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ABSTRACT

This study evaluates existing cost-sharing programs for wastewater pollution

abatement as described in the Federal Water Pollution Control Act Amendments

of 1972, describes alternative cost-sharing programs that provide improve­

ments in terms of national efficiency and equity criteria as defined herein,

and suggests related areas for further research. Emphasis is on how Federal

cost sharing biases communities in favor of certain kinds of techniques.

The approach is to describe the current cost-sharing programs for both plant

and nonplant techniques; to examine cost-sharing, legal, and other institutional

biases against certain techniques; to analyze efficiency and equity effects

of alternative cost-sharing programs; and to describe the incentive effects

of cost sharing on nonfederal interests with respect to their choices among

abatement techniques. Findings of the study are that more efficient abate-

ment will result if the same percentage cost share applies to all plant

and nonplant techniques of abatement; the ~ percentage also applies to

all categories of cost (e.g., capital, land, operation and maintenance) for

a given technique; the same percentage applies to large and small communities;

institutional constraints on the selection of nonplant techniques are removed;

and if the program provides for Federal cost sharing of every abatement

technique that is technically viable.

This report was submitted in fulfillment of Program Element PE IBA030 and

Work Order Number EPA-IAGD4 H 374 by the National Bureau of Standards,

Building Economics Section.
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SECTION I

EXECUTIVE SUMMARY

The Environmental Protection Agency (EPA) administers the Construction

Grant Program for the abatement of wastewater pollution. The Federal

Water Pollution Control Act Amendments of 1972 (1972 Act) describe to

some extent the eligibility requirements for a community to apply for

EPA grants and the percentage Federal cost shares that can be awarded

for community abatement projects.

The Construction Grant Program. as enacted by the 1972 Act and administered

by EPA. has been criticized for being in~fficient in that it encourages

a misallocation of resources in wastewater pollution abatement. The

purpose of this study. undertaken at the request of EPA. is to evaluate the

existing and alternative cost-sharing programs primarily with respect to

efficiency and to some extent equity (see Section IV for definitions of

efficiency and equity). Cost sharing affects efficiency through its

incentive effects on the choices by local communities for one kind or

size of abatement program over .another. Cost sharing affects equity in

abatement through its differential treatment of participating communities.

The existing cost-sharing program as described in the 1972 Act and implemented

by Agency regulations is discussed. Theoretical relationships between

cost sharing and its incentive effects on community decisions regarding the

size of abatement projects and the kind of techniques used therein are

identified. Case examples illustrate the biasing effects on communities of

current rules that apply different cost-sharing percentages to different

techniques and to different cost categories. Local communities have

incentives to pick techniques which cost them the least money. but under



existing rules, these are not necessarily the least-cost techniques to

the nation. Equity in the sense of fairness to parties participating in

abatement seems violated in that cost sharing is not directly related to

or varied with benefits received. Finally, legal and other institutional

constraints appear to playa significant role in affecting what techniques,

plant or nonplant, are chosen by communities seeking assistance in pollution

abatement. Specific findings of the study are summarized below:

(1) Application of the same percentage cost share to all plant and nonplant

techniques for the purpose of abating wastewater pollution will encourage

nonfederal interests to simultaneously select the combination of techniques

which is least costly to the nation as well as to themselves.

Applying the same share (regardless of what that share is) across all

techniques will eliminate the potential cost-sharing bias for some techniques

over others (e.g., for plant over nonplant techniques) that exists under

the current rules. (See Sections IV and V.)

Granting of cost-sharing eligibility to all technically viable alternatives

would encourage consideration of new technologies. Where only part of a

multiple-purpose project is abatement, sharing only those costs that could

properly be allocated to abatement per ~ would encourage the efficient

scale of abatement. Thus a lower Federal cost share would apply to

techniques that provide other benefits in addition to abatement, than to

techniques which provide abatement only, and the cost share would decrease

as the cost of providing those other benefits increases relative to the

cost of abatement.

(2) Application of the same percentage cost share to all categorie~ of

project costs (i.e., to capital; to land for both site and process; for

operation and maintenance; and to planning) will encourage community

selection of the nationally least-cost technique(s) of providing abatement.

Because operation and maintenance costs are not currently shared at all by

the Federal government, while capital costs are shared, grant recipients

are biased towards capital-intensive techniques even though all techniques

may be eligible for the same percentage share of capital cost. (See

SectioQsIV and V.)

2



Where only one category of cost (e.g., capital) can be shared, two alter­

native approaches for encouraging local selection of the least-cost

technique(s) might be considered in lieu of the same percentage for all

categories. The first approach is to vary the share of the single cost

category to be subsidized so that the local share as a percentage of

total project costs (i.e., the effective cost share) will be uniform

across all techniques. A second approach, still providing a Federal share

for one category only, would impose a constraint on the percentage of

total costs that the Federal agency could bear. The cost-sharing bias

would be reduced to a degree dependent on how low the constraint is, and

in some cases would be completely eliminated.

(3) Nationally efficient scales of abatement would be encouraged by reducing

the effective Federal cost share.

The legislation governing the Construction Grant Program does not specify

nationally efficient scales of abatement (i.e., the maximization of national

net benefits) as an objective of the program (see Section III). If,

however, this were an objective, the Association Rule (see Section IV)

could accomplish it by encouraging grant recipients to choose a scale of

abatement that is nationally as well as locally efficient. For most

projects, existing Federal cost shares probably exceed those that would be

obtained from applying the Association Rule (see Section V). Lower Federal

shares would tend to encourage more efficient scales of abatement, but

could nevertheless be set large enough to provide some incentive for

communities to expand their abatement activities. Since adequate information

regarding the incidence of abatement benefits is not available, further

research is needed before specific percentage cost shares can be selected.

(4) Varying cost shares in proportion to community size, other things being

equal, may lead to inefficient scales of abatement.

Over some range of abatement levels, the average cost of abatement is likely

to fall as a result of economies of scale. Assuming that this range of

decreasing average cost extends to large scales of abatement, big cities

with large demands for abatement would be expected to have lower average

costs than small cities with less demand for abatement •

.3



One way of encouraging small cities to demand higher levels of abatement

and thereby profit from economies of scale is to raise the percentage

cost share for small cities above that of big cities. However, the

efficient scale of abatement for a small city may be much less than that

scale at which average costs are minimized (see Section IV). Thus,

applying preferential Federal cost shares to small cities to encourage

them to take advantage of economies of scale may result in oversized

projects from the standpoint of maximizing net benefits from abatement.

Achieving efficient levels of abatement is not necessarily incompatible

with taking advantage of economies of scale, however. For example, it

might be advantageous to individual cities as well as the nation for cities

to join in the construction of regional treatment plants that would lower

the average cost of abatement to all while at the same time providing the

efficient level of abatement.

(5) Returning all industrial user fees collected against the Federal grant

to EPA for redistribution through the Construction Grant Program will

eliminate the problems described below, without reducing the amount of

funds available to municipalities.

Existing Federal user fee practice allows grantees to retain part of the

user fees collected from industry to repay industry's share of the. Federal

grant. Retention" of these user fees by the grantee increases the Federal

subsidy and reduces the effective cost share to the grantee. The more

industrialized the community, the larger this additional subsidy and the

lower the effective cost share of the grantee. This practice has the

following effects: (a) the tendency towards construction of larger-than­

efficient scales of abatement is increased because the grantee's effective

share of cost is thereby reduced; (b) the bias towards capital-intensive

and eligible land-intensive projects is increased, because the grantee's

effective cost share is inversely related to the amount of capital and

eligible land costs that are attributable to industry; (c) a larger Federal

subsidy is provided to industrialized communities than to residential

communities, because the amount of retained user fees is dependent on the

construction cost of facilities provided to industry. (See Section VI.)

4
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(6) Including an interest charge in user fees collected from industry

against the Federal grant would help assure that industry paid its full

share of costs. Under existing arrangements, industrial users tend to

be substantially undercharged for their part of the costs of facilities

because they pay no interest on their part to reflect the time value of

money. Hence, the user fee revenue is much less than it would be if

industry repaid the full cost of treating its wastewater. (See Section VI.)

(7) Legal and other institutional constraints exist which bias against

the selection of efficient abatement techniques.

The following steps might be considered for eliminating these biases:

(a) educational and promotional efforts to encourage planners to consider

nonplant techniques; (b) encouragement by grant officials of applicants

to consider fully abatement alternatives during the initial project

planning stages; (c) establishment of architects'/engineers' fees based

upon operation and maintenance costs, as well as capital costs, to avoid

bias towards capital-intensive techniques; (d) encouragement of regional

management of wastewater abatement to reduce the inefficiencies resulting

from the narrow view taken by small jurisdictions; and (e) the same treat­

ment of all abatement techniques in the law, the regulations, and the

program. (See Section III.)

In summary, this study has identified action that would increase the local

share of abatement costs; reduce the cost-sharing bias toward capital­

intensive and eligible land-intensive projects; reduce the cost-sharing

bias for some plant over nonp1ant techniques; increase the Federal and

local expenditures on nonplant techniques relative to plant techniques;

increase the community demand for nonplant techniques; increase the degree

of abatement per national dollar spent, and in general result in more

efficient and equitable projects.

Additional areas of research were identified that might be of value to

EPA in meeting its objectives of encouraging efficient abatement and of

treating cost-sharing parties equitably. One type of research needed is

an investigation of how institutional requirements affect communities'

selections of techniques of abatement. A second research problem is the

5



determination of the optimal points in time for reducing and/or eliminating

pollution abatement grants. A third potential area is the analysis of the

link between levels of local performance in abatement and rewards or grants

based on good performance. A loan program for capital that reduces the

amount to be paid back as performance improves should be studied. A fourth

area of research should be the determination of community objective

functions in pollution abatement to see if communities are really concerned

with collection and disposal. A fifth area of research would be to

investigate the responsiveness to varying cost shares of community demand

for nonplant techniques. Additional perspective that is needed to analyze

the potential biases against nonplant techniques might be obtained through

these areas of research.

6
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SECTION II

INTRODUCTION

PURPOSE

The Environmental Protection Agency (EPA) was directed by Section 317 of

the 1972 Amendments to the Federal Water Pollution Control Act,l hereafter

referred to as the 1972 Act, to continue to investigate and study the

feasibility of alternative financing methods for preventing, controlling,

and abating pollution. Implicit in this directive is a responsibility to

examine cost-sharing programs for nonplant* control and treatment of

sewage as well as for conventional plant treatment techniques. The purpose

of this study is to provide EPA with an evaluation of alternative cost­

sharing programs both for plant and nonplant prevention, control, and

treatment, hereafter referred to as abatement.

The study will evaluate existing cost-sharing arrangements for their

national efficiency and equity effects and will recommend alternative

practical cost-sharing programs that will lead to more nationally

efficient projects and more equitable dealings with communities seeking

assistance in water pollution abatement. Cost-sharing rules will be

proposed that (1) will promote selection by local communities of the

nationally least-cost techniques for providing pollution abatement,

(2) will promote selection by local communities of the nationally efficient

scale of abatement, and (3) will treat each local community in the same

manner with respect to certain defined conditions of fair treatment,

i.e., equity.

*Nonplant control and treatment here refer to all processes "outside

the fence" (see Figure 1).

7



SCOPE AND APPROACH

Because EPA's Construction Grant Program is the major program through

which cost-sharing rules set forth in the 1972 Act are implemented, it is

the focus of this study. The incentive effects of cost sharing under

the Construction Grant Program are emphasized. "Cost sharing" as used in

this report refers to the rules for sharing project costs between Federal

and nonfederal participants in a pollution abatement project. "Incentive

effects" refers to the way in which cost-sharing programs might encourage,

or bias, local communities to pick one kind or size of abatement program

over another.

The incentive effects of cost sharing are examined from the standpoint of

two efficiency problems that might arise from a cost-sharing bias. One

problem is that nonfedera1 interests may be induced to choose a technique

for abating pollution that is not cost effective from the viewpoint of

society (i.e., the nation), although it may be least costly for non federal

interests. Another arises in terms of the scale of abatement to be

considered (regardless of the technique(s) chosen for a particular project.

Local communities will be influenced by cost sharing in deciding how large

a project to build. If Federal grants are too large, local communities

will be encouraged to opt for projects that are overdeveloped in the

national sense, i.e., too many resources are allocated to abatement at

the expense of other types of investment projects. ' If Federal grants are

too low, local communities will be encouraged to opt for projects that are

underdeveloped in the national sense, i.e., too few resources are allocated

to abatement relative to competing investment projects.

In addition to the examination of biasing effects in the cost-sharing rules

~~, the report also examines user fee arrangements for their impact

on effective* cost shares. By changing the effective cost shares, user

fees are found to influence the community government's choice of abatement

programs.

*The effective cost share is the actual percentage of total abatement

costs that a project participant must bear after taking into consideration

the cost-sharing rule and other factors which affect the ultimate cost
share.

8
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The two types of efficiency issues--the least-cost technique(s) and the

efficient scale--are examined in the theoretical discussion. However, the

emphasis is placed on cost-sharing incentives as they relate to encouraging

the selection of the nationally least-cost technique(s), as this appears

to be the more prevalent problem and the one for which corrective measures

could be implemented most easily in practice.

In its focus on cost sharing, the study does not review other economic

tools which could be used to encourage polluters to control their wastes

in a particular manner. For example, selective payments to waste dischargers

for waste reduction, low-interest loans for pollution control equipment, and

grants for research and development are forms of subsidies which would

encourage desired behavior. Likewise, penalties in the form of effluent

charges, fines, excise taxes on polluting products, charges for discharge

permits, and required insurance coverage would discourage undesirable

behavior.

GENERAL

Financial requirements to meet pollution abatement goals expressed in the

1972 Act are immense. The 1972 Act authorized $18 billion to be spent in
2

fiscal years 1973 to 1975 under EPA's Construction Grant Program. (Of

the $18 billion authorized, $9 billion have been ordered by the President

to be spent; the remaining $9 billion have been impounded.)3 Costs of

waste treatment plants, pumping stations, and other facilities necessary

to meet clean water requirements through 1990 have been estimated at about
4

$60 billion by a recent survey, but it is thought that costs may run much

higher.5 In any case, extensive Federal financial support to local

jurisdictions is expected to continue through the Construction Grant Program.

Given the large expenditures, both required and authorized, the importance

of an efficient allocation of resources to pollution abatement is apparent.

And, indeed, there are provisions in the 1972 Act which indicate legislative

concern for promoting efficiency in the abatement program.

Sec. 212 (2)(c) of the 1972 Act, for example, requires that grant applica­

tions be made for "the most cost-effective alternative •••• "

9



Nevertheless, the existing cost-sharing rules have been criticized for

inefficiently allocating resources to abatement.*

The central problem of existing rules examined here -- that of biasing selection

against the most efficient abatement techniques -- results from the variation

in Federal cost sharing among abatement techniques. Although the legislation

implies that Federal cost sharing for constructfQn costs is now available for

a variety of techniques, historically there has been little Federal cost sharing

available for nonplant techniques. Moreover, some nonplant techniques con­

tinue to be ineligible for construction grants (see Section III). In addition,

for those techniques which are eligible, grants vary as percentageH of the

total costs (Le., capital plus operation and main~enance (0 & M) plus land
,

costs) associated with the different techniques~ Hence, the share of total

costs assumed by the Federal government may vary considerably depending upon

the abatement technique adopted by the municipality. Other things equal,

grant recipients will favor those techniques which cost them the least.

The importance of considering a variety of techniques has been demonstrated

by studies of river basins** which have shown that nonplant techniques and

combinations of plant and nonplant techniq4es may offer improvements in

efficiency over conventional plant approaches alone. Consider, for example,

Table 1, which shows the costs of alternative abatement techniques analyzed

for water quality improvement in the Potomac estuary. 'To meet the dissolved

oxygen performance objective of 4ppm, combinations of plant and nonplant

processes (shown under item 2 of the table) are less costly than plant processes

alone (shown under items 3 and 4 of the table). But while there may appear to

be a number of viable alternatives from both a technical and cost standpoint, from

the standpoint of implementation under existing cost-sharing and institutional

conditions, there may be few alternatives.

With respect to the kinds of alternative abatement techniques which are

available, two general categories are delineated in this report: plant,

*Some efficiency defects of existing rules have been documented in other

studies, among them, Richard Raymond, "The Impact of Federal Financing

Provisions in the Federal Water Pollution Control Act Amendments of 1972,"

Public Policy, Vol. XXII, Winter 1974, pp. 109-110, and Urban Systems
Research and Engineering Inc., Methods for Financing Water Pollution
Abatement from Point Sources, a research paper prepared for the Water

Quality Office of the Environmental Protection Agency, August, 1971, p. 39.

**See, for example, Robert K. Davis, The Range of Choice in Water

Management (Baltimore: The Johris Hopkins Press, 1968).

10



Table 1. COSTS OF SOME ALTERNATIVE TECHNIQUES FOR MEETING
THE DISSOLVED OXYGEN OBJECTIVE OF 4 PPM IN THE POTOMAC ESUTARya

(million)

•....
•....

Abatement Techniques

1. Single Process (Nonplant) Solutions
Reoxygenation
Effluent distribution

Low-flow augmentation

2. Multiple Process (Combination of Plant and Nonplant) Solutions
Various combinations of low-flow augmentation, reoxygenation,

polymer precipitation, ~tep aeration
Combinations using effluent distribution or micros training or

aeration with low-flow augmentation and/or reoxygenation
Combinations using lime-alum coagulation and higher degrees of

low-flow augmentation or effluent distribution

3. Plant Systems Using Powdered Carbon Adsorption

4. Plant Systems Using Granular Carbon Adsorption

5. The Complete Range of System Costs

b
Cost

$ 29

$ 85$115

$22 to $35step

$35 to $47

$48 to $78
$79 or more

$127 or more$22 to $146

aKneese, Allen V. and Bower, Blair T. Managing Water Quality: Economics, Technology, Institutions
(Baltimore: The Johns Hopkins Press, 1968), p. 222.

bCasts are present value (1965 dollars) of capital, operating, and routine maintenance discounted

at 4 per cent for a fifty-year life. Costs of processes other than low-flow augmentation are

based on 2.5 months operation per year.



those techniques concerned with waste treatment in a plant facility; and

nonplant, those techniques concerned with waste control, prevention,

reduction, or treatment outside the plant. Waste treatment in plant

facilities is the conventional approach to abatement of pollution of

our rivers and streams from inflows of wastewater. However, the nonplant

techniques for treating wastewater, for p.reventing its generation, for

eliminating some of its detrimental characteristics, and for controlling

it, may be used in lieu of or in conjunction with plant treatment to

combat water pollution from wastewater. Examples of nonplant techniques

are wastewater-flow-reduction programs, active use of the sewage collection

system, in-stream aeration, community septic systems, and low-flow

augmentation. Exhibit 1 lists these and additional pollution abatement

techniques which are considered in this study. A description of each,

as well as an indication of the type of pollution problem to which they

may be applied, is provided in the Appendix.

The term "alternatives" is not meant to imply that these techniques are

necessarily equal to plant treatment or to each other in their cost or in

their ability to reduce or treat a specific kind of sewage, nor that all

are suitable in every situation. These alternatives are simply a nonexhaus­

tive list of technologically viable techniques for reducing water pollution.

Attention should perhaps be called to the distinction between plant and

nonplant techniques. The distinction is somewhat confusing because many

of the treatment processes used in a plant could also be used outside the

plant. Making the distinction on the basis that plant treatment is

capital intensive, whereas nonplant abatement is not, is also confusing,

because nonp1ant techniques may likewise involve large capital expenditures.

Thus we have chosen a classification schem~ based .on whether the abatement

technique is applied inside or outside of the treatment plant and the main

interceptor sewer leading into the plant, i.e., "inside or outside the

fence."

The distinction made here between plant and nonplant techniques is illustra­

ted by Figure 1, which shows two versions of a typical municipal sewer system.

To the left of the river on the figure is a "combined system," and to the

12
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Exhibit 1

Alternative Techniques for Abating Wastewater Pollution

l. Wastewater Prevention, Control, and Reduction Techniques

A. Prior to Discharge into Waterway

1. Reduction in Water Use

2. Active Control and Modification of the Sewer Collection System

a. Injection of High Molecular Weight Polymers into the

Collection System

b. Selective Retention and Control of Flow in the Collection

System

c. Pretreatment in the Collection System

d. Controlled Flushing of Sewers

3. Enhancement of New and Rehabilitation of Existing Collection

Sewers

a. Enlargement of Sewers

b. Separation of Storm and Wastewater Collection Systems

c. Design and Construction of Collection System to Prevent

Infiltration and Inflows

4. Control of and Restrictions on Release of Certain Substances

into the Sewer System

5. Influence on Decisions of Households and Industry to Connect

to the Municipal Sewer System

B. Duting and After Discharge into Waterway

1. Selective Routing of Effluent Discharge

2. Low-Flow Augmentation of Receiving Waters

II. Wastewater and Effluent Treatment Techniques

A. Prior to Discharge into Waterway

1. Treatment in Conventional and Advanced Waste Treatment Plants

2. Land Treatment of Wastewater

3. Community Septic Tanks

4. Raw Sewage Lagoons

B. During and After Discharge into Waterway

1. In-stream Aeration

2. Treatment of Overflow



Figure 1. Combined and separate municipal sewer systems

River

i-'
.;,:...

Laterals

COMBINED SYSTEM

Combined Submain

Storm Overflow:

Mixed Sewage &
Storm Water

Trunk Sewer

Storm

Water

Only- - -

"Outside the fence"

SEPARATE SYSTEM

Submain

Separate Storm Sewer

Trunk
Sewer

''Outside the fence"

fence"

i_+J

Laterals

Note: The sewer system, in general, consists of a network of lateral sewers into which buildings

in the municipality are linked via individual connection pipes. The lateral sewer network

collects sewage (wastewater) from the buildings and carries it to a system of larger trunk
lines. These in turn pass the sewage to a major pipe--the interceptor sewer--which then
transmits it to the treatment plant. At the plant, solids are removed and the resulting

sludge is disposed of by incineration or deposition on land. Treated wastewater (effluent)
is usually discharged via the outfall system directly into a waterway. The difference in

the two systems shown in the Figure is that the combined system (to the left) has only one

system of pipes to collect both storm and sewage flows, whereas the separate system consists
of two separate systems of pipes which handle the storm and sewage flows separately •

••• ••



right is a "separate system." For either system, techniques or processes

which would be applied within the interceptor sewer and/or the treatment

plant (i.e., "inside the fence," as shown in Figure 1), are here defined

as "plant techniques.tl Those techniques which would be applied "outside

the fence" are here defined as "nonp1ant techniques."

Figure 2 illustrates the application of some of the techniques listed in

Exhibit 1. Note that the nonplant techniques include actions taken

completely outside the municipal sewage collection system and treatment

plant.

ORGANIZATION

A description of existing cost-sharing programs is given in Section III.

The procedure for obtaining grants from EPA is outlined. The eligibility

for and size of EPA grants are discussed, both in terms of legislative

authority and in terms of actual practice. In addition to EPA, the

programs of other Federal agencies which provide cost-sharing assistance

to municipalities for collection and/or treatment of wastewater are

briefly describedo These other agencies are the Farmers Horne Administra­

tion, the Department of Housing and Urban Development, and the Economic

Development" Administration. Legal, administrative, and other institutional

conditions affecting the selection of nonplant techniques are also

evaluated in Section III to see what changes might be made to provide

additional incentives for local interests to select techniques that are

nationally efficient.

In Section IV the theoretical relationships between cost sharing and the

selection of techniques are derived and discussed. The demand for pollu­

tion abatement is shown to depend on the level of Federal cost sharing.

Necessary conditions for encouraging local communities to select the

nationally least-cost technique(s) for pollution abatement and the

nationally efficient scale of pollution abatement are derived. Charac­

teristics of equity, i.e., fairness, of cost-sharing rules are presented

and applied to existing rules.

In Section V the efficiency implications of existing and alternative

cost-sharing programs are considered. Case examples are given of
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(9)

where V is now a function of TI,' T2, A, cl' and c2', '

By setting the partial deriva tbTeE! .of V with respect to ,Tl and T2 equal

to zero, we obtain

av = aBR •

'aTl aq-

= 3BR

aQ

o and (10)

(11)

Placing the negative terms to the right side of the

dividing the first expression by the second yields

aBR • aQ jaBR• aQ ~ J.cll •aQ aTl~ ~Q aT2 ACZPZ

Simplifying equation (12) results in the condition

.£Q IEL = clP1aTll aT2 c2P2

equations and

(12)

to be demonstrated,

(8)

Note that identical cost shares (cl = c2) must apply to each technique

if cost sharing is to induce thegranf recipient to select the nationally

efficient combination of techniques. If cl > c2' the recipient will be

biased by cost sharing to choose less of technique 1 and more of technique

2 than is nationally efficient. If c2 > cl' he wiil be biased to choose

less of technique 2 and more of technique '1 than is nationally efficient.

Only when cl = c2 does the recipient's maximizing condition (8) become

equivalent to the least-cost condition for society (3). This condition

for equal cost shares can be extended to as many techniques as are reasonable

substitutes for providing a giveh levei of output.*

*The cl = c does not apply under all situations because the

B = B[Q(Tl, T2)1formulation is ,not completely ge.neral. For e~ample,
taking the narrow view that the,nonfederal group is'r:epresented by a

single city that might apply 'for,a grant, locational differences of an
abatement project might affect the distribution of benefits and therefore
the choice' of techniques. Whereas soc;iety's benefits from abatement of

a gi'ren city's sew.age,might be the sa:mewhe,th,er.it is produced by a given

com~inatton of abatement techniques upstream or downstream of the city,
(continued on next paEe) .
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Rather than assume the grant recipient attempts to maximize his benefits

from abatement subject to his budget constraint, we can adopt an alterna­

tive assumption regarding his behavior in the case where water quality

standards are enforced. In such a case, we can assume that he regards

as given,a level of abatement that must be met.

The necessary condition under the new assumptions is derived as follows.

The recipient attempts to minimize his costs (CR) subject to the constraint

that the level of abatement meets a specified level (Q). Making theo
problem unconstrained by the Lagrange multiplier, we can minimize the

expression

(13)

By setting the partial derivatives of CR with respect to Tl and T2 equal

to zero, we obtain

aCR =cP -).1Q= 0, and

aTI

I 1 aT

I

ac

2 = c2P 2 - ).19-= o.
aT2 aT2

(14)

(15)

(8)•

Dividing the first expression by the second and simplifying, we find the

same condition derived earlier, ,

R/R _clPIaTl aT2 - c2P2

Thus identical cost shares is a necessary condition for encouraging grant

recipients to select the nationally efficient technique both under condi­

tions of constrained budgets and of enforced levels of abatement.

(continued from previous page) the benefits received by that city will

vary with the location of the treated effluent. If the abatement is

above the city, more benefits will accrue locally than if the abatement

occurs below the city. Thus the necessary condition that cl = Cz might
not apply under these assumptions because the distribution of benefits

may vary by technique. By taking the broader view of the nonfederal group,
which includes cities below and above the particular city applying for a
grant, the nonfederal benefits as a collection of regional benefits will

be relatively unchanged by the kind of locational differences described

in the example.
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This mathematical derivation of equal cost sharing by technique is based

on differentiable, convex, curvilinear isoquants that do not intersect

the horizontal and vertical axes, thereby eliminating the possibility

that one technique alone would be the efficient choice. The following

graphical analysis in Figure 7 allows for corner solutions, which are

likely to occur in pollution abatement under some circumstances.

Assume that Ql level of pollution abatement can be produced with those

combinations of techniques 1 and Z indicated by the isoquant abc. Assume

further that the recipient's share of benefits is the same for output Ql

for any combination of techniques 1 and 2 on abc. Isocost R depicts the

locus of quantity combinations of techniques 1 and 2 that will be of equal

cost to the grant recipient with Federal cost sharing. Isocosts 81 and 82

depict the locus of quantity combinations of techniques 1 and 2 that will

be of equal cost (to the nation) in producing Ql solely with techniques 2

and 1, respectively, where 82 > 81.* The recipient and Federal isocosts

are not parallel because cl + cZ• In this case, the ~iope of

R, -c2P2/clPl' is steeper than the slope of 81 and 82, -P2/Pl• Because

the recipient's cost share of technique 2 is considerably higher than his

share of technique 1, he will choose a production process using more of

technique 1 than will the Federal agency seeking national efficiency.

If the absolute value of the slope of R is less than that of line segment

bc, the grant recipient chooses technique 2 only. The recipient will

stop choosing technique 2 alone and pick the combination of techniques 1

and 2 indicated at b if the absolute value of the slope of R exceeds

that of line segment bc but is less than that of ab**. The corner solution

*For any given price ratio, a family of isocosts exists for the nation.

The same holds true for the grant recipient for any given cost-sharing

proportion and price ratio. Three isocost lines (R, 81 and 82) are focused
upon here out of the families of isocosts to illustrate the impact of cost

sharing on the selection of least-cost techniques.

**If R becomes parallel to bc or ab, the grant recipient would find

any combination of techniques land 2 on those respective line segments

to be of equal cost in obtaining Ql.
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at a, picking only technique 1, will become least cost to the recipient

only when the absolute value of the slope of R exceeds that of line

segment ab. Thus, with this isoquant.that meets the ¥xes, there are

ranges of cost shares that m~ght i~d~ce g+.ant recipients to select the

nationally efficient technique(s) •. '

Figure 7 shows that under the assumed conditions the least-cost technique(s)

for the grant recipient is technique 1. The cost to the nation of producing

Ql with technique 1 is SZ. Yet 'society can realize Qi at a lower cost,

Sl' by using only technique 2. The grant recipient will select the same

technique(s) as the Federal faction for producing Ql only when the slopes

of both factions' isocosts are more nearly .equ~l. If R were to have a

slope with an absolute value less than that of line segment bc, then both

the Federal agency and the recipient will cl~oose to produce with technique

Z exclusively, and the savings to the nation (net efficiency gain) from

producing Ql with technique Z instead of 1 would be the difference in the

costs represented by Sz minus Sl. The implication of this analysis is

that where one technique alone is nationally efficient, a limited range

of cost shares might encourage the grant recipient to choose the nationally

efficient technique. But to handle all possible configurations of isoquants

and be assured that the loc~l cost share is in the proper range, it would

seem pragmatic to make cl = cZ:the general rule for all pollution abatement

projects.*

The implications of existing cost-sharing rules for efficiency in production

are evaluated in Section V, where percentage cost shares are displayed by

technique and category of cost for various approaches to pollution abatement.

Scale

The necessary conditibn for determining the nationally efficient scale of

a water project has traditionally been to equate marginal benefits to

*In addition to the kinked isoquant shown in Figure 7, curvilinear,

convex isoquants or straight-:-lilleisc:;>quants,both of which touch the axes,
might also be representative of the mix of techniques that would provide

Ql level of abatement. The shape of the isoquant depends on the productivity

relationships of the particular techniques examined. The c1 = Cz rule is
appropriate for all of these isoquants.
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27
marginal costs, i.e., to maximize net benefits, where benefits represent

the change in value of goods and services that result from having a project

as compared to not having it, and where costs include all expenses of con­

struction; interest; and of operation, maintenance, and replacement.

Construction agencies such as the Army Corps of Engineers, the Bureau of

Reclamation, and the Soil Conservation Service traditionally were supposed

to plan all projects to that scale or size where net benefits are maximized.

Additional objectives such as environmental quality and regional development

are considered today in the planning of water projects by these construction

agencies.

The grant agencies that are most important in providing financial assistance

for sewage treatment and collection faci1ities--EPA, HOD, EDA, and FHA-­

have objectives that are less specific than the construction agencies in

terms of a benefit and cost criterion. Their objectives are more mission

oriented, and without detailed criteria regarding the efficient scale or

size of a project. For EPA, for example, Title II of the 1972 Act,

Sec. 20l(a~ states that "it is the purpose of this title to require and

to assist the development and implementation of waste treatment management

plans and practices which will achieve the goals of this Act." In terms

of scale, Section 204 (a)(5) states the following:

••• that the size and capacity of such works relate directly to
the needs to be served by such works, including sufficient reserve

capacity. The amount of reserve capacity provided shall be approved

by the Administrator on the basis of a comparison of the cost of
constructing such reserves as a part of the works to be funded and
the anticipated cost of providing expanded capacity at a date when

such capacity will be required.

Needs, as a basis for determining scale, is more ambiguous than a net benefits

criterion. The 1972 Act does not provide a clear description of the nationally

efficient scale of abatement.

The nationally efficient scale of pollution abatement, i.e., where net

benefits are maximized, is emphasized in this study. Economies of scale,

i.e., where the average cost of abatement decreases at larger levels of

abatement, will be examined from the standpoint of how it relates to

maximizing net benefits.
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A strong argument on efficiency grounds (to be discussed below) can be

made for planning abatement projects to the scale where net benefits are

maximized. Even where some target 'level of abatement is established, to

ensure the efficient scale the target.,level should ultimateLy be based

on a net benefits criterion. ,Thus th~ fo~lo~ing ~~scussion of the

Association Rule (AR)28 is provided to demonstrate the cost-sharing

condition (i.e., the AR) which will encourage grant recipients to seek

the efficient scale of pollution abatement from their standpoint as well

as from the nation's standpoint, where maximizing net national benefits

from abatement is assumed to be the national objective.

Assume the following:

B = B(Q)

C = C(Q)

BR = BR(Q)

C = CR + CF-
B = B - B c = cF R

b = dBR / dB
c = dCR / dCdQ dQ

(16) dQ dQ(17)

where B = total benefits accruing to the nation,*

BR = benefits accruing to grant recipient,

BF = widespread benefits not assignable to grant recipients,

b = proportion of B accruing to grant recipient at the margin,

C = total costs accruing to the nation,

CR = costs borne by grant recipient,

CF = costs borne by the Federal government,

c = proportion of C paid by grant recipient at the margin, and

c = constant cost share exogenously determined in legislation.

"

For national economic efficiency, pollution abatement should be provided

at that scale where net national benefits are maximized. Assuming continuous

*Examples of potential benefits from pollution abatement are the

following: value of recreational opportunities gained; reduced costs of

purifying water supplies to meet drinking water or other standards; value

of gains from enhanced comm~rcial and sport fisheries; and reduced costs
of processing water for production purposes. "
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and smooth functions, this condition is

dB _ dC*
dQ - dQ •

(18)

The last increment in scale adds benefits just equal to the marginal costs

of production. If a pollution abatement project is underbui1t or overbuilt

with respect to the scale that is nationally efficient, then too few or

too many resources respectively have been allocated to that project.

To maximize their net benefits, grant recipients will choose, if possible,

that scale where

(19)
•

Grant recipients cannot gain net benefits by altering the size of the

project when this condition is satisfied. Rearranging equations (16) and

(17), we have

dBR
= b • dBdQ

dQ (20)

and

dCR• dC
(21)

dQ

= c
dQ

•

By substitution into equation (19), we obtain the following condition:

b • dB
dQ =

• dC

c dQ • (22)

This maximization condition for local interests shows, by comparing it

with condition (18), that the scale desired by grant recipients will equal

that picked by the Federal agency only if b = c. This condition, i.e.,

that costs are shared in the same proportion as benefits at the margin, is

called the Association Rule (AR). If b > c, grant recipients will choose

a scale larger than the nationally efficient level and dB/dQ < dC/dQ.

*For a derivation of this condition and of the condition for

efficiency in the presence of a budget constraint, see Stephen A.
"Objectives of Water-Resource Development: A General Statement,"

Water Resource Systems, Maass, et. a1. (Cambridge, Massachusetts:
University Press, 1962), pp. 31-36.
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If b < c, they will choose a scale smaller than the nationally efficient

level and dB/dQ > dC/dQ.*

Figure 8 illustrates the AR graphically. Demand functions MNB and MRB

represent the willingness-to-pay for pollution abatement by the nation and

by grant recipients respectively.** The downward slopes depict diminishing

marginal benefits to each faction for extra units of abatement. Assume for

illustrative purposes that 75% of MNB accrues locally, as measured by MRB.

Assume further than the marginal national cost curve, MNC, represents the

least-cost combinations of techniques for providing each level of output.

Net national benefits are maximized at Qo because dB/dQ = dC/dQ, i.e.,

MNB = MNC. Grant recipients will be encouraged to select up to Qo only

when they pay a cost share of 75%Jwhich makes dBR/dQ = dCR/dQ at Qo

(i.e., MRB = .75 MNC = MRC).*** If the grant recipients are charged 50%

of costs, they will choose up to Q2. The national efficiency loss would

amount to abc if the project were built to this scale. A 90% share to

grant recipients would induce t?em to choose up to Ql. If the project

were built to this scale, an efficiency loss of area aed would result,

equal to the foregone amount by which extra national benefits would have

exceeded extra national costs up to Qo.

The mathematical and graphical analyses show that the AR meets the necessary

condition for encouraging grant recipients to choose the nationally

*It is recognized that there may be other policies than cost sharing

that would encourage grant recipients to seek the nationally efficient

scale. However, since this study is focused on cost sharing, we are
evaluating in detail only cost sharing policies as incentives for encour­

aging local behavior that is nationally efficient.

dB dBR

**MNB and MRB are respectively dQ and dQ •

***These results are not affected if non-linear marginal functions

replace the stipulated linear ones, since both MRB and MRC will still
coincide at Qo.

59



$
Costs

and
Benefits

o

~ ..

MNC
-­

c//
y/ / 90%

75% MRC

Units of Project

Purpose Output

Figure 8. Cost share for efficient scale

60



efficient project scale.* Implementation of the AR, however, might be

considered difficult in that information on benefits that accrue to the

grant recipients and to the nation at large is necessary in order to

apply the rule. Alternatives to the AR will be evaluated in Section V.

Now let us examine economies of scale in abatement as they relate to

maximizing net national benefits. As the level of abatement increases,

the average cost per unit of abatement will decrease under certain

conditions. Thus large cities with large abatement projects may benefit

from economies of scale, whereas small cities with small abatement projects

mAy pay higher unit costs. This part of the study examines the efficiency

implications of varying local cost shares in proportion to community size

to encourage nonfederal interests to take advantage of economies of scale.

As the size of pollution abatement facilities increases, it is reasonable

to expect that the average cost (AC) to the nation per unit of abatement**

will first decrease and ultimately increase, as shown in Figure 9.

The characteristic "U"-shaped AC curve demonstrates economies of scale

from increasing abatement (Q) up to Q , the minimum AC point, and disecon­
m

omies of scale from increasing abatement beyond Q .*** (Note that marginalm

cost (MC) always intersects AC at its minimum point).

*Application of the Association Rule is not inconsistent with the

application of the ~ percentage share to all cost categories and techniques,
as discussed earlier in this section. Cost shares could vary by project
according to the Association Rule; but to encourage selection of least-cost

techniques, the selected percentage for any given project must be applied

equally among techniques to satisfy the same percentage rule.

**The average cost function is assumed here to represent the least-cost

combination of techniques.

***There is some controversy as to whether or not AC does ultimately

bend upwards. Data on the operation of plants seem to support the contention

that, in the relevant range of demand for abatement, AC declines. The

analysis presented in this section applies to either type of AC situation,

the "U"-shaped curve we describe on a priori grounds, or the decreasing
AC curve that operators have suggested.
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Several factors contribute to the economies of scale that are reflected

in the decreasing portion of the AC function. Increased specialization

and more efficient utilization of management occurs with larger operations;

more efficient equipment can be utilized in large scale operations; and

finally, partial neutralization of wastes by mixing from different sources

may reduce treatment costs. Eventually, however, the following factors

will tend to push the AC for abatement up. With a large labor force,

plants may become unionized, causing higher wage costs. Disposal of

sludge becomes more and more costly with greater quantities, particularly

in a heavily urbanized area with limited disposal areas. Because collec­

tion is an expensive part of total abatement costs, routing from sources

at greater and greater distances from a central plant becomes prohibitively

expensive.

It was stated earlier that the efficient scale of abatement would be that

level where marginal benefits (MB) to society from abatement just equaled

marginal costs. This efficient level of abatement could be to the left of

~, say at Ql; at Qm; or to the right of Qm' say at Q2. There is no

economic efficiency argument for providing Q , for example, unless MBm m

happens to be society's marginal benefit function.

An abatement program for a small city might have a benefits function such

as MBl; that is, extra benefits from abatement become small at relatively

low levels of Q once the pollution load requirements of that city have

been met. A large city, on the other hand, might show a benefits function

such as MB2, illustrating greater marginal benefits at all scales of

abatement than the small cityo

If the grants for construction to the cities are 75%, this means that the

grant recipient cities would incur 25% of the abatement costs, as indicated

by their average cost (ARC) function in Figure 9 (ARC = .25AC). Note

that due to economies of scale, the large city pays less in absolute

amount (ARC2) per unit of abatement than does the small city (ARCl).

With the MB function in different positions, however, the small city might

pay less per unit of abatement than the large city (assuming that AC

rises over the relevant range). The significant finding of this analysis
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is that there is no economic efficiency rationale for giving one city

more in percentage terms than to another simply because the absolute AC

of abatement differs between the two. In fact, varying cost shares in

relation to city size, other things being equal, may lead to inefficient

scales of abatement. The analysis does indicate that under some circu~

stances it might be advantageous to cities and to the nation for cities

to join in the contruction of regional treatment plants that will yield

economies of scale, thereby reducing the absolute cost per unit of

abatement to the individual participating cities and to the nation. For

example, in Figure 10 the efficient scale of abatement for city 1 and

city Z would be Ql and QZ respectively when they operate singly. But,

if they were to combine their efforts in a regional facility at a joint

level of abatement of Q3' the cost to the nation per unit would be AC3,

which is lower than what would have been paid for separate facilities,

ACI and ACZ• Joint operation would also reduce each city's share of the

costs under a fixed Federal grant program.

CHARACTERISTICS

OF EQUITY

In economics equity is given two meanings: one is fairness, and the

other is redistribution of income. Both concepts of equity are discussed

here but the emphasis in this study is to determine characteristics of

equity by which to evaluate existing and alternative cost-sharing rules

to see if they assure fair treatment to communities seeking financial

assistance for pollution abatement.

Shoup29 has defined six characteristics of a fair fiscal policy from which

we have selected three that seem pertinent to the evaluation of grants

for pollution abatement.* The selected characteristics are relevancy,

continuity, and certainty.

*Others (e.g., Richard Musgrave, The Theory of Public Finance, McGraw
Hill: New York, 1959) besides Shoup have examined equity. However, Shoup's

equity characteristics are defined in such a way that they can be applied

to existing and alternative cost sharing rules for pollution abatement.

Thus his characteristics of fair treatment were chosen in making this

evaluation of equity.
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For a cost-sharing rule to satisfy the characteristic of relevancy, it

must treat all project participants equally with respect to the relevant

circumstances affecting them. What are regarded as relevant circumstances

may vary with one's point of view. The grant recipient, for example,

might consider only the benefits that accrue to him as being relevant,

whereas the Federal agency that administers a grant would be expected to

consider all benefits, local and widespread, as relevant in planning a

project. A different group, such as a development agency, might suggest

ability to pay as a relevant circumstance on which to base cost sharing.

In this study "benefits received" are assumed to be the relevant circum­

stance. Accordingly, grant recipients would have to contribute a cost

share in proportion to the benefits that they receive from pollution

abatement in order to meet the relevancy characteristic of equity.*

For a cost-sharing rule to satisfy the continuity characteristic, no major

change in the relative share of costs borne by the Federal grantor and the

local grantee would result from a small change in the relevant circumstances,

i.e., the benefits they receive. Thus, given an increase in the ratio of

local to national benefits, the resulting change in the local cost share

will not differ greatly from the change in the local cost share that would

result from adding the next, equal increment of local to national benefits.

To satisfy the characteristic of certainty, a cost-sharing rule must treat

grant recipients equally at different points in time whenever the same

relevant circumstances occur so that the cost-sharing responsibility can

be anticipated with reasonable certainty. The grant program should specify

the relevant circumstances on which cost-sharing rules are based in order

to eliminate any confusion as to whether the relevant circumstances change

over time.

It appears that existing rules fail to satisfy the relevancy characteristic

for most techniques because they do not appear to bear much relationship

to benefits received. Existing rules also fail to satisfy the continuity

*Note that the Association Rule does not necessarily satisfy this

characteristic because it applies to benefits at the margin.
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characteristic in that small changes in the proportion of local to national

benefits that might result from changing techniques of abatement can result

in major changes in local cost sharing because of the different cost compo­

sition among categories of cost that are shared differently. Existing

rules must be labeled uncertain in that the actual percent of total costs

borne by nonfederal groups will vary among techniques over time even when

local benefits are the same ratio to total benefits for every technique.

A difficult kind of uncertainty exists in that the eligibility of many

nonplant techniques is not clear.

Relating the nonfederal percentage share of costs more closely to nonfederal

benefits received would satisfy the characteristic of relevancy. Cost­

sharing requirements can be made more continuous and certain by applying

the same percentage to all techniques and cost categories. Local uncertainty

in general could be further reduced if all technically viable alternatives

for abatement were eligible for grants and if eligible project costs were

always in practice awarded grants.

Redistribution of income, a second concept of equity, occurs in the cost

sharing of pollution abatement when the benefits and costs of abatement

are distributed to project interests in such a way as to change the prior

distribution of income. Conflicts of interest over redistribution result

when persons from whom benefits are withdrawn or on whom taxes are imposed

consider such a redistribution to their personal'disadvantage and perhaps

also not in the national best interest.* For example, the Federal taxpayers

that support through general taxes a Federal grant program that helps a

community combat its wastewater problem, which is essentially local in

nature, have their income redistributed to people in the recipient community.

Equity in the redistributive sense defined here is not treated in this study.

*For a discussion of the relationship between cost sharing and redis­

tribution, and of the implications of using cost sharing as a tool to

effect various kinds of redistribution, see Marshall and Broussalian,

Federal Cost-Sharing Policies for Water Resources, ppo 216-224.
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SECTION V

EFFICIENCY IMPLICATIONS OF EXISTING

AND ALTERNATIVE COST-SHARING PROGRAMS

In this section we evaluate the existing and alternative cost-sharing

programs with respect to the efficiency conditions outlined in Section IV.

Some case examples are given of biases for particular techniques of abate­

ment caused by existing cost-sharing rules.

TECHNIQUES

It was shown in Section IV that identical cost shares must apply to each

technique considered for the purpose of abatement if the grant recipient

is to be encouraged by cost sharing to select the nationally efficient

combination of techniques under all conditions. Current rules for cost

sharing pollution abatement, as described in Table 2, are not identical

for all techniques. Thus communities may be biased towards nationally

inefficient techniques for pollution abatement.

The hypothetical example in Table 5 illustrates how cost-sharing, unevenly

applied among alternative techniques, can make the most costly technique

to the nation become the least costly technique to the local community.

The three techniques shown in the table are assumed to be equal in terms

of benefits from abatement, but to differ greatly in total cost.* By

comparing the last two columns, we can see that the ranking of techniques

*The assumption of equal benefits here is made to simplify the example.

Benefit-cost analysis could be used to demonstrate bias effects even where
benefits differ among techniques and where the local-Federal distribution

of benefits differs by technique.
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in order of largest to smallest cost to the nation is techniques 1, 2,

and 3; whereas, the ranking in order of largest to smallest cost to the

local community is just the inverse, techniques 3, 2, and 1. The potential

local bias is even greater than Table 5 implies, however. The cost of

technique 1, for which the Federal government pays 75%, can be a maximum

of four times as much as technique 3, for which there is no cost sharing,

and still be preferred by the local community as the cheaper technique.

The maximum biases among techniques are computed by dividing the nonfederal

percentage cost share of one technique by that of another. Thus the bias

of technique lover technique 3 (Bl:3) is calculated by dividing the non­

federal cost share of technique 3 by the nonfederal share for technique 1.

That is, 1.00/.25 equals 4. Similarly, technique 2, with 50% cost sharing,

can cost twice as much as technique 3, which is least-cost to the nation,

and still be of lesser cost to the local community. That is, the B2:3 is

1.00/.5 or 2.*

Table 5. IMPACT ON LOCAL PROJECT COST OF

DIFFERENT COST-SHARING RULES: AN ILLUSTRATION

Total Proj ect
Nonfederal

FederalTotal Proj ectCost to the Local

Techniques

Cost ShareCost ShareCost to the NationCommunity

1

25%75%$50,000$12,500

2

50%50%$30,000$15,000

3

100% 0%$20,000 $20,000

*Raymond has discussed the potential or maximum bias inherent in

Federal cost-sharing rules in "The Impact of Federal Financing Provisions,"
pp. 5-6.
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The cost-sharing rule to eliminate these biases is to cost share each

technique in the same proportion. This rule will be effective no matter what

actual percentage figure is chosen.

To encourage consideration of new technologies that might not be known at the

time legislation is drawn up, the cost-sharing eligibility condition could be

specified simply as all technically viable alternatives, thereby leaving

room for expansion of eligible techniques. As long as the same percentage

rule applies to all techniques, there will be no problem with choosing the

nationally efficient technique(s), because the community will be seeking a

technique that is simultaneously least costly to it and to the nation.

A related problem that results from cost sharing all technically viable tech­

niques is determining what part of that technique provides abatement per se,

and consequently what part of the costs of that technique should be cost

shared under the abatement program. For example, rehabilitation of the

collection system to prevent infiltration is a technique that serves at

least two purposes: expanded collection capacity and abatement benefits

inherent in reduced infiltration. On efficiency grounds, only those costs

that can properly be allocated to the purpose of abatement should be cost

shared. Furthermore, the cost share applied to those allocated costs must

equal the share applied to other techniques of abatement. A higher Federal

subsidy would result in an overutilization of improvements in collection

as an abatement technique, whereas providing no Federal subsidy would bias

communities against improvements in collection as an abatement technique

although in fact it might be the most efficient technique.

Allocating costs accurately between abatement and other purposes in a

collection rehabilitation project that serves multiple purposes is a

difficult task.* Because reaching a proper allocation of costs among purposes

*The theory and practice of cost allocation has not been undertaken

in this study. For a description of three commonly used methods of allocating

costs among multiple-purpose projects in water resource programs, see

Marshall and Broussalian, Federal Cost-Sharing Policies for Water Resources,

pp. 29-34 and pp. 251-253.
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is difficult, two approaches that do not require cost allocation are

considered here for encouraging efficient technique(s) in a mu1tip1e­

purpose project. One is to share the costs of a technique that satisfies

multiple purposes, but at a lower rate than techniques that satisfy only

the pollution abatement purpose. If designed properly, this rule would

have the same impact of sharing equally all techniques where only those

costs applicable to abatement are eligible. The problem still remains,

however, of choosing the appropriate reduced cost share. A Federal share

that is too high will encourage overuti1ization of the given technique for

abatement, and a Federal share that is too low will encourage underuti1iza­

tion of that technique.

Another approach is to use benefits as an index to costs in determining

either the cost allocation or the appropriate reduced cost-sharing rate

for a technique satisfying multiple purposes. However, the distribution

of benefits among purposes has no necessary relationship to the costs, and

using benefits as an index is therefore not recommended.

Without in-depth investigation into this problem, the only concrete suggestion

that can be made regarding the cost sharing of techniques serving more

than one purpose is that, on the basis of an efficient allocation of

resources to abatement, a lower Federal cost share should be applied to

techniques that provide benefits other than abatement than to techniques

which provide abatement only, and that the cost share should decrease as

the cost of providing these other benefits increases relative to the cost

of providing abatement. Thus, existing practice which excludes collection

systems in new communities from grant eligibility appears compatible with

this efficiency criteria. It would further appear that repairs to old

collection facilities for the purpose of reducing infiltration be Federally

shared to some extent, although not at as high a rate perhaps as a technique

for treatment only.

Rehabilitation of collection works to prevent infiltration is just one

example of a technique that serves more than one purpose. Other existing

(and future) techniques for abatement might serve multiple purposes, and

thus a reduced Federal cost share would properly be applied to them also.
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The previous discussion has dealt with eliminating biases by cost sharing

all techniques for abatement equally. But to eliminate the bias from

unequal cost sharing of techniques, it is not sufficient just to require

that certain categories of costs be eligible for the same percentage cost

share for all techniques. Biases to choose certain techniques still

result when cost-sharing rules which do not cover equally all categories

of costs (i.e., different percentage shares are provided for capital as

compared to a & M or land costs) are applied to techniques with different

cost composition (i.e., techniques with differing ratios of capital costs

to a & M and land costs). Because a & M costs, for example, are not shared

at all by the Federal government, while capital costs are (see Table 2),

grant recipients will be biased towards capital-intensive techniques even

though all techniques may be eligible for the same percentage share of

capital cost. Likewise, grant recipients will try to avoid projects

requiring expensive acquisition of lands for the project site. These

responses occur because the effective nonfederal cost share is unequal

among techniques (i.e., cl ~c2).

Table 6 shows the impact on local costs of a cost-sharing rule which

does not apply equally to all categories of cost. The cost figures in

the table are actual estimates for three alternative treatment techniques

evaluated for the Cleveland-Akron area.l All techniques are purported to

meet effectiveness standards, but they differ in the amount of total

costs and in their relative proportions of capital, a & M, and land costs.

Construction costs (comprising capital and eligible land costs) of the

land treatment technique account for about two-thirds of the total costs

of that technique, and substantially less for the other two techniques.

The land treatment technique has the highest cost to the nation ($183,200

compared with $148,500 and $144,600). The effect of the cost-sharing rule,

however, is to make the land treatment technique the least costly to the

local community ($92,525 compared with $100,350 and $106,725).

The maximum biases among the techniques are calculated from the local

percentages of total national costs, as shown in the far right column of

Table 6. The Bl:3, for example, is .74/.51 or 1.45. This means that
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Table 6 IMPACT ON CHOICE OF TECHNIQUES OF A COST-SHARING
RULE WHICH DOES NOT APPLY EQUALLY TO ALL CATEGORIES OF COSTa

T

1. Land Tre

2. Plant {A
Tre,lt

3. Plant {P

Local Percentage

Annual Dollar Cost to the Nationb

Federal PercentageAnnual Dollar Cost ToCost Share Of

Cost Share
the Local CommunityTotal National Costs

(By Cost Category)
(By Cost Category)(By Cost Category)(Effective Cost Share)

--e-=hnique

Constructiono & MTotalConstructiono & MConstructiono & MTotal

atment

120,90062,300183,20075030,22562,30092,525 51

dvanced Biological

64,20084,300148,50075016,05084,300100,350 68

ill~nt)

hysical Chemical)

50,50094,100144,60075012,62594,100106,725 74----

3T&ken from Ra}~ond, "The Impact of Federal Financing Provisions," p. 5. This information was presented originally in Wright-McLaughlin Engineers,

U.S. Army Corps of Engineers, Cleveland-Akron Three Rivers Watershed Wastewater Management Survey Scope Study, Formulation Technical Appendix,
Developlnent of Array of Alternative Regional Plans for Wastewater Management, November, 1972, Summary Section Table 4.

b -
Data are actual cost estimates for three systems designed to meet identical standards as set forth in the 1972 Act. Construction costs are

66% of total costs for the land treatment technique and 43% and 35% respectively for techniques 2 and 3.
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the land treatment described in Table 6 could cost nearly half again more

than the physical-chemical plant technique, i.e., nearly $70,000

dollars more, and still be the least costly to the community.* Similarly,

The Bl:2 is 1.33, and the B2:3 is 1.09.

The efficiency implication again is that local communities may select

techniques that are not cost-effective to the nation. The cost-sharing

rule to eliminate this bias is to share all categories of cost for all

abatement techniques in the same proportion.

There are, however, alternative cost-sharing rules for arriving at the same

(or nearly same) effective cost share for all techniques which may be used

in lieu of applying the uniform rule across all cost categories. Some

of these alternatives are discussed in the event that institutional or

other constraints preclude application of the uniform rule.

The possible cost categories to share are land, capital, 0 & M, any combi­

nation of the three, or none. The "none" category can be dismissed as a

plausible alternative because we are assuming that some grant program will

be administered. Although, as we have seen above, applying a uniform

percentage to all categories of costs would be optimal on efficiency grounds,

let us suppose that for some reason only one category of cost could be

Federally funded. As an example, let us assume that Federal grants can

be made for capital expenses only. This assumption parallels actual

Federal cost sharing practice in wastewater pollution abatement, wherein

o & M costs have traditionally not been shared.** Let us further assume,

*Note that Table 6 represents one particular case and is not intended to imply

anything about the general cost relationship of the three techniques discussed.

**Th~re are several reasons for sharing only capital. Practical financing
problems face the Federal and nonfederal administrators of 0 & M grants in

that these grants would accrue to local communities over time and they would

probably vary with growth conditions, inflation, and other uncontrollable

variables. Operation and maintenance grants are entirely open-ended drains
on grantors' budgets. Capital grants, on the other hand, are easier to

administer because they are more precise in total amount and in the time of
allocation. Given these and other considerations, it is not surprising that
grantors would not want to share 0 & M costs.

It is recognized that, theoretically, 0 & M alone could be funded rather

than capital with the rules to be developed. But since capital is most likely

to be funded in practice, we focus on it in the examples.
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to keep the problem simple, that most of the costs are attributed to either

capital or 0 & M. Thus nonfederal interests are biased against choosing

techniques that are 0 & M intensive.* Moreover, grant recipients might

be expected to cut the quality and degree of 0 & M below what might be

attained with Federal aid.

To counteract these biases, several approaches might be considered. One

is to award an add-on Federal capital subsidy for a project design that

incorporates the appropriate level of 0 & M and another add-on capital

subsidy over time based on the quality of performance of the grant recipient

in the actual 0 & M of the abatement project. These incentives might be

criticized on the grounds that existing water quality standards require

a certain quality of abatement and that extra capital subsidies are

unnecessary for inducing good 0 & M planning and performance. However,

when no penalties are imposed for failure to comply with standards, the

add-on subsidy becomes relevant.

Under a program of subsidizing capital only, another approach to eliminating

the bias against techniques that are 0 & M intensive is to vary the Federal

capital grant among techniques so that the grant as a percentage of total

projects costs, i.e., the effective grant, will be uniform across all tech­

niques. It was shown in a hypothetical example in Table 6 that grant

recipients would be biased towards technique I even with the same Federal

capital share among all techniques, because the ratio of capital costs to

other costs was higher for technique 1 than for techniques 2 and 3. If

the percentage of total costs could be equalized among techniques by making

the Federal capital share vary among techniques, this bias could be

eliminated.**

*Due to the compensation arrangement for architects/engineers that

is based on construction costs (see Section III), a bias also exists for

the contractor-planner to design capital-intensive abatement projects.

**Calculating the percentage cost shares for any particular project for

different techniques would not be difficult in that project plans include
costs by categories.
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With the uniform rule applied across all cost cateogires, any given percentage

share of total costs would encourage community selection of the nationally

efficient technique. However, with subsidization of capital only, the

percentage figure would have to be transposed into an effective capital

cost share that would vary with every change in the composition of cost

categories. For example, to make the effective local total cost shares

equal in Table 6, let us say at 25%, the local share for construction would have

to be 38% for technique 1, 58% for technique 2, and 72% for technique 3.

Applying these different rules to construction for each technique would have

the same effect as charging local interests 25% of all categories of costs.

Yet another approach to reducing the bias against 0 & M intensive techniques

while sharing only capital costs is to restrict the effective Federal

share for all techniques by some predetermined percentage. Such a constraint

will prevent a capital-intensive technique under a capital cost-sharing

program from receiving a much higher grant award than a less capital-intensive

technique. Table 7 illustrates the determination of a percentage constraint

and the biases among techniques with and without imposing that constraint.

As shown in rows 1 and 2 of the table, the three abatement techniques

differ greatly in the relative composition of cost categories, ranging from

practically all capital in the case of the collection and outfall systems,

to only about one-third capital in the case of in-stream aeration. The

third row of the table shows the computation of project cost to the local

community under the existing grant program of a 75% Federal share for

capital and a zero percent Federal share for 0 & M. The fourth and fifth

rowS give the percent of total costs borne by the local and Federal sectors

respectively. The Federal share comprises 70% of the total cost of technique 1,

49% of technique 2, and 25% of technique 3. The percentage Federal cost-sharing

constraint which will be just adequate to eliminate the bias is equal to the

effective Federal cost share for that technique for which the Federal cost

share is lowest. Accordingly, in this example, the constraint will be the

lowest percentage in row 5, i.e., 25%.

78



Table 7. DETERMINATION OF A COST-SHARING CONSTRAINT

TO REDUCE POTENTIAL BIAS IN SELECTION OF ABATEMENT TECHNIQUES a

ABATEMENT TECHNIQUES

L) Capital Cost as a % of Total
Cost (TC)b

2) Operation & Maintenance ·as
a 7.of Total Cost (TC)b

3) Absolute Cost to the Local

Community (CR)

4) Local Cost Share as a Percent
of Total Cost

1
Work on the Collection Sewers,
Interceptors, & Outfall System

93%

7%

CR • (.25)(.93)(TC) + (1.00)(.07)(TC)1
•• 2325(TC) + .0700(TC)

= .3025(TC)

30%

2

Treatment Plant

65%

35%

CR • (.25)(.65)(TC) + (1.00)(.35)(TC)
2
•• 1625(TC) + .3500(TC)

•• 5l25(TC)

51%

3

In-Stream Aeration

33%

67%

CR • (.25)(.33)(TC) + (1.00)(.67)(rC)
3
•• 0825(TC) + .6700(TC)

•• 7525(TC)

75%

5) Federal Cost Share ~s a 7.of
Total Cost

6) Maximum Bias Between Techniques
Without Cost-Sharing Constraint

7) Maximum Bias Between Techniques
With 40% Constraint

70% 49% I 25%

Bl:3 = 2.50 B2:3 = 1.47

B1:2 • 1. 70

Bl:3 = 1.25 I B2:3 • 1.25

aIt is assumed that the Federal cost share is 75% of capital costs and 0% of operation and maintenance costs.

b
The cost composicion percentages for the first and second techniques are based on annualized cost data from EPA, Cost to The Consumer for Collection and
Treatment of Was~ewater, p. 66. Capital costs include costs of structures and equipment, recovered over 25 years at an interest charge of 5% per year
in the case of the treatment plant, and over 50 years at 5% in the case of the collection, interceptor, and outfall systems. Land costs are not included.
The cost composition percentages for in-stream aeration are based on annualized cost data, averaged over 12 variations of mechanical surface and
diffusion aeration systems as reported in William Whipple, Jr., "Instream Aerators for Polluted Rivers," Journal of the Sanitary Engineering Division,
October, 1970, pp. 1160-1161. Capital costs include equipment cost and initial installation, and are recovered over 20 years at 6%. The percentages
should be viewed as approximate and may not be indicative of the cost composition of these techniques in general.
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In the sixth row we calculate the maximum biases. Under the assumed rule

of a 75% Federal capital cost share, the dollar cost to the nation of

technique 1, the most capital-intensive project, could exceed by about

two-and-one-half times the cost of the least capital-intensive project.

technique 3, and still be favored by the local community.* That is. the

maximum bias of technique lover technique 3 (Bl:3), is .75/.30. or 2.5.

Similarly, Bl:2 and B2:3 are displayed in Table 7.

Limiting Federal capital grant funds to an amount equal to 25% of total

project cost for all techniques is a constraint that would eliminate the

bias towards techniques 1 and 2 as compared to technique 3. The modified

cost rule would be that the Federal grant program would pay 75% of capital

costs and 0% of 0 & M costs. but that the Federal share will not exceed

25% of total project costs. In the example. the cost to nonfederal interests

is raised from 30% of total project costs to 75% for technique 1, from 51%

to 75% for technique 2, and remains 75% for technique 3. Thus the value

of the bias between all three techniques becomes one, which means there

is no cost-sharing advantage of one technique over another. when the

constraint is imposed.

Note what occurs if the constraint on the Federal capital share is set

above or below the maximum percentage required to eliminate the bias, in

this case 25%. If we assume a 40% Federal limit, for example, row 7

shows that the Bl:3 and the B2:3 would be 1.25. Thus whenever the constraint

is above the lowest effective Federal cost share, the biases will not be

totally eliminated. If, on the other hand, we assume a lower constraint. say,

in this example, 10%, the local shares as a percentage of total costs would

all be 90% and the biases 1. i.e., there would be no cost-sharing advantage

of one technique over another. In this case picking a constraint under

25% is in effect an "overkill" of the bias, because once it reaches 25%

there is no more bias .to be eliminated.

*For example, other things equal. a local community would be indifferent

to a project utilizing technique 3 at a cost of $10,000 as compared to a

project utilizing technique 1 at a cost of $24,900. This represents a
potential national efficiency loss of $14,900.
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Instead of estimating the appropriate funding constraint on a case by

case basis, it could be expressed as a single percent to be applied to

all projects and incorporated into the cost-sharing rule. Such a constraint

would be somewhat arbitrary and would not necessarily eliminate all potential

biases among techniques. However, if set sufficiently low, it would reduce

the extremes of bias between techniques with very different cost composition,

and would likely eliminate all biases between techniques that have a

relatively high percent of costs of the type shared.

There are then approaches to the sharing of one category of cost that will

encourage nationally efficient decisions on the part of nonfederal interests

even where techniques differ with respect to their cost composition. The

constraint approach seems a practical one for at least reducing large

biases among techniques. The constraint approach has the additional

desirable feature of providing a percentage limit to Federal expenditures

for any given project. If the decision were made to disburse a given

Federal budget among more projects, setting the Federal constraint at a

lower percentage would be an effective approach in accomplishing this

objective.

SCALE

It was shown that the Association Rule (AR), i.e., charging grant recipients

a cost share equal to their benefit share at the margin, would encourage

local communities to choose a scale of pollution abatement that is nationally

efficient in terms of maximizing net national benefits. The scale implica­

tions of alternative rules are considered here to see how they rate accord­

ing to the objective of maximizing net national benefits.*

The basic 25% nonfederal share for capital and land processes allowable

under the existing rule appears lower than the likely share of total project

benefits that would accrue to nonfederal interests at the margin. This

*It was pointed out earlier that EPA has no stated objective to

maximize net national benefits in pollution abatement. If such an objective
were to be established, however, it would be useful to see how existing
'rules rate.
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statement is based on the following rationale: Whereas many of the benefits

from a community abatement project are likely to accrue downstream from

the community building that project, generally most of the abatement benefits

will accrue within a geographical area that may be identified as a

county, state, regional group of states, or as one or more of the 173

economic accounting areas that have been recommended by the Water Resources

Council for measuring regional development impacts. Because the non federal

benefit share can be defined as all benefits that accrue at the municipal,

state, and regional levels, and because most of the project benefits are

likely to accrue within these boundaries, i.tseems reasonable to expect

a high proportion of project benefits to be nonfederal.* The proportion

of benefits in total and at the margin for nonfederal interests is there­

fore expected to be higher than the current cost share that is indicated

by a 25% non federal capital share. It may be true that the community that

receives an abatement grant and that has to build the project may receive

only a very small proportion of total nonfederal benefits, but the ratio

of nonfederal to Federal benefits remains high. This situation may be

indicative of the need for effective regional cost-sharing management

systems, and not necessarily larger Federal grants to the community.

The existing Federal share of 75% seems high even for large cities and

regions, where downstream and widespread users of water receive some bene­

fits of abatement. It seems particularly high for small communities that

might use septic tanks or spray irrigation and impact little on water

quality in other areas. At the same time, existing Federal cost-sharing

arrangements exclude from funding a technique such as low-flow augmentation

that is likely to have more direct downstream or widespread impacts than

techniques such as community septic tanks, which are eligible for funding.

This difference in eligibility seems in conflict with achievement of both

efficiency and equity.

If the nonfederal share of benefits at the margin exceeds the cost share,

then there will be an efficiency-in-scale bias for overdevelopment of

abatement; i.e., nonfederal interests will be encouraged by the cost

share to devote too many resources to pollution abatement, other things

*We do not deal here with the problem of collecting from the various

project beneficiaries their portions of the nonfederal cost share.
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being equal. Yet there appears to be a deficit in pollution abatement

activities, and few new plants for treatment are being built under the

1972 Act. This is true even where the state contributes extra money so

that the community's cost share is even further reduced (down to 12.5%

for capital in New York communities). We feel that this discrepancy does

not suggest that Federal cost sharing is necessarily too low, but rather

that other factors maybe limiting development. For examples, institutional

constraints (see Section III) and uncertainty regarding ultimate allocation

of Federal money may actually be more significant than cost--sharing rules

in discouraging certain kinds and levels of abatement activities. Limited

local funds and competing demands of alternative local investment oppor­

tunities yielding greater local benefits might result in few funds available

for abatement. Abatement projects might be particularly at a competitive

disadvantage for scarce funds where communities bear most of the nonfederal

cost share but only receive a small proportion of the more widespread

nonfederal benefits. In some cases communities responsible for abatement

may be interested primarily in disposing of wastewater, rather than in

abating pollution resulting from the wastewater. With this narrow view,

the community sees its major wastewater problem as simply disposal, and

therefore it is concerned with collection and transmission more than

abatement. If communities perceive their benefits only from the stand­

point of collection, then this might explain in part why even with availa­

bility of a 75% Federal capital grant, communities have not been induced

to undertake many new projects for pollution abatement.

Effluent standards and other government regulations today make consideration

of abatement activities mandatory for communities. So whether or not

they perceive the benefits of pollution abatement accruing to them per se,

they are faced with legal abatement requirements and penalties which

mayor may not be imposed for failure to comply. Given this requirement,

possible penalties, and a responsible attitude on the part of communities,

it seems reasonable to assume that local communities will perceive some

benefits from abatement, even if it is simply to .meet improved standards.

We assume, therefore, in the following discussion of scale, that c.ommunities

do receive some positive net benefits from abatement.
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Although the AR is the appropriate cost-sharing rule for eliminating any

overbuilding or underbuilding bias in terms of the net benefits maximization

criterion (see Section IV), there are practical drawbacks to this rule.

Drawbacks are the fairly detailed information requirements on the incidence

of benefits; the political acceptability of a rule that probably reduces

drastically the Federal share and calls for a varying rather than fixed

percentage rate among projects; and the relatively complex nature of the

rule in practice. For this reason, we consider alternatives to the AR,

as well as to the existing rules.*

We know that the level of cost-sharing, other things being equal, has

some incentive effects on the pollution abatement that local communities

will demand (see Section IV). We also know that an objective of the EPA

grant program is to encourage abatement of wastewater pollution. A

practical cost-sharing alternative then will involve the application of

some positive Federal share to pollution abatement. In the following

discussion we shall consider alternative cost-sharing rules in two ways:

how they affect scale and how much they would have cost the Federal and

nonfederal participants if they had been applied in meeting the historical

abatement that has been sponsored by EPA.

Table 8 describes historical cost sharing for EPA and three of the four

cost-sharing alternatives discussed in this section: (A) the current rule;

(B) an equal percentage rule for all cost categories but costing the same amount

Qf muney as A; and (C) the current rule imposed with a percentage constraint.**

Each rule is examined in terms of how much it would have cost Federal and

nonfederal participants had it been applied in meeting historical abatement

*Fot an evaluation of alternative cost-sharing rules for encouraging

the selection of the nationally efficient scale, see Marshall and Broussalian,

Federal Cost-Sharing Policies for Water Resources, pp. 173-240.

**The fourth rule discussed earlier was a varied cost share applied

to different cost categories such that the effective nonfederal share

among techniques is equal. This rule was omitted from the table because
of the lack of data necessary to illustrate it.
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Table 8. FEDERAL AND NONFEDERAL EXPENDITURE REQUIREMENTS
OF ALTERNATIVE COST-SHARING RULES VIEWED HISTORICALLY
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aInthis illustration these costs are assumed to remain unchanged for all of the described rules.

bOnly eligible construction costs, K, for Federal assistance and the amount of the Federal grant were given

in the Project Register. Thus to calculate 0 & M and total costs we selected the ratio of capital to
total costs for plant treatment used in Table 7, 65%, and solved for TC the following equation:
.65 TC = K. It follows that TC - K = 0 & M. The results are: TC = $13,441/.65 = $20,678, and

o & M = $20,678 - $13,441 = $7,237.

cHistorical costs were taken from EPA, Project Register, p. 193.

dDifferences in Federal and nonfederal absolute shares under A and B are due to rounding of the

percentage share figures.



costs of projects sponsored by EPA through 1972. Total costs of abatement

to which the rules are applied are $20,600 million, of which $13,400 is

for construction and $7,200 is for 0 & M.*

Historically the Federal share of total costs is estimated to have

averaged 24%. This is based on average Federal shares of 36% for con­

struction cost (K), and zero percent for 0 & M costs. The Federal absolute

share was $4,900 million and the nonfederal share is estimated to have

been $15,700 million.

Rule A is the current rule that applies only to construction costs. Given

the $13,400 million construction cost and the $7,200 million estimated

o & M cost, the nonfederal share of total costs would be $10,550 million.

Thus a nonfederal share of 25% of capital would be equivalent to approximately

51% of total costs.

Rule B is designed to cost nonfederal interests the same amount of money

as was spent for Rule A ,** but with the local cost share equal across

all categories of cost. Equilibrating the cost shares among cost categories

demonstrates that any potential biases among techniques resulting from

sharing cost categories differently could be eliminated without any

change in the absolute nonfederal or Federal costs that are borne. In

fact, by encouraging consideration of less capital-oriented techniques

that may be less costly to the nation, nonfederal, Federal, and total

costs of achieving a given level of abatement might be reduced.

Rule C applies a constraint on the size of the Federal grant under the

current cost-sharing rule. The purpose of the constraint is to ameliorate

the biasing effect of unequal cost sharing of cost categories. The

*The capital costs of EPA projects through December 1972 were taken

from U.S. Environmental Protection Agency, Project Register: Waste Water
Treatment Construction Grants (Washington, D.C.: Environmental Protection

Agency), December 31,1972. The method of estimating total costs is
described in Table 8.

**Actual dollar amounts are slightly different due to rounding of

the percentage share figures.
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percentage chosen here for illustration of the constraint is 37%.* Applying

the 37% constraint against the current 75% Federal share for capital could

reduce or leave unchanged Federal expenditures relative to Rule A, depending

on the ratio of capital to total costs. That is, as the ratio of capital to

total costs rises above the level where the constraint becomes effective, the

Federal responsibility becomes fixed for Rule C, whereas it continues to

increase for Rule A. A nonfederal absolute share of $12,978 million becomes

a minimum with Rule C. Had it applied historically, and assuming that

abatement controls or standards did not compel communities to implement the

level of abatement assumed in Table 8, we might expect that the actual

expenditures in total and for each participating party would have been less

with Rule C than with the other rules. Expenditures would probably have

been less because some projects would have received less Federal funding and

would have, therefore, been less attractive to nonfederal interests.

Also, some of the bias among techniques due to different compositions of

cost categories (see Table 7 and its explanation) would have been eliminated

or reduced with Rule C because of the constraint. Given the techniques in

Table 7, for example, imposition of a '37% constraint would eliminate the

BI:2 and reduce the BI:3 and the B2:3. The lower the percentage constraint

on the Federal cost share, the stronger would be the correction to the bias

among techniques and the stronger would be the restraint on the scale of

abatement demanded by the nonfederal interests.

Whichever of these approaches is taken, a percentage target must still be

chosen. An effective Federal share of total costs less than the 49%

implied by existing rules would probably tend to encourage more efficient

scales of abatement. However, since available information regarding the

incidence of abatement benefits is not comprehensive, further research

is needed before some specific figure is selected.

*The 37% share is an average of 24%, the Federal percentage of

total costs paid on average from the inception of the EPA program to

present (Table 3), and of 49%, the Federal percentage of total costs
implied in the current law and in the composition of capital versus 0 & M
assumed in Tables 7 and 8.
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If cost sharing were to be used as a tool simply to encourage higher

levels of abatement with no regard for the nationally efficient scale,

then the appropriate direction of Federal cost sharing would be up

rather than down. As shown in Section IV, local interests will tend

to demand larger quantitites of abatement, other things equal, as the

Federal cost share is raised. It is recognized, however, that allowing

larger Federal contributions will result in funding fewer abatement

projects with a given Federal budget.

Although no specific percentage is recommended here for cost sharing pollution

abatement, the following general conclusions for encouragement of the

least-cost technique(s) and the efficient scale are reached. Whatever

percentage is selected, it should apply uniformly across all techniques

and cost categories within techniques. If only one cost category can be

shared, then the most efficient rule would be to vary the cost share of

that category among techniques so that the effective nonfederal cost

share by technique will be the same for a project or in general for all

projects using those techniques. If the variable cost share by cateogry

were not acceptable on institutional grounds, then;3 Federal percentage

constraint might be used to eliminate some of the biases resulting from

different cost compositions.*

Cost sharing by the Federal, versus nonfederal, sector has been the exclusive

focus here, and cost sharing by other groups has been ignored. If the

nonfederal sector (state, for example) applies different rules in conjunc­

tion with a Federal agency that has implemented the rules outlined here,

the implications for scale and techniques may vary from the above description.

The principles outlined for the Federal agency apply, however, equally

as well to nonfederat participants. To assess the total impact of cost

sharing, the cost-sharing rules of all participants would have to be

considered.

*Because there are an infinite variety of rules that might be designed
for sharing one type of cost or for constrained cost sharing, we do not

attempt to make any general statement about how equitable they will be.
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SECTION VI

EFFECTS OF USER FEES ON COST SHARES*

Legislated user fee arrangements appear to affect the efficiency of the

present grant program in that they influence the effective cost shares

of Federal and nonfederal interests, and thereby create biasing effects

in the selection of abatement techniques and in decisions regarding scale.

User fee arrangements also appear to have differential impacts on residen­

tial as compared with industrialized communities.

This section is divided into four parts. The first part examines the

legislative description of user charges. The second presents four alterna­

tive interpretations of the effects of user fees on cost shares, and assesses

the validity of each. The third part critiques the current practice of

excluding interest charges from industrial user fees. The final part

assesses the impact of user fees on selection of abatement techniques, on

selection of the scale of abatement facilities, and on subsidization of

residential as compared with industrial communities.

*User fees for pollution abatement are charges for waste disposal levied

on users of sewerage removal and treatment services or on users of water­

courses. Several reasons for imposing a fee in pollution abatement are

the following: to obtain revenue to defray the costs of providing abatement;

to encourage polluters to consider alternative and perhaps less costly

techniques of waste disposal; and to ration efficiently the use of sewerage
services.

In this study the focus is on cost sharing as it affects the choice of

a particular technique or level of abatement. Accordingly, user fees are
discussed here in the context of their effect on abatement cost shares,
rather than in the conventional sense of resource allocation and revenue

generation, per se.
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LEGISLATED USER FEES

With respect to legislative requirements for user fees, Section 204 (b)(l)

of the 1972 Act states the following:

The Administrator [of EPA] shall not approve any grant

for any treatment works •.. unless . '.' the Applicant has
adopted or will adopt a system of charges to assure that each

recipient of waste treatment services within the applicant's

jurisdiction ••• will pay its proportionate share of the
costs of operation and maintenance ...•

In effect, this section provides for collection of user fees to repay

o & M expenses from all recipients of services.

Section 204 (b)(l)(B) requir~s that the Administrator shall also have

determined that the applicant has done the following:

.•. made provision for the payment to such applicant by the

industrial users of the treatment works, of that portion of
the cost of construction of such treatment works (as determined

by the Administrator) which is allocable to the treatment of
such industrial wastes to the extent attributable to the

Federal share of the cost of construction •.••

In other words, user fees will be collected from industrial users to pay

that portion of the grant amount allocable to treatment of industrial

waste.

It is further specified in Section 294 (b)(3) that the grantee do the

following:

•. ~ retain an amount of the revenues derived from the payment

of costs by industrial users of waste treatment services, to the

extent costs are attributable to the Federal share of eligible
project costs pursuant to this title as determined by the Admis­
trator, equal to (A) the amount of the non-Federal cost of such

project paid by the grantee plus (B) the amount, determined in

accordance with regulations promulgated by the Administrator,

necessary for future expansion and reconstruction of the project

except that such retained amount shall not exceed 50 per centum

of such revenues from such project.

In effect, this last section means that the grant recipient will retain

50% of the amount recovered from industrial users against the Federal

grant. The 50% limit is the effective rule for retention of users fees

because the sum of the nonfederal capital cost and the amount necessary
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E = K

(23)

for future expansion and reconstruction will under normal circumstances

exceed 50% of the amount recovered from industrial users. This may be

demonstrated as follows: The above statement from Section 204 (b)(3)

provides for retention of an amount equal to the sum of (1) the amount of

nonfederal construction cost, which under the existing program is 25% of

construction cost (K), and (2) an amount (E) for future expansion and

replacement; i.e., a total amount equal to .25K + E. The same Section

further defines the limit of retained earnings as 50% of industrial user

fees collected against the grant. This amount may be expressed as .5(.75BK),

where B is the grant share allocable to industry, K is the amount of

eligible construction costs, .75K is the amount of Federal grants and .75BK

is the amount of industrial user fees collected against the Federal grant.

Only in the case of a contraction in future costs of abatement facilities

(such as might result from a drop in population, or from a technological

breakthrough reducing the costs of abatement facilities, and/or from a

decline in the general price level) would the amount necessary for future

expansion and reconstruction (E) likely be less than the amount of current

construction costs (K). A sizable contraction in future costs appears

improbable, and the estimated future replacement cost alone would generally

be at least equal to the current amount of construction cost, i.e.,

generally we would expect E ~ K.

Assuming E = K, and setting the two 'above expressions equal to one another,

we may dete1mine the condition whereby .25K + E will not exceed the 50%

limit:

.25K + E = .5(.75BK), where assuming no future expansion, i.e.,

1.25K = .375BK.

S = 3.33.

In other words, for B < 3.33, .25K + E > .5(.75BK). Since B, the industrial

share allocable to the grant, cannot by definition be more than the whole,

i.e., S ~l, the condition under which .25K + E will determine the amount

of user fees is impossible under the assumed situation.
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It, however, is not necessary to assume that E ~ K in order to demonstrate

that the 50% limit is the effective rule. It is necessary only that

E > .125K, since for any E > .125K, .25K + E will exceed the 50% limit. In

other words, even with a large contraction in future growth or a sharp

decline in replacement costs, the 50% limit will still be the effective

rule. Even for E = 0, as was assumed by Raymond in his analysis,l 50%

is the effective rule as long as the percentage of the Federal grant

allocable to industry does not exceed 67%. Thus, that part of Section 204

(b)(3) which describes what user fees may be retained appears meaningless

from the standpoint of specifying alternative allowable amounts. The

real import of this Section of the 1972 Act was probably recognized in

formulations of recent program rules and regulations, where it is simply

stated that the grantee shall retain 50% of industrial user fees collected

. h 2agalnst t e grant.

ALTERNATIVE INTERPRETATIONS

Now that we have examined the legislative requirements for user charges,

let us consider how user fee arrangements affect the Federal and nonfederal

cost shares, and illustrate algebraically the impact of user fees on the

cost shares. In assessing the effect of user fees on cost sharing we are

concerned with actual user fee practice as it has been developed from

administrative directives, and not solely the legislative requirements cited

above. The complexity of existing arrangements, however, gives rise to

alternative interpretations of the effects on cost shares. Since the

total effects are not immediately obvious, we will build towards them by

presenting four alternative interpretations (each identified by subscripts)

based on successive levels of information. In the process we point out

the limitations of the first three interpretations and suggest why the

fourth version presented (i.e., equations 30 and 31) appears to represent

most closely current practice.

We begin by restating what cost shares appear to be, based on Section 202 (a)

of the 1972 Act and ignoring user fee practice. According to this provision

of the Act, the Federal grant for treatment works will be 75% of construction

costs. Current interpretation of this provision, as we saw in Section III,
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is that 75% is a maximum, but not a minimum share of construction costs

of a completed facility. Thus, based on the current interpretation of

this basic legislation, the Federal agency will bear no more than 75% of

construction costs, and the grant recipient no less than 25% of construction

costs. Their effective percentage cost shares may be expressed respectively

as:

and

< .75K
TC

.25K + M + L
TC

(24)

(25)

where CF = the Federal agency's share of abatement cost,

CR = the grant recipient's share of abatement cost,

K = total costs of construction, i.e., capital and eligible land

cost,

M = present value of operation and maintenance costs over the

life of the abatement facility,

L = land costs not eligible for Federal cost sharing,

TC = present value of total costs of a completed abatement facility

over its life.

Now we take into account the effect of the user fee provisions as they

are set forth in the legislation. The first provision, i.e., that user

fees be collected from service recipients to repay their share of 0 & M,

does not appear to affect the grant recipient's cost share.* The

legislation merely specifies how the grantee shall cover one portion of its

cost share. Thus the grantee bears the full cost of 0 & M and covers,

by Federal directive, these costs with user fees collected from recipients

of abatement services.

*In this paper we investigate the relative cost shares borne by the
Federal agency, and by the local government, focusing on the amount that
each must raise against its required share, rather than on who contributes
to each share.
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The grantee's method(s) of generating revenue to cover its share of construc­

tion costs is not specified by the Federal government. Thus, at its discre­

tion, the grant recipient may also collect user fees from the industrial

and nonindustrial sectors of the community to defray the grantee's share

of capital costs. None of these activities affects the grantee's cost

share, merely its method of generating funds to pay its share.

The second provision, directing the grantee to collect user fees from

industry equal to industry's share of construction grant funds and to

retain half, does appear to affect the grantee and grantor's cost shares.

Based on the information we have presented thus far, the effect appears

to be to increase the effective Federal subsidy* by an amount equal to the

retained user fees and, thereby, to reduce the grant recipient's cost share

by a like amount. Accordingly, the Federal (grantor's) cost share and the

grant recipient's cost share can now be expressed respectively as:

•75K + .5(.758K)
TC

(26)

and > M + L + .25K - .5(.758K)
TC

(27)

where 8 that percentage of construction costs allocable to treatment

of industrial wastes.

The retained user fees constitute a subsidy even though they are drawn

specifically from the industrial sector of the grantee's jurisdiction.

They are viewed as additional subsidy beyond the original grant, because

they comprise revenue ostensibly generated to cover the Federal cost share

which is given instead to the grantee government.

Additional investigation of user fee arrangements, however, shows us that

the real potential cost to the grant recipient is changed somewhat further
. 3

from equations (26) and (27), by Federal Regulations pursuant to the 1972

Act. Regulations stipulate that a minimum of 80% of the retained amounts,

plus interest thereon, must be set aside in a reserve fund for future

expansion and reconstruction. The amount retained in this fund each year

*As a payment by the Federal government to a local government, the

grant constitutes a subsidy. By increasing the amount of payment by the
Federal government to the local government, the retention of user fees
raises the subsidy.
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(.8)(.5)(.75SK)
is equal to n
project, in years.

.3SK
----, where n = the expected life of then

Regulations allow the remaining 20% of retained user

fees to be used as a discretionary fund by the grantee as he sees fit.*

The amount of discretionary funds received each period is equal to

(.2)(.5)(.75BK)
n

.075BK
n

**

The reserve fund can be used only for eligible project costs related to

expansion and reconstruction of the original project and only with written

approval of the Regional Administrator. The holder of a reserve fund may

apply that fund to project costs for which a grant is requested or may use

them for project costs apart from any grant request. However, if a grant

is forthcoming, it is required that the amount in the reserve fund be

deducted from eligible project costs for purpose of determining the size

*No clear rationale for the 80/20 percentage split of retained revenue

between reserve funds and discretionary funds was found.

\

•
+ i)n - 1]
+ i)n

.075BK[ (1
ni(l

n
L: .075BK

j=l n(l + i)j =

**User fees to recover the industrial share of the grant are collected

over the life of the treatment works in annual payments equal to .375SK

divided by the number of years of expected life, and not including an
interest component. To correctly assess their value, it is necessary to

discount to the present the amount of both the discretionary funds and

reserve funds. Discounting is necessary because the retained user fees

are received in increments over time and there is a time preference for

their receipt. The present values of the discretionary funds (PVn) and of

reserve funds (PVR) are as follows:

n
L:

j=l

.3BK

n(l + i)j
.3BK[(1 + i)n - 1]

ni (1 + i)n

where n the number of recovery periods over the life of a project,

i = the discount rate,

j = the number of periods before the fund is spent, during which
user fees have been collected from industry. and

(1 + i)n - 1
i(l + i)n

is the uniform present worth discount formula to

convert a stream of annual payments to a present value.
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of the grant.* Thus, whenever a grant is received, the reserve-fund-holder

has no choice but to apply the amount then in the fund to that project,

and have the amount of the grant thereby reduced; he need not, however,

have held the fund until a grant was forthcoming.

Since only 20% of the retained amount is discretionary, and the remaining

reserve portion reduces the amount of future grants, it may appear that

the grantee's cost is reduced by just the present value of the discretionary

fund rather than by the full amount of the retained revenue as is shown in

equation (27). This was the view expressed by some EPA grant officials.

According to this third int,erpretation, the cost shares of the grantor and

the grantee would be expressed as:

C <
F ­3

.75K + D

TC
(28)

and

where D

M + L + .25K - D
TC

the present value of the discretionary portion of retained

user fees.

(29)

The grantee's cost share as expressed above by equation (29) is greater

than that expressed by equation (27), which deducts the full amount of

retained fees from the grantee's cost; nevertheless, it is lower than

the grantee's cost share without retention of any user fees as denoted
~

by equation (25).

Let us now examine the effect of the reserve portion of retained earnings

(the reserve fund) more carefully, This leads to the fourth, and we

believe most realistic, interpretation of the effect of user fees on

cost shares.

*In connection with determining grants, Section 35.927-17 of the Grant

Program Regulations provides the following'

... allowable project costs (are to be) reduced by an amount

equal to the unexpended balance of the amounts retained by the

applicant for future reconstruction and expansion ••.• together
with interest earned thereon.
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The reserve fund increases the Federal contribution and reduces the

grantee's effective cost share, despite the fact that it may reduce the

nominal amount of the formal grant. That is, the net effect of the

reserve fund is to reduce further the grantee's cost share beyond the

reduction rendered by the discretionary funds alone. The grantee's cost

share is further reduced because the amount accumulated in the reserve

fund is applied to eligible construction costs without an equal reduction

in the amount of grant received. Specifically, the reserve fund impacts

upon cost shares in the following several ways: (1) it reduces the total

amount of eligible project costs by the amount of the fund, (2) it

reduces the amount of the formal grant by 75% of the amount of the fund,

and (3) it reduces slightly the amount of future retained user fees which

are based on the current grant. We shall consider further each of these

effects -- the first one reducing the grantee's cost share, the second

two increasing it, but the three effects in net reducing the grantee's

cost share.

Since the reserve fund (R) was originally collected against the Federal share,

reduction of eligible project costs by the amount in the reserve fund results,

in itself, in a Federal contribution of R to abatement. After reduction by the

reserve fund, K - R of eligible costs are left uncovered. Since the formal grant

is provided for 75% of the remaining eligible costs, i.e., .75(K - R) the

effective formal grant is lowered by .75R, as a result of the reserve fund. Thus,

the effect of the reserve fund is first to raise the Federal contribution by

an amount R and then lower it by an amount .75R, amounting in net to an increase

of .25R. Reduction of project costs by R means that only 25% of K - R in

eligible costs remain to the community government, rather than the full 25% of

K. Hence, the effect of R observed here is to reduce the community's effective

costs by .25R.

Now we complete our assessment of the reserve fund's impact by taking into

account the third effect noted above -- the reduction in the grantee's future

receipts of user fees. The reserve fund reduces the future receipt of user

fees because the amount of the grant upon which these funds are partly based

is lowered by .75R. H\E:re,however, we include in the cost share expression

the impact of the reserve fund only on future receipts of discretionary funds
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and not on future receipts of reserve funds. The reason is that in our

interpretation of cost shares, we have chosen to evaluate the reserve

fund as a function of past grants, and the discretionary funds as a function

of the current grant. The assessment of the reserve fund as an accumulated

sum based on past grants means that any reductions in the amount which might

have resulted from previous reserve funds is already taken into account.

Expanding the cost share expression to include also the present value of

future reserve funds based on the current grant would result in over-counting

the reserve fund.*

As R becomes larger and is deducted from K, the present

Consequently, the reductionfund becomes smaller.

Without the reserve fund, the present value of the future receipts of discretionaryn
f d· 1 .0758K
un s 1S equa to.L (1 + .)j' But when accumulated reserve funds are taken]=1 n 1

present value of discretionary funds is equal tointo account, the

r .0758(K - R)
j=l n(l + i)]
value of the discretionary

in the grantee's effective costs becomes less.

Therefore, the reserve fund increases the effective subsidy on current projects,

while at the same time diminishing it on future projects by reducing the amount

of future discretionary funds. However, the increasing effects of the reserve

fund on the Federal subsidy substantially outweigh the decreasing effects,

thereby resulting in a net reduction in the grantee's cost share.

By combining the observed effects of the reserve portion of retained user

fees with that of the discretionary portion (as shown in the third interpretation),

we have the fourth, and we believe, most complete, interpretation of cost

shares under existing user fee arrangements:

.75(K - R) + R + DR
TC

(30)

and

M + L + .25(K - R) - DR
Te

(31)

*An alternative interpretation of cost shares would evaluate both the

discretionary and reserve funds in terms of the present value of future

receipts based on the current grant.
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where = the real effective cost shares of the grantor and

grantee, respectively, of a completed abatement

works, as determined by Federal legislation, regula­

tions, and current practices of the grant program

office,

R = the present value of the reserve portion of retained user fees

which have been collected from industry against its share of

past Federal grants,

DR = the present value of future discretionary funds taking into

account the effect of the accumulated reserve fund.

Table 9 shows a grantee's abatement costs for a hypothetical project with

and without the retention of user fees. In this example, the grantee's

share of construction cost is reduced from 25% to 12%, and his share of

total cost from 78% to 73% as a result of retaining user fees collected

against the Federal grant.

In addition to ,the user fee effect described above, there appear to be

other, more subtle effects of user fee arrangements on cost shares. For

one thing, existing arrangements appear to provide incentive to the fund

manager to spend the reserve fund on eligible costs of projects accorded

high priority by the community, but low priority in the grant approval

process. (Likely examples of such projects are sewage collection-related,

as opposed to more treatment-related projects.) By applying the R to

costs of projects which it wishes to undertake, but for which it is unlikely

to be successful in receiving a formal grant, the community can reduce by

R the amount of costs it otherwise would incur, without reducing its over­

all receipt of grant funds. By exhausting the fund prior to application

for a grant which it does expect to receive, the community will avoid

having the fund reduce the amount of the grant. With this approach the

community government could, over time, realize a Federal contribution to

abatement costs equal to .75K + R + D, rather than the .75K + .25R + DR

contribution shown by equation (30). That is, it could in this way reduce

its costs by an additional 75% R, plus the value of the excess* of Dover

*D represents the present value of the discretionary fund: DR representsthe present value of the discretionary fund, taking into account tne

reducing effect of the accumulated reserve fund; therefore D ~ DR'
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Table 9. ILLUSTRATION OF A GRANTEE'S COSTS FOR A HYPOTHETICAL

ABATEMENT PROJECT WITH AND WITHOUT RETENTION OF USER FEES

Grantee's ConstructionGrantee's 0 & MGrantee's Total

Cost

CostICost

I
i

I
i

User Fee Policy
I% of TotalI

I

1

% of Total
I I

% of Total Project
$

I
$ $i Construction ! o & M Cost Cost to Nation

Cost

I

I,,I
Without retention of user fees I

112,500

I
25

i
1,050,000I100. I1,162,500I78

i With retention of user fees (Le.,
I-' current policy) I54,700I12: I1,050,000 I100 I1,104,700I730 I-'

Assumptions:

The abatement project under consideration has a total cost with a present value of $1,500,000, 30% of which
is eligible construction costs (K) (i.e., $450,000) and 70% is 0 & M (i.e., $1,050,000). The grant applicant
has $225,000 accumulated in its reserve fund as a result of retention of user fees collected against past

grants. One-fourth of construction costs is allocable to industry wastes. The discount rate is 10% and
the life of the project is 25 years.

Calculations:

Without retention of user fees, the grantee's K cost is equal simply to .25(K) = .25($450,000) = $112,500, and
his 0 & M cost equals 1.00(0 & M) = $1,050,000, comprising a total cost to the grantee of $112,500 + $1,050,000

$1,162,500. With retention of user fees, the grantee's K cost may be calculated as .25(K - R) - DR =r - T"" 25-
.25($450,000 - $225,000) - 1~075(.25)($45~5000 - $225,000) J I~~l~(il~) .10)2~j= $54,700. The grantee's

o & M costs would remain $1,050,000, and his total cost would be $54,700 + $1,050,000 = $1,104,700.



The user fee revenue earns interest only after

DR' beyond the reduction achieved by applying R to costs for which grants

are available. This, however, represents a special case which would hold

true only if the reserve fund is applied to costs which the community would

have otherwise incurred in full.

Another possible impact of the reserve fund not heretofore noted is its

effect of increasing the reserve-fund-ho1der's prospects of obtaining

additional formal grants. The grant office may accord higher priority to

the grant application of an applicant having such a fund than applicants

without a fund, due to the possibility of bringing forth a relatively

larger total project with a relatively smaller additional Federal grant.

This characteristic may provide conflicting incentives to that observed

above, insomuch as it may encourage the community to apply its fund to

partial payment of major projects for which it is actively seeking grant

assistance.

In any case, the retention of user fees appears to raise the effective

Federal subsidy above 75% of construction costs, and reduce the grantee's

share below 25% of construction costs. As we have seen, part of the increased

subsidy results from the discretionary portion of retained user fees and

part is attributable to the reserve fund.

INTEREST CHARGES ON USER FEES

Existing program regulations require that user fees collected from industrial

users not include an interest charge.4 User fees are collected in fixed

annual payments collected over the life of the facility or over 30 years,

whichever is less. The present value of the total amount collected from
n

• i· .758K
1ndustry s equal to .El n(l + i)j' and the amount retained by granteesJ=

n
. 1 .3758K
18 equa to .El n(l + i)j'J=
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it is collected and placed in an interest-bearing account or securities.

As a result of the omission of an interest charge, the present value of

the amount collected from industry is less than the amount of Federal funds

spent for industrial abatement facilities. Consequently, industry receives

a Federal subsidy. TTnlpss it were the intent of the law to provide cost­

sharing assistance to industry, as well as to the nonindustrial sectors

of communities, interest charges are needed to compensate for the time

preference of money. If industry provided its own abatement facilities,

it would forgo the use of the investment funds for other purposes. Similarly,

the Federal government forgoes the use for other purposes of funds expended

for industrial abatement facilities.

To see the substantial subsidy to industry which results from failing to

charge interest, consider the following example. Assume that under existing

arrangements a $100,000 construction grant allocable to treatment of

industrial wastes would be recovered from industry over approximately

30 years, in yearly payments of $3,333. With a 10% nominal discount rate,

the present value of the $100,000 collected in this manner is, however,

only $31.420(i•••• $3.3331~~0+(i1~)~~0)3~_1= $31.420). With a 10%

nominal discount rate, the annual user fee collected from industry should- -
I.] 30be $10,610, rather than $3,333 (Le., $100,000 ttr~1.10)~g) _~I= $10,610,

which is $100,000 amortized over 30 years at 10%). Thus, in this illustra­

tive example the annual user fees are less than one-third what they would

be if the time value of money were considered.
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Omission of interest charges from user fees has at least two consequences:

(1) User fee revenue forthcoming to the Federal and community governments

is much less than it would be if industry fully paid its share of construc­

tion costs. (2) Industry receives an additional Federal contribution

towards provision of its abatement facilities, which, other things equal,

will encourage it to tie into municipal abatement systems.

USER FEE IMPLICATIONS

Now that we have shown quantitatively the effect of user fees on cost

shares under various interpretations of the user fee policy, let us con­

sider the potential consequences of these effects.

A number of problems appear to result from the effects of user fees examined

above. A potential efficiency problem arises in that retention of user

fees collected against the Federal grant reduces the grantee's real cost

share and therefore encourages the grantee to select a larger scale of

abatement facilities. If the local community's share of costs is brought

below its share of benefits from abatement at the margin, there will be a

tendency towards overbuilding of facilities.

Another efficiency problem is that retention of user fees collected against

the Federal grant gives incentive to communities to provide capital-intensive

or eligible land-intensive projects for purpose of treating industrial wastes.

The bias towards techniques with a high proportion of eligible construction

cost results because retention raises the potential Federal contribution

to capital and eligible land costs, but does not change the Federal

contribution to 0 & M. The biasing effect is similar to that which would

result from explicitly raising the Federal percentage cost share for

construction costs relative to other cost categories, and we saw earlier

that the more unequal the cost sharing of different categories of costs,

the greater the incentive to the grantee to choose techniques with costs

which are Federally shared over techniques with costs which are not

Federally shared.
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The incentive to treat industrial wastes results from the fact that the

grantee can actually improve his net revenue position by increasing construc­

tion costs attributable to treatment of industrial wastes. This may be

demonstrated as follows:

For simplicitly assume that we begin with a community which at the outset

provides no industrial waste treatment, i.e., B = 0; we can now calculate

the change in the net revenue position of the community (~N) which may

result from a change in construction (~K), in ineligible land (~L), and

in 0 & M cost (~M), attributable entirely to inclusion of industry in the

community sewerage system. To indicate the possible impacts, we examine

the change in net revenue under alternative assumptions regarding management

of the reserve fund and collection of user fees to recover the community

government's share of cost.

Let us begin by assuming that the retained user fees collected against the

industrial share of the grant are used in such a way that they do not reduce

the receipt of grant funds. This could be the case if the reserve fund

were applied to eligible costs of projects with high community priority,

but low grant priority, such that the fund reduced the community's cost by

R, without reducing the amount of subsequent grants. (This case is explained

in the second part of this section.)

We further assume that the ~M attributable to industry is exactly covered

by user fees collected from industry for those costs, as required in Federal

legislation. Hence, apart from possible economies or diseconomies of scale,

the net revenue position of the grantee (and of the non-industrial community)

is unaffected by changes in 0 & M costs necessitated by industry, i.e., 0 & M

costs incurred are just offset by user fees received. With respect to the

resulting ~K and ~L, we may make either of two assumptions: (a) that the

community government charges industrial users for industry's part of

construction and land costs not covered by a Federal grant -- which it may

do at its discretion, or (b) that the community government does not charge

industrial users for their share of these costs -- which it may also do.
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First we examine the change in net revenue to the community government

under assumption (a). In this case, the 0 & M, construction, and land

costs incurred by the community government are just offset by industry

user fees, and ~M, ~L, and ~K cancel out of the equation. The receipt

of user fees collected against the grant, however, are unmatched by costs

incurred by the community government and the amount of these fees retained

constitutes a net revenue gain by the community government.

where

~N1 = +.375~Kn (32)

~N1 = the summation of costs incurred (negative effect) and revenue

received (positive effect) by the community government due to

provision of an abatement facility for industrial wastewater.

(Subscripts 1, 2, and 3 designate cases examined under alter­

native assumptions.)

~K = the change in construction cost attributable to provision

the present worth formula used to convert a stream

of annual payments to a present value, where n is the

number of interest periods and i is the discount rate, and

of service

(1 + i)n - 1 _
1(1 + i)n -

to industry,

.375~K!(1+ i)n - ~
n I i(l + i)n "_I = the present value of retained user fees under the

assumptions for this case.

From equation (32) we can see the net improvement in the revenue position

of the community government. Thus, in this case, the community government

has incentive to provide facilities with large eligible construction costs

to treat" industry wastes.

For the second case let us continue to maintain all the above assumptions,

with the exception that we now assume the community government does not

recover revenue from industry to repay its share of construction costs

not covered by the grant. The other costs incurred by the community
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government are again just offset by user fees, but construction costs are

not offset by user fees. The outcome in terms of the community government's

revenue position is less clear.

~N2 = -.25~K + .375~K
(33)

Here the provision of services to industry mayor may not result in an

advantage to the community government, depending upon the time over which

the user fees are to be collected and the size of the discount rate. For

short time horizons and low discount rates, the value of the retained user

fees could even in this case exceed the additional capital costs incurred

by the community government.

For a third case, we assume that the community government recovers from

industrial users their share of local construction and other costs, but

we now assume that it applies the reserve fund to a future project for

which a grant could be received. That is, the reserve fund is used in

such a way that it reduces the future receipt of grant money. Again, the

expenditures for 0 & M, land, and aapital costs are assumed just offset

by receipts of user fees, thereby canceling ~M, ~L, and ~K from the equation.

In this case the change in the community government's net revenue position

resulting from treatment of industrial wastes will be less positive than

in the first case shown above, but nevertheless positive.

~N3 = +.25[·3~K] fu + i)u - ~
+.075~K

r(l + i)n - 11(34)L i(l + i)n _
n_ HI + i)n .J

+.150~K
Fl + i)n - lJn

HI + i)n- .

Thus, in this case, too, it is possible for the local community government

to improve its net revenue position by increasing construction cost

attributable to industry.

We can summarize the financial effects arising from provision of industrial

abatement facilities, on the various parties involved, as follows: The

Federal government pays 75% of construction costs and recoups an amount
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equal to 37.5% of, construction costs in user fees. The community government

pays 25% of construction costs and recovers an amount equal to as much as

62.5% of construction costs in industrial user fees; it pays 100% of other

costs and may receive a like amount in user fees. The industrial sector

of the community at the most pays 100% of total costs, less interest costs;

it receives 100% of abatement services resulting from the total expenditures.

The net revenue received by the community government, which may amount

to as much as 37.5% of construction costs, may be used for the benefit

of both the nonindustrial and industrial sectors. As inducement to industry

to connect to the municipal system, the community government could reduce

somewhat its user charges to industry for locally-incurred costs, such that

industry would in effect pay less than 100% of costs less interest. Other

things equal, this effect would be expected to give some incentive to

municipalities to provide capital-intensive and/or eligible land-intensive

facilities for treatment of industrial wastewater, since by so doing the

community at large would benefit.

With respect to other problems arising from existing user fee arrangements,

there may be inefficient, and possibly conflicting, incentives provided as

to the use of ,the retained amounts. On the one hand, we have seen a

possible incentive for the community to spend the reserve fund for eligible

costs of projects which are accorded low priority or considered of marginal

importance by grant program administrators but which are given high

priority by the community, such that the fund is not used on projects where

the likelihood of receiving a grant is high. With this approach, the

local community deducts the reserve fund from its costs without having

the amount of its grants correspondingly reduced. On the other hand, the

community may have incentive to accumulate the fund for use as a lever in

obtaining future grants.

Another implication of existing Federal user fee arrangements is that they

appear to favor industrialized communities over residential communities.

That is, even though benefits received for two communities may be the same,

the real nonfederal cost shares will vary according to the proportion of
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treatment relegated to industry needs. Construction costs to a residential

community are equal to .25K, and the subsidy amounts to 75% of construction

cost. But for an industrialized community, the subsidy amounts to 75%

of total construction cost plus 25% to 100% of the present value of the

reserve fund plus the present value of the discretionary fund, and the

local share of cost is less than .25K. Thus the communities servicing

industry are given an additional Federal contribution beyond the 75% of

construction costs, which other communities do not receive.*

In general, industrialized communities may benefit from the reserve

fund. The reserve fund provides a sure source of money which, with the

approval of the regional EPA Administrator, may be used for eligible

abatement costs at any time. The approval process is separate from the

usual grant application procedure and does not require a priority rating.

Thus the grantee-trust-fund holder has a ready source of construction

funds for which it need not compete with other communities. The reserve

fund may also give the grantee an advantage in obtaining additional grants

because, as was explained above, the Federal granting agency will be able

to generate more abatement per Federal grant dollar where the reserve fund

is applied.

A further problem with the existing user fee arrangements is that there

is no guarantee that the municipality will choose to use the discretionary

fund for wastewater abatement. Hence, a portion of the Federal subsidy

may not contribute to the grant program's objective of providing incentive

to municipalities to construct treatment works.

A final implication of the current user fee program, perhaps obvious at

this point, is that it obscures the effective Federal and local cost shares.

As may be seen by comparing equations (25) and (31), the actual cost to

the grant recipient may differ substantially from the 25% of capital plus

100% of 0 & M implied by the main cost-share provision (Sec. 202(a)) of

*Beyond the revenue advantage gained by retention of user fe~s, the

local community would also benefit if economies of scale resulted from

inclusion of industry.
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the 1972 Act. Th~ legislation and regulations pertaining to user fees are

difficult to understand in prose and logic. As a results community

governments' interpretations of the law, ands consequentlys their ultimate

cost sharess may differ from what was intended by the legislation. Communi­

ties whose managers are skilled in the grant process may be able to utilize

the obscure provisions of existing arrangements to reduce their effective

cost share, whereas communities with less sophisticated management may

receive less Federal contribution.

In summarys existing user fee arrangements are characterized by the following:

(1) Retention of user fees produces a potential bias towards overbuilding;

(2) retention of user fees encourages municipalities to provide abatement

services to industry; (3) retention of user fees biases municipalities

towards selection of capital-intensive and eligible land-intensive techniques

to treat industrial wastewater; (4) omission of an interest charge from

industry user fees is a subsidy to industry and reduces user fee revenue;

(5) retention of user fees results in unequal treatment of residential

communities as compared with industrialized communities; and (6) existing

arrangements obscure real cost shares.

A rationale for the policy permitting municipalities to retain user fees is

to provide the municipality with a source of future funds whereby it might

become self-supporting in abatement activites. Ands the retention of user

fees does appear to provide a source of funds for future needs. But the

practice has efficiency and other effects which might be regarded as problems.

Returning these retained user fees to the Construction Grant Program for

redistribution among grant applicants through the regular grant procedures

would appear to eliminate the problems described aboves without reducing

the amount of total funds available to municipalities.
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SECTION VII

SUMMARY, FINDINGS, AND
SUGGESTIONS FOR FURTHER RESEARCH

SUMMARY

The Environmental Protection Agency (EPA) administers the Construction

Grant Program for the abatement of wastewater pollution. The Federal

Water Pollution Control Act Amendments of 1972 (1972 Act) describe to

some extent the eligibility requirements for a community to apply for

EPA grants and the percentage Federal cost shares that can be awarded

for community abatement projects. The construction Grant Program, as

enacted by the 1972 Act and administered by EPA, has been criticized

for being inefficient in that it encourages a misallocation of resources

in wastewater pollution abatement.

The purpose of this study is to evaluate alternative cost-sharing programs

with respect to carefully defined efficiency and equity criteria. The

emphasis is on efficiency. Findings of the study are presented describing

efficiency and equity implications of alternative cost-sharing rules and

of institutional changes affecting cost sharing.

The focus of this study is on the local incentive effects of Federal cost

sharing; .that is, how Federal grants might encourage local communities to

pick one kind or size of abatement technique over another.

The existing cost-sharing program as described in the 1972 Act and implemented

by Agency regulations is discussed in Section III. The eligibility for

grants, that is, what costs are allowable and unallowable under the Construction

Grant Program, is demonstrated to differ when examined from the standpoint

of legislation and what occurs in practice. Eligibility for Federal grants
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is also shown to vary among the different abatement techniques. Cost

shares awarded by EPA are shown to have averaged 36% of eligible construction

costs up to 1972, as compared to the 75% maximum share now allowed for by

the 1972 Act. Institutional constraints other than cost-sharing eligibility

are identified that may bias communities against nationally efficient

choices in pollution abatement. For examples, such constraints as minimum

treatment standards, training and education biases toward plants on the

part of decision-making engineers, small areas of abatement jurisdiction,

and use of sewerage systems as growth management tools appear to play a

significant role in affecting what techniques are chosen by communities

seeking assistance in pollution abatement.

The theoretical relationships between cost sharing and the selection of

nationally efficient techniques (plant or nonp1ant) for abatement are

discussed in Section IV. A selective survey of the literature presents

the background of work done in evaluating efficiency and equity of cost

sharing in the water resources area. The local demand for pollution

abatement is shown to be inversely related to the local cost share. The

effect of abatement standards on the demand for abatement is also explored,

both for the case where standards are enforced and for the case where

standards are not enforced. The optimal cost sharing rules are then

derived for encouraging communities to select (1) the least-cost techniques

for abatement and (2) the nationally efficient scale of abatement. Exist­

ing cost-sharing rules are found to be inequitable in terms of certain

characteristics of equity that are defined in the study.

In evaluating efficiency implications of existing and alternative cost-sharing

programs in Section V, a number of problems concerning community selection

of abatement were identified in the existing program. Case examples

illustrate the bias effects on communities of current rules that apply

different cost-sharing percentages to different techniques and to different

cost categoires. Local communities under existing rules have a cost-sharing

bias to pick techniques with the minimum local financial commitments, and

these are not necessarily the least-cost techniques to the nation. A1ter-
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native practical cost-sharing rules are proposed that do not entirely

meet the efficiency conditions derived in the study, but that more nearly

satisfy those conditions than existing rules.

FINDINGS

(1) Same Percentage Cost Share

for All Techniques

Application of the same percentage cost share to all plant and nonplant

techniques for the purpose of abating wastewater pollution will encourage

nonfederal interests to simultaneously select the combination of techniques

which is least costly for the nation as well as for themselves. This

rule applies both to the case where communities seek to maximize net

benefits from abatement with a budget constraint and to the case where a

given standard of abatement is enforced.* Applying the same share (regard­

less of what that share is) across all techniques will eliminate the poten­

tial cost-sharing bias for some techniques over others (e.g., for plant

over nonplant techniques) that appears to exist under the current rules.

(See Sections IV and V.)

To encourage consideration of new technologies that might not be known at

the time legislation is drawn up, the cost-sharing eligibility condition

could be specified simply as all technically viable alternatives. Nonfederal

interests would have an economic incentive to apply for grants for tech­

niques that are cost effective.

A related problem that results from sharing all technically viable techniques

is determining what part of an activity is abatement, and consequently

what part of that activity should be cost shared. For example, rehabilita­

tion of sewers is a multiple-purpose project that provides benefits

through abatement as well as through wastewater collection. By cost

*It is recognized that global efficiency in the sense of the efficient

allocation of resources among all national programs is not necessarily

reached by equilibrating cost shares for techniques only in pollution
abatement programs.
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sharing only those costs under the Construction Grant Program that can

properly be allocated to abatement per se, the nationally efficient scale

of abatement will be encouraged. Thus, a lower Federal cost share would

be applied to techniques that provide benefits other than abatement, and

the cost share would decrease as the cost of providing those other benefits

increases relative to the cost of abatement.

(2) Same Percentage Cost Shares
for All Cost Categories

Application of the same percentage cost share to all cost categories of

all techniques for abating wastewater pollution will encourage community

selection of the nationally least-cost technique(s) of providing abate­

ment. All categories of project costs would include capital; land for

both site and process; operation and maintenance; and planning.

A bias to choose certain techniques results when different cost-sharing

percentages for the different categories of cost are applied to techniques

having different cost composition, i.e., different ratios of cost categories.

Because operation and maintenance costs, for example, are not currently

shared at all by the Federal government, while capital costs are shared,

grant recipients are biased towards capital-intensive techniques even

though all techniques may be eligible for the same percentage share of

capital cost. (See Sections IV and V.)

Assuming there are reasons why all categories of costs could not be shared,

two alternatives for encouraging local selection of the least-cost technique(s)

might be considered in lieu of the same percentage for all categories.

The first alternative satisfies the necessary condition for encouraging

the selection of the least-cost technique(s), and the second can satisfy

it under certain situations. The first approach is to vary the share of

the single cost category to be subsidized, let us say capital as an example,

so that the local share as a percentage of total project costs (i.e., the

effective cost share) will be uniform across all techniques. A second

approach, still providing a Federal share for one category only, would

impose a constraint on the percentage of total costs that the Federal

agency could bear. The cost-sharing bias will be reduced to a degree

dependent on how low the constraint is and in some cases will be eliminated.

(See Section V.)
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Findings 1 and 2, if implemented, would enhance equity in comparison to

existing cost-sharing rules in that grant recipients would be more certain

over time of what they will receive for any given total project cost

regardless of the technique chosen or the composition of cost categories.

(See Section IV.)

(3) Consideration of a Reduced Federal
Cost Share

Nationally efficient scales of abatement would be encouraged by reducing

the effective Federal cost share. The legislation governing the Construction

Grant Program does not specify nationally efficient scales of abatement

(i.e., the maximization of national net benefits) as an objective of the

program (see Section IV). However, the Association Rule (see Section IV)

could meet such an objective by encouraging grant recipients to choose a

scale of abatement that is nationally as well as locally efficient. For

most projects, existing Federal cost shares probably exceed those that

would be obtained from applying the Association Rule (see Section V).

Lower Federal shares could be large enough to provide some incentive for

communities to expand their abatement activities and still tend to encourage

more efficient scales. Since available information regarding the incidence

of abatement benefits is not comprehensive, further research is needed

before specific percentage cost shares can be selected.

(4) Same Percentage Cost Shares for
Communities of All Sizes

Varying cost shares in proportion to community size, other things being

equal, may lead to inefficient scales of development.

Over some range of abatement levels, the average cost of abatement (i.e., the

cost per unit of abatement) will fall as a result of economies of scale.

Assuming that this range of decreasing average cost extends to large scales

of abatement, big cities with large demands for abatement would be expected

to have lower average costs than small cities with less demand for abate-

ment.

One way of encouraging small cities to demand higher levels of abatement

and thereby profit from economies of scale is to raise the percentage

cost share for small cities above that of big cities. (There may also
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be nonefficiency reasons for giving small cities preferential cost shares.)

The imnlication of the preferential cost share, however, may be a less

rather than more efficient allocation of resources to abatement. That

is, the efficient scale of abatement for a small city may be much less

than that scale at which average costs are minimized (see Section IV).

Thus, if preferential Federal cost shares are offered to small cities to

encourage them to take advantage of economies of scale, the result may

be an oversized project from the standpoint of maximizing net benefits

from abatement.

Achieving efficient levels of abatement is not necessarily incompatible

with taking advantage of economies of scale. For example, it might be

advantageous to individual cities as well as the nation for cities to

join in the construction of regional treatment plants that would lower

the average cost of abatement to all while at the same time providing

the efficient level of abatement. Cost sharing is one of many incentives

that could be used to encourage a regional approach to abatement.

(5) User Fees Returned to

Construction Grant Program

The problems arising from the grantee's retention of half the industrial

user fees collected against the Federal grant could be eliminated without

reducing the total amount of Federal funding by returning the full amount

to EPA for redistribution through the regular grant process.

Existing Federal user fee arrangements, which allow the grant recipient

to retain part of the user fees collected from industry to repay industry's

share of the Federal grant, increase the Federal contribution to abatement

and reduce the effective cost share of the grantee. The grantee is free

to use 20% of the amount retained in any way he chooses. This 20%, the

discretionary portion, of retained user fees increases the Federal contribution

by its full amount. The grantee must hold the remaining 80% of retained

user fees in a reserve fund for use only for eligible project costs. Claims

to the contrary notwithstanding, the reserve portion of retained revenue

also results in an increase in the Federal contribution to abatement and
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reduces the grantee's cost share. The reserve fund will usually raise

the Federal subsidy by an amount equal to 25% of the present value of the fund

although the recipient may use the reserve fund in such a way as to reduce

his costs by the full present value of the fund. The amount of retained revenue

and hence the size of the Federal and local cost shares, depends upon

the percentage of construction costs allocable to treatment of industrial

wastes.

Efficiency problems which appear to result from existing user fee arrange­

ments are the following: (1) Retention of user fees collected against the

Federal grant provides incentive to municipalities to provide abatement

facilities for treatment of industrial wastes which are capital-intensive

and eligible land-intensive in nature. Municipalities are encouraged to

treat industrial wastes because they may improve their net revenue position

by so doing; they are biased towards provision of capital-intensive and

eligible land-intensive techniques because capital and eligible land

expenditures enlarge the potential Federal subsidy, while expenditures

for 0 & M do not. (2) Retention may increase the grantee's tendency to

select an excessive scale of abatement by increasing further the differential

between the grantee's share of benefits from abatement and its share of

costs. (3) Part of the additional subsidy may not further the objectives

of the grant program since the grantee may choose not to use the discretionary

portion of retained revenue for wastewater abatement.

In addition, under existing user fee arrangements industrialized communities

receive a larger percentage Federal cost share than do communities which

are primarily residential even though non federal benefits as a proportion

of national benefits may be essentially the same for both types of communities.

The additional Federal subsidy to the grantee resulting from retained user

fees increases as the industrial component of wastewater increases, such

that the more industrialized the community, the lower the effective non­

federal cost share.

Existing arrangements also appear to give rise to incentive effects which

may not be appropriate to the program or necessarily intended under the

law. The existing program, for example, may give conflicting incentives
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to grantees regarding use of their reserve fund. On the one hand, the

community has the incentive to spend its reserve fund for items for which

it has strong demand but for which the prospects of receiving grant funds

are low. This may lead to use of the fund for purposes which are regarded

as relatively less important and therefore accorded low priority by grant

administrators. On the other hand, possession of the fund may improve

the chances of a community's receiving an additional Federal grant, and

may thereby provide an incentive to hold the fund for use in applying

for grants for large projects.*

The retention of user fees may be criticized in general on grounds that

it obscures the true Federal and local cost shares. Difficulty in inter­

preting the law and regulations may contribute to different ultimate cost

shares among grant applicants. (See Section VI.)

(6) Interest Charge to Industrial Users

Inclusion of interest charges in industrial user fees would make industry

charges more reflective of the economic cost of providing abatement service

to industry, and would increase the amount of revenue available to the

Federal and community governments.

Existing program regulations require that industrial ~ser fees not include

an interest charge. When the payments for industry's share of construction

costs are collected over a long period, without an interest charge, industrial

users tend to be substantially undercharged. As a result, industry receives

a substantial subsidy and, thereby, an incentive to connect to the municipal

abatement system, while potential public revenue is foregone. (See Section VI.)

(7) Elimination of Legal and Other
Institutional Constraints

There are a number of possible institutional obstacles which may discourage

selection of certain techniques even if they are the cost-effective choices.

*As noted above, the existing user fee arrangements also provide incentive

to communities to treat industrial wastewater in the municipal system.
The desirability of this incentive effect was not investigated.
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If, for instance, State and EPA design standards, guidelines, and technology

transfer manuals are very conservative and emphasize the well-established

processes, they may bias municipalities towards treatment plant processes.

Examination of these documents for bias and inclusion of necessary revisions

will help to encourage selection of cost-effective techniques.

The training and experience of many state and EPA officials who review

applications are geared towards traditional plant/engineering solutions.

Educational and promotional efforts to encourage planners to consider

nonp1ant techniques might lead towards more comprehensive evaluation of

alternatives during the initial planning stages.

Architects '/engineers , fees for design of a facility traditionally have

been based upon the amount of capital costs -- a practice which may bias

designs for abatement facilities towards capital-intensive and away from

nonp1ant and/or low capital techniques. Basing the fees on 0 & M costs,

as well as capital costs, might avoid this bias.

Another institutional problem is that small jurisdictions may not be in a

position to implement certain kinds of abatement techniques, to organize

collective facilities, or to integrate use of multiple techniques; hence,

they may not be able to adopt the cost-effective approach to abatement.

Further development of regional management systems are needed to overcome

this problem.

Emphasis in the law, the regulations, and the program of some techniques

more than others may lead to preferences for these techniques by grant

applicants who perceive them as "favored" in the grant approval process.

Uniform treatment of abatement techniques would avoid this bias. (See

Section ,III.)

If the seven findings that are identified above were to be acted upon and

appropriate changes implemented in the Construction Grant Program, the

following results could be expected: the local cost-sharing bias for

capital-intensive and eligible land-intensive techniques would be reduced;

the local cost-sharing bias for some plant over nonp1ant techniques would
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be reduced; Federal and nonfederal expenditures on nonplant techniques

would increase relative to plant techniques; the community demand for

nonplant techniques would increase; and the degree of abatement per

national dollar spent would increase.

SUGGESTIONS FOR FURTHER RESEARCH

The research evaluation undertaken for this report uncovered additional

areas of research that might be of value to EPA in meeting its objectives

of encouraging efficiency in abatement and of treating cost-sharing

parties equitably.

One type of research needed is the investigation of incentive effects of

institutional requirements (i.e., minimum treatment standards, minimum

levels of discharge, etc.) on communities' selections of techniques of

abatement. It might be demonstrated, for example, that institutional

requirements as well as cost sharing represent critical elements in biasing

nonfederal interests in favor of certain kinds of abatement techniques.

A second research problem of relevance to this study is the determination

of the optimal points in time at which to reduce or eliminate Federal

abatement grants. For example, given an objective of meeting a certain

level of discharge by a certain date, grant officials would like to know

at what times and by what percentages grants could be reduced to meet the

discharge level and get the abatement programonaself-sustaining basis

as soon as possible.

A third potential area for useful research is the analysis of the link

between levels of local performance in abatement and rewards or grants

based on good performance. Some states, such as New York, for example,

share up to one-third of the costs of operation and maintenance with cities

that manage their plants well. Variable Federal grants based on local

performance is one way of encouraging good performance. A loan which

makes the amount paid back inversely related to the performance of an

abatement project might be another promising incentive for good local

performance.
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A fourth topic of additional research is the determination of community

objective functions in pollution abatement. If communities do in fact

regard collection and disposal as their primary wastewater goals rather

than abatement, then the optimal approach to encouraging nationally

efficient behavior on the part of communities would have to be altered

accordingly. Incentives cannot be formulated until the objectives of

the parties to be affected are known.

A fifth area of research is the sensitivity of communities to having their

costs varied for certain techniques. This cost-sharing elasticity, i.e.,

the percentage change in the demand for abatement relative to a percentage

change in the local cost share, would enable decision makers to estimate

more accurately the impact on nonfederal demands for abatement of changing

cost-sharing rules.
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APPENDIX

DESCRIPTION OF WASTEWATER ABATEMENT TECHNIQUES

The pollution abatement techniques discussed in the report and listed in

Exhibit 1 are here further described. The purpose is to give the reader

a better understanding of the techniques and perspective of how they might

be applied to particular wastewater abatement problems.

Table 10 shows four major problems faced by many municipal waste treatment

systems. The table gives the typical cause of the problems from a techni­

cal standpoint and possible solutions to the problems, including use of

both plant and nonplant treatment, prevention, and control techniques.

For example, a major problem is pollution from wastewater overflowing the

collection system; the immediate cause is usually insufficient flow

capacity of the sewers; and possible techniques to solve the problem

include separation of storm and wastewater sewers, temporary storage of

storm and wastewater for later transmission to the plant for treatment,

treatment of overflows, increasing the rate of transmission to the plant,

etc. From the table it may be seen which techniques appear more applicable

to each of the particular problems.

It should be noted that all of the techniques listed are not necessarily

technic~lly viable in all situations. For instance, some techniques such

as low-flow augmentation may be site-dependent. Techniques may be applic­

able only in certain cases. For example, rerouting wastewater to a

larger body of water or dividing discharge among waterways to reduce the

burden on the receiving waterway obviously is a viable technique only if

alternative receiving waters are available. Also tradition and legal

constraints may restrict the use of a technique to specific circumstances.
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Table 10. APPLICATION OF POLLUTION ABATEMENT TECHNIQUES TO MAJOR PROBLEMS OF MUNICIPAL WASTE TREATMENT SYSTEMS

•....
N~

Major Problems

1. Overflow of Wastewater from the Collection

System.

2. Unnecessary Treatment of Wastewater in

Municipal Plants.

3. End-of-pipe discharge of "Inadequately
Treated" Wastewater

"Discharge of Untreated Wastewater"

4. DischarRe of Effluent in Overburdened

Waterway.

Causes

Too small sewers.

Combined system with insufficient storm flow
capacity.

Infiltration of the Collection System.
Improper Inflows into the Collection System.
Discharge into the sewer system of water which

could be reused or whose use could be easily
avoided.

Incorporation into the municipal system of
buildings which could be effectively served
by septic tanks.

Insufficient plant capacity.
Inefficiency in Plant Operation.
Inappropriate or inadequate degree of plant
processes.

Bypassing of plant.
Absence of plant.

Prior high BOD levels from other discharges

of municipal effluent or pollution loads from
from other sources.

Solutions

Enlargment of sewers.
Injection of polymers in collection sewers

to speed flow.
Separation of storm and wastewater sewer

systems.
Off-system or in-system tempbrary storage.
Screening, physical-chemical, or other

treatment of overflows.

Periodic flushing of sewers to reduce
pollutant buildups which would otherwise
be contained in overflow discharge.

Repair of leaking sewers.
Relocation of improperly located downspouts

and other sources of inflows.

Installation of water-saving and waste­
reduction appliances and fixtures.

Higher prices for water consumption.
Better coordination between the volume of

hook-ups and treatment capacity.
Improvement in septic service; e.g., through

community septic tanks.

Enlargement of plant.
Upgrading of management and labor.
Change in or addition to treatment processes.
Alternative treatment which avoids discharge

into waterway, e.g •• land disposal.
Raw sewage lagoons.'
Pretreatment in the collection system.
Alternative control or treatment after

discharge into waterway, e.g ••
in-stream aeration. low-flow augmentation.

Restrictions on release of substances into
the sewer.

Rerouting of discharge to cleaner (larger)
receiving waters.

Division of discharge between seyeral
streams.

In-stream aeration.

Low-flow augmentation



For example, in-stream aeration has been generally regarded as suitable

for special problems only, such as restoration of a polluted area of a

waterway for which raising the general water quality through advanced treat­

ment of wastewater inflows would be a slow and costly approach. The

technique has generally not been regarded as a substitute for plant treat­

ment per see Following are descriptions of each technique:

Water~se Reduction Programs are measures undertaken by public agencies

to reduce the volume of water used by households and industry. Since most

water when used becomes wastewater in the sewerage system, a reduction in

water consumption lessens the burden on sewage disposal facilities. (Note

that increasing the volume of water in the sewer system has the negative

effect of increasing the volume of wastewater which must be collected,

treated, and disposed, while increasing the quantity of receiving water

into which effluent or wastewater is discharged has the positive effect

of diluting the concentration of wastes.) Some measures which might be

undertaken by public agencies to reduce water use are (1) education

programs to teach the public water-saving. practices; (2) use of water

pricing to decrease the demand for water by increasing its cost; and

(3) tax, subsidy, or regulatory programs to encourage installation of

low water-use devices and appliances, such as reduced-flow toilets and

faucets, level control and water retention devices on automatic washers,

and recycle/reuse systems which treat and reuse bath and laundry washwater

for toilet flushing and lawn irrigation.

Active Control of the Sewer Collection System is using the sewer collection

system to reduce, control, or treat wastewater prior to its entering the

treatment plant. Active control of the collection system affects what

can and should be done in the treatment system. Four of the techniques

whereby the collection system can be used to accomplish wastewater control,

reduction, or treatment are the following techniques:

(1) Injection of High Molecular Weight Polymers into the Collection

System reduces the flow resistance of wastewater and thereby

in~reases the transmission of wastewater through the collection

system. In effect, the technique is a substitute for enlarge­

ment of the collection pipe, in that both techniques increase

the load capability of the collection system.
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(2) Controlled Flow in the Collection System is the selective

retention and release of wastewater from the collection system

to the treatment system for the purposes of (a) increasing

efficiency in plant operations by achieving more uniform inflows

of wastewater to the plant, and of (b) preventing overflows of

untreated wastewater from the collection system into waterways

when inflows into the system exceed transmission and/or treat­

ment capability. (Retention to prevent overflows may require

the addition of storage facilities to the collection system.)

(3) Pretreatment in the Collection System is any treatment action

taken in the collection system to improve transmission to the

plant or to reduce later processing requirements; e.g., grit

removal may be done in the collection channel, wastes may be

ground and wastewater may be preaerated in order to satisfy

immediate BOD, decrease odor, or improve later processing.

(4) Controlled Flushing of Sewers is the deliberate washing out of

combined sewer systems periodically in order to capture for

treatment the pollutants which accumulate in the pipes during

dry periods and which otherwise would worsen the contamination

problem from storm overflow. Methods of flushing sewers include

(1) the quick discharge of sewage from tanks located in manholes,

and (2) the blocking of the lower end of laterals with quick­

release, inflatable barriers.

This study is concerned with those aspects of Enhancement and Rehabilitation

of Collection Sewers which contribute to abatement of wastewater pollution.

This would include improvement in design or construction of the collection

system which enables the system better to transmit wastewater which requires

treatment and to exclude intake of water not requiring treatment. Innovative

features may be initially incorporated in new collection systems; existing

systems may be rebuilt or repaired to include improvements. Following are

some specific measures which may be taken to imp.rove pollution abatement

by use of the collection system.
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(1) Enlargement of Sewers refers to increasing the size of the

sewer pipes to increase transmission of wastewater through

them. Undersized sewers may cause wastewater to be discharged

before it reaches the plant.

(2) Separation of Storm and Wastewater Collection means the provision

of two separate, parallel systems of pipes; one for carrying

storm runoff from buildings and land and one for carrying sewage

in contrast to a combined sewer system which carries both sewage

and storm water runoff in the same pipes. Separate systems

require a much larger construction cost than combined systems

because of the duplication of sewer lines required. Separate

systems, however, offer the advantage of reducing pollution

from sewer overflow during wet periods. Overflow is a serious

problem associated with combined systems. Combined sewers are

generally designed to accommodate a maximum volume in excess

of dry-weather flow, but during storms the capacity may be

exceeded, resulting in the discharge of a mixture of storm

water and raw sewage directly into receiving waters. Separation

of the systems usually overcomes the problem of overflows,

but does not prevent the problem of pollution from wastes

present in the storm water, e.g., oily, salty runoff from

streets.

Separation of sewers is not the only means of overcoming the

problem of combined sewer overflow. Possible alternative approaches

include structural alterations to the interceptor systems;

separation of sanitary and storm water within the combined system

by means of a pressure or vacuum sanitary sewer suspended within

existing combined sewers; increase in transmission through the

pipes and/or expansion of treatment capability (see Enlargement

of Sewers and Injection of Polymers); storage of excess wastewater

for later transmission (see Selective Retention); treatment of

overflows (see Treatment of Overflows); selective placement of

overflows (see Selective Routing of Effluent Discharge); reduction
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of contaminants in overflowing water by such things as pre-storm

sewer flushing (see Controlled Flushing of Sewers), storage of

initial overflow with higher pollutant load, and more frequent

cleaning of streets during dry periods.

(3) Construction, Repairs, and Corrective Measures to Prevent

Infiltration and Inflows refers to efforts to prevent the

entrance of ground water into a sewer through breaks, porous

walls, or defective joints, or of the entrance of surface

water resulting, for example, from improper location or

connection of roof drains. Reduction in the amount of

wastewater unnecessarily entering the plant conserves treatment

resources.

Control of and Restrictions on Release of Certain Substances into the

Sewer System means limitations or bans imposed by public authorities on

the release of substances into the sewer system, either by households or

industries, for the purposes of reducing treatment cost or preventing

untreatable waste from entering the system. For example, households might

be restricted in their use of detergents containing phosphates; industries

might be required to extract certain industrial chemicals from their wastes

prior to discharge into a municipal system; and industries, for the purpose

of reducing wastewater volume, might be banned from releasing water which

could be reused by them without treatment (e.g., cooling water).

Influencing Decisions of Households and Industry to Connect or Not to

Connect to a Municipal Sewer System is a way public agencies may affect

the volume and/or composition of wastewater flowing into the municipal

sewerage system for treatment. One direct constraint is the imposition

of a sewer moratorium which prohibits tie-ins. Pricing policy for connec­

tion of buildings to the sewer system is another, though much less powerful,

method of influencing decisions. There are other approaches which may be

undertaken by public agencies which are perhaps less obvious and less

certain in effect than the two above. For example, an industry which ties

into a municipal system generally is charged a user charge to offset the

costs which it imposes upon the system. In practice, however, the user
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charge may not fully cover industry's share of cost, or, by like token,

it might be excessive. Hence the user charge may bias industry's choice.

[Though not likely an instrument of policy, the relative efficiency of a

municipal system may also attract (or repel) industries to (or from) a

tie-in because of the possibilities of sharing in economies of scale (or

operational inefficiences).] There are other public policies and practices

which through subsidization may influence industry's decision. For

example, an industry which is charged a user fee equal to the nominal cost

attributable to its wastewater disposal may nevertheless receive subsidies,

in so much as there is (a) no sales tax on equipment installed, (b) no

local property tax on the treatment facility, and (c) debt financing with

long-term, low interest, tax-exempt bonds. Yet another factor in an

industry's decision to treat its own wastes and discharge directly into a

waterway, or to discharge into a municipal system, is the degree of legal

accountability associated with each choice. Without sophisticated

monitoring devices, industry may reduce its accountability by mixing its

sewage with other sewage in the municipal system. Lack of accountability

also impedes the development by public authorities of an equitable user

fee schedule. Public agencies may also influence industry's decisions by

increasing the desirability of internal (in-industry) wastewater reduction

or treatment per see This might be done by raising the cost of clean water,

thereby increasing the attractiveness of wastewater recycling and reuse.

Another strategy would be to call public attention to desired and undesired

behavior by industry, relying on their concern for public image to influence

decisions. As demonstrated in Section VI, existing Federal user fee policy,

which allows grant recipients to retain half of the user fees collected

from industrial users against the Federal grant, appears to give incentive

both to municipalities to encourage industry to tie-in to the municipal

system and to industry to choose to connect.

The objective of Discharge Flow Routing and Outfall Location is to place

the effluent discharge into receiving waters so as to reduce the amount of

wastes per unit of water, and thereby, improve water quality. Given a

level of effluent, one method of controlling the ratio of waste to receiving

water is to divide the discharge of effluent among several streams.
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Another method is to extend outfall systems to larger bodies of water

where assimilative capacity is greater.

Low-Flow Augmentation of Receiving Waters is the supplementation of stream

flow during periods of low natural flow by release of water, usually

impounded during times of excess flow, for purpose of reducing the concen­

tration of pollutants in the waterway. By increasing the flow of water

relative to waste material entering the waterway, the waste concentration

is diluted (i.e., the ratio of wastes per unit of water is reduced) and

the assimilative capacity of the water is increased. Generally low-flow

augmentation is used to guarantee that water pollution will not rise above

some maximum concentration. The technique is usually accomplished by

damming waterways upstream of the area to be diluted and storing water in

reservoirs prior to planned release. However, it may also be accomplished

by the prevention of or reduction in upstream diversions of water during

critical periods.

A Waste Treatment Plant is a series of tanks, screens, filters, lagoons,

and other process units, which are arranged in close proximity to one

another and generally involve buildings, facilities and a central organi­

zation. The treatment plant is the part of a sewerage system which comes

after the sewer collection system and before the outfall, or d~scharge,

system. The conventional waste treatment plant may combine any of a

number of processes which together provide primary and secondary treatment,

i.e., removal of suspended solids, biodegradable organics, and micro­

organisms from wastewater piped to it. The advanced waste treatment plant

typically adds to the conventional in-plant processes some additional

(i.e., tertiary) bio1ogica1-physica1-chemica1 treatment techniques which

enable reclamation of high quality water from wastewater. Table 11

indicates the large array of processes which could be employed in a waste

treatment facility.

Land Treatment of Wastewater is the application of wastewater to land for

purposes of treatment and disposal. This technique goes beyond the practice

of land disposal of sludge, the solid matter remaining after plant treatment

of wastewater, in that both the liquid and solid wastes may be disposed in
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Table 11. SOME '.TASTE TREATMENT PLANT OPERATIONS AND PROCESSES
APPLICABLE TO TREATMENT OF tvASTEl-TATERa

Suspended andDissolvedDissolved
Dissolved BOD

ColloidalRefractory OrganicslnorganicsDissolved NutrientKicroorganilllUConcentrate
Removed.

Solids RemovalRemovalRemovalRemovalRemovalR~vsl

D101ogicnl ProC~~DCS:
Activated mudge

XX ---X

Anaerobic Dip,c"tion
XX ----X

Sio-I'Uters
X---X --

Biom,"" Tr"nl.ment (Algae Harvestinc)
X

---X -X

Siolo;:; 001 104 Hemoval
X---X

Extfmfk·d Apr:'lt.lon: Rio-Dcni t.ri fir::lt.ion
L*-L-X

Rio-Hi lri neat-ion
Xx ---

I'a"vecr Ox.idation Ditch
XX ---X

Chemical Proce~se~: Ctl"n.i cell OKldc'ltion:C.1!.n.l,ytiCOxidation
XX X-.- X

Chlor'i n:jtlon
XX X--X

O~on:lt.ion
L-X--X

Wd. Oxidation
XX X--X

Ch..,Lic.li f'ree i pi !.ation
--XXX

Olonl ci'll pprJIJction
----X

Cottr:1I1:ltion: Incrt~iln.ic Chanicals
Xx --x X

f',lYf'lcctrot¥tes
XX ---X

Disillf.:ct.ion
-----X

Elec!.roJy!. ic Processes: FJcc!.r<dllll,ysis
---XX X

F.l"droly,;ls
--XX

t-'
Extr.1r:t.inw:.:

W
lOll ~:Xeh"nr,e ---XXt-' Ll'p.i'H.i'I"id (Solvent)--XX

Incill"l"t1tlon: FJnidi7.,,<I-ned
XX X-'- XX

fh.yolcnl Pro";f~:;:;{':;: Carbon A-borrtion:Gr,,"'t1ar Activated
X-X

Powr I"rf:'(J
XX X--X

Dbti I ht.\on
xX xx·x x

Fil tnli on : Coal. Filtration
LX ---X

m"t.om;}IJoun f;art.h Filtration
-x ---x

DU1.l- ~""li" Filtration
-X ---X

Ki r. ro-Scrf>crU.ng

-X ---x
Sl1d t'lHr.1tion

-x ---x
Floeou.latlon-SOOlmentation

-X ---x
Fa.'a.":1[,ep,-...ralian

-x xX
FreezinG

X-XXX
Gn" l/;{dration

x-xXx
Revene OSll".osis

xX XXX X
Stripping (Air or Steam)

XX x-X

*under specific· conditions there ldll be limited effectiveness

a Pro iec l):; of the Industrial Poll tltion Control Branch. Watpr 'P011nt'ion Control Rel'lp.arch SeoriPR. F.'PA,
120QO--07/71. p. 1-26. (Table originally titled "Unit Operations and Processes Applicable to Treatment
and Control of Industrial Water Pollution.")

Note: No single process removes all pollutants; generally, several methods are required for any

single batch of wastewater.



this manner, and .the land application is itself used as a total or partial

treatment process. The technique may be carried out in several ways:

(1) The untreated wastewater, consisting of solids and liquid, may be

spread directly onto the land. (2) The untreated solid and liquid com­

ponents of wastewater may be separated, and the liquid sprayed by an

irrigation-type system on the land, and the solid part either applied

separately to the land or disposed of in some other way. (3) The wastewater

may be partially treated, for instance by a period of storage in an

oxidation pond or sewage lagoon, prior to land application by either of

the above methods. Objectives in land disposal of wastewater may include

land fertilization, in addition to restoration of water quality which

occurs as the water filters through natural soils. When the latter is

the sole objective, marginal land unused for other purposes may be. used.

When the former objective is present, the wastewater may be applied to

farmland, woodland, and land under reclamation. Additional possible sites

for disposal which might benefit from fertilization, as well as provide

suitable disposal land in areas where adequate farmland and woodland are

unavailable, are parks and highway medians and shoulders.

Community Septic Tanks are rural sewerage systems which provide wastewater

disposal for ,a group of buildings. They present an alternative to the

conventional one-septic-tank-for-each-house arrangement now prevalent in

rural areas not reached by municipal sewer lines. There are three main

approaches to community disposal of wastewater in rural areas. The first

is the piping of waste from a group of buildings to a large septic tank,

normally located on public land. Aside from its large size, more extensive

collection system, and location, the community septic tank is identical

to the conventional single-building septic tank. It consists of a large,

watertight container, usually made of concrete or steel and buried under­

ground. In the tank, naturally occurring microorganisms in the sewage

decompose it. The sludge settles on the bottom of the tank, from which

it must be removed periodically, and the clear effluent flows out of the

tank through a system of distributing tiles or pipes into the ground, where

it is absorbed and becomes part of the ground water supply. A second

approach is the periodic collection by truck of wastes from individual
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holding or storage facilities located at rural buildings, and the trans­

portation to a disposal area or facility. This second approach may be

necessary in areas where absorption of effluent into the ground from

septic tanks is impeded, such as in areas of heavy rainfall, or where

soil properties provide poor percolation, or where an excessive number of

septic tanks overload absorption capacity of the surrounding ground. A

third approach involves an arrangement by which a designated public

authority assumes ownership and maintenance responsibility of individual

septic tanks located on private property. As used in this report, the

term "community septic tank" encompasses all of the above approaches to

joint disposal of rural wastewater.

A Raw Sewage Lagoon is a pond for receiving and impounding raw sewage

while the interaction of sunlight, oxygen, bacteria, and algae decompose

the waste and restore the water to a purer state. Both gravity separation

and biological reduction are accomplished in the lagoon. Though lagoons

are more often used in conjunction with conventional treatment plants to

provide "polish treatment," raw sewage lagoons have been used successfully

alone to provide treatment. They may be particularly suitable for smaller

communities where needed land is available at reasonable costs and waste­

water loads are of manageable proportions, for treatment of certain kinds

of industrial wastes, and as initial treatment facilities in newly

developing areas prior to dense settlement. In the latter case, they may

be used to provide polishing treatment if a plant is later added. The

raw sewage lagoon may also be used in conjunction with land disposal

techniques, such as spray irrigation, to provide preliminary treatment.

Aeration of Receiving Waters (In-Stream Aeration) is the introduction of

air or molecular oxygen, by artifical means, into a waterway for the

purpose of raising the level of dissolved oxygen (DO), a key determinant

of water quality. If natural sources of oxygen--primarily reaeration

at the surface--are not sufficient to meet the biochemical oxygen demand

(BOD) imposed upon it (i.e., the amount of DO required for aerobic decom­

position of organic matter present in the water), the level of water

quality deteriorates. Raising the level of DO increases the waste assimilative

133



capacity of the waterway and is one means of improving water quality. There

are a number of different types of systems or processes by which aeration

of rivers, streams, lakes, and ponds may be accomplished. Some systems are

site dependent, such as techniques which rely on weirs or dams. Other

systems are more flexible with respect to site, such as (1) mechanical

surface aerators which transfer oxygen by breaking the water into droplets

and inducing turbulent mixing, (2) diffusion systems which introduce air

or molecular oxygen directly into the water through perforated tubing,

nozzles, or jets installed below the water surface, and (3) the side

stream pressurization system in which a small percentage of the flow

volume of river water is drawn off, mixed with oxygen under pressure and

the supersaturated mixture is diffused back into the river.

Treatment of Overflow refers to the application of treatment processes

to untreated wastewater dischalged from a sewer system into receiving

waters when flow exceeds the system's transmission and storage capacity.

Generally, overflows occur in a combined sewer system during large

inflows of storm water and consist of a mixture of storm water and raw

sewage. Normal sewage treatment processes could be used, such as

screening and straining and chlorination. Some processes may be applied

to overflows at the rate at which they occur; others require storage of

overflow for treatment.
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