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Introduction

There might have been a time when having a fair amount of lost or  “unaccounted-for” water was pretty acceptable to water utilities.  Finding and plugging leaks might not have seemed cost effective for a typical water system; that is, the perceived cost of detection and repair might have outweighed the perceived benefits of saving water.  Many water systems also might not have metered or charged for certain kinds of uses.  

Such practices are no longer accepted as the best management of water resources.  Today, the commodity that water systems deliver has greater value than ever before.  Extraction, treatment, storage, and pumping all add value to the water resource.  Ignoring the value of water losses is no longer justifiable.
     Given growing constraints on water resources and mounting infrastructure costs, it is more imperative than ever that water managers endeavor to account for the water that travels from the source to end users.  

While lacking a rational structure for quantifying water loss, numerous assessments in the literature suggest that water loss is a significant, and often overlooked, occurrence for many US water utilities.  Many case studies have documented systems for which losses from leakage and poor accounting constitute substantial portions of total water deliveries.

A growing number of communities are faced with pressure to find additional supplies to serve expanding populations.  Many of these exist in water-limited regions where the development of new supply sources and the allocation of existing sources are complex and sensitive issues.  Yet rational assessment of water-loss performance and appropriate improvements often are not pursued as a resource management option or given appropriate priority.

Proper management of any resource must include accurate measurement of the resource throughout its life cycle.  In any proper accounting system checks and balances must be provided via the use of independent audits, consistent reports and rational procedures.  U.S water systems do not consistently account for water or apply consistent methods of water accounting.  The need for a reliable and authoritative system of water accounting has become increasingly apparent to utility managers and practitioners in the field of water-resource policy.  

This paper describes the findings of a research project sponsored by the Technical and Educational Council of the American Water Works Association that provides an initial baseline of data describing the status of water accounting and related public policy at the state and regional levels.  The results are summarized in this paper and the detailed findings by jurisdiction are available in a spreadsheet format.

Water Accounting

Many water providers in the United States refer to the term “water accountability” as the measure of effectiveness in moving their product (water) to their customers with minimal losses in transmission and distribution.  Water accountability, however, is not a well-defined discipline and the methodologies used to quantify losses are varied and inconsistent.  Lack of standard terminology and measures are at the center of the water-loss penumbra.
  Often quoted, but poorly defined, the “metered-water ratio” more frequently confuses rather than informs the reader when attempting to evaluate the water loss condition of suppliers.

Confusing terms and standards can make it difficult for water professionals to address water-loss issues.  The terminology used to represent the difference between the water that is withdrawn from the source and water that is eventually distributed to end users is imprecise.  For example, the terms “water losses” and “unaccounted-for water” have been used somewhat interchangeably.  But not all unaccounted-for water is lost; some might be given away or used for authorized purposes.  Some water has been labeled “nonrevenue” or “nonrevenue producing” but such water might include both authorized and unauthorized uses.
  EPA has used the term “uncompensated usage” to include water used by public authorities, water used for maintenance purposes (flushing), leakage, and uncollected accounts from customers.

In a 1987 study for the American Water Works Association Research Foundation (AWWARF), a useful distinction was made between “account” and “nonaccount” water:  Account water is all water for which an account exists, the water is metered, and the account is billed:  nonaccount water is the sum of all water produced or purchased by a water utility that is not covered by the term “account water.”

This proposed nomenclature has not been widely internalized by U.S. water systems.  For the most part, the industry and state agencies tend to use the term “unaccounted-for water” to mean leaks as well as other kinds of avoidable losses relative to total water production.  However, the measurement of unaccounted-for water can be a source of confusion because the numerator and the denominator used to calculate the percentage are not obvious.  Is the percentage amount supposed to represent all water not metered and sold or only water lost through leaks?  How the percentage is calculated is obviously meaningful.

The confusion about terms exacerbates the confusion about standards.  Any single standard (expressed in terms of volume or a percentage) for unaccounted-for water may not be valid, realistic, or appropriate for a particular water system.  Many system characteristics—such as size, age, service population density, physical terrain, soil characteristics, and pipe materials—will affect leakage rates.  Systems also have different production-cost profiles against which the cost-effectiveness of leak detection and control programs can be evaluated.  

In 1996, AWWA’s Leak Detection and Accountability Committee recommended 10 percent as a benchmark for unaccounted-for water, supplanting a 15 percent standard that apparently was based more on folklore than rigid empirical analysis.
   But even this 10 percent recommendation in considered arbitrary in nature and the use of any percentage loss indicator is now viewed as suspect; particularly in light of emerging approaches that rest on more accurate water accounting.

The AWWA Committee concluded that, “Regardless of the water system’s size, water loss should be expressed in terms of actual volume, not as a percentage.”
  This volumetric measure, the committee points out, is essential for estimating the monetary value of losses.  The volumetric measure of lost water can be multiplied by the unit cost of water production (or the retail rate) to estimate the value of the lost water.  From an economics perspective, the true value of losses is the marginal or incremental unit cost of production (that is, the cost of producing the next increment of drinking water supply).  Incremental or marginal costs more accurately reflect water’s resource value, which will increase as supply alternatives become scarcer.  Reducing leakage and loss can help systems capture a supply resource and avoid costly supply-side operating and capital costs.

Although widely applied, the concept of “unaccounted-for water” is troubling from a best-practices perspective, as well as from perceptual viewpoint; professional water managers should be able to “account for” their inventory using appropriate measurement and estimation tools.  Recently a task force of the International Water Association (IWA) created a new methodology and set of performance indicators for water loss.
  These measures, which can be applied internationally, recommend against the use of the term “unaccounted-for” water, based on the premise that all water should be accounted-for, as either a use or a loss.  Most analysts agree a better system of accounting is the foundation for a better system of accountability for the drinking water supply industry.  

Goals of the Project

The major goal of this project is to determine the extent to which state and regional agencies have established politics related to water loss and water-loss management.   By making a comprehensive and systematic assessment of current policy, the project will help establish a baseline of understanding that can be used to evaluate the validity of the widely held perception that greater consistency is needed in water accounting for U.S. water utilities.

Approach

A survey was designed for completion by any state agency that might play a role in establishing or implementing a policy regarding water losses.  State agencies that were contacted included drinking water administrators, natural resource agencies, and public utility regulatory agencies.  Regional (multistate and substate) agencies, such as the Delaware River Basin Commission and the Florida water management districts (respectively), were also surveyed on a limited basis.  A copy of the survey is included as Appendix A.  

The survey results were supplemented by a document search and a review of state web sites to collect general information on state policies, including, but not limited to state laws and regulations, definitions, standards, and accounting requirements.  

Survey information was gathered from various agencies representing thirty-four states, as well as the Delaware River Commission, the Southwest Florida Water Management District (SWFWMD FL), and the St. Johns River Water Management District (SJRWMD FL) (for a total of 37 completed surveys).  Information on water loss policies was acquired for an additional eleven (11) state jurisdictions for which no survey was completed.  Accordingly, the study includes information for forty-six (46) jurisdictions, including forty-three (43) states (See Table 1 and Figure 1).  Although not entirely complete or representative, the results provide relatively good coverage of state water-loss policy development.

Table 1

State Water Loss Policy Survey Coverage (December 2001)

State or Regional Government
Survey
Other Information Sources

Alabama



Alaska
X


Arizona
X
Web search

Arkansas



California
X
Document search

Colorado



Connecticut
X
Web search

Delaware
X
Web search

Florida
X
Web search

Georgia
X
Web search

Hawaii
X
Web search

Idaho
X
2 surveys

Illinois



Indiana
X
Web search

Iowa
X
Web search

Kansas
X
Web search

Kentucky
X
Document search

Louisiana

Web search

Maine
X


Maryland
X
Document search

Massachusetts

Document search

Michigan



Minnesota
X
Web search

Mississippi



Missouri
X


Montana
X


Nebraska
X


Nevada
X
Document search

New Hampshire
X


New Jersey
X


New Mexico

Document search

New York

Web search/Document search

North Carolina
X
Web search

North Dakota
X


Ohio
X
2 surveys/ Web search

Oklahoma



Oregon
X


Pennsylvania
X
2 surveys

Rhode Island 
X


South Carolina
X


South Dakota
X


Table 1 (continued)
State or Regional Government
Survey
Other Resources

Tennessee

Document search

Texas
X
Web search

Utah

Web search

Vermont
X
Web search

Virginia

Document search

Washington

Web search

West Virginia

Web search

Wisconsin 
X
Document search

Wyoming
X
Web search

Delaware River Basin Commission
X


Southwest Florida Water Mgmt. Dist. 
X


St. Johns River Water Mgmt. Dist.
X


TOTAL
37
29
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Figure 1.  Survey respondents (state jurisdictions).

Survey Design

The survey on state water loss policy, as well as the supplemental research, was designed to be very simple and straightforward in order to ensure a high rate of response.  Ten issue areas, which emerged from the preliminary research phase of the project, were covered by the survey:

1. Water-loss policy.  Does the state have a policy regarding the loss of water by water utility systems?  If so, where is the policy stated (statute, regulation, directive, etc).  Which agency or agencies are responsible for implementing the water loss policy?

2. Definition of water loss.  Does the state or agency provide a definition of water loss or unaccounted-for water?

3. Accounting and reporting.  Does the state or agency provide a method to account for and report water loss?

4. Standards and benchmarks.  Does the state or agency identify a standard or benchmark for water losses, such as a specific percentage?

5. Goals and targets.  Does the state or agency specify a goal or target for water-loss reduction?

6. Planning requirements.  Does the state or agency address water-loss issues in the context of water resource, conservation, or other planning requirements?

7. Compilation and publication.  Does the state or agency compile and/or publish data on water losses by water utility systems?

8. Technical assistance.  Does the state or agency provide any form of direct technical assistance to water utility systems to help reduce water losses?

9. Performance incentives.  Does the state or agency provide any form of performance incentive for water-loss reduction?

10. Auditing and enforcement.  Does the state or agency implement any form of auditing or enforcement in relation to the water-loss policy?

Survey respondents were asked to provide additional information for affirmative responses to any of the survey questions.  Follow-up contacts with some respondents helped provide additional information as needed.

Finally, in addition to the survey, case studies were developed for six jurisdictions in order to highlight various aspects of water-loss policy development:

· Arizona Department of Water Resources
· Kansas Water Office
· Minnesota Department of Natural Resources, Division of Waters
· Pennsylvania Public Utility Commission and Pennsylvania Bureau of Water Supply and Wastewater Management 
· Delaware River Basin Commission (interstate)
· St. Johns River Water Management District (intrastate Florida)
Survey Findings

Water-Loss Policy

Whether a state or agency has a water-loss policy is defined very liberally.  Survey respondents were asked to indicate the existence of a policy.  However, a policy was also assumed if information was found in any official state document.  A water-loss policy can thus range from one that simply encourages utilities to reduce losses to one that specifically defines water loss, sets standards, requires reporting, and enforces compliance.  Based on these broad criteria, the presence of a water-loss policy was detected for thirty-three (33) states plus the two surveyed Florida Water Management Districts and the Delaware River Basin Commission (for a total of 36 jurisdictions).  

Water loss policies are most commonly found in a variety of state administrative codes, rules, and statutes.  State agencies frequently reiterate and emphasize water loss policies in pamphlets, manuals, official forms, and memoranda of understanding.  These can be useful information sources for understanding a particular agency’s water loss policy. 

As expected, the survey results indicate that the agencies responsible for water loss policy vary from state to state.  Typically, the agency with responsibility in this area will be the state water resource, natural resource, or environmental agency that has jurisdiction for water-quantity issues.  To a lesser extent, some state public utility commissions also implement water-loss policies.  Least involved in water-loss policies are the state drinking water administrators, the primacy agencies for water-quality concerns. 

Definition of Water Loss

According to the survey, seventeen (17) jurisdictions provide a definition of water loss or unaccounted-for water (including the St. Johns River Water Management District and the Delaware River Basin Commission).  For the most part, these definitions do not provide for an operational measurement of unaccounted-for water.  Most of the definitions differentiate between metered versus unmetered water.  For example, the Georgia Environmental Protection Division defines unaccounted-for water as “the difference between the total amount of water pumped into the water system from the source(s) and the amount of metered water use by the customers of the water system expressed as a percentage of the total water pumped into the system” (Rules and Regulations of the State of Georgia Chapter 391-3-2-.02 Definitions, Amended). 

The California Department of Water Resources distinguishes between authorized unmetered uses and water losses.  Authorized unmetered uses may include water used for beneficial purposes, such as fire fighting and main flushing.  Most definitions identify some of the potential sources of unaccounted-for water, including water for fire fighting and flushing, leaks and breaks, illegal connections, faulty meters, and other sources.  

The Massachusetts Department of Environmental Protection uses a detailed definition provided by a sister agency, the Water Resources Commission, to define unaccounted-for water as:  “the difference between water pumped or purchased and water that is metered or confidently estimated.  Unaccounted for water should include, meter problems (i.e. master meter inaccuracies, domestic and non-domestic meter under-registration, etc.), unauthorized hydrant openings, unavoidable leakage, recoverable leakage, illegal connections, stand-pipe overflows and data processing errors.”

Three state agencies in the sample provide worksheets or formulas for calculating unaccounted-for water.  The Missouri Department of Natural Resources defines water loss as a simple percentage:  ((water pumped minus water used)/(water pumped)) times 100.  Total usage is the sum of customer meter readings, volume used for main flushing or fire hydrant testing, volume sold through water salesman or truck loads from fire hydrants, volume used to fill swimming pools not otherwise metered, etc.

The Texas Water Development Board provides a worksheet for systems to calculate unaccounted-for water, which can be summarized in three steps:

(1) The volume of water produced or supplied to the distribution system, as measured by all master meters at wells and treatment facilities or points of purchase from other utilities, is totaled.

(2) The volume of water sold and distributed as measured by sales meters and estimated un-metered uses.

(3) Unaccounted-for water is obtained by subtracting water sales from total water produced supplied. 

Texas also defines unaccounted-for water as production minus sales (and the percentage of unaccounted-for water as unaccounted-for water divided by water produced times 100).

The Pennsylvania Department of Environmental Protection defines unaccounted-for water as generally “water which is produced but is not used or sold to the consumers.”
  The percent of unaccounted-for water is then specified in a basic calculation:

Percent of Unaccounted for Water = 

(Water Available for Sale) – (Water Sold or Used)/Water Available for Sale x 100

Accounting and Reporting

Most water professionals agree that all water systems, even smaller systems, should implement a basic system of water accounting.  AWWA provides a manual, Water Audits and Leak Detection (M36, 1990) to guide this process.
  Water accounting facilitates the process of tracking water throughout the transmission and distribution system—from water sources to end users—and also identifies areas that may need special attention, such as the existence of large volumes of nonaccount water.  

The survey indicates that twenty (20) state agencies and the two Florida water management districts either require or provide guidelines for water accounting and/or reporting water loss.  Accounting and reporting may be part of an annual report requirement to an agency or may be required as part of an application process.  Several examples illustrate the diversity in accounting and reporting.

The Environmental Protection Division of the Georgia Department of Natural Resources requires, as part of a permit to withdraw ground and surface water, submission of an annual water-use data report that includes information on unaccounted-for water for the prior twelve (12) months.

The Iowa Department of Natural Resources Water Supply Section Construction Permit Application requires applicants to provide data for unaccounted-for water (on an average-day and peak-day basis).

In addition to reporting requirements for unaccounted-for water, three state agencies also require a statement of how the utility plans to remedy the situation.  In its Annual Statistical Report for Community (COM) Public Water Systems and Non-Transient Non-Community (NTNC) Public Water Systems, the Massachusetts Department of Environmental Protection requires systems to identify the reasons for the unaccounted-for water, as well as the measures that will be implemented to correct the problem.  According to the required form:

If your system has 15% or greater unaccounted water or uses 100,000 gallons per day or greater and has any % unaccounted for water, please indicate in the table below the possible reason(s) for your unaccounted for water and your plans to correct these problems.  Please note that during or before your next Sanitary Survey DEP staff will evaluate your progress with the corrective actions plans as indicated.

In a like manner, the Ohio Public Utility Commission requires each waterworks company to annually report unaccounted-for water and also to propose remedial actions if unaccounted-for water exceeds 15 percent.  The West Virginia Public Service Commission also requires a statement of remedial actions to be taken if the utility indicates unaccounted-for water greater than 15 percent in its annual report.

The New York Department of Health requires water suppliers to prepare an annual Drinking Water Quality Report that includes an accounting of the total amount of water withdrawn, delivered, and lost from the system.  The Texas Water Board provides detailed worksheets for calculating unaccounted-for water in their Drought Planning Guide.   Finally, the Public Service Commission of Wisconsin requires utilities to maintain a ongoing record that compares water pumpage with metered consumption.

Standards and Benchmarks

The imprecision of the definitions of water losses carries over to the establishment of standards and benchmarks.  The survey confirmed the lack of clear consensus on standards.  Twenty-eight agencies (representing twenty-three states and the three regional authorities) reported the use of some standard or benchmark for water losses. Table 2 presents standards for “unaccounted-for water” from a select number of jurisdictions.  The reported standards range from 7.5 to 20 percent, with 15 percent being most common.  The percentages refer generally, but rather vaguely, to water losses relative to production.

Table 2

Selected State Standards for Unaccounted-for Water

State
Agency
Standard

Arizona
Department of Water Resources
10% (large)

15% (small)

California
Urban Water Conservation Council
10%

Florida
Southwest Florida Water

Management District
12% or less

Florida
St. Johns River Water Management District 
10%

Georgia 
Environmental Protection Division
Less than 10%

Indiana
Department of Environmental Management
10 to 20%

Kansas
Kansas Water Office
15%

Kentucky
Department of Energy, 

Water and Sewer Branch
15%

Louisiana
Department of Environmental Quality
15%

Massachusetts
Department of Environmental Protection
15%

Minnesota
Department of Natural Resources
10%

Missouri
Department of Natural Resources
10%

North Carolina
Division of Water Resources
15%

Ohio
Public Utility Commission and Environmental Protection Agency
15%

Oregon
Water Resources Division
10-15%

Pennsylvania
Public Utility Commission
20%

Pennsylvania
Bureau of Water and Wastewater Management
10-15%

Rhode Island
Water Resources Board
10-15%

South Carolina
Public Service Commission
7.5%

South Carolina
Department of Health and

Environmental Control
10%

Texas
Water Development Board
10 to 15%

Texas
Natural Resources Conservation Commission
20%

Washington
Department of Health
20%

(10% proposed)

West Virginia
Public Service Commission
15%

Wisconsin
Public Service Commission
15% (large) 

25% (small)

Delaware River Basin Commission
Delaware River Basin Commission
15%

Source:  Survey of states.

According to the review, only Arizona, Texas, and Wisconsin established different standards for water systems based on their type or size.  The Texas Water Development Board, for example, has found that “unaccounted for water rates above 15 percent for municipal systems and slightly higher (15% to 18%) for wide-spread rural systems indicate the need for immediate actions.”

Goals and Targets

Eighteen (18) state agencies and the two Florida water management districts mentioned a goal or target for water-loss reduction.  In most cases the goal or target is for the utility to meet the standard or benchmark for unaccounted-for water discussed in the previous section.  Goals often are stated in relatively vague terms.  

For example, the Florida Department of Environmental Protection, Water Resource Implementation Rule declares that, "The overall water conservation goal of the state shall be to prevent and reduce wasteful, uneconomical, impractical, or unreasonable use of water resources…"Districts shall further accomplish this water conservation goal by:…3. Minimizing unaccounted for water losses..."
  

The Minnesota Department of Natural Resources provides a time period target of three years for a water supplier to reduce unaccounted-for water:

If unaccounted-for water exceeds 20% of total water appropriations the public water supplier's water appropriation permit is amended to require the implementation of measures to reduce unaccounted-for water volumes within 3 years.  The generous targets of 20% and 3 years are intended to provide sufficient time and resources for small systems…

The Kansas Water Office is the only agency in the sample to specify a particular target year.  The agency plans to reduce the number of public water suppliers with excessive unaccounted-for water by the year 2010.  

Planning Requirements
For twenty-seven (27) of the agencies in the sample, water-loss issues are addressed in the context of planning requirements.  In almost every case, the planning requirement is for water conservation, supply, or emergency planning.   For example, the Connecticut Department of Health requires water suppliers to discuss current leak detection and repair and pressure-reduction programs in their Water Supply Plans.  In Nevada each water supplier must “identify and reduce leakage in water supplies, inaccuracies in water meters and high pressure in water supplies”
 in its required water conservation plan.  In Vermont, the Department of Environmental Conservation requires systems to prepare a water conservation plan that, “at a minimum, addresses the following: (a) evaluation of system water use efficiency, including evaluation of extent of unaccounted-for water, water accounting, and loss control."
  

The Texas Natural Resources Conservation Commission includes more specific requirements in their water conservation plans:

All water conservation plans for municipal uses by public drinking water suppliers shall include the following elements: (E) measures to determine and control unaccounted-for uses of water (for example, periodic visual inspections along distribution lines; annual or monthly audit of the water system to determine illegal connections, abandoned services, etc.).  For Systems serving 5,000 or more population the plan must include "a program of leak detection, repair, and water loss accounting for the water transmission, delivery, and distribution system in order to control unaccounted-for uses of water" For wholesale water suppliers, plans must include goals for "maximum acceptable unaccounted-for water"

New Hampshire and Virginia require water-loss management plans in connection with all new groundwater withdrawals.  The Kansas Water Office requires a water utility to implement a water management review every time the amount of unsold water exceeds 20 percent of the total raw-water intake for a four-month time period.

Compilation and Publication

Only nine state agencies and one Florida water management district appear to compile or publish data on water losses.  Two agencies, the Hawaii Department of Water Supply and the Southwest Florida Water Management District compile water loss data but do not publish this information for public consumption.  In some states, such as Minnesota, water-loss data is only available through annual reports or planning documents. The Kansas Water Office compiles data on unaccounted-for water and publishes it in the Kansas Municipal Water Use Report, which is available online.  The office currently lists sixty-one (61) systems with unaccounted-for water amounting to 30 percent or more.
Technical Assistance

Eighteen (18) state agencies and one Florida water management district in the sample provide some amount of technical assistance to water utility systems to help reduce water losses.  In Kansas, technical assistance is provided to any public water supplier upon request.  The Kansas Rural Water Association provides on-site technical assistance at no charge.  In Texas, technical assistance, classes, and training are available from a number of providers, including the Texas Natural Resources Conservation Commission, Texas Water Development Board, Texas Water Utilities Association, the Texas Engineering Extension Service, and the Community Resource Group.  

The Kentucky Infrastructure Authority implements a program to assist systems in detecting water losses from distribution lines.  The program includes both audits and low-interest loans:

The authority shall establish a program to assist governmental agencies in detecting water loss from distribution lines. The program may include contracting with third parties to conduct water loss audits and leak detection. The program may include giving low interest loans, on a priority basis established by the authority consistent with the findings and purposes set out in section 1 of this act, for the repair or replacement of distribution facilities, deemed reasonable by the authority, undertaken as a result of the water loss audit.

Performance Incentives

Only eleven (11) state agencies and one Florida water management district in the sample indicated the use of performance incentives for water loss reduction, broadly defined for the purpose of this study.  Minnesota and Rhode Island consider the approval of a conservation plan or permit as a performance incentive.  The Rhode Island Water Resources Board, for example, requires attention to water-loss reduction for approval of Water System Supply Management Plans.  The Vermont Department of Environmental Conservation reported that fees might be slightly lowered as incentive for water-loss reduction.  The Texas Natural Resources Conservation Commission, a price regulator for some systems, reports that a system’s rate of return may be affected by excessive line losses.

Four states (Indiana, Iowa, Louisiana, and North Carolina) mention water losses in their state revolving loan fund (SRF) applications. In some instances, higher rates of water loss might actually result in greater benefits.  For example, Louisiana assigns extra points to loan applicants experiencing unaccounted-for water greater than 15 or 25 percent.  Although such incentives might appear “perverse,” the intention is to identify systems most in need of assistance.  Moreover, loan provisions generally require a plan to reduce losses.

Thus, Iowa assigns ten points to SRF applicants that plan to rectify excessive water losses per the established water conservation plan if unaccounted-for water is more than 15 percent.  North Carolina’s funding programs place a particular emphasis on water losses.  The Drinking Water Treatment Fund awards up to 20 points for projects that replace undersized or leaking water lines.  For the state’s Clean Water Bond Loan Program and Clean Water Revolving Loan and Grant Program, five points are given if “An applicant demonstrates it has a continuing water loss program in its water supply system program.”

Auditing and Enforcement

Fifteen (15) agencies in the sample call for some type of auditing or enforcement.  Generally, these policies are basic auditing requirements.  None of the jurisdictions covered by the survey were found to impose direct sanctions (such as fines) on systems failing to meet water-loss related requirements.  

Auditing includes any agency review of the water utility’s annual report or planning documents.  Utility’s might also be required to conduct a periodic water audit.  For example, the St. Johns River Water Management District requires all consumptive use permit applicants to complete a water audit, paying special attention to unaccounted-for water:

If the total unaccounted for loss of the system from line 4F is 10% or greater, the applicant is required to evaluate the feasibility of completing the leak detection survey found on the water audit form.  The applicant has the option to perform the leak detection immediately or to propose a one year program to improve water use accountability to below 10% and then to repeat the audit.  If the second audit shows unaccounted-for water loss above 10%, the permittee must implement the leak detection program where feasible.

The Minnesota Department of Natural Resources audits annual reports and also requires an audit of unaccounted-for water when reviewing each permit request.  Public water suppliers with losses exceeding 20 percent must provide an annual report of actions being implemented to reduce unaccounted-for water.  The Kansas Rural Water Association closely audits all public water suppliers with 30 percent or more unaccounted-for water.  Quarterly monitoring is required until two consecutive quarterly reports show 20 percent or less unaccounted-for water.  

As an example of potential enforcement, the Ohio Public Utility Commission requires a water company to notify the Commission if it cannot comply with water-loss requirements.  The company is given thirty days to take corrective actions and submit a report to the Commission. “The compliance division of the commission shall, after reviewing the report, notify the company of any further necessary actions.”

Case Studies

Six cases are highlighted here because they represent significant water-loss policy developments at the state and regional levels.

Arizona Department of Water Resources
Most water-loss requirements in Arizona are implemented through the states five Active Management Areas (AMA).  Each AMA must submit a yearly Management Plan, which requires all municipal suppliers to report their unaccounted-for water. 

Arizona applies a relatively specific working definition of unaccounted-for water:  

Lost and unaccounted for water is defined as the total water from any source, except direct use effluent, withdrawn, diverted, or received in a year minus the total amount of authorized deliveries made by the municipal provider in that year.

Lost and unaccounted-for water includes leaks (from distribution lines, sewer lines, storage tanks, storage ponds, hydrants), breaks (from distribution lines, sewer lines, mains, hydrants), measurement errors (meter under/over-registration, source meter errors, flumes/weirs errors), evaporation, illegal connections/water theft, and phreatophyte uses.

Arizona is one of only two jurisdictions (along with Wisconsin) that has established different water-loss standards for small and large systems.  Small municipal providers are required to maintain lost and unaccounted-for water at or below 15 percent while large municipal providers are required to maintain lost and unaccounted-for water at or below 10 percent.  Large systems that are unable to operate and maintain their distribution systems to meet the 10 percent requirement are required to line all canals used to deliver untreated water to delivery points with a material that allows no more lost water than a well-maintained concrete lining.  

All municipal providers are required to annually report to the Arizona Department of Water Resources the total quantity of lost and unaccounted-for water during the calendar year, as well as the percentage of water lost and unaccounted for.  

Municipal providers also are required to include per-capita usage estimates in their yearly report, the calculation of which considers lost and unaccounted-for water.  Lost and unaccounted-for water is calculated accordingly:

1. Subtract the calendar year total residential, non-residential, and system-related deliveries from the calendar year total non-irrigation water use to obtain the lost and unaccounted for water volume, in acre-feet.

2. Divide the lost and unaccounted for water volume by the total non-irrigation water use for the calendar year and multiply the result by 100.

3. If the product from D.1. is less than ten percent, the result is the volumetric allotment, in acre-feet, for lost and unaccounted for water for the calendar year; or if the product from D.1. is greater than ten percent, multiply the total water use for the calendar year by ten percent.  The result is the volumetric Lost and Unaccounted For Water Allotment, in acre-feet, for the calendar year.

Kansas Water Office
Kansas has one of the most comprehensive programs for unaccounted-for water among the surveyed jurisdictions.  The Kansas program for unaccounted-for water is articulated primarily through the state’s annual water plan.  The Kansas Water Office is mandated by law to "formulate on a continuing basis, a state water plan for the management, conservation and development of the water resources of the state." 
  The planning process is coordinated with various local, state and federal agencies, special interest groups, and the general public:

The Kansas Water Office defines unaccounted for water as… 

the amount of water that a public water supplier pumped and/or purchased from other entities; minus all metered amounts (either sold or distributed free). Metered amounts include sales to other public water suppliers; large industrial, bulk or livestock water users; and residential and commercial customers; as well as metered free water (such as swimming pools, golf courses, community buildings, water treatment process, etc).

One of the two primary objectives of the Kansas Water Plan is to, “By 2010, reduce the number of public water suppliers with excessive ‘unaccounted for’ water by first targeting those with 30 percent or more ‘unaccounted for’ water.”
   In addition to the focus on systems with very high losses, the plan also targets systems with losses exceeding 15 percent because “15% was the average percent of unaccounted for water for public water suppliers in 1997, and is a reasonable amount for unfinished water.”

Water suppliers are required to report their unaccounted-for water in an annual water report.  Failure to submit an annual report is subject to a fine and providing false information is considered a class C misdemeanor.  Furthermore, most water suppliers are also required to submit a water-conservation plan.  One of the long-term water-use efficiency practices required of water utilities is the implementation of:

… a water management review, which will result in a specified change in water management practices or implementation of a leak detection and repair program or plan, whenever the amount of unsold water (amount of water provided free for public service, used for treatment purposes, water loss, etc.) exceeds 20 percent of the total raw water intake for a four month time period.

The Kansas Municipal Water Use Report keeps a current compilation of all water losses in the state of Kansas.  The annual and average percent of unaccounted-for water for all public water suppliers in the state is compiled and published by the Kansas Water Office.

Kansas is also one of the few states surveyed that operates a program for technical assistance for water suppliers to reduce water losses.  The Kansas Water Office funds on-site technical assistance through the Kansas Rural Water Association to suppliers with 30 percent or more unaccounted-for water.  Assistance includes leak detection, meter testing and replacement, and bookkeeping reviews.  Technical assistance for preparing water conservation plans is also provided to public water suppliers.

Kansas has a strict auditing program for water suppliers with excessive water losses.  The Kansas Rural Water Association monitors public water suppliers with 30 percent or more unaccounted-for water on a quarterly basis.  Monitoring continues until two consecutive quarterly reports show unaccounted-for water of 20 percent or less. 

The Kansas Water Office reports that their water-loss program has significantly reduced the amount of unaccounted-for water in the state.  They project that the amount of unaccounted-for water in excess of 15 percent of total water use for Kansas will be reduced by 82 percent by the target year of 2010.

Minnesota Department of Natural Resources, Division of Waters

Minnesota’s water-loss policy is implemented in conjunction with the state’s requirement for water emergency and conservation plans.  System plans must address demand-reduction measures associated with plan and permit approvals, as well as water losses and unaccounted-for water.
  An approved water emergency and conservation plan is required as part of the Wellhead Protection Plan and for applications to the State Drinking Water Revolving Fund.

Despite the emphasis on the water-loss issue, Minnesota policy is not guided by clear operational definitions. Unaccounted-for water is simply defined as water withdrawals minus water sales.  Water loss is one component of unaccounted-for water.  According to a state official, water suppliers estimate their own water loss, using methodologies that are “inconsistent and some times questionable.”

The Minnesota Department of Natural Resources (DNR) has required annual reporting of unaccounted-for water for communities serving more than 1,000 people since 1994.  Because of inconsistent and questionable methodologies for determining unaccounted-for water, the Minnesota DNR has assumed the task of calculating unaccounted-for volumes based on total water withdrawals less water sales.

Minnesota has set a standard for water losses at less than 10 percent.  According to the state’s water appropriation permit program:

Cities should establish a goal for unaccounted-for water (the AWWA recommends less than 10 percent) and monitor unaccounted-for water volumes each month or billing period. Water audit, leak detection, and repair programs should be implemented when unaccounted-for water is higher than the goal.

However, Minnesota has set a more lenient target for public water suppliers with high rates of water loss.  “If unaccounted-for water exceeds 20% of total water appropriations the public water supplier's water appropriation permit is amended to require the implementation of measures to reduce unaccounted-for water volumes within 3 years.”
  It is believed that this more lenient goal will give small systems a reasonable amount of time and resources to reduce water loss.

The Minnesota DNR audits all annual water-report forms.  Furthermore, an audit and evaluation of unaccounted-for water is conducted in connection with each permit request.  If a public water supplier exceeds 20 percent unaccounted-for water, the system must provide an annual report of actions being implemented to reduce unaccounted-for water.

Pennsylvania Public Utility Commission and
Pennsylvania Bureau of Water Supply and Wastewater Management 

In Pennsylvania, both the Public Utility Commission and the Bureau of Water Supply and Wastewater Management implement policies that address the issue of water loss.  The Public Utility Commission, an economic regulatory agency, requires evidence of the reasonableness of unaccounted-for water claims greater than 20 percent.  This policy was adopted in a general waterworks rate-case order.  According to the order:

In the future, water companies with experienced unaccounted-for water of more than 20%, should be prepared to demonstrate by way of substantial evidence that their experience is both normal and reasonable.  Such evidence may be a combination of engineering, operations or historical testimony and data, but it should consist of something more than unsupported or conclusory opinions by Company witnesses.

The Commission requires regulated water suppliers to submit data that complies with this directive, including a description of leak-survey programs.  As part of their annual report to the Commission, systems are required to complete a form on water delivered into the system during the year.  The form requires suppliers to report unavoidable leakage in terms of gallons-per-day per mile of main, located and repaired breaks in mains and services, total unaccounted-for water, and percentage of unaccounted-for water.

The Bureau of Water and Wastewater Management in the Pennsylvania Department of Environmental Protection (DEP) also regulates unaccounted-for water.  The Public Water Supply Manual explains the department’s water-loss policy and specifies the procedures for staff to follow when they review and evaluate public water supplier’s Operations and Maintenance Plans. 

Although the DEP defines unaccounted-for water simply as water that is produced but not sold or used, some detail is provided about the particular factors that should be considered when assessing unaccounted-for water:

1. The water produced – Is this quantity accurately determined, has the meter been calibrated, does the meter measure all of the water?

2. The water used for water system purposes such as chemical feed water, backwash water, fire hydrant and blow-off flushing – How is each of these uses measured?…

3. The water sold or used by the consumer must be accurately accounted for.  A meter testing program should be in place to periodically test the accuracy of the meters.  All consumer use must be accounted for…

4. Water used for fire fighting purposes – This water only can be estimated, but some careful calculations by the fire company and the water system can develop a reasonable value.

The calculation of unaccounted-for water involves subtracting the amount of water sold or used from the water available for sale.  The DEP recommends using a one-year period for the calculation to mitigate the effects of metering and seasonal variations.

The Pennsylvania DEP recommends the AWWA standard of 10-15 percent for unaccounted-for water.  However, the department also notes the relevance of a number of systems-specific considerations:   

1. The age and condition of the system…A range of 35 to 40 percent may be acceptable until funds for replacement of mains is available;

2. The pressure in the system can affect the rate of leakage.  Thus high pressure systems may have a higher percentage of unaccounted-for water;

3. The number of customers per mile of main can affect the unaccounted-for water.  Therefore, if a system has a high ratio of miles of pipeline to the number of customers, the percentage of unaccounted-for water will increase;

4. Under-registration of customer meters or unauthorized uses can increase the percentage of unaccounted-for water.

Pennsylvania policy also expressly considers the economic value of water losses.  The state recommends that systems “Calculate the cost of producing a thousand gallons or one hundred cubic feet of water and then calculate the amount of money which is being ‘lost’ as unaccounted-for water each month.  By identifying this cost, you can justify the cost of the programs to correct the problem.”
  Suggested programs include meter testing, leakage control program that focuses on detection, and record keeping to support a main-replacement program. 

These requirements and recommendations are incorporated in the review and evaluation of the Operations and Maintenance Plans that public water suppliers must prepared in accordance with the DEP’s drinking water management programs. 

The DEP’s Water Allocation Permit system also requires systems to implement a continuous water conservation program, which must include an ongoing leakage and loss control program.  Permit holders must initiate a study to develop a plan to reduce unaccounted-for water within one year of the date of the permit and reduce losses to 20 percent or less within five years of the date of the permit. 

Finally, the DEP provides free leak-detection services to water suppliers that agree to follow program requirements, including a yearly water audit through a partnership agreement with the Pennsylvania Rural Water Association.

Delaware River Basin Commission

The Delaware River Basin Compact was enacted in 1961 to address water-resource issues on a regional basis.  The member states include Delaware, New Jersey, New York, and Pennsylvania.  The governing commission is composed of five members, one from each state and one representing the federal government.  The Delaware River Basin Commission (DRBC) has wide authority in the area of water-resource planning and management agencies in the basin.  This authority extends to water efficiency and such areas as metering, conservation, billing, and water losses.

The DRBC policy on water loss is established in Resolution 87-6 (revised), requiring owners of water-supply systems serving the public to “undertake a systematic program to monitor and control leakage within their water supply system.  Such program shall at a minimum include: periodic surveys to monitor leakage, enumerate unaccounted-for water, and determine the current status of system infrastructure; recommendations to monitor and control leakage; and a schedule for the implementation of such recommendations.”   After the initial submission of a leak-detection and repair plan, systems are required to submit new plans every three years.  Plans are submitted to the respective state regulatory agency for review and approval.

The DRBC uses a very simple calculation for water loss.  Unaccounted-for water is the difference between the metered ratio and 100 percent.  A standard of 15 percent water loss is suggested and systems that exceed this standard may be subject to more frequent reporting.  According to one official, “DRBC’s regulatory objective is to reduce overall unaccounted-for water to 15 percent or less by 2020.”

Water loss is considered an integral part of the DRBC’s overall water-conservation programs.  All water purveyors planning a new or expanded water withdrawal must submit a water-conservation plan that discusses source metering, service metering, leak detection and repair, and water conservation performance standards.   Although the conservation plan provides no specific incentives for implementation, incentives are more direct in connection with withdrawals; new projects, such as new withdrawals, will not be approved until adequate leak detection and repair programs are implemented.

The DRBC does not provide direct technical assistance to water utilities to help reduce water losses.  Nor does the commission require detailed water audits or exert substantial enforcement activity.  Still, much of the progress in reducing water losses in the Delaware River Basin is attributed to the DRBC regulations.

St. Johns River Water Management District (Florida)

The St. Johns River Water Management District (SJRWMD) requires the issuance of permits for large-volume water users in accordance with the “Permitting of Consumptive Uses of Water” rule.
  All applicants for a consumptive-use permit must complete a thorough water audit.  The water audit requires identification of water losses in the treatment process and in the distribution system.  Applicants must identify all water uses, as well as total unaccounted-for water and the percentage of unaccounted-for water. 

Conservation is required as part of all consumptive-use permits.  In order to obtain a consumptive-use permit (CUP) from the SJRWMD, “all available water conservation measures must be implemented unless the applicant demonstrates that implementation is not economically, technically, and environmentally feasible.”
  Water-loss reduction is a recognized water conservation measure.  Permit applicants must also conduct a meter survey to account for and correct meter error if unaccounted-for water is 10 percent or greater based on the initial water audit.  

SJRWMD has one of the strictest requirements for leak detection.  According to the applicant’s handbook:

An applicant whose water audit…shows greater than 10% unaccounted for water use, must complete the leak detection evaluation portion of Form 40C-22-0590-3.  Based upon this evaluation, an applicant may choose to implement a leak detection program immediately or develop an alternative plan of corrective action to address water use accountability and submit a new water audit to the District within two years.  If the subsequent audit show greater than 10% unaccounted for water, the applicant must implement a leak detection and repair program within one year unless the applicant demonstrates that implementation is not economically feasible.  In all cases, this evaluation and repair program may be designed by the applicant to firs address the areas which are most suspect for major leaks.  The evaluation and repair program may be terminated when the permittee demonstrates that its unaccounted for water loss no longer exceeds 10%.

The leakage evaluation must include the following items:

· Potential water system leakage

· Annual potential system leakage

· Recoverable leakage (assumes 50%)

· Production cost per million gallons

· Recoverable savings

· Estimated cost of leak detection survey

· Estimated recovery period
The consumptive-use permit will not be issued until the applicant addresses water leaks and losses.

Conclusions

The results of the survey and analysis, summarized in Table 3, suggest a fair amount of state and regional policy activity regarding the issue of water losses.  However, the prevailing policies are not entirely clear, consistent, or operational.  Most of the identified policies are raising much-needed awareness of the loss issue and promoting better accounting and reporting, but most do not necessarily impose consequences through incentive or enforcement mechanisms.

The findings confirm the need to refine the definitions, measures, and standards for evaluating water losses.  A uniform approach, advanced and adopted by authoritative organizations in the water industry, could play a vital role in policy development.  It is not uncommon for public policies to refer to authoritative sources with regard to technical standards, such as those that might be developed for water losses.  

A precursor to further policy development is the establishment of a uniform system of water accounting and the collection of valid and reliable data on water losses.  Better accounting will promote a common understanding of the water-loss issue, as well as appropriate benchmarks and standards.  Eventually, best practices for water accounting and loss management may emerge and find reflection in water-loss policies, as future surveys might reveal.  

Table 3

Summary of Findings

Issue
Jurisdictions
States

(n = 43)
Other

(n = 3)
Total

(n = 46)

Water-loss policy
AZ, CA, CT, FL, GA, HI, IN, IA, KS, KY, LA, MD, MA, MN, MD, NV, NH, NY, NC, OH, OR, PA, RI, SC, TN, TX, UT, VT, VA, WA, WV, WI, WY, DRBC, SWFWMD, SJRWMD
33
3
36

Definition of water loss
AZ, CA, GA, HI, KS, MD, MA, MN, MO, OR, PA, RI, SC, TX, WI, DRBC, SJRWMD
15
2
17

Accounting and reporting
AZ, CA, GA, HI, IA, KS, KY, MD, MA, MN, MO, NY, OH, OR, PA, RI, TX, WV, WI, WY, SWFWMD, SJRWMD
20
2
22

Standards and benchmarks
AZ, CA, GA, HI, IN, KS, KY, LA, MD, MA, MN, MO, NC, OH, OR, PA, RI, SC, TX, UT, WA, WV, WI, DRBC, SWFWMD, SJRWMD
23
3
26

Goals and targets
AZ, CA, FL, GA, HI, KS, KY, ME, MD, MN, MO, NM, OH, OR, PA, RI, TX, WI, SWFWMD, SJRWMD
18
2
20

Planning requirements
AZ, CA, CT, FL, GA, HI, IA, KS, MD, MA, MN, MO, NV, NH, OR, PA, RI, SC, TX, VT, VA, WA, WV, WI, SWFWMD, SJRWMD, DRBC
24
3
27

Compilation and publication
AZ, CA, HI, KS, KY, MN, PA, RI, WI, SWFWMD
9
1
10

Technical assistance
AK, CA, FL, GA, HI, KS, KY, ME, NV, ND, OR, PA, RI, SC, TN, TX, VT, WI, SWFWMD
18
1
19

Performance incentives
CA, GA, HI, IN, IA, LA, MN, NC, RI, TX, VT, SJRWMD
11
1
12

Auditing and enforcement
AZ, GA, HI, KS, MD, MN, NH, OH, OR, PA, SC, TX, WI, SWFWMD, SJRWMD
13
2
15
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