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ABSTRACT* 

An understanding of the diversity of community water systems (CWS) in the United States 

is essential when evaluating the financial implications of the 1986 and subsequent amendments to 

the Safe Drinking Water Act (SDWA). This diversity, in terms of size, primary water source, 

ownership, and existing levels of treatment, shape the nature of the technical, institutional, and 

financial issues that must be confronted in moving these systems toward compliance with SDWA 

regulations. This report provides a descriptive summary of these operating and design 

characteristics ofCWS's across the country. 

The data are organized to help provide a typology of representative public water systems 

that can be examined to better understand the regional effects of policy implementation. The focus 

of the analysis is on small water systems, those most burdened by the expanded montoring and 

treatment regulations; much of the data are also provided for larger systems for purposes of 

comparison and completeness. 

Emphasis is directed towards current water treatment objectives being pursued by CWS's 

and the treatment processes already in place. It is for those smaller systems that may require the 

addition of multiple water treatment processes that the financial implications are likely to be most 

severe. 

As would be expected, there is a shortfall between the number of systems serving fewer 

than 10,000 people employing multiple treatment processes and the estimated number required. 

There are systems, however, that have demonstrated success with a number of multiple treatment 

processes, particularly in the small and medium-size categories. The experience gained by these 

systems would seem invaluable in efforts to accelerate the process of field testing and approval of 

technologies applicable to systems serving lower population levels. 
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INTRODUCTION 

As part of a comprehensive examination of the status of our nation's community water 

systems (CWS) and the financial implications of the 1986 Amendments to the Safe Drinking 

Water Act (SDWA), one must have a clear picture of the number and diversity of these 

systems both nationally and at the regional level. This diversity, particularly in terms of size, 

primary water source, ownership, and existing levels of treatment, shape the nature of the 

technical, institutional, and financial issues that must be confronted in moving the nation's 

many community water systems toward compliance with SDWA regulations. I 

The purpose of this report is to provide a descriptive summary of these various 

operating and design characteristics of CWS's across the country. As such, the manuscript is 

one of the first in a series designed to provide a comprehensive look at the implications of the 

1986 amendments. The objectives are modest relative to the scope of the overall research 

effort, but they are a necessary first step. Emphasis is focused on the policy implications that 

can be drawn from a careful analysis of the data. These data are also organized to help 

provide a typology of representative public water systems that can be examined to better 

understand the regional effects of policy implementation. The focus of the analysis is on small 

water systems, but much of the data is also provided for larger systems primarily for purposes 

of comparison and completeness. 

Brief summaries of the size distribution of public water systems are already contained 

In two previous reports designed to assess the benefits and costs of the 1986 SDWA 

amendments, and the technical and economic capacity of states and public water systems for 

implementation of the 1986 amendments (Wade Miller Associates, 1990, and EPA, 1993). 

However, the assessments in these reports focused primarily at the national level, and there was 

little need to articulate differences in the distribution of systems regionally or by characteristics 

such as ownership, system capacity, and nature of the population served. At the time at least 

one of these studies was completed, many of the rules associated with various provisions of 

the 1986 amendments were at best in the early stages of development; few systems had yet to 

be confronted with the reality of compliance, so there was little need to focus on existing 

monitoring and treatment experience. 

Passage of the 1996 amendments to the SDWA (PL-I04-182) occurred during the development 
of this report. As such, the predominant focus of the report is directed towards the 1986 amendments, 
application is made to the 1996 amendments where appropriate. Given the descriptive nature of this 
report, this should be of little concern. 

I 
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The issues surrounding the implementation of the 1986 amendments go well beyond 

those related to aggregate benefits and costs to society, which are the primary bases for 

justifying the regulations from a national perspective. Knowledge of the diversity of systems 

at a more disaggregate level is essential for the examination of these broader issues. For 

example, detailed information about public water systems at the regional level should be of 

interest in the design and location of regional centers for technical assistance as authorized in 

the 1996 amendments to the Safe Drinking Water Act. To the extent that the distribution of 

systems by type differs regionally, the cost of compliance relative to the benefits will differ as 

well. This could alter the financial implications for local governments, and in regions where 

the perceived benefit-cost ratios are lowest, the incentives for seeking exemptions could be 

quite high. The potential for viable restructuring could also be affected. Information 

concerning the proportion of systems owned privately and their size may be important to 

understand the effects of new legislative initiatives such as the unfunded mandate legislation 

passed recently by both the Senate and the House. This could be particularly true if, as some 

suspect, the availability of exemptions from full compliance would differ between public and 

private providers. Information about the type of population served by community water 

systems should enable one to make educated guesses about the income distribution in order to 

study the financial effects of amendments on individuals by income class. 

The remainder of the report is divided into several sections. To provide a clear picture 

of what the data represent, we begin by reiterating the definition of a public water system. 

Since the data described in this report come primarily from the FRDS-II Data Base, we also 

discuss briefly how the data were organized to complete the analysis, and how potential 

problems associated with missing data in this large data base were handled. The focus then 

shifts to a discussion of the characteristics of water systems at the national level and their 

policy implications. The policy significance of the regional diversity of water systems is also 

highlighted? Perhaps the most important section relates to the current treatment objectives 

and levels of treatment. This discussion helps to delineate the treatment needs, but it also 

provides a good indication of what financially feasible treatment strategies are being used 

currently by large and small systems. It should be invaluable in establishing priorities for 

further research. The final section summarizes the conclusions and implications for policy. 

Before proceeding, it is also important to emphasize that the nature of the analysis requires the 

presentation of a lot of data, particularly relating to the treatment strategies. This makes for 

2 To facilitate this discussion of the regional data without adding unduly to the length of the text 
of the report, a detailed description of the regional diversity of water systems and the supporting data 
is included in an appendix. Its primary purpose is as a source document for those interested in the 
specific regional data. 

r' 

I 
1 
I 

J 
r 

j 



3
 

some rather tedious reading at times, but we offer few apologies because this is very much a 

working document; much of the descriptive analysis is designed to help set priorities for further 

research. 

PUBLIC WATER SYSTEMS DEFINED 

A public water system (PWS), according to the definition used by the Federal 

government for policy purposes, is one that pipes water to the public for human consumption 

(EPA, 1993). To qualify as a PWS, a system must have at least 15 service connections, or 

regularly serve at least 25 individuals for two months or more during the year. By federal 

definition, PWS's are further divided into two groups: community water systems and non­

community water systems. Non-community water systems are either transient or non-transient. 

Of the more than 200 thousand PWS's across the nation, nearly 30% are community water 

systems (CWS), just over 10% are non-transient, non-community systems (NTNC), and the 

remaining systems, nearly 60%, are transient, non-community systems (TNC). 

In addition to being descriptive of the types of customers they serve, these 

classifications are important because the extent to which they must comply with the 1986 

amendments differs. Historically, for example, all non-community water systems were required 

to meet only those standards designed to prevent short-term health problems such as bacteria, 

nitrates, and turbidity. This remains true for most transient, non-community systems (such as 

campgrounds, motels, and gas stations) which cater to transient customers in non-residential 

areas. The estimated 3% of these systems that rely on surface water supplies are also required 

to meet standards for filtration and disinfection (EPA, 1993). 

On the other hand, non-transient non-community water systems must serve at least 25 

people at least six months of the year and include schools, factories, hospitals and other 

institutions with their own water supplies. Subsequent to their passage, NTNC's are required 

to comply with the 1986 SDWA amendments. This is also true for community water systems 

(CWS), defined as public water systems which serve at least 15 service connections used by 

year-round residents or regularly serve at least 25 year-round residents. CWS' s range from 

smaller units such as trailer parks and housing complexes to larger systems serving rural and 

suburban communities and large cities. Since the majority of systems which are potentially 

affected most seriously by the passage of the 1986 SDWA amendments are community water 

systems, the analysis here focuses on this group. This is consistent with the analysis in EPA's ­
recent report to Congress on the technical and economic capacity of states and public water 

systems to implement drinking water regulations (EPA, 1993). 
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THE FEDERAL REPORTING DATA SYSTEM
 

The data on CWS's analyzed in this report come primarily from EPA's FRDS-II Data 

Base as of July 1, 1994. The data base is designed specifically to support the EPA's Office 

of Groundwater and Drinking Water (OGWDW) in monitoring compliance with the Safe 

Drinking Water Act of 1974. Water systems across the country are required to report 

information about their systems on an annual basis to their respective state agencies, who, in 

turn, forward it to the FRDS system maintained at EPA's computing center in North Carolina. 

The FRDS-II Data Base is a complex data structure for public water systems arranged 

hierarchically in four levels and containing information relating to the operation, design, and 

treatment. There is detailed information on: population served, daily water production and 

design capacity, ownership, primary water sources, treatment objectives, treatment processes 

employed, the geographic areas served, on site visits and water sampling, violation and 

enforcement actions, and variance/exemption actions. As one moves deeper into the hierarchy 

of the system, it is necessary to maintain numerous records for each system. For example, the 

source/entry file in Level 2 contains individual records for each water source utilized by a 

particular CWS listed in the Levell file. The treatment data file, located in Level 3, contains 

separate records for each treatment process that is linked to each source record from Level 2. 

The location of the treatment (i.e., at the source, treatment plant, or entry point) is also attached 

to these records. 3 

This type of data structure lends itself well to retrieving complete data for one or a 

handful of systems. However, the structure presents a real challenge to anyone attempting to 

use such a data base for research purposes where detailed data on all systems must be 

summarized and analyzed. To our knowledge, no one has attempted such an analysis, and to 

this extent, much of the information in this report is not widely known. 

This report relies primarily on the first-and second-level descriptive features of CWS's 

across the country relating to operation characteristics, production requirements, and treatment 

processes and objectives. Subsequent reports will concentrate more on types and frequencies 

of violation and enforcement actions and/or variances related to those violations. 

3 Other data files exhibit a similar "branching" structure, such as the non-compliance file at Level 
2 which branches first into the violation file at Level 3, and second into the file on enforcement action 
at Level 4. Put differently, a CWS listed in Level 1 may be flagged as being non-compliant at Level 
2, with the one or more individual violations associated with non-compliance delineated at Level 3. 
Each of these records is finally linked to the one or more enforcement actions in Level 4 associated 
with the corresponding violation contained in Level 3 records. 
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In any data base of this size and where reporting is ultimately the responsibility of 

individuals at the system level, there are always some problems with the data. To facilitate the 

identification of these problems and the manipulation of the data, we converted the entire 

FRDS-II Data Base into SAS data files. For this analysis, we focused attention on systems 

located in the 50 states, ignoring, at least for the time being, about 700 systems in the several 

territories of the United States. 

To obtain a usable data set for this analysis, it was also necessary to eliminate 

observations in which important pieces of data were either missing or obviously in error. To 

begin, we eliminated observations where some of the most basic information on population 

served, ownership, and treatment classification was missing. We also eliminated systems 

where the information was provided, but was obviously erroneous because of inconsistencies 

between population served, average daily production and design capacity. The result was a 

data set including information on about 45,600 community water systems. 

Although this is a significant subset of the data (containing 80% of the community 

water systems around the country), we were concerned that inferences drawn from it may be 

biased if the subset turned out not to be representative of the population. To obtain some 

notion of the nature of any bias, we performed a number of statistical tests between the 

distribution of the subset of systems by size category and the entire population of water 

systems by size category as reported in the EPA's report to Congress on the technical and 

economic capacity of states and public water systems to implement drinking water regulations 

(EPA, 1993). The test for the similarity of distributions is the Kolmogorov-Smirnov test, and 

the results are reported in detail in appendix A. 

Based on this test, there is reason to believe that the size distribution of the systems in 

the subset is representative of that for the entire population of combined ground and surface 

water systems. The same is true for ground water systems examined separately. For surface 

water systems, the size distributions appear identical, with the exception of those in the 

smallest size category. Here, there seemed to be a slightly higher proportion of small systems 

eliminated because of missing or inconsistent data. On this basis, it seems unlikely that the 

steps required to develop a useable set of data for the analysis lead to any serious bias in the 

results, particularly if one believes that the general characteristics of very small systems are 

likely to be more homogeneous than those of systems with retail service populations greater 

than 500. -
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A NATIONAL AND REGIONAL PERSPECTIVE 

To obtain a picture of the diversity of community water systems from a national 

perspective, it is convenient to begin by examining the distribution of systems by size. Size, 

however, can be defined in a variety of ways, ranging from the size of the population served, 

to some measure of the average (or peak) daily flow or the system's design capacity. Measures 

of average daily flow or design capacity are most important for decisions regarding water 

system construction and water treatment, and are related to the population served, but not 

completely so.' The demand for water also depends among other things on climate, the 

demographic makeup of the population, as well as the nature of the retail, industrial, and 

residential development in the service area. 

For policy purposes and to facilitate the development of regulations, the EPA groups J 

public water systems into 12 categories by size of population served if the information 

necessary to formulate the regulation is available at that level of detail (EPA, 1993). Where 

information is limited, the systems are recombined into five size categories which are simple 

aggregations of the initial 12. These categories are defined according to the population served, 

and are presented in table 1. 

Classifying systems in this way for policy purposes is one way to focus attention on the 

potential resources that can be drawn on to meet the costs of compliance with the SDWA 

regulations. For example, it is generally believed that systems serving populations of 10,000 

or more are large enough to take advantage of economies of size in production and 

management and sufficient resources to finance increased monitoring and treatment at a 

reasonable cost to customers. For systems serving fewer people, the possibilities for realizing 

economies of size in production, distribution, or planning are limited, and the ability to finance 

needed treatment and monitoring to comply with SDWA regulations is more problematic. 

Other characteristics such as ownership of the system and the primary water source affect the 

cost, as well as the resources available to comply with the regulations. 

Distribution of cws 's by Population Served 

Of the more than 57,000 community water systems nationwide, just over 18% of them 

rely on surface water as their primary water source, with the remaining 82% relying primarily 

on ground water. The data in table I provide a clear picture of the distribution of CWS' s by 

population size category for all systems, as well as for groups differentiated by whether the 

system's primary water source is from ground or surface water. These data are easier to 

, 

! 
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,, 
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Table 1. Distribution of Community Water Systems and Population Served by Ground and Surface Water Sources. 

Population Population Population 
Category Range Classification 

A 

B 
< 101 

101 to 500 I 
> Very Small 

C 501 to 1,000 

D 1,001 to 2,500 Small 

E 2,501 to 3,300 

F 

G 

3,301 to 5,000 

5,001 to 10,000 

Medium 

H 
I 

J 

10,001 to 50,000 

50,001 to 75,000 

75,001 to 100,000 

Large 

K > 100,000 ~ Very Large 

Ground and Surface 

Water Systems 

Population 
Number Served 

29.6 0.4 

31.0 1.9 

10.8 1.9 

12.0 4.6 

3.1 2.2 

3.3 3.2 

4.2 7.3 

4.7 24.7 

0.5 6.8 

0.2 4.2 

0.5 42.9 

Ground Water Surface Water 

Systems Systems 

Population Population 
Number Served Number Served 

%--------­

34.6 1.0 7.5 0.0 

33.6 4.1 19.6 0.4 

10.6 3.8 11.5 0.7 

10.4 8.3 19.0 2.3 

2.4 3.4 6.3 1.3 

2.3 4.6 7.6 2.2 

2.8 9.9 10.6 5.4 

2.8 29.3 13.6 21.6 

0.2 6.9 1.5 6.8 

0.1 4.5 0.7 4.0 

0.2 24.1 2.1 55.2 

I
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Figure 1. CWS Distribution by System and Population Served by Size Category. 
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visualize in figure 1. Very small systems, those serving retail populations of less than 500 

people, account for the lion's share (over 60%) of all CWS's nationwide. Given their size, it 

is not surprising that they serve only an estimated 2% of the population. Small systems, those 

serving between 501 and 3,300 people, account for an additional 26% of all systems and serve 

just under 9% of the retail population. Medium-sized systems, serving retail populations 

between 3,301 and 10,000 people, constitute slightly more than 7% of all CWS's, and serve 

an additional 10% of the retail population. The remaining 80% of the population is served by 

only 6% of the CWS's, all of which have a service population of more than 10,000; within this 

group, over 40% of the population is served by the one-half of one percent of the CWS's with 

a service population over 100,000. 

The fact that such a large percentage of the population is served by large systems with
 

sufficient resources to take advantage of economies of size in water treatment and system
 

administration tends to disguise the magnitude of the problems in achieving greater compliance
 

with the 1986 amendments to the Safe Drinking Water Act. While only 10% of the population
 

is affected, the unique problems facing small systems potentially affect about 50,000 CWS's
 

and/or units of local government distributed across the country, somewhat differentially by
 

region as is seen in the data from appendix B.
 

For example, the proportion of small and very small systems exceeds the national '­
average significantly in New England and in the three EPA regions served by Dallas, Denver,
 

and Seattle. The proportion of the population served by these systems in the Dallas region is
 

more than double the national average. With the exception of the metropolitan areas
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surrounding the regional offices in these latter two regions, the small systems are scattered 

across the sparsely populated areas of the northern plains where population densities are among 

the lowest in the country. In New England, the rural populations served by these small 

systems are much more evenly distributed across the landscape. Thus, the problems facing 

small systems in these two diverse areas, and the potential for restructuring in terms of physical 

consolidation or administrative cooperation can be expected to be markedly different. 

Perhaps one of the few bright spots about the nature of small water systems affecting 

their effort to expand water treatment is their relatively large reliance on ground water as the 

primary source of water. Nearly 92% of all ground water systems are in the small and very 

small categories, and they serve over 20% percent of the population receiving water from 

ground water sources (table 1). Part of the explanation lies in the fact that many of the areas 

served by these small systems have no proximity to a surface water source, and, in other cases, 

the source development costs could have been lower than that for surface water or the quality 

of the raw water could have been higher. 4 

Regardless of the reasons for this pattern, there are important implications for 

compliance with the SDWA regulations and modifications in them that might be anticipated 

in future reauthorization efforts. The most direct implication relates to the Surface Water 

Treatment Rule (SWTR). This rule was promulgated in June of 1989 and requires surface 

water sources to apply disinfection and may require filtration unless specific criteria are met. 

These requirements are designed to protect against the adverse health effects associated with 

various viruses, heterotrophic bacteria, and other pathogenic organisms (54 FR 27486). 

With the exception of those ground water sources under the direct influence of surface 

water, none of these rules apply to small or very small systems whose primary source is 

ground water. Fortunately, according to the data in FRDS-II, fewer than two-tenths of one 

percent of the ground water systems are under the direct influence of surface water. 

In addition, the Information Collection Rule (ICR) defines specific monitoring 

requirements based on a system's size. Systems subject to the SWTR and serving populations 

of more than 10,000 or ground water systems serving more than 50,000 are all affected by the 

ICR. All utilities serving more than 100,000 people must develop a formal sampling plan, 

including monthly monitoring requirements for coliphage viruses and Clostridium perfringens, 

as well as traditional coliforms, Giardia, and Cryptospiridium. The smaller systems will be ­
,­

4 Although small surface water systems serve less than 5% of the population receiving water from 
surface water sources, they still represent nearly 65% of all surface water systems. 
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required to monitor every two months; all subject to change relative to microbes to be tested 

and testing schedules. It is expected that monitoring for disinfection by-products (DBP) will 

proceed in a parallel fashion, with EPA looking for chemicals of concern related to chloramine, 

chlorine, dioxide, and ozone disinfection. .. 

In additon to a more relaxed standard setting process from the 1996 amendments to the 

SDWA, small water system monitoring requirements will be limited to those contaminants 

likely to be detected in their drinking water. EPA must issue regulations for a monitoring 

program regarding unregulated contaminants. These regulations ensure that only a 

representative sample of small water systems witll be required to monitor for all regulated 

contaminants. States with primacy may provide interim monitoring relief for PWS' s serving 

under 10,000 people. However, systems must provide to customers annual reports on existing 

contaminant levels and potential health effects. 

Furthermore, where the raw water from a ground water source is of high quality, small 

water systems may benefit from a growing recognition that the list of potentially effective 

strategies for insuring the safety of our drinking water extend well beyond conventional 

treatment solutions, including a greater emphasis on watershed planning and the identification 

of methods for adequate source protection. 

System Size as Measured by Flow or Design Capacity 

Although for many purposes it makes sense to classify CWS' s by the population served, 

measures of size that are more directly related to the actual volume of water produced are also 

important for planning purposes and projecting system costs. Classifying systems by these 

measures is less important for policy purposes, but given the availability of data on average 

daily flow and design capacity, it is useful to relate these three measures of size directly in a 

formal mathematical way. In so doing, we essentially are able to estimate two equations 

econometrically that provide estimates of conditional demands for water at the system level. 5 

Demands can easily be put on a per capita basis. 

5 We refer to conditional demand models in much the same way energy economists have used 
multivariate regression models with demographic characteristics, weather, and the stock of household 
appliances to estimate electricity consumption or appliance util ization rates (EPRI EA-3410, 1984, and 
Parti and Parti, 1980). Tn this case, however, the regression models are used to estimate average daily 
flow or design capacity as functions of population served, weather, and geographic location. These 
consumption estimates are conditional in the sense that the effect of price cannot be determined because 
of the lack of data. To the extent that there are systematic differences in price by region or in rural vs. 
urban areas, the dummy variables in the regression may reflect some of the price differentials. 
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These relationships will prove extremely useful in further research, but it should be 

pointed out that in working with the FDRS-II Data Base the quality of the data on a system's 

average daily flow and system design capacity was perhaps the most problematic. In many 

cases, only one of the two variables was reported, and in other cases both were missing. 

Therefore, in addition to their being useful in other research, these equations were necessary 

to estimate missing values for many systems in order to develop size distributions of CWS's 

using these variables as measures of size. To estimate the conditional demand relations, we 

used data from over 11,000 systems for which there was reliable data on these variables. The 

estimated equations are given in appendix C, along with a detailed discussion of the 

interpretation of the estimated coefficients. 

As one would expect, both the average daily flow and the design capacity of water 

systems are positively related to the population served as well as the number of hookups. The 

design capacity is also positively related to the average daily flow, requiring that the two 

equations be estimated in a two-stage fashion. These equations are used to estimate the 

average daily flow and the design capacity for all the systems in the data set for which data 

were mIssmg. 

Based on these estimates, the mean average daily flow (production) (ADF) is about 

700,000 gallons per day; the design capacity is just under 1.9 million gallons per day. This is 

about 2.7 times the average daily production, and the excess capacity is there partly to 

accommodate peak flows and to anticipate growth in demand or system expansion. 

On a per capita basis, average daily flow is estimated at about 126 gallons per day 

(table 2). This figure is understandably larger than the per capita consumption implied by the 

300-gallon per day estimate of household indoor use for a typical family of four (EPA, 1991). 

On a per capita basis, these estimated average daily flows are remarkably consistent across 

systems by population category. The many additional demands placed on a water system in 

urban areas for industrial, commercial, institutional, and emergency purposes certainly explains 

why per capita demands placed on the very large systems are nearly 40% higher than for the 

very small systems. The 138 gallon average daily flow per person for the smallest group is 

larger than for systems serving populations between 101 and 10,000, probably because of some 

need for systems to be of some minimum size to operate properly. Water needs for 

emergencies, etc. also constitute a disproportionate share of total production for these very 

small systems. ­
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Table 2. Per Capita Average Daily Flow and Design Capacity by Population Category.
 

Average Daily Flow Design Capacity 
Population Population Per Capita Per Capita 

Category Range Mean Std. Dev. Mean Std. Dev. 

All Categories A-K 126 113 789 692 

A < 101 138 III 1,232 786 
B 101 to 500 118 123 774 652 

C 501 to 1,000 113 114 551 486 
D 1,001 to 2,500 119 112 480 411 
E 2,501 to 3,300 123 104 440 403 

F 3,301 to 5,000 127 107 408 339 
G 5,001 to 10,000 130 108 391 310 

H 10,001 to 50,000 139 76 379 292 
I 50,001 to 75,000 155 62 385 250 

J 75,001 to 100,000 164 62 431 288 

K > 100,000 181 77 431 277 

Note: Average flow and capacity values are given in gallons per day per capita. 

The variation around the mean in average daily flow is substantial for all systems, but 

is higher for the small and medium-size systems. The same pattern is evident in the variation 

in design capacity. This variation is certainly due in large measure to the socioeconomic and 

demographic characteristics of the service areas, and without detailed data on the demographic 

structure of the population and the diversity of the economic systems it is impossible to sort 

the differences out precisely. 

However, by examining the coefficients on the dummy variables in the regression 

equations in appendix C, we do see part of the explanation. All else equal, the design capacity 

tends to be higher in the hot and semi-arid areas in the South and the West, and in urban areas. 

Compared with systems that serve non-residential areas, systems that serve residential and 

semi-residential areas design systems with smaller capacities for a given service population. 

Design capacities of private systems tend to be smaller than for those owned by the 

government. The capacity also tends to be smaller for systems that purchase water from other 

systems or rely primarily on surface rather than ground water. The story is about the same for 

the equation used to predict average daily flow. The two exceptions are: the average daily '­
flow is higher for surface water systems than for ground water systems (table 3), and average 

daily flow is also higher if the system serves a semi-residential area. These trends are certainly 

evident in the regional data reported in appendix B. 



--

Table 3. Per Capita Average Daily Flow and Design Capacity Distributions by Water Source and Population Classification. 

Ground Water Systems Surface Water Systems
 

Population Average Daily Flow Design Capacity Average Daily Flow Design Capacity
 

Classification Mean Std. Dev. Mean Std. Dev Mean Std. Dev. Mean Std. Dev
 

All Populations 125 112 863 717 131 121 434 431
 

Very Small 128 116 1027 763 127 133 669 588
 

w 
Small 115 109 542 471 122 121 398 337
 

Medium 124 86 437 326 134 130 349 312
 

Large 132 57 421 278 150 86 346 294
 

Very Large 171 73 506 318 185 79 399 252
 

Note: Average flow and capacity mean values are expressed in gallons per day per capita.
 

I 
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The explanation for why the design capacities of ground water systems tend to have 

larger design capacities but smaller average daily flows than for surface water systems is 

straightforward if viewed in terms of the financial and other requirements to expand or 

otherwise change the two types of systems. Increasing production for a given surface water 

system may, in many instances, require modest changes such as increasing intake flow rates 

from an established reservoir or impoundment. The situation, however, may be much more 

complicated for a ground water system. The physical and technical changes could very well 

include the drilling of additional wells, the installation of additional transmission mains, or 

increased storage capacity. Therefore, to allow for possible growth in demand and avoid the 

additional costs of increasing capacity in the future, it may be more cost effective to "oversize" 

the systems to some degree in the initial construction phase. 

System Ownership 

During the debate over re-authorization, it was clear that members of both Houses of 

Congress were keenly aware of the financial burden facing the owners of small water systems 

throughout the country as they make changes to comply with the SDWA, and it is their hope 

that this financial burden can be eased by careful relaxation of some requirements without 

seriously compromising water quality or health risk. The 1996 amendments to the SDWA 

provide additional federal funding for drinking water system improvements in the form of a 

state revolving loan fund (SRF), similar in form to the current SRF available in the Clean 

Water Act for waste water treatment improvements. The fund provides $9.6 billion in grant 

and loan funding, capitalized over the years of 1994 through 2003, for local water system 

facility improvments. To ease the burden further, the 1996 amendments provide to states up 

to 15% of annual funding for PWS' s serving less than 10,000 people. In addition, states may 

use up to 30% of theire fund allocation for special assistance to small, disadvantaged systems. 

The appropriateness of the size of this set aside turns not only on the size distribution 

of water systems across the country, but on the distribution of ownership as well. The 

importance of the size distribution is perhaps the most obvious. While 15% of the funds are 

earmarked for systems serving populations below 10,000, we know from the data above, that 

these community water systems constitute over 90% of the total and provide water to about 

20% of the population (table 1). Clearly, funds are not being set aside in proportion to the 

number of systems or population served. It is unclear at this time whether the cost savings 

provided by the relief from some of the regulations are sufficient to offset the higher costs of 

compliance with the remaining provisions. It is well known that these small systems are 
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unable to take advantage of the substantial economies of size in water supply and treatment 

(Boisvert and Tsao, 1995). 

If it turns out that funds are insufficient, then the effects will be largest in EPA regions 

where the proportions of population served by systems of less than 10,000 are well above the 

national average (See table B2). These include regions whose regional offices are located in 

Dallas, Kansas City, Denver, and Seattle. The situation could well be exacerbated in these 

regions, as well as throughout the country if, as is suspected by many, the infrastructure of 

many small systems has been allowed to deteriorate. In such cases, EPA estimates that for 

every dollar spent on treatment there would be need for an additional dollar spent on 

rehabilitation and repair (EPA, 1993). 

The implications of system ownership for the requirements for allocating money from 

the revolving funds are less clear until one remembers that money from these funds are 

earmarked primarily for public/governmental water systems, with some provisions for investor­

owned (private) water systems. Public water systems not owned by a governmental or inter­

governmental agency, a non-profit organization, an Indian tribe, or any combination thereof, 

may receive assistance from a state revolving fund; however it will be designated only to those 

systems having the greatest public health and financial needs. Granted, the specification here 

is vague and determining those systems with the "greatest" need may be obligatory, but, it is 

also clear that owners of private systems may be at a competitive disadvantage in applying for 

these loan funds. 

This is unlikely to be a trivial problem because only 41 % of all CWS' s are owned by 

local governments, including authorities, commissions, districts, municipalities, cities, towns, 

and counties, while 53% are owned privately by various entities such as subdivisions, investors, 

trusts, cooperatives, and water associations (table 4).6 

These ownership patterns are not overly surprising, based on the high proportion of 

small systems, most of which are located in smaller communities or mobile home parks and 

housing complexes. Over 96% of the systems serve primary residential areas, of which 17% 

of them serve mobile home parks. This is certainly reflected as well in the distribution of 

ownership by system size. About 73% of the very small systems are owned privately, 

-

6 Ownership of the remaining CWS's is in the hands of the Federal government (1%), the state 

governments (I %), mixed public and private ownership (4%), and Native Americans (less than one-half 
of 1%). The Native American classification includes indian tribes and reservations and Alaskan remote 
villages. 



Table 4. Ownership Type Percentage Distributions by Water Source and Population Classification. 

Population 

Classification 

Ground and Surface Water Systems 

Local 
Private Government 

Ground Water Systems 

Local 

Private Government 

Surface Water Systems 

Local 
Private Government 

- - - - - - -%­ - - - - - - - - - - - - - -­

All Populations 52.6 41.2 59.7 33.9 20.3 66.4 

Very Small 72.9 20.9 75.9 17.9 39.3 55.7 -0', 

Small 25.4 67.7 28.5 64.6 16.4 76.6 

Medium 12.5 81.7 15.4 78.1 8.7 86.3 

Large 13.3 82.5 16.9 77.0 10.2 87.3 

Very Large 20.1 78.3 21.6 73.0 19.4 80.6 

Note: The percentage of systems not accounted for are owned by Federal and state governments, mixed public and private 

entities, and Native American villages. 

, .. ~ .... ~ '. -- ._.. _-.... --_._...,-_.-~ ~ -,.. 
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dropping to just over 25% in the small system category. From a regional perspective, the 

proportion of private ownership is much higher than the national average in New England and 

in the EPA regions served by regional offices in New York, Philadelphia, and Atlanta (table 

B4). The predominance of private ownership in these regions is explained in part by the fact 

that they were the oldest developed areas of the country and by the fact that the desire for local 

control is as strong in New England and the Northeast as any where in the country. The nature 

of the retirement communities in Florida may also partially explain this trend in the Atlanta 

regIOn. 

One can only speculate on the average income levels of the people living in areas 

served by these small private water systems. In some cases where the systems serve exclusive 

developments and upper middle income multi-family housing developments, we know the 

answer. We probably also know the answer for those that serve mobile home parks and 

similar developments, and it is here where low-income people and others on fixed incomes will 

have the most difficulty absorbing the additional costs of treatment passed on by the owners 

of the private systems. The incomes of rural residents is generally lower than those of their 

suburban and urban counterparts as well (EPA, 1988; Boisvert and Ranney, 1991). How these 

considerations are factored into plans for allocating money from revolving funds have 

important implications for equity. 

Again, the only bright spot in this scenario is that nearly 60% of the ground water 

systems are privately owned. In contrast, local governments own nearly 75% of the surface 

water systems, and to the extent that the treatment needs of these systems are likely to be more 

extensive than for ground water systems, there may be some justification for a disproportionate 

share of revolving fund loans to go to these systems. 

Treatment Objectives 

In attempting to deal with the particular problems facing smaller community water 

systems, the 1996 amendments to the SDWA also contain provisions for making the 

regulations more flexible and less costly for states and local governments, including relaxing 

the schedules for testing and monitoring for contaminants. Specifically, the amendments 

contain provisions for communities serving fewer than 10,000 people to use alternative, more 

affordable technologies to meet current and anticipated drinking water regulations. These 

alternatives, referred to as Best Available Affordable Technologies (BAAT), are to be designed ­
by EPA and may include public education and notification. The BAAT' s may not reduce 
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contaminant levels to regulated MCL' s, but the level of treatment is to be sufficient so as not 

to result in an unreasonable health risk. 

An important step in understanding the effects of legislation is to know the treatment 

practices and treatment objectives currently in place in the Nation's medium-sized and small 

community water systems. This will provide a perspective of the seriousness of the remaining 

problems and also lend perspective on treatment practices that seem to be working for a 

selected number of systems. This will be a solid foundation for examining the economic 

feasibility of adapting these successful treatment scenarios to other systems. 

Dealing with treatment objectives and the individual processes used to meet the various 

objectives is undoubtedly the most complex aspect of the FRDS-II Data Base. Exhibit 1 

provides some perspective on the long list of the most relevant treatment processes and the 

corresponding treatment objectives that can be met by each. A comprehensive examination of 

these data is complicated by at least two factors. The first is rather mechanical, and relates to 

those systems for which treatment information is from the previous FRDS' s data file 

(FRDS1.5). This indicates that treatment for these systems has not changed recently. It 

appears that the earlier version of FRDS 's did not differentiate between treatment processes and 

objectives, and while one can infer treatment objectives from the process file, there is no way 

to obtain this information from the treatment objective file. Therefore, for our purposes these 

records are eliminated from initial consideration. As is seen below, this causes few problems. 

The second complexity is a direct result of the fact that some water systems have more 

than one water source and/or plant.. Since treatments can differ by source and plant, the 

treatment file can contain multiple records for an individual system. Developing a strategy for 

summarizing the data under these conditions was a challenge. It was extremely difficult to 

avoid double counting etc. 

We were assisted In our efforts by a variable in FRDS-II that is generated by the 

program which classifies CWS's as treated, mixed, or untreated. A "treated" classification 

implies that all of a particular system's water sources are subjected to treatment; an "untreated" 

classification implies that none of a particular system's water sources are subjected to 

treatment. Obviously, a system is assigned a "mixed" treatment classification when systems 

with multiple water sources provide treatment for water from at least one source, but no 

treatment for water from at least one other source. Regardless of whether the system is ­
,.classified as "treated" or "mixed", the treatment objectives for water at each source may well
 

differ. Water can be treated at the source, at the treatment plant, or at the point of entry.
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Exhibit I. Combined Treatment Objective & Process Codes 

Treatment Objectives 

DBP Corrosion Dis- De- In- Man- Par· Radio- Taste/ 

Treatment Process Control Control infection Chlorination Iron organics ganese Organics ticulate nuclides Soften Ordor 

Activated Alumina X
 X
 

X
 X
 X
Activated Carbon, Granular X
 X
 X
 

X
Activated Carbon, Powder X
 X
 

X
 X
 X
Aeration, Cascade X
 X
 X
 

X
 X
 X
Aeration, Diffused X
 X
 X
 

X
 X
 X
Aeration, Packed Tower X
 X
 X
 

X
 X
 X
Aeration, Slat Tray X
 X
 X
 

X
Aeration, Spray X
 X
 X
X
 X
 

X
Chlorine Dioxide X
 

X
 X
Coagulation X
 X
 X
 X
 

X
 X
X
 X
 X
 X
Distillation X
 

X
Electrodialysis X
 

X
Filtration, Cartridge 

X
Diatomaceous Earth 

X
 X
Greensand 

X
Pressure Sand X
 X
 X
 X
 X
 

X
X
 X
 X
 X
 X
Rapid Sand X
 

X
 X
Slow Sand 

X
Ultrafiltration 

X
Gas. Chlorination, Post 

X
 X
Gas. Chlorination, Pre X
 X
 X
 

X
Hypochlorination, Post 

X
X
 X
 X
 X
Hypochlorination, Pre 

X
Inhibitor 

X
Iodine 

X
 X
 X
Ion Exchange 

X
 X
X
X
Lime - Soda Ash 

X
Microscreening 

X
Ozonation, Post X
 

X
 X
X
 X
 X
Ozonation, Pre X
 

X
 X
 X
Permanganate 

X
 X
 X
Peroxide 

X
 X
Reducing Agents 

X
 X
 X
X
 X
 X
Reverse Osmosis X
 
-

X
Ultraviolet Radiation X
 

X
 X
 X
 X
 X
 X
X
pH Adjustment X
 

..... 
'0 

1 I 
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According to this variable, over 60% of CWS's nationwide are classified as "treated" 

and, therefore, meet at least one treatment objective for each source. Of the remaining CWS' s, 

32% are classified as "untreated", while 7% are "mixed" (table B5 of appendix B). Put 

differently, nearly 70% of CWS's provide at least some treatment for their sources of water, 

and, irrespective of system size, more systems provide treatment than do not. For systems 

serving larger retail populations, there is a larger proportion of them in the "mixed" treatment 

category. This seems only logical, since as systems increase in size, the average number of 

water sources used increases, providing greater flexibility in treatment options. The fact that 

treatment may differ by source could reflect incremental investment in new sources of water . .fto accommodate growth in demand. I 
I 

f 
As one would expect, the proportions of systems treating at least one of its water .,II 

sources increases with system size: 97% of the very large systems are classified as "treated" 

or "mixed", while 91 % and 87%, respectively, of the large and medium-size systems fall into 

these two categories. Given the heightened concern over the implications for smaller systems 

of the 1986 amendments to the SDWA it is perhaps somewhat surprising to see that over 50% 

of the small and very small systems are doing some type of treatment. It remains to be seen, 

the extent to which these treatment objectives are consistent with the requirements under the 

1986 amendments. This can only be done by moving deeper into the details of the treatment 

files. In this way, we eventually hope to match treatment objectives with treatment processes 

as a way of identifying appropriate treatment technologies for meeting various combinations 

of treatment objectives. 

The extent to which systems are currently treating water differs by primary water source 

as well. About 65% of ground water systems apply at least some treatment; this is 

significantly below the 80% of all surface water systems that treat at least some portion of their 

raw water. Although smaller ground water well systems are likely to apply no treatment, as 

systems serve larger populations, storage with at least some disinfection requirements may be 

needed; this is certainly one explanation of why this gap narrows between ground water and 

surface water systems as size increases. To provide further insight into the differences in 

current treatment practices, we need to examine specific treatment objectives and/or processes 

in use and delineate situations where systems are meeting more than one treatment objective. 

Multiple treatment objectives and/or treatment processes which address multiple contaminant 
,

regulations will have significant impacts on system and national cost-benefit analyses. ­




