaches described are basically simple steps that can be taken by system personnel without need of hiring specialists to design elaborate conservation schemes and without need for significant capital expenditures.  Nonetheless, the savings that can be achieved are frequently substantial, amounting to hundreds or thousands of dollars per month with corresponding significant energy savings.

The paper is organized by a discussion of current electric billing practices and rate schedules in use in the US, a presentation of several scenarios that illustrate ways systems can best utilize these rate structures, and presentation of the results of a small pilot study conducted to test the efficacy of the suggestions proposed with actual, current operating experience in several public water systems.

United States Electric Utility Rate Structures and Measurements

In the US, billing commercial (as opposed to residential) customers for electric power use is normally a two-component procedure.  First, the customer is charged for demand which is a measure of the generating, transformer and line capacity needed to be sure that customer has adequate power for his maximum needs at any time.  This demand is normally measured in kilowatts (kW) for small to medium amounts, and is recorded on a special demand meter. These meters usually take 15 minutes to register the full amount of demand they see and this demand amount does not reset during the month until the meter reader manually moves it back to zero. Thus these meters record the maximum amount of demand presented to the meter during the month.

The second element of the power charge is frequently referred to as the energy charge and is the amount of time electricity is consumed at the established demand. This energy is measured in kilowatt-hours (kWh) and is recorded on the same meter as the demand. Kilowatt-hours are cumulative and thus the meter records the total accumulation during the month in contrast to the maximums recorded for demand.  Special meters can also break both kW and kWh amounts down by the time of day they are accrued.

The procedures for utilizing these measured kW and kWh amounts to develop power charges can range from simple to highly complex and are normally referred to as rate structures, rate schedules, or tariffs. Regardless of their complexity, these billing schemes frequently have some common characteristics that include:

· Power suppliers don’t like to develop more generating, transforming and transmission capacity than is required to meet customer needs and rates often reflect this with penalties for excess demands developed, especially in high demand periods like summer months.  These penalties commonly take the form of ratchet clauses that will be explained further later in the paper.

· It is to the advantage of the supplier to keep it’s power capacity utilized as fully as possible and rates often reflect this with price breaks for usage during so called off-peak hours (normally nighttime and weekend hours).  These off-peak rates can be used to great advantage by customers when applicable and can apply to both demand and energy charges.

· Similar to on-peak/off-peak considerations, it is more cost effective and efficient for power devices (motors) to be kept loaded (operating) rather than sitting idle, and rates often encourage this with price breaks for higher kilowatt-hour usage. The point at which this price break occurs is commonly controlled by the demand, so demand control can have a compound effect.

· Demand costs are usually a few dollars per kW whereas energy costs are normally a few cents per kWh.

There are hundreds of electric power utilities across the country and as many rate structures.  However, it was desired to obtain a picture of the typical structure as it applies to small water utilities and a sample of at least one rate from each state was obtained from utility web sites.  Insofar as possible, the supplier serving the largest majority of the state was chosen and the rate for that supplier that would most likely apply to small systems was examined. If a supplier had a special rate for water pumping, which several had, that was also noted. Application of these criteria was highly subjective, and the results should not be assigned any high degree of accuracy regarding how typical they are. However, they should be reasonably representative.  The rate characteristics were compiled in an Excel database, and this is printed out as Figure 1

.FIGURE 1

	TYPICAL ELECTRIC RATE STRUCTURES FOR SMALL SYSTEMS
	

	
	

	STATE
	ELECTRIC SUPPLIER
	RATE NAME(ABR)
	DEMAND CHARGE/ kW
	DEMAND RATCHET Y/N
	kWh BREAK Y/N
	BREAK POINT kWh/kW
	kWh CHARGE 1st STEP cents
	kWh CHARGE 2nd STEP cents
	kWh CHARGE 3rd STEP cents
	Comments

	Alabama
	Alabama Power
	LPM
	$4.74
	y
	y
	250
	6.64
	4.6756
	
	 water rate avail

	Alaska
	Anchorage ML&P
	Sch 22
	$11.85
	y
	n
	
	4.72
	
	
	

	Arizona
	Arizona Public Service Co
	E-32
	$4.51
	y
	y
	200
	9.12
	5.33
	
	

	Arkansas
	Entergy Arkansas
	SGS
	$2.94
	y
	y
	150
	3.76
	2.646
	
	

	California
	Pacific Power and Light
	Sch A-36
	$4.67
	n
	n
	
	4.79
	
	
	

	Colorado
	Xcel Energy
	SGS
	$9.58
	n
	n
	
	0.29
	
	
	

	Connecticut
	Connecticut Light & Power
	Rate 30
	$9.13
	n
	n
	
	11.35
	
	
	

	Delaware
	Delmarva Power
	MGS-S
	$19.82
	n
	n
	
	5.32
	
	
	

	Florida
	Florida Power and Light
	GSD-1
	$6.68
	n
	n
	
	7.20
	
	
	

	Georgia
	Georgial Power 
	PLM-4
	$6.86
	y
	y
	fixed kWh
	9.67
	8.825
	7.597
	

	Hawaii
	Hawaiian Electric Co.
	Sch J
	$5.75
	y
	y
	200
	8.69
	7.54
	6.51
	

	Idaho
	Idaho Power Co.
	Sch 9
	$4.21
	n
	y
	fixed kWh
	7.05
	3.15
	
	

	Illinois
	Illinois Power Co.
	DS-3
	$4.22
	n
	y
	
	6.38
	
	
	

	Indiana
	Indiana Michigan Power Co.
	MGS
	$4.27
	n
	n
	
	4.72
	
	
	 water rate avail

	Iowa
	Interstate Power and Light Co
	Lg. Gen Serv.
	$0.09
	y
	n
	
	1.98
	
	
	

	Kansas
	Westar Energy Inc.
	Sch MGS
	$6.83
	y
	n
	
	1.64
	
	
	

	Kentucky
	Kentucky Utilities Co.
	Sch LP
	$13.67
	y
	n
	
	3.28
	
	
	

	Louisiana
	Beauregard Electric Coop.
	Sch LPC
	$6.00
	y
	y
	300
	2.60
	2.278
	
	

	Maryland
	PEPCO
	Sch MGT LV II B
	$3.93
	n
	n
	
	0.86
	
	
	

	Maine
	Central Maine Power Co
	Sch MGS-S
	$8.46
	n
	n
	
	0.48
	
	
	

	Massachusetts
	Western Mass. Electric Co.
	Sch G-2
	$8.30
	n
	n
	
	1.30
	
	
	

	Michigan
	Indiana Michigan Power Co.
	LGS
	$9.89
	y
	y
	off peak
	4.31
	1.57
	
	 water rate avail

	Minnesota
	Minnesota Power and Light
	General Service
	$4.36
	n
	n
	
	4.61
	
	
	 water rate avail

	Mississippi
	Entergy Mississippi
	Sch B-31
	$3.04
	y
	y
	200
	5.06
	4.53
	4.09
	 water rate avail

	Missouri
	Kansas City Power and Light
	Sch MGS
	$2.77
	n
	y
	fixed hours
	7.24
	4.95
	4.18
	

	Montana
	Northwestern Energy
	GS-1
	$8.72
	n
	n
	
	6.41
	
	
	

	Nebraska
	Grand Island Utilities
	Sch 100
	$8.50
	n
	y
	450
	3.55
	2.9
	
	

	Nevada
	Nevada Power Co.
	Sch LGS-1
	$5.54
	n
	n
	
	8.53
	
	
	

	New Hampshire
	Public Service Co. of NH
	Rate GV
	$6.73
	n
	y
	fixed kWh
	1.21
	1.12
	
	

	New Jersey
	Atlantic city Electric Co.
	MGS Secondary
	$10.62
	n
	y
	stepped
	4.00
	2.34
	2.05
	

	New Mexico
	Public Service Co. of New Mexico
	Sch LGS
	$14.88
	n
	y
	300
	5.60
	4.86
	
	

	New York
	National Grid
	SC-3
	$16.65
	n
	y
	450
	1.35
	0.55
	
	

	North Carolina
	Virginia Electric and Power
	Sch 6
	$9.71
	y
	y
	210
	4.23
	4.02
	
	

	North Dakota
	Northern States Power
	D-16
	$8.93
	y
	y
	400
	2.89
	2.29
	
	

	Ohio
	Columbus Southern Power
	Sch OAD-GS-3
	$3.46
	y
	n
	
	6.92
	
	
	

	Oklahoma
	Oklahoma Gas and Electric
	Sch PL-1
	$9.48
	y
	n
	
	3.92
	
	
	 water rate avail

	Oregon
	Pacific Power and Light
	Sch 28
	$3.81
	n
	n
	
	0.26
	
	
	

	Pennsylvania
	West Penn Power Co
	sch 30
	$1.56
	n
	y
	fixed kWh
	0.70
	0.63
	
	

	Rhode Island
	National Grid
	Sch G-02
	$4.62
	y
	n
	
	1.87
	
	
	

	South Carolina
	South Carolina Electric and Gas
	Rate 20
	$11.20
	y
	y
	fixed
	3.82
	3.59
	
	

	South Dakota
	Northern States Power
	Rate E-15
	$9.35
	n
	y
	360
	3.09
	
	
	

	Tennessee
	Nashville Electric Power Board
	Sch GSA
	$12.37
	y
	y
	fixed
	8.63
	4.49
	
	

	Texas
	Oncor Electric
	Sch 6.1.1
	$5.02
	y
	n
	
	1.04
	
	
	

	Utah
	Rocky Mountain Power
	Sch 6
	$13.91
	n
	n
	
	2.92
	2.7
	
	

	Vermont
	Central Vermont Public Service
	Rate 20
	$11.57
	y
	y
	formula
	11.80
	7.12
	
	

	Virginia
	Virginia Electric and Power
	Sch GS-2
	$6.23
	y
	y
	150
	4.61
	2.58
	1.19
	

	Washington
	Avista Corp.
	Sch 11
	$3.50
	n
	y
	fixed
	8.58
	8.03
	
	 water rate avail

	West Virginia
	Appalachian Power Co
	Sch MGS
	$3.74
	y
	n
	
	4.33
	
	
	

	Wisconsin
	Algoma Utility Commission
	Sch Cp-1
	$7.50
	n
	n
	
	4.28
	
	
	

	Wyoming
	Rocky Mountain Power
	Sch 25
	$11.13
	n
	y
	fixed
	5.61
	3.23
	1.98
	

	
	
	
	
	
	
	
	
	
	
	

	count
	
	
	50
	
	
	
	
	
	
	

	average
	
	
	$7.51
	
	
	
	4.66
	3.837784
	
	


  A summary of these rate characteristics is:

· Demand charges averaged about $7.50/kW with a wide range from less than $1.00/kW to nearly $20.00/kW

· Energy charges averaged 4.66 cents per kWh but again with a wide range from about a quarter of a cent to nearly 12 cents per kWh

· About half the rates had a demand ratchet clause.  Ratchet refers to a provision whereby a customer is never charged less than some percent of the maximum demand established during a previous time period – frequently the past year or the past summer months. This can be a severe and controlling penalty if, for example, a water utility uses an extra pump during a high water demand, but never or seldom uses it again. This ratchet demand can control the entire year’s charges.

· About half the rates had a price break for energy use at the higher amounts.  The point at which this occurred was controlled by demand in half the rates that had such a provision. The average price reduction for this break was about 1 cent per kWh.  Although this may not sound like much, it can generate substantial savings because kWh consumptions are usually in the thousands

· Seven of the utilities checked had special water and/or sewer rates available.

· Although it wasn’t tabulated, a majority of the utilities have special time-of-day rates available that provide significant price reductions when customers can operate in off-peak hours. These reductions can be in either kW charges or kWh charges or both.

The following sections illustrate how these rate characteristics can be utilized by utility managers to save money and energy.

Typical Savings Situations
There are almost as many possible system operating conditions that are amenable to possible electrical savings as there are systems. In this discussion, three typical scenarios involving (1) pumping efficiency evaluation, (2) demand control, and (3) kilowatt-hour management are presented. It is hoped that the principles involved are sufficiently clear that the readers can apply these principles to their own individual situations.  Because this author is familiar with rate structures used in Alabama, the appropriate rate from Alabama Power, which is the principal power supplier in the state, is used in these examples.

Pumping Efficiency Evaluation

This type of savings opportunity seems so logical and self evident that it should not require illustration, but it is surprising how few system managers take advantage of it. The opportunity referred to is typified by the situation where multiple pumps are operated for the same purpose, but all are not required 100 percent of the time to meet the pumping demand.  An example would be a water system with multiple wells on separate meters, with any two of the wells able to satisfy the water demand.  In this situation, managers often logically try to operate all the wells about equal amounts of time to spread the pump and motor wear evenly.  However, this can have significant electrical cost disadvantages in one or more ways.

A straightforward way to identify this problem is simply to examine several month’s electrical bills for these pumping stations and compare the total kilowatt-hours from each bill with the number of gallons pumped corresponding to that kilowatt-hour amount. To do this it is convenient to divide the water pumped in 1000s of gallons by the kilowatt-hours.  When this is done, it will often be found that one or more wells are significantly less efficient than the others from the standpoint of gallons pumped per kilowatt-hour.  Then it is simply a matter of shifting the water production to the most efficient wells.  Depending on the rate structure involved, at least one other savings possibility can arise in this situation and this will be discussed in a subsequent section.

Demand Control

There are a variety of ways that demand management can affect power bills.  One of the simplest illustrations is a water booster station with a primary pump and a backup pump configured so that one or both pumps can be operated at the same time.  Normal practice for the operator is to operate only the primary pump, but on occasion he wants to fill tanks faster and turns the backup pump on also for an hour or two. For a given month, assume he only operated the second pump for one hour. Unfortunately, due to the nature of demand electric meters, that meter will register the combined demand of both pumps for that month and the customer will pay a demand charge based on the combined figure. Numbers make this easier to understand.  If each pump is rated at 50 horsepower, the combined demand will approach 100 kW.  Demand is frequently billed at about $8.00/kW, so the demand charge for that month would be about $800 whereas if only one pump had been operated, the charge would have been $400.  In other words, that hour of convenience cost the system at least $400 that month.

Compounding this cost penalty are at least two other common aspects of many electric power rate structures.  If that second pump was turned on in high electric use months, the customer may be required to pay no less than some percent of that highest demand for the next 11 months – the so-called ratchet provision of rates.  In Alabama that percentage is 90% so the customer would never pay less than $720 demand charge for the next 11 months even though only $400 worth of actual demand was used in those months. Adding to this penalty in many rate structures such as that of Alabama Power, the demand level also controls the point at which a price break on kilowatt-hour charges occurs. Power suppliers like to see electric equipment utilized as fully as possible for reasons of efficiency and economics. To encourage this, they frequently include price discounts for higher kWh usages.  With Alabama Power this break occurs at 250 kWh/kW.  In other words, for a 100 kW demand, the break would occur at 25000 kWh. This discount can be substantial – 2 cents/ kWh in Alabama. To illustrate, assume that our hypothetical system uses 50,000 kWh at a billing demand of either 50 kW or 100 kW. At 50 kW the price break comes at 12,500 kWh but at 100, it comes at 25,000 kWh. This is an added cost of  $250 making the total penalty for that one hour of convenience $650.

Kilowatt-hour Management

Kilowatt-hour management refers to ways in which electric power, primarily with regard to timing, is used at an established demand level.  Two preferences of power suppliers govern the way their rate structures are formulated with respect to kWh charges. First, these suppliers like to shift as much power usage from high use periods to low use periods as possible.  These periods are termed On Peak and Off Peak and most electric companies offer some price reduction for kilowatt-hours accumulated during off peak times.  These reductions can be substantial and well worth the effort required to shift usage. 

Second, suppliers prefer to see equipment run for longer rather than shorter times or to stay “loaded” as much as possible.  Again, price breaks are frequently offered in the form of lower kWh cost rates at higher kWh usages to encourage this practice.  The case presented in the previous illustration of demand control is one example of this practice.  Another is the situation presented in the example under Pumping Efficiency Evaluation; namely, where multiple pumps on separate meters are available to move water, but not all are needed 100 % of the time to meet water demand.  The natural tendency is to run each pump about an equal amount of time to equalize wear.  However, this can have significant financial penalties as the following hypothetical numbers show.  Suppose five wells are available to produce water and each has a 50 horsepower pump. Further suppose that any three of the wells can meet the water demand if operated 20 hours per day, but instead all five are operated 12 hours a day for the same total of 60 pumping hours per day. Under Alabama Power rates again, the kWh charges for the 3-pump operation versus the 5-pump operation would be:

· 3-pump – each well - 50kW x 20 hours x 30 days = 30,000 kWh

· of this 30,000 kWh 12,500 is billed at about 6 cents/kWh or $750 and 17,500 at 4 cents or $700. Total 3 wells =  $4350 

· 5-pump – each well – 50 kW x 12 hours x 30 days = 18,000 kWh

· of this 18,000 kWh 12,500 is billed at about 6 cents/kWh or $750 and 5500 at 4 cents or $220. Total 5 wells = $4850

Thus, this production shift could save $4850 - $4350 = $500/month not counting possible demand savings on idle wells. The pump wear problem could be managed by rotating the idle wells each month.

Pilot Study

The previous sections have presented a few of the many ways systems can manage their electric power consumption to maximize money and energy savings.  There are too many possible savings scenarios to list, but hopefully the principles illustrated give the reader sufficient understanding to recognize potential savings opportunities in specific situations. As an aid to evaluating individual systems or collections of systems for savings, it is helpful to collect simple operating and billing information and compile this information in a database or spreadsheet format such as Excel. With the initiative and cooperation of the New York  Rural Water Association (NYRWA), a project to do this was started and preliminary results of this effort are presented to demonstrate the value of such information collection and to show how some of the previous savings scenarios can be applied in a real-world situation. 

The basic information that is needed for a preliminary evaluation is readily available from power bills and system operating information. Essential parameters include demand in kilowatts (kW), energy use in kilowatt-hours (kWh), cost for kW and kWh and total cost, and water production at each electric metering station. Additional information that may be helpful in pinpointing specific problem areas and solutions includes billing versus actual demand and horsepower or kW ratings of major power consumers (motors, heaters, etc.).

An Excel spreadsheet was prepared to record these data and is presented in Figure 2 with data for 9 systems entered.  Systems are given letter designations to protect their identity.

FIGURE 2

	                                       SYSTEM ENERGY CONSERVATION PROJECT

	                                                                             System Electric Use and Billing Data

	System Name
	Electric Meter Location
	Billing Year
	Billing Month
	Billing Demand kW
	Actual Demand kW
	Demand Charge $
	Energy Use kWh
	Energy Charge $
	Water Production 1000s of gallons
	Water Production 1000s of gallons/kWh
	Water Cost $/1000 gallons

	System A
	Pump House
	2008
	Feb - A
	42
	42
	336
	23250
	2248
	11,676
	0.502
	0.221

	
	Pump House
	2008
	Mar - A
	42
	42
	336
	18450
	1784
	9079
	0.492
	0.234

	System B
	Arcadia Hills 52
	2008
	Jan - E
	8.1
	8.1
	19.5
	1529
	231
	467
	0.305
	0.536

	
	
	2008
	Feb - E
	7.9
	7.9
	18.24
	1762
	279
	349
	0.198
	0.852

	
	Arcadia Hills 51&53
	2008
	Jan - E
	11.5
	11.5
	40.89
	4158
	573
	334
	0.080
	1.838

	
	
	2008
	Feb - E
	11.5
	11.5
	40.89
	3727
	553
	399
	0.107
	1.488

	
	Arcadia Hills 1-21-22-23
	2008
	Jan - E
	15.6
	15.6
	66.67
	4944
	675
	335
	0.068
	2.214

	
	
	2008
	Feb - E
	15.6
	15.6
	66.67
	3816
	565
	305
	0.080
	2.071

	
	Ham Park 4
	2008
	Jan - A
	10.1
	10.1
	32.08
	2071
	302
	293
	0.141
	1.140

	
	
	2008
	Feb - E
	10.2
	10.2
	32.71
	1361
	223
	206
	0.151
	1.241

	
	Ham Park 5 - A
	2008
	Jan - A
	6.1
	6.1
	6.92
	1666
	249
	307
	0.184
	0.834

	
	
	2008
	Feb - E
	5.5
	5.5
	3.15
	2299
	354
	315
	0.137
	1.134

	
	Ham Park - 1
	2008
	Jan - A
	5.1
	5.1
	0.63
	2016
	294
	287
	0.142
	1.027

	
	
	2008
	Feb - E
	5.2
	5.2
	1.26
	1984
	310
	190
	0.096
	1.638

	System C
	Filter Plant
	2007
	Nov - A
	22.8
	22.8
	161
	12096
	1000
	6573
	0.543
	0.177

	
	
	2007
	Dec - A
	23.3
	23.3
	165
	15552
	1098
	9161
	0.589
	0.138

	
	Fallsview
	2007
	Nov - A
	48
	48
	339
	30880
	2674
	22570
	0.731
	0.133

	
	
	2008
	Jan - A
	51
	51
	362
	40640
	2869
	26367
	0.649
	0.123

	System D
	Well # 1
	2008
	Jan - A
	12
	12
	96
	1800
	169
	544
	0.302
	0.487

	
	Well # 2
	2008
	Jan - A
	1.2
	1.2
	10
	48
	4
	0
	0.000
	#DIV/0!

	
	Well # 3
	2008
	Jan - A
	5.76
	5.76
	46
	3708
	332
	1457
	0.393
	0.259

	
	Well # 1
	2008
	Feb - A
	10.8
	10.8
	86
	984
	92
	505
	0.513
	0.352

	
	Well # 2
	2008
	Feb - A
	1.44
	1.44
	12
	120
	11
	0
	0.000
	#DIV/0!

	
	Well # 3
	2008
	Feb - A
	5.76
	5.76
	46
	3960
	368
	1589
	0.401
	0.261

	System E
	Wells 1&2 and 3 Booster
	2007
	Dec - A
	30
	30
	240
	16600
	1736
	11662
	0.703
	0.169

	
	
	
	Nov - A
	28
	28
	224
	14480
	1269
	10232
	0.707
	0.146

	
	
	
	Oct - A
	28.4
	28.4
	227
	12360
	1145
	8694
	0.703
	0.158

	
	
	
	Sept - A
	28
	28
	224
	12920
	1187
	8944
	0.692
	0.158

	
	
	
	Aug - A
	28.8
	28.8
	230
	13560
	1390
	9433
	0.696
	0.172

	
	
	
	Jul - A
	28.8
	28.8
	230
	14520
	1401
	9731
	0.670
	0.168

	
	
	
	Jun - A
	29.2
	29.2
	234
	17240
	1700
	11678
	0.677
	0.166

	System F
	Wells 1 & 2
	2007
	Nov - A
	24
	24
	192
	4240
	370
	2923
	0.689
	0.192

	
	
	
	Oct - A
	24
	24
	192
	3040
	282
	1962
	0.645
	0.242

	
	
	
	Sept - A
	24
	24
	192
	3720
	341
	2449
	0.658
	0.218

	
	
	
	Aug - A
	24.8
	24.8
	198
	5040
	517
	3372
	0.669
	0.212

	
	
	
	Jul - A
	24.4
	24.4
	195
	5680
	547
	3523
	0.620
	0.211

	
	
	
	Jun - A
	34
	34
	272
	5400
	533
	3805
	0.705
	0.212

	System G
	Wells 1 & 2
	2007
	Dec - E
	0
	0
	0
	105
	12.98
	24
	0.229
	0.541

	
	
	
	Nov - A
	0
	0
	0
	115
	14.5
	31.8
	0.277
	0.456

	
	
	
	Oct - E
	0
	0
	0
	68
	8.37
	31.1
	0.457
	0.269

	
	
	
	Sept - A
	0
	0
	0
	85
	11.42
	42.6
	0.501
	0.268

	
	
	
	Aug - E
	0
	0
	0
	113
	15.17
	35.4
	0.313
	0.429

	
	
	
	Jul - E
	0
	0
	0
	117
	15.13
	43.8
	0.374
	0.345

	System H
	Well # 3
	2007
	May - A
	9.4
	9.4
	62.13
	5136
	386.77
	2413
	0.470
	0.186

	
	
	2008
	Jan - A
	8.6
	8.6
	60.8
	4179
	326.42
	1569
	0.375
	0.247

	
	Holt Well
	2007
	May - A
	22.1
	22.1
	146.08
	12288
	924.05
	6722
	0.547
	0.159

	
	
	2008
	Jan - A
	26.4
	26.4
	186.65
	10608
	828.6
	5120
	0.483
	0.198

	System I
	Lucky Lake W/D
	2007
	Aug - E
	0
	0
	0
	468
	64.31
	151
	0.323
	0.426

	
	
	2008
	Jan - A
	0
	0
	0
	1517
	182.75
	106
	0.070
	1.724

	
	Cold Spring W/D
	2007
	Aug 1 - A
	7.56
	7.56
	60.48
	2508
	239.16
	1136
	0.453
	0.264

	
	
	2007
	Aug - A
	7.08
	7.08
	56.64
	2400
	249.24
	1066
	0.444
	0.287


The headings for columns in the spreadsheet are reasonably self-explanatory, but are defined in detail in Table 1 of the Appendix.  This spreadsheet is formatted to calculate electrical efficiency in terms of water production per kilowatt-hour and water electrical cost in terms of dollars per 1000 gallons. These results are charted in Figures 3 and 4. For chart clarity, only seven of the systems are included. 

 FIGURE 3
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 Referring to Figure 3, it can be readily seen that System B on average has a lower electrical efficiency and higher cost than the other locations, which provides a convenient flag for further investigation.  In Figure 4, electrical efficiency and electrical cost per 1000 gallons are charted for each of the 6 wells at System B.  This figure clearly demonstrates that two of the wells at System B have a low electrical efficiency and significantly higher cost than the others.  These comparisons suggest that as a minimum the town should consider shifting as much water production as possible from these wells to the others. There are numerous other options for savings that can be investigated as discussed in subsequwnt paragraphs, but this quick chart analysis is an efficient means for identifying potential savings areas.  At the writing of this paper, sufficient time had not been available to investigate these other options in the case of the System B location, but this will be done.

FIGURE 4
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The on-site project manager for this study and coauthor of this paper made the following observations from the few systems visited to date.

1. A lot more Operators of water systems than I would have ever imagined had 
never seen an electric bill until we needed them do collect the data.
2. At one of those systems we were able to discover a meter located on an 
abandoned storage tank. This meter was generating a bill for $39.00 a month 
for over ten years. This added up to over $5,000.00 thrown away and would 
have continued if not for the survey.
3. At another system I was able to show the Operator that he was paying less 
than $20.00 to produce that month's water supply and over $225.00 that same 
month to heat a separate building that the water passed through before 
entering the distribution system. A simple heat tape was installed and the 
heat turned off since they didn't use the building for anything else anyway.
4. When System B saw the over $2.00/1,000 gallons produced at the 
one well site they decided to only use it in case of 
emergencies.
5. At yet another system I found a meter with a three-phase service left 
over from a well pump application that today serves a single 100 watt light 
bulb in that building.

6. Bills are often estimated (see E designations in Billing Month column of Figure 2) and these amounts are usually higher than actual usage would be.  This can be minimized by making electric meters accessible, especially in bad weather.

Beyond these specific examples and depending somewhat on the particular electric rate structure involved, there are a variety of conditions that can contribute to inefficient electrical operation and high costs.  Each case needs to be carefully evaluated individually, but the following bullet list covers a number of the more common instances that can occur.

· As with any metering operation, meters can malfunction or be read improperly or not at all.  A visual inspection of each meter should be made and readings compared to what appears on bills, especially in regard to demand.

· Total horsepower or kW of demand being fed through the meter should be compared with billing demand.  If readings are significantly different, causes other than meter malfunction or misreading can be:

· Contract demand is controlling.  Most electric suppliers require customers to pay some minimum contract demand regardless of actual demand.  If pumps or operations have been changed significantly since transformers were set, demand can be significantly less than reflected in the contract. These contracts can often be changed on customer request.

· Ratchet demand is controlling.  As discussed previously in the paper, instances arise where for various reasons a pump or other device is used infrequently, but may control the billing demand for the next year. A classical example occurs in treatment plants that use a separate pump for backwashing filters. These pumps are usually of high horsepower and are operated infrequently. A common practice is to just turn the backwash pump on whenever a filter needs washing. However, it is usually possible to turn off a high service pump or raw water pump to compensate for this added demand during the short time the backwash pump must operate. The savings resulting from this simple pump scheduling can be dramatic.

· Electric metering stations are on different rate schedules. Over time, new pumping stations are added or other system changes made and the new meters may be on a more or less efficient rate schedule than others.  Many suppliers have

specific water or pumping rate schedules that are more economical than others and most suppliers offer reduced rates for time-of-day metering. Normally, customers would have to request change of rate schedules – power suppliers won’t initiate this.

There are many other savings scenarios that can be postulated depending on specific local conditions.  It is essential that system managers meet with their power suppliers and thoroughly understand their rate structures. Then the system must be carefully evaluated for possible changes to take advantage of these rate structures.

Summary and Conclusions

With today’s high cost of energy it behooves water and wastewater systems, which are energy intensive in operation, to take advantage of any savings opportunities that are available.  Fortunately, electric rate structures that govern the cost of electricity to these utilities offer numerous opportunities for such savings, frequently without necessity for capital outlays.  These utilities are classed as commercial customers by electric utilities and the governing rates for such customers usually involve charges for electrical demand and for the time electricity is used at this demand.  A survey of typical rate structures used in all 50 states showed that:

· Demand charges averaged about $7.50/kW with a wide range from less than $1.00/kW to nearly $20.00/kW

· Energy charges averaged 4.66 cents per kWh but again with a wide range from about a quarter of a cent to nearly 12 cents per kWh

· About half the rates had a demand ratchet clause.  Ratchet refers to a provision whereby a customer is never charged less than some percent of the maximum demand established during a previous time period – frequently the past year or the past summer months. This can be a severe and controlling penalty if, for example, a water utility uses an extra pump during a high water demand, but never or seldom uses it again. This ratchet demand can control the entire year’s charges.

· About half the rates had a price break for energy use at the higher amounts.  The point at which this occurred was controlled by demand in half the rates that had such a provision. The average price reduction for this break was about 1 cent per kWh.  Although this may not sound like much, it can generate substantial savings because kWh consumptions are usually in the thousands

· Six of the utilities checked had special water and/or sewer rates available.

· Although it wasn’t tabulated, a majority of the utilities have special time-of-day rates available that provide significant price reductions when customers can operate in off-peak hours. These reductions can be in either kW charges or kWh charges or both.

The above facets of electric rate structures provide a variety of opportunities to save money and the energy these savings represent.  Specific opportunities are too numerous to present, but typical situations are described which illustrate ways that demand can be managed to advantage and kilowatt-hour charges can be shifted into the lowest rates without compromising water production.  

A simple protocol is presented that permits identification of the systems within a group of systems or electric use stations within a system that are most likely candidates for savings.  When this protocol was followed to evaluate a few small systems in New York State, several systems were quickly identified with the potential for savings.

Using the US Environmental Protection Agency figures for 2007, small community water systems serve about 52 million people. Applying conservative consumption figures and the electric efficiency and cost figures determined in the New York pilot study, it can be estimated that these small water systems spend between $300,000,000 and $500,000,000 per year on electricity. Obviously, if even a small percentage of this amount can be conserved, the savings in money and energy will be substantial.

Because of the background of the authors, the material in this paper centers primarily around drinking water systems.  However, it is expected that much of the information presented is equally applicable to wastewater systems.  It is hoped that these discussions will stimulate similar treatments directed specifically at small wastewater systems.
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Chart1

		System A		System A

		System B		System B

		System C		System C

		System E		System E

		System F		System F

		System G		System G

		System H		System H



Water Production 1000s of gallons/kWh

Water Cost $/1000 gallons

Systems

Value

Water Production and Water Cost

0.4971401346

0.4607269185

0.1409018219

1.3344382691

0.6280367304

0.1426335123

0.4024076067

0.3398965053

0.6925748994

0.1622685853

0.6645064317

0.2142863835

0.3585426484

0.3846633316



Sys Basic Data

		SYSTEM ENERGY CONSERVATION PROJECT																																		SYSTEM ENERGY CONSERVATION PROJECT

		System Electric Use and Billing Data																								Significant Motor Horsepowers At Electric Meter Location										Meter Validation

		System Name		Electric Meter Location		Billing Year		Billing Month		Billing Demand kW		Actual Demand kW		Demand Charge $		Energy Use kWh		Energy Charge $		Water Production 1000s of gallons		Water Production 1000s of gallons/kWh		Water Cost $/1000 gallons		Motor No. 1		Motor No. 2		Motor No. 3		Motor No. 4		Total Horsepower		System Name		Electric Meter Location		Year		Month		Actual Demand On Meter

		Village of Hancock		Pump House		2008		Feb - A		42		42		336		23250		2248		11,676		0.502		0.221		75		60						135

				Pump House		2008		Mar - A		42		42		336		18450		1784		9079		0.492		0.234		75		60						135

		Town of Goshen		Arcadia Hills 52		2008		Jan - E		8.1		8.1		19.5		1529		231		467		0.305		0.536										0

						2008		Feb - E		7.9		7.9		18.24		1762		279		349		0.198		0.852										0

				Arcadia Hills 51&53		2008		Jan - E		11.5		11.5		40.89		4158		573		334		0.080		1.838										0

						2008		Feb - E		11.5		11.5		40.89		3727		553		399		0.107		1.488										0

				Arcadia Hills 1-21-22-23		2008		Jan - E		15.6		15.6		66.67		4944		675		335		0.068		2.214										0

						2008		Feb - E		15.6		15.6		66.67		3816		565		305		0.080		2.071										0

				Ham Park 4		2008		Jan - A		10.1		10.1		32.08		2071		302		293		0.141		1.140										0

						2008		Feb - E		10.2		10.2		32.71		1361		223		206		0.151		1.241										0

				Ham Park 5 - A		2008		Jan - A		6.1		6.1		6.92		1666		249		307		0.184		0.834										0

						2008		Feb - E		5.5		5.5		3.15		2299		354		315		0.137		1.134										0

				Ham Park - 1		2008		Jan - A		5.1		5.1		0.63		2016		294		287		0.142		1.027										0

						2008		Feb - E		5.2		5.2		1.26		1984		310		190		0.096		1.638										0

		Village of Ellenville		Filter Plant		2007		Nov - A		22.8		22.8		161		12096		1000		6573		0.543		0.177		7.5		7.5		7.5		7.5		30

						2007		Dec - A		23.3		23.3		165		15552		1098		9161		0.589		0.138		7.5		7.5		7.5		7.5		30

				Fallsview		2007		Nov - A		48		48		339		30880		2674		22570		0.731		0.133		50		50						100

						2008		Jan - A		51		51		362		40640		2869		26367		0.649		0.123		50		50						100

		Village of Narrowsburg		Well # 1		2008		Jan - A		12		12		96		1800		169		544		0.302		0.487		15								15

				Well # 2		2008		Jan - A		1.2		1.2		10		48		4		0		0.000		0.000		20								20

				Well # 3		2008		Jan - A		5.76		5.76		46		3708		332		1457		0.393		0.259		7.5								7.5

				Well # 1		2008		Feb - A		10.8		10.8		86		984		92		505		0.513		0.352		15								15

				Well # 2		2008		Feb - A		1.44		1.44		12		120		11		0		0.000		0.000		20								20

				Well # 3		2008		Feb - A		5.76		5.76		46		3960		368		1589		0.401		0.261		7.5								7.5

		Livingston Manor Water Plant		Wells 1&2 and 3 Booster		2007		Dec - A		30		30		240		16600		1736		11662		0.703		0.169		15		15		20		20		70

								Nov - A		28		28		224		14480		1269		10232		0.707		0.146		Five Motors at this site						20		0

								Oct - A		28.4		28.4		227		12360		1145		8694		0.703		0.158										0

								Sept - A		28		28		224		12920		1187		8944		0.692		0.158										0

								Aug - A		28.8		28.8		230		13560		1390		9433		0.696		0.172										0

								Jul - A		28.8		28.8		230		14520		1401		9731		0.670		0.168										0

								Jun - A		29.2		29.2		234		17240		1700		11678		0.677		0.166										0

		Roscoe W/D		Wells 1 & 2		2007		Nov - A		24		24		192		4240		370		2923		0.689		0.192		25		25						50

								Oct - A		24		24		192		3040		282		1962		0.645		0.242										0

								Sept - A		24		24		192		3720		341		2449		0.658		0.218										0

								Aug - A		24.8		24.8		198		5040		517		3372		0.669		0.212										0

								Jul - A		24.4		24.4		195		5680		547		3523		0.620		0.211										0

								Jun - A		34		34		272		5400		533		3805		0.705		0.212										0

		Tennanah Lake W/D		Wells 1 & 2		2007		Dec - E		0		0		0		105		12.98		24		0.229		0.541		1		1						2

								Nov - A		0		0		0		115		14.5		31.8		0.277		0.456										0

								Oct - E		0		0		0		68		8.37		31.1		0.457		0.269										0

								Sept - A		0		0		0		85		11.42		42.6		0.501		0.268										0

								Aug - E		0		0		0		113		15.17		35.4		0.313		0.429										0

								Jul - E		0		0		0		117		15.13		43.8		0.374		0.345										0

		Montgomery - Vill. Of		Well # 3		2007		May - A		9.4		9.4		62.13		5136		386.77		2413		0.470		0.186		7.5								7.5

						2008		Jan - A		8.6		8.6		60.8		4179		326.42		1569		0.375		0.247		7.5								7.5

				Holt Well		2007		May - A		22.1		22.1		146.08		12288		924.05		6722		0.547		0.159		25		25						50

						2008		Jan - A		26.4		26.4		186.65		10608		828.6		5120		0.483		0.198		25		25						50

		Thompson - Town of		Lucky Lake W/D		2007		Aug - E		0		0		0		468		64.31		151		0.323		0.426		5								5

						2008		Jan - A		0		0		0		1517		182.75		106		0.070		1.724		5								5

				Cold Spring W/D		2007		Aug 1 - A		7.56		7.56		60.48		2508		239.16		1136		0.453		0.264		2		2						4

						2007		Aug - A		7.08		7.08		56.64		2400		249.24		1066		0.444		0.287		2		2						4

																						0.000		0.000										0

																						0.000		0.000										0

																						0.000		0.000										0

																						0.000		0.000										0





Averages

		System Name		Water Production 1000s of gallons/kWh		Water Cost $/1000 gallons

		System A		0.497		0.461

		System B		0.141		1.334

		System C		0.628		0.143

		System E		0.402		0.340

		System F		0.693		0.162

		System G		0.665		0.214

		System H		0.359		0.385
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		Electric Meter Location		Average Water Production 1000s of gallons/kWh		AverageWater Cost $/1000 gallons

		A H 52		0.252		0.694

		A H 51&53		0.094		1.663

		A H 1-21-22-23		0.074		2.071

		Ham Park 4		0.146		1.191

		Ham Park 5 - A		0.161		0.984

		Ham Park - 1		0.119		1.332





		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Average Water Production 1000s of gallons/kWh

AverageWater Cost $/1000 gallons

Well Location

Value

System B Well Comparison




_1271676651.xls
Chart5

		A H 52		A H 52

		A H 51&53		A H 51&53

		A H 1-21-22-23		A H 1-21-22-23

		Ham Park 4		Ham Park 4

		Ham Park 5 - A		Ham Park 5 - A

		Ham Park - 1		Ham Park - 1



Average Water Production 1000s of gallons/kWh

AverageWater Cost $/1000 gallons

Well Location

Value

System B Well Comparison

0.2517493796

0.694046557

0.0936918471

1.6632200636

0.0738427622

2.0710491803

0.1464184209

1.1907577289

0.1606449017

0.9837125795

0.1190636201

1.3323979461



Sys Basic Data

		SYSTEM ENERGY CONSERVATION PROJECT																																		SYSTEM ENERGY CONSERVATION PROJECT

		System Electric Use and Billing Data																								Significant Motor Horsepowers At Electric Meter Location										Meter Validation

		System Name		Electric Meter Location		Billing Year		Billing Month		Billing Demand kW		Actual Demand kW		Demand Charge $		Energy Use kWh		Energy Charge $		Water Production 1000s of gallons		Water Production 1000s of gallons/kWh		Water Cost $/1000 gallons		Motor No. 1		Motor No. 2		Motor No. 3		Motor No. 4		Total Horsepower		System Name		Electric Meter Location		Year		Month		Actual Demand On Meter

		Village of Hancock		Pump House		2008		Feb - A		42		42		336		23250		2248		11,676		0.502		0.221		75		60						135

				Pump House		2008		Mar - A		42		42		336		18450		1784		9079		0.492		0.234		75		60						135

		Town of Goshen		Arcadia Hills 52		2008		Jan - E		8.1		8.1		19.5		1529		231		467		0.305		0.536										0

						2008		Feb - E		7.9		7.9		18.24		1762		279		349		0.198		0.852										0

				Arcadia Hills 51&53		2008		Jan - E		11.5		11.5		40.89		4158		573		334		0.080		1.838										0

						2008		Feb - E		11.5		11.5		40.89		3727		553		399		0.107		1.488										0

				Arcadia Hills 1-21-22-23		2008		Jan - E		15.6		15.6		66.67		4944		675		335		0.068		2.214										0

						2008		Feb - E		15.6		15.6		66.67		3816		565		305		0.080		2.071										0

				Ham Park 4		2008		Jan - A		10.1		10.1		32.08		2071		302		293		0.141		1.140										0

						2008		Feb - E		10.2		10.2		32.71		1361		223		206		0.151		1.241										0

				Ham Park 5 - A		2008		Jan - A		6.1		6.1		6.92		1666		249		307		0.184		0.834										0

						2008		Feb - E		5.5		5.5		3.15		2299		354		315		0.137		1.134										0

				Ham Park - 1		2008		Jan - A		5.1		5.1		0.63		2016		294		287		0.142		1.027										0

						2008		Feb - E		5.2		5.2		1.26		1984		310		190		0.096		1.638										0

		Village of Ellenville		Filter Plant		2007		Nov - A		22.8		22.8		161		12096		1000		6573		0.543		0.177		7.5		7.5		7.5		7.5		30

						2007		Dec - A		23.3		23.3		165		15552		1098		9161		0.589		0.138		7.5		7.5		7.5		7.5		30

				Fallsview		2007		Nov - A		48		48		339		30880		2674		22570		0.731		0.133		50		50						100

						2008		Jan - A		51		51		362		40640		2869		26367		0.649		0.123		50		50						100

		Village of Narrowsburg		Well # 1		2008		Jan - A		12		12		96		1800		169		544		0.302		0.487		15								15

				Well # 2		2008		Jan - A		1.2		1.2		10		48		4		0		0.000		0.000		20								20

				Well # 3		2008		Jan - A		5.76		5.76		46		3708		332		1457		0.393		0.259		7.5								7.5

				Well # 1		2008		Feb - A		10.8		10.8		86		984		92		505		0.513		0.352		15								15

				Well # 2		2008		Feb - A		1.44		1.44		12		120		11		0		0.000		0.000		20								20

				Well # 3		2008		Feb - A		5.76		5.76		46		3960		368		1589		0.401		0.261		7.5								7.5

		Livingston Manor Water Plant		Wells 1&2 and 3 Booster		2007		Dec - A		30		30		240		16600		1736		11662		0.703		0.169		15		15		20		20		70

								Nov - A		28		28		224		14480		1269		10232		0.707		0.146		Five Motors at this site						20		0

								Oct - A		28.4		28.4		227		12360		1145		8694		0.703		0.158										0

								Sept - A		28		28		224		12920		1187		8944		0.692		0.158										0

								Aug - A		28.8		28.8		230		13560		1390		9433		0.696		0.172										0

								Jul - A		28.8		28.8		230		14520		1401		9731		0.670		0.168										0

								Jun - A		29.2		29.2		234		17240		1700		11678		0.677		0.166										0

		Roscoe W/D		Wells 1 & 2		2007		Nov - A		24		24		192		4240		370		2923		0.689		0.192		25		25						50

								Oct - A		24		24		192		3040		282		1962		0.645		0.242										0

								Sept - A		24		24		192		3720		341		2449		0.658		0.218										0

								Aug - A		24.8		24.8		198		5040		517		3372		0.669		0.212										0

								Jul - A		24.4		24.4		195		5680		547		3523		0.620		0.211										0

								Jun - A		34		34		272		5400		533		3805		0.705		0.212										0

		Tennanah Lake W/D		Wells 1 & 2		2007		Dec - E		0		0		0		105		12.98		24		0.229		0.541		1		1						2

								Nov - A		0		0		0		115		14.5		31.8		0.277		0.456										0

								Oct - E		0		0		0		68		8.37		31.1		0.457		0.269										0

								Sept - A		0		0		0		85		11.42		42.6		0.501		0.268										0

								Aug - E		0		0		0		113		15.17		35.4		0.313		0.429										0

								Jul - E		0		0		0		117		15.13		43.8		0.374		0.345										0

		Montgomery - Vill. Of		Well # 3		2007		May - A		9.4		9.4		62.13		5136		386.77		2413		0.470		0.186		7.5								7.5

						2008		Jan - A		8.6		8.6		60.8		4179		326.42		1569		0.375		0.247		7.5								7.5

				Holt Well		2007		May - A		22.1		22.1		146.08		12288		924.05		6722		0.547		0.159		25		25						50

						2008		Jan - A		26.4		26.4		186.65		10608		828.6		5120		0.483		0.198		25		25						50

		Thompson - Town of		Lucky Lake W/D		2007		Aug - E		0		0		0		468		64.31		151		0.323		0.426		5								5

						2008		Jan - A		0		0		0		1517		182.75		106		0.070		1.724		5								5

				Cold Spring W/D		2007		Aug 1 - A		7.56		7.56		60.48		2508		239.16		1136		0.453		0.264		2		2						4

						2007		Aug - A		7.08		7.08		56.64		2400		249.24		1066		0.444		0.287		2		2						4

																						0.000		0.000										0

																						0.000		0.000										0

																						0.000		0.000										0

																						0.000		0.000										0





Averages

		System Name		Water Production 1000s of gallons/kWh		Water Cost $/1000 gallons

		System A		0.497		0.461

		System B		0.141		1.334

		System C		0.628		0.143

		System E		0.402		0.340

		System F		0.693		0.162

		System G		0.665		0.214

		System H		0.359		0.385
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		Electric Meter Location		Average Water Production 1000s of gallons/kWh		AverageWater Cost $/1000 gallons

		A H 52		0.252		0.694

		A H 51&53		0.094		1.663

		A H 1-21-22-23		0.074		2.071

		Ham Park 4		0.146		1.191

		Ham Park 5 - A		0.161		0.984

		Ham Park - 1		0.119		1.332
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