REVIEW OF
MUNICIPAL WASTE TREATMENT
CONSTRUCTION GRANTS PROGRAM




= pA 054/

MAJOR PROGRAIY PAPLR
r_REVIEH OF
AUNTCIPAL VASTE TREATMENT
CONSTRUCTIQH GRANTS PROGRAM

RX00000bY9Y



CONTENTS

Summary

Introduction

Investment Trends

Development of Investment Needs

Federal Cost Sharing

Alternative Allocation Methods

Priority Systems

Public Treatment of Ipdustrial Wastes

Regional Waste-Handling Systems

LIST OF FIGURES

States Classified According to Recent
Investment Behavior

Regional Definitions for Analysis of
Comparative Unit Investment for
Incremental Waste-Handling
Capabilities, 1962-1968

Growth of Public Waste-Handling Services

Public Investment in Waste-Handling Services
1952-1967

Relative Domestic and Industrial Loading Public
Waste Treatment Plants

Application of Economies of Scale Through
Consolidation of Waste Sources Producing
10 million gallons per day of sewage

vi

26
63
115
129
143
165

42
N

73

150
155



10.

n.

12.

Unit Investment by Size of Place for Incremental
Waste-Handling Capabilities, 1962-68

Generalized Ranking of Unit Cost and Removal

Efficiencies of Conventional Waste Treatment
Processes

LIST OF TABLES

Comparative Investment Outlays for Waste-Handling
Purposes, 1967 & 1968

Estimated Annual Public Investment for Waste -
Treatment Plants and Ancillary Works, by State

Current Dollar Investment by States 1952-1968

Comparative Categorization of States by Récent
Investment Behavior

Declining Investment States: Relative Condition
and Past Performance

Per-capita Investment Associated with Attainment
of Water Quality Standards 1952-1969

Industrial Pollution Control Investments as
Reported by McGraw Hill

Summary of Data Reported for the Petroleum
Industries by the American Petroleum Institue

Summary of Data Reported for the Chemicals Industry

by the Manufacturing Chemists Association

Projected Cumulative Inorganic Chemical Industry
Capital Costs and Annual Operating Costs for
Waste Treatment

Evaluation of Capital in Place and of Defined Needs

1969

Normative Assessment of Annual Capital Needs
Generated in 1962 and 1968

ii

176

180

14

16

18

20

22

24

28

30



13.

14,

15.
16.

17.

18.

19.
20.
21.

22.

23.
24.
25A,

258,

25C.

26.

Computed Values Associated with Various Categories of
Investment Needs

Increase in State Government--Defined Waste Treatment
Needs Overtime

Frequency of Major Plant Revisions

Escalation of the Cost of a $1,000,000 Waste
Treatment Plant, 1950-1969

Constant Dollar Investment Per Unit of Capacity,
Activated Sludge Plant, 1961-63 and 1967-69

Normal Plant Size Related to Relative Regional Unit
Cost

Wage Rates Related to Comparative Unit Costs
Major Components of Construction Cost

Relative Urbanization Related to Unit Waste-Handling
Investments

Relative Construction Costs of an Activated Sludge
Plant

Investment and Demand, Northeastern States
Adjusted Investment Needs, Eight Northeastern States

Optimizing Schedule, Water Quality Standards Related
Public Investments

Stretchout Schedule, Water Quality Standards Related
Public Investments

Deficiency Schedule, Water Quality Standards Related
Public Investments

Summary of taste Treatment Facilities by Year Plant
Underwent Major Revision (or Began)

144

31
33

35
38

40
45

47

- 48

49

50

51
52
54

55

55

57



27.

28.

29.

30.

3“

32.

33.

34.

35.

36.
37.

38.

39.

Range of Five Year Investments (1970-74) Associated
with Provisional Attainment of later Quality
Standards, by States (il1lions of Dollars)

Optimizing Schedule, Water Quality Standards Related
Manufacturers' Investment for Yaste Treatment
(Values in Millions of Current Dollars)

Estimates of State and Local Governments' Needs
for Federal Financial Support

Relation of Federal Assistance to Total Estimated
Public Waste-Handling Expenditure

Dollars of Total Investment per Dollars of Federal
Construction Grants °

Federal, State and Local Share of Financing the
Cost of Water Pollution Control Facilities in
New England

Per Capita Expenditures of State and Local Governments
for Sewerage services

State and Local Governments' Annual Expenditures
for Needed Public Water Pollution Control
Facilities

Per Capita Expenditures of State and Local Governments
Fiscal Year 1968

Per Capita Personal Income

General Revenue of State and Local Governments
Fiscal Year 1968

Relationship of State and Local Governments' Annual
Expenditures for Needed Water Pollution Control
Facilities to Total General Revenue and Property
Tax Capabilities ‘

Moody's Rating of New Enaland States and
Selected Communities (December 1969)

iv

60

62

66
68
81
90
91

93

94

97
99

100

103



40.

41.

42,

43.
44,

45.

46,

47.
48.

49,

50.

51.

52,

53.

Effect on Property Tax on a $20,000 Home in Financing
Haste Treatment Facilities

Priority System Criteria
Numerical Rank of Criteria by General
Distribution of FWPCA Grants by Size of Community

Metropolitan and Non-Metropolitan Distribution of
FWPCA Construction Grants, 1956-1968

National Summary - Elasped Time (mos.) Between. Grant
Offer and Construction Start

National Summary of FWPCA Grants Approved and Still
Pending as of 12/31/68

Unused Allotments by Fiscal Year

Pattern of lYaste Discharges to Public Sewers by
Manufacturing Plants Using 20 Million Gallons
or More in 1964

Distribution of Industrial Loadings to a Sample Group
of Muricipal Sewage Treatment Plants

Relative Domestic and Industrial Loading of Municipal
Waste Treatment Plants in 1968

Generalized Cost to Size Relationships of Basic
Waste Treatment Processes

Relative Prevalence of Industry-Provided and
Publicly Provided Waste Treatment by !lajor
Manufacturing Sectors, 1963

Distribution of Waste Treatment Processes by
Size of Plant

106

130
131
132
133

136

137

140

145

147

149

154

158

179



In retrospnect, the fFederal
Grant Prcgram has been effective

SUMMARY

daste Treatment Plant Construction
in providing treatment facilities for

the nation's population. Alrmost
United States is served by waste
service has been installed since the initiaticn of Foderal grant

assistance. !'oreover, a great awount of plant imprcovement and service

extension tc industry has been conducted with the assistance of Federal
grants.

©3% of the severed population of the
treatment; and more than 50% of that

While local decisions have heen the major source of qrant utili-
zation demgnds, the avaiiability of granus has influenced the Torm of
that demand. Capital intensive works and relative neglcct of severs
have resulted from the limited scope of Tederal financial assistance.

Federal ascistance to local waste handling services may Le
Jusu1.1eo on the basis of equigv vater auality improvement is an
imposed national pricrity, and 1nve:tmen;s to achieve it are rarely of
direct local Lenefit--and necessity. Demands on State and locdl gov-
ernments hoth excred and increasa nore rao1d]" than revonuss diractly
avrilabtle to such governmants.

Federal assistance for State and lecal wastz handling service

has been rising steadily, t aking the form of investront canital aVe11-
avle from the Zerartment of the latorior, Agricu?t"rd and ”GJCTHg
and Urben Scocvelonment.  Such assistanco pnov ameunts e about 1°% of

tetal annual exrerditurcs for public wasto-nanu]1r0.
program requirenents rcsult in a rultinlier effect on local revenuc

requirements, ever with Federal cost sharing they have added te the
financial distress of local gevernments.

Because Tederal

Feceral funds must now be utilized very 1crq”1y for capnital
maintenance. ithout additicnal Federal inputs, it is unlikely that

significant incramental abatemcnt cap1ta1 will or can, be previded by
local government.

. I the Fedefa! sliare of spending for waste-handling were to be
increased (inclucding HUD and Dent. of Agr. grants) to arcund $°69
million a year, the existing "'ac“log of waste trca*ment needs mignt

be elirinated in five to eight yecars, given the structural reforms
necessary to shift funds to arcas of need.
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Cost-sharing nolicies should be based not on jsolated events but
on agqrenate events and aggregated accomplishments. Deficiencies of
current cost-sharinag nelicies trace to a lack of resncnsiveness to
basic changes in the order of total evonts. [LfTicient cost-sharing
must be Tlexible enough in procedure to adant with precision to varia-
tions in cenditions.

These changing cenditions are summarized. First grants should be
scaled and avarded to achieve two disparate ends. On the one hand,
routine system maintenance rust be accormedated. On the other, there
should be scme princivle of concentrated investrent for use in reliev-
ing conditions of demonstrated nollution. Seccend, the Federal share
of costs should Le self-adjusting to demand. !oreover this response
should equate internal Lenefits with expenditures.

Instituticnal protlems, including iradequate State responsiveness
the Timited scope of Fcderal assistance, the absence of incentives .
to lecal government, and tha fluctuating characteristics of Feceral
financial ascistance are at least as significant as relative shortage
of Federal arant funds in reducing the effective rate of nollucien
abatement nreqress. Therefore, as ore element of imnrovement, qreater
stability anc certainty must be provided to States, lecal communities
and eccnonic secters, in order to achieve better planning and con-
struction on a timely bascs.

In general, it can be stated that the criteria vhich the States
anply arc mosi comprebensive, that is, they cover a bread range of
cateqgories. These categories fall into three troad grourings, nollu-
tion ahatement need, financial need, and status of plannina. Unfertu-
nately the States apnly thair criteria to nroiccts on which annlica-
tions for Federal assistance have been filed. Therefore, if a critical
pollution need exists it is the accident of readiness that causes such
a need to te fulfilled rather than the apnlication of the State's
nriority system.

Each investment in pollution control made under the existing
system may reduce the discharge of untreated or unnronerly treated
wastes, but there is no assurance that the critical nrohlem affacting
the quality of the stream is attacked. If anvthina the existing
system discourages any State anency from refusinn te certifv a nar-
ticular apnlication., Annlications tend to be routinely cortified
vhere the benefit from the investment mav not be fully realized until
additinnal rnroklems are brrught under cortroel.
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To be effective and efficient priority systems must do mere than
assist in shifting morey between the States. They must insure that
whatever suas are available, the investments which flow are prucent
and will accomplish both the Agency's short and long-term objectives.

In order to make the priority systems more responsive to
pollution control and abatement and the achievement of the water
quality standards, the Agency must place itself in close coordination
with the States. Together they nust focus on the nricority systems as
the primary tool in identifying where the moct pressing pollution
problems exist and which projects must be undertaken to maximize to
the extent possible the available federal assistance.

The propriety of awarding Federal grants for that portion of
nublic waste handling facilities that will treat industrial wastes has
been questioned, particularly in those cases where wastes from one or
a few industrial nlarts comnrise a substantial portion of the waste
treated. There is a need for clarification of lenislative intent in
this reqard relative to cenflicts with the predeminant practice of
American local gecvernnent,

The distinction between municipal and industrial wastes is
largely artificial. Pullic treatment of industrial wastes is
currently widely practiced, and is the scurce of imoroved treatment
efficiency and cost-effectiva-ness, Objections to nublic treatment of
industrial wastes tenc¢ to arise from the oprortunity the practice may
afford industrial maragement to divert the cnsts of treatment larjely
to the public sector. Initiation of rational usor charge systems can

be relied upon to recuce the orportunities for this particular
inequity.

Efforts to develop in the United States systems of regional water
pollution centrol based upon the conditions of river basins have
proved to be less than satisfactory. On the other hand, rmost metrego-
litan areas bave org¢anized regional waste handling services that are
generally available to all residents of the metropolitan arca; and
sevaral States are bLeginaing to view the municipal waste handling
system to ke manazed cooperatively by State and local governments, with
a high degrce of State Tinancial participation and operational
monitoring.

thile the major economies derived in the river basin system from
utilization of gracuated vaste treatment requirements, incentive fees,
and ron-treatment atatenent m2asures are not fully availatle in either
the metrcpolitan or State variant of rogicnalism, scre are petentially
available as managament carcabilities incrzase. “orecover, such cesir-
able end preducts as attainment of ecencmies ¢f scale, use of
cequitalle user charcas, and cnaraticnal offoctiveness may all be fully
prosent in these Lind of regional organizations.
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It would anpear to be tc the Fecderal interest to recognize the
social Timitotiens to use of river Lasin systems, anc to fester Lhe
development of the kinds of regional systoms now found in the United
States. The constructicn grants mecnanism can be adapted 1o serve
these ends. Use of Llock grants to States that enploy integrated
systems that include 7inagncial support, rather than Lying grants tc
specific projects, would strengthen the allocational powers rcquired
to imnlement such broad systens, and would concsivally enccurage the
use of in-strecam and otiier non-treatment methods. PReguiring a systen
of user charges would also contribute fc develenment of rzgional
systems Lecouse tnz develepment of an independent financial base tend
to reqularize and Lreoaden planning.
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THTRODUCTINN

Major nreovisions of the Fedaral ater Polluticn Control Admin-
istration's construction arants IenisTation will exnire in 1071,
Controversy has hecun te develon aver the structnrs nf Federal assis-
tancr for water nollutinn control activities. Some nf that controversy
is related +n the amount nf Faderal assigtanne, and some nf it to
nrocedural or afficiency conditions annlvina in the conduct of the
proqram.

The purnnse nf this study is to evaluate the current form of the
major financial rrevisions of the Act in 1igit of its performance,
conditiers to which it ennlies and the underlying econcnic domand on
Fedzral funds 7eor polluticn centrol purncses and to examire in con-
sistent forn nassible aliornative coursss of action. The study vas
initiated by alrost sinwltanccous dirvections frem the Sursau of the.
Bur-cau of tre Lucgelt and the Departnient of the Interior. Issurs
related to, or subsidiary to, the construction grants progran are
considered as scnaralc but integral nortions of the report. Thes2
issues -- regioralism, public treatment of industrial vastcs, and the
State pricrity systemns--are considered to be distirct matters at issuc,
in that one or both of tie directing authoritics has exnressed an
interest in exploring each in its own right, as well as in its ralation
to formulation of appropriate procedures for Tederal financial assis-
tance to State and local governnents.

The study was conducted with an absence of policy or other
constraints exerted by current construction grants lcgislation or
procedurcs, although it is within the framework of other legislation
and policies which are not under review. An attempt was made to
examine each issue and each point exclusively on its merits. lhile
recognizing that the predominance of the value system peculiar to
economists may have introduced an internal institutional bias to the
study, an attempt has been made to deal in a pragratic fashion with
substantive corplications raised by non-economic Lut institutionalized

social values in the areas of management, politics, technology and
professionalism.

In method the renort is expository and discursive rather than
mathematical. Documentation is to be found princinally in F.PCA
reports to the Congress entitled The Cost of Cloan “ater anc The Cost
of Clean llater and its Eceronic Impact, or in spnecific shources cited
in the body of the text. The present renort with additional illustra-
tive material and formal quantitative analysis of data will constitute
the substance of FUPCA's 1°70 report to the Congress on the subject of
municiral waste treatment.




- The policy issuas in gquesticn--public treatnent of inuustrial
wastes, appropriacenass ana application of State priority systoms,
Tevels of cest sharing, naturce and effect of regional waste nandling
arrangements, alternative grant allocation strategies--arisc out of a
very corplex set of cenditions, and may Lecome hepclessly confused by
the interpcsition of profassional, reqicnal and philoscphic values.
This report attemsts to reduce the area of available corfusion by
examining each pelicy issue in terms of a consistent set of criteria:
effectivencss, efficiency, equity and nracticality.

ffectiveness is considered to be the ability of a course of
action to advance progress toward expeditious attainment of the water
quality standards, and the matters of deqree and irrodiacy are con-
sidered critical comnenents of effoctivencss. For purnoses of tie
study, water guality standards are censiderad to be only those nhysical
and chemical cenditicns, and by iarlication the stated uscs upen which
they rost, thoet apnly to actual vater Ledies. Imnlementation plans,
an integral part of the standards in law, arc not censidered te con-
stitute a test of effactivenass. To include plans of imnlsomentaticn
as an elerent to be effectuated would obviously Le tautclcgical, arnd
the circular reoascenina invelved weuls invalidate the analysis. It
must be recognized, hovever, that ohysical water quality coenditicns
and situaticn denendent, so that no single set of raquiremcnts can be

[T RL

equated with effectiveness in all circuastances. For this rcason,

deqree of waste reduction must be substituted for attairment of stated
water quality conditions in the expression of the aralysis.

Equity is censiderad to Le the correspendence between the inci-
dence of cost vith resnoct to Loth benefits obtained and damanes oc-
casioned., It rmust Le stressed at this roint that the twe are seldem
if ever the same. The immediate Leneficiaries of waste treatment are
almost invariably those downstream of the waste source. 2And though a
community of interest m2y rrovide tencfits to all water users from the
pollution abatement acticns of the same persons viewed collectively, it
is impessible to isolate the sum of tha benefits that any uscr receives
and to cempare it with his costs. BRenefits are unaqually distrituted
among classes of water users; and sources of damaqns are even mere
uncqually distributed, due to the different characteristics of various
vaste sources and discharge conditions. In this connection, it should
be noted that 2 Federal qrant for the construction of 2 waste treat-
ment works is in no absolute sense a benefit to the reciniont, since
it requires that he provide some related amount of rescurces for the
nurpose, rescurces thet he might othervtise devote to him, more revward-
ing purposes. In apnlying the test of couity, then, this study fccus-
ses upon the vays in vhich classes of water users, as well as the vayv
in vhich classes of wateor users cause damage that renuire roredies
among all other classes of users.



Efficiency refors to the relative level of resource irnuts as-
sociated vith a qiven outnut of offectivennss, Tnruts are eouated
with dollars in all cases. Therefora, when tun or more alterrative
courses of action 2re censidered to be equally effective, as effactive-
ness is defined above, that vhich is lrast costly is defined to te
most affective. This is, ther, a verv narrev view of officicrcy,
since it does not include the all imortant institutiernal facters vhich
madiate hetveen theory and attairment, nor does it nlace a value unon
the external disecencries assonciataed vith structurira institutions to
achieve a consistency with efficicent performance. Such external ceosts
--including the time lest in attaining abatement of pollution--inav be
extremely high in some cases.

Practicability rzfers to tie association of a pelicy or course cf
action with the existence of the institutions, techncleoy and secial
valuas required te imolement it. For Lhc most part, these discussions
will be pracmatic in the exirenre, occurring in the form of an exposi-
tien of relevant existing concitions. IT a precedure exisis in
practice, it will L2 assumied to La practical. Cenvarsely, the failure
of a situatien te cccur, in combination with strong theoretical arau-
ments for that situation, will be taken to constitute prira facie
evidence of a lack of practicability. )



INVESTMENT TRENDS

Recent Levels of Spending

Total investment for liquid waste handling facilities was little
changed in 1968 from its 1967 level, due to pronounced declines in
indicated industrial waste treatment investments and in the rate of
installation of sewers.

Public investments amounted to $1,111.8 million, a more than $50
-million increase over the previous vear and a new high for the purpose.
That increase was concentrated in areas relating to waste treatment--
public investments for collecting sewers were about $44 million lower
than in 1967, while spending for waste treatment, transmission, and dis-
charge facilities rose about %102 million over the level of 1967. In-
flation, which exerted its nressures with increasing effect through the
course of the year, ate up most of the increase in public outlays. Over
$30 million of the $50 million increment in year to year public spending
is calculated to have been the consequence of higher prices.

Table 1

Comparative Investment Outlays for
Waste-Handling Purposes, 1967 & 1268

Investment Cateqory Investment (millions of current dollars)
1967 1968

New Waste Treatment Plants 149 180

Expansion, Upgrading, Renlacement 213 189

Interceptors & Outfalls 188 284

Collecting Sewvers 606 550

Industrial !laste Treatment 564 529

Total Capital Outlay 1,720 1,732

Although information for investment in 1969 is not fully avail-
able, preliminary indications are that it maintained its uoward course.
Projections that were made in the first quarter of industrial outlays
indicated that over $700 million would be spent for waste-handling



facilities in 1969. (The value must be presumed to be highly suspect,
in view of the wide divergence between projected and actual investment
in 1962, when first quarter nrojections derived from industrial sources
suqggested outlays approaching 5800 million for a year in which less
than $600 million was actually invested.) One may infer, too, that
expenditures for installation of sanitary sewers were little, if any,
greater than in 1968. There is a pronounced secular downtrend in in-
vestments for public sewers: and the steep decline in new housing
starts experienced during the year suggests another drop in the level
of privately funded sewer installation, which is directlv ralated to sub-
division development. Dut the segment of the market made up of invest-
ments for waste treatment plants and ancillary works unquestionably
moved to a significantly hicher level. The assessment is based on
projects receiving Federal construction grants that were actually
started through the first ten months of 1962, The value of those
_projects--about $740 millicn--is consistent with an $320 million full
year investment. Tahle 2, that contrasts estimated 1969 investments
for vaste treatment plants and ancillary works with those of other
recent years, may be distorted with respect to the interstate distrib-
ution of investment for 1969, in that it assumes.a constant relation-
ship between ten month and twelve month investment for every State, but
the total may but be presumed to be approximately accurate.

Because of the acceleration of inflationary forces that went on
through 1969, a very significant portion of the year to year increase
in investment was dissipated in price increases. Assuming a constant
exertion of inflationary effects through the year, 547 million of the
$128 million rise in spending was accounted for by higher factor costs.

Influences in Public Investmnent

New influences on the course of public waste handling investment
vhose shaoe began to be discernible in 1967 and 1968 took on sharper
outlines in 1969. The prime influence on the level of spending since
the Korean war has been the amount of Federal financing assistance that
has been made available to local governments. 'hen Federal grants in
aid were initiated in 1956, the pace of public investment accelerated -
noticeably. And as the amount of Federal assistance climbed in succes-
sive steps from $50 million a year to $200 million a year, total
spending kept pace, in terms of direction and amount if not of pro-
portion. (See Table 3 for a State by State comparison of expenditure
levels at periods marked by successive increases in the rate of Federal
financial assistance.)

In recent years, however, the impact of the amount of Federal
subsidies has been modified by other forces. The maturity of the
national investment program has resulted in a sharply altered config-
uration of capital needs. State financial assistance to local cormu-
nities has complemented and redirected the force of Federal assistance.



TABLE 2

Estimated Annual Public Investment
for Waste Treatment Plants and
Ancillary Vorks, by State

Average, 196769 Avae
1962-66 1967 1968 1969 est. 1962-66 Avge
Alabama 6.6 12.6 4.3 18.5 179%
Alaska 0.3 0.1 4.0 0.2 478%
Arizona 5.8 5.4 2.9 5.9 82%
Arkansas 6.4 10.7 3.2 10.5 127%
California 34.0 43.0 34.9 411 17¢%
Colorado 7.4 3.0 4.6 10.5 82%
Connecticut '8.2 17.7 7.5 “71.5 395%
Delaware 2.2 - 1.0 1.4 36%
District of Columbia 6.8 13.6 3.2 6.4 114%
Florida 10.6 9.4 16.8 29.6 175%
Georgia 8.7 13.2 4.5 22.7 155%
Hawaii 5.5 4.4 - 0.5 30%
Idaho 0.9 1.3 0.7 1.9 144%
IMlinois 30.9 45,3 33.5 33.2 1214
Indiana - 16.8 24.4 271 10.3 123%
Tova 7.3 8.2 131 14.6 164%
Kansas 5.3 5.2 1na 4.5 131%
Kentucky 7.0 4.0 4.4 10.9 92%
Louisiana 1.2 7.6 4.5 11.0 69%
Maine 3.3 1.4 5.7 10.0 173%
Maryland 7.7 20.2 17.3 31.0 297%
Massachusetts 12.4 6.7 13.4 28.1 130%
Michigan 21.1 7.6 30.4 5.7 69%
Minnesota 10.4 8.6 13.3 13.3 1137
Hississippi 4.3 2.7 2.7 2.4 60%
Missouri 21.1 15.2 26.5 12.8 86%
Hontana 1.3 0.5 1.3 1.3 79%
Nebraska 4.8 4.5 2.0 3.0 66%
Nevada 3.5 3.4 0.4 0.2 38%
New Hampshire 3.1 2.0 €.0 1.9 106%
New Jersey 15.9 30.0 10.5 4n,2 169%
New Mexico 3.4 4.0 0.4 3.5 77%
New York 40.6 33.3 115.0 97.0 201%
North Carolina 14.8 18.7 10.8 17.3 105%
North Dakota 0.8 0.8 0.3 0.4 63%
Ohio : 23.5 26.13 35.1 41.9 146%
Oklahoma 4.0 6.5 5.5 14.6 222%
Oregon 5.5 3.2 3.3 7.6 85%
Pennsylvania 23.8 42.¢ 65.3 90.2 277%
Rhode Island 2.8 1.0 1.2 1.9 49%
South Carolina 5.2 4.6 10.5 26.0 263%
South Dakota 1.5 2.9 0.2 1.8 109%
Tennessee 10.5 5.1 19.9 18.6 138%
Texas 17.5 14.9 17.1 38.2 1344
Utah 2.8 1.9 0.1 1.2 38%
Vermont 3.4 1.8 2.4 3.9 79%
Virginia 10.7 20.9 10.4 25.0 175%
Washington 20.5 3.8 20.9 4.6 48%
West Virginia 6.2 1.2 3.0 4.0 44%
Wisconsin 18.2 13.4 171 20.7 94%
Wyoming 0.2 - - 0.8 133%
Puerto Rico 1.8 3.8 6.5 1%
Totats 508.9 542.4 652.1 880.8 136%



TABLE 3

Current Dollar Investment by States 1952-1968
(Millions of Current Dollars)

. Total for
1952-1955 1956-1961 1962-1966 1967-1968 Period
Alabama 11.4 31.9 32.8 1€.9 93.0
Alaska - 2.2 1.7 4.1 8.0
Arizona ' 1.1 12.8 29.1 8.3 51.3
Arkansas 2.8 16.0 32.1 13.9 64.8
California 46.8 213.9 170.1 77.9 508.7
Colorado 3.6 17.3 36.9 7.6 65.4
Connecticut 4.6 19.8 41 .1 25.6 91.}
Delaware 4.9 5.0 10.§ 0.9 21.6
District of Columbia 2.0 33.2 33.9 16.8 85.9
Florida 39.2 43.2 53.0 26.2 161.6
Georgia 6.3 32.4 43.5 17.7 99.9
Hawaii - 5.8 27.5 4.4 37.7
Idaho 0.7 8.6 4.7 2.0 16.0
I1linois 33.3 127.7 154.6 78.8 394.4
Indiana 59.3 97.5 §4.2 51.2 292.5
Iowa 10.2 33.0 36.4 21.3 100.9
Kansas 15.1 35.3 26.6 16.3 93.3
Kentucky 12.9 38.7 35.0 8.4 85.0
Louisiana 4.2 25.0 55.9 121 97.2
Maine 0.7 3.8 16.6° 7.1 28.2
Maryland 6.7 28.4 38.7 37.5 m.s
Massachusetts - 14.3 31.6 62.0 20.1 128.0
Michigan 34.2 23.4 105.6 38.0 261.2
Minnesota 16.5 36.3 52,2 21.9 126.9
Mississippi 1.7 113 21.5 5.4 39.7
Missouri 8.6 26.2 105.6 §1.7 182.1
Montana 0.8 8.2 6.4 1.8 17.2
Nebraska 1.4 26.0 24,1 6.5 58.0
Nevada 2.5 6.0 17.7 3.8 30.0
New Hampshire 0.9 4,6 15.5 8.0 29.0
New Jersey 81.1 75.6 79.7 40.5 276.9
New Mexico 3.0 12.2 17.0 4.4 36.6
New York 66.7 171.0 203.2 148.3 589.2
North Carolina 12.2 51.5 74.2 29.5 167.4
North Dakota 1.0 8.8 4. 1.1 15.0
Ohio 61.5 166.0 117.5 61.2 406.2
Oklahoma 9.5 19.7 20.0 12.0 61.2
Oregon 10.5 20 27.6 6.5 64.7
Pennsylvania 51.1 208.4 119.2 107.9 486.6
Rhode Island 5.5 7.3 13.8 2.2 28.8
. South Carolina 3.4 9.9 25.8 15.1 54,2
South Dakota 1.7 5.3 7.3 3.1 17.4
Tennessee 24.3 36.0 52.3 25.0 137.6
Texas 24.1 60.8 87.6 32.0 204.5
Utah 4,9 17.9 14,2 2.0 39.0
Vermont 0.7 6.2 17.0 4.2 28.1
Virginia 17.9 37.0 53.3 31.3 139.5
Washington 6.6 37.5 102.5 24.7 171.3
Hest Virginia 8.2 32.7 30.8 4.2 75.9
Wisconsin 12.4 52.0 90.9 30.5 185.8
Wyoming 0.6 6.5 1.2 - 8.3
Puerto Rico - 0.5 9.3 3.8 13.6
Totals 753.6 2107.8 2544.3 1192.0 6597.7



Public awareness of water quality problems (probably arising out of the
institution of Federal water quality standards) has develoned a sense
of urgency, a heightening of the investment effort in some cases. Out
of the inter-action of assistance programs, needs patterns, and local
preference, an alteration of the investment structure has emerged,
Where almost every State in the past moved its investment levels
uniformly upward from period to period (subject to year to year
lumpiness imparted by intermittent new starts on extremely large
projects), diverqgent trends have become evident over the last three
years. Some States continue to increase the amount of their investment--
some at fairly constant, some at accelerating rates--others appear

to have reached at least an interim equilibrium level with respect

to public investments for water pollution control, and still a third
group appears to be deemphasizing public investment for protection of
the aquatic environment.

There is a rough correspondence between location and investment
behavior. If one ccnsiders the forty-eiaght contiquous States and the
District of Columbia (Alaska, Hawaii, and Puerto Rico are special
cases, quite different from the rest of the nation in the condition. of
their water pollution control programs), he finds that thirteen of the
twenty-tvo States west of the Mississippi have maintained stable or
declining investment levels over the last three years, and only two of
the western States fall into a category comnosed of States whose
spending has increased fifty percent or more. (cf. Fiqure 1.)
Conversely, seventeen of the twenty-seven eastern States have increased:
their capital outlays for waste treatment facilities; and the class
of States with the largest proportional increases are concentrated in
the extreme northeast and deep south. (Four northeastern States--
Connecticut, HMew Jersey, Mew York, and Pennsylvania--account for almost
seventy percent of the increase in average annual investments for the
period 1967-69 as compared to 1962-66.)

That geographic pattern fits generally, though not invariably,
the pattern of distribution of waste treatment among the individual
States. That is to say, the more complete a State's waste treatment
services, the greater the probability that it is now reducing invest-
ment, relative to other States. The relationship is comforting, in
that it suggests that in some crude fashion--with, unfortunately, gaps
and overlays--investment has a configuration that matches the occur-
rence of needs, as vell as in the implication that at some point of
attainment to be reached in the future, every State will be able to
relax the comparative intensity of its investment effort.

There are also disturbing elements in the distribution of invest-
ment intensity. On the one hand there are the cases af apparent
laxness, States that show a pronounced relative deficiency in waste
treatment services with no corresponding increase in investment effort.
On the other hand, there are indications of pronounced relative inef-
ficiency, in that the level of a State's past effort may be related



G F ‘ L Tf -

) S - H
N sy B apzan

QWE L P T

L=<

N <

NI

<< £ L

— Nu._ an)

O

o

L

=2

—

9

STATES WITH INVESTMENTS DECLINING 11-25%
= STATES WITH INVESTMENTS DECLINING 25% OR MORE

STATES INCREASING INVESTMENT 50% OR MORE

'STATES INCREASING INVESTMENT 11-49%
STATES WITH STABLE INVESTMENTS

&
o

O



only slightly to its current status. Marked increases in expenditures

have been initiated in cases where per-canita spending was equal to or

greater than that of States whose relative needs are slighter and whose
spending has been controlled or reduced in recent years.

The broad outlines of the developing investment structure come
into sharper focus if we categorize qroups of States according to their
recent investment behavior. Table 4 presents such a classification,
with a1l values reduced to relative terms--percentages or per-capita
values--to provide an element of comparability. It should be stressed
that what is true of a class of States, as they are distinquished in
the table, is not necessarily true of every State within the class.
The only distinction recognized in setting uo the grounings was invest-
ment behavior, and distinct differences may be found among units vhose
investment behavior is similar. Thus in the groun of States with
stable investment, we find that Mew Hampshire with cnly 4.5% of the
seviered nopulation of the qrouping includes 50.3% of its population
with untreated wastes, 7.1% of its population with wastes receiving
only nrimary treatment, and 27% of the amount of its investment
requirements. Similarly, in the group of States with modestly decltin-
ing investments, the State of Vermont has only 2.9% of the group's
population, but contains 9.7% of its population without waste *treat-
ment, 2.5% of its ponulation with only primary treatment, and 15.7%
of the value of the groun's investment requirements. Obviously, each
group would comnare even more faverably with the other three groups
if the atypical component were removed. The intra-classification
discrepancy is acute in the case of the grouning of states whose
investments in the last three years have sunk below 75% of the rate of
the previous five years. That discrepancy is discussed below.

1) That aroun of States in wvhich investments were being acceler-
ated most vigorously during the last three vears--50% or more over the
average annual lavel of the five vears before--includes more than a
third of the sewered ponulation of the United States. Those States'
emphasis on waste-handling investment will, then, have a strong influence
on the level of total investment.

The sharp acceleration of ‘investment by these particular States
would appear to be desirable, in that the group contains a relatively
large proportion of the waste treatment needs of the nation. No matter
how needs are viewed in comparison with the population base--propor-
tionate discharge of raw sewage, pronortion of sewered population with
only primary vaste treatment, prooertion of evaluated investment
needs--it would appear that these States, as a group, are behind the
rest of the nation and should be increasing their share of national
investment. That very general conclusion is supported by a review
of comparative investments: as a group, they have invested less,
on a per-capita basis, over most of the last fifteen years than most
other States.
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TABLE 4

Comparative Categorization of States
by Recent lavestment Behavior

Percent of National Total

Current ’ )
Sewered Sewered Pop. Sewered Pop. Investment Investment  Average Annual Per-Capita Investment*
Population w/o Treatment w/Primary Trtmt. 1952-66 1967-69 Requirements  1952-55 1956-61 1962-66 1967-69
States with major Increases (150% or more of
1962-66 average) in investment in 1967-69:

Alabama, Alaska, (Connecticut), Florida,

Georgla, Iowa, (Malne), (Maryland), (New
JerseyJ, (New YorkJ, Oklahoma, Pennsylvania), (1.9%) (2.40) (2.88) (5.37)
South CaroTina, Yirginia, Puerto xico 35.6 42 38.0 32.9 43.9 40.2 1.60 2.42 3.20 6.98

States with fncreases (111-149% of 1962-66
average) in investment in 1967-69:

Arkansas, California, District of Columbia,
1daho, 111Tnols, (Indfana), Kansas,

{Massachusetts), MInnesota, Ohio, Tennessee, (1.68) (2.57) (2.85) (3,11)
Texas, Wyoming 42.6 30.2 38.1 39.4 33.9 32.0 1.34 2.60 3.16 4,04

States with substantially unchanged (90-110%
of 1962-66 average) fnvestment in 1967-69:

Kentucky, New Hampshire, North Carolina, (1.77)  (3.63) (5.82) (4.91)
South Dako_mm—rta. sconsin 5.1 3.3 3.3 7.7 6.4 6.7 1.45 3.67 6.46 6.38

States with declining (75-89% of 1962-66
average) investment in 1967-69:

Arizona, Colorado, Mfssouri, Montana, (1.21)  (2.37) (6.02) (4.29)
{New Mexico), (Oregonj, [Vermont) 5.3 4.8 3.9 6.9 5.8° 7.0 0.99 2.39 6.68 5.58

States with sharply declining (74% or less
than 1962-66 average) investment 1n 1967-69:

(Delaware), Hawaif, Louisiana, (Michiqan),
MIssTssippi, Nebraska, Nevada, Nor akota,

(Rhode Island], Utah, (Washington), - (1.,38)  (2.56) (4.50) (2.12)
West Virgiala 12.6 20.0 17.5 14.3 6.8 14.1 1000 2,59 5.00 2.76

(1.67)  (2.54) (3.33) (3.91)
United States Totals 100.0 100.0 100.0 100.C 100.0  100.0 1,377 256 3.70  5.08

* Per-capita investment based on 1968 sewered population, Constant (1957-53) Dollars in Parentheses

Note: States which provide financial assistance are underlined and States with funded assistance programs are indicated by parantheses.



That investment deficiency may have been in part a result of
Federal policy. These are in many instances the high population, big
city states that, because of grant limitations, received effectively
less per-canita Federal assistance under the terms of the Federal
Water Pollution Control Act as it was structured between 1956 and 1966,
Though per-capita investment in these States showed a response to the
availability of Federal grants after 1956, the amounts of the increases
in per-capita expenditures were well below that of other groups of
states before 1967. Those States now demonstrating the greatest
increase in investment are, however, the same group that provided the
highest per-capita. investment before Federal construction assistance
programs were initiated. In a sense, the major 1966 amendments of the
Federal Water Pollution Control Act tended to redress maldistribution
of Federally supplied resources and to allow these States to step up
their investments sufficiently to begin to close gaps that had opened
between them and others.

But increased amounts of Federal assistance and less discriminatory
Federal allocation procedures have probably been of lesser moment in
levering investments of at least some States within this group upward
than has the initiation of State financial assistance for construction
of waste treatment facilities. Most of these States provide steh
assistance, and have fully funded their assistance programs. In at
least two instances--New York and Maryland--State capnital innuts over
the last three years have matched or exceeded the amount of Federal
assistance.

2) Another group of States, one that contains over 40% of the
Nation's sewered population, is also undergoing a marked expansion of
capital emplacement rates. Almost four out of five Americans, then,
live in States that are still in the process of increasing public
expenditures for water pollution control.

The class of States in which investment is rising at rates that
approximate rather than exceed the degree of increase experienced in
the decade and a half before 1967 tend to have achieved far more
effective control of wastes than have the States that are undertaking
a more pronounced expansion of investment. The group of States under
consideration have invested less, on a total and on a per-capita basis,
than the class of States whose annual expenditures are registering
a more marked increase, yet they display lower than proportional shares
of population without waste treatment or only primary treatment; and
evaluation of their waste treatment deficiencies shows them to be less
than proportional to population.

Relatively efficient use of capital, then, distinguishes them, in
that their per-capita expenditures have been consistently lower than
those in the other investment categories, while their indicated
deficiencies in level of service contrast favorably with the others. 1In
spite of those efficiencies, it has proved necessary for them to
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increase their level of investment continuously. These are, as a
groun, States whose pooulation growth is distinctly above the national
average. They are also States that have consistently provided an above
average level of waste treatment services. It would anpear that
pressures of growth, recapitalization, and upgrading will continue to
operate on these States, and that their expenditures may continue to
rise--nerhaps ultimately attaining a per-capita level somewhat closer
to the national average.’

It is notable in this regard that the agroup of States character-
ized by moderately rising investment has in the past shared, at least
in some cases, the disadvantaged oosition with respect to Federal
financial assistance of the States whose investments have teen rising
most rapidiy: and that--though somz of the States involved provide
financial assistance to cormunities--their expenditures have qenerally
followed the regulator of investment intensity provided by Federal
grants.

3) Federal grants would seem to have served as the principal
regulator in thz case cf the small number of States who have, on the
basis of investments during the last eight years, reached some sort
of equilibrium position for waste treatment investments.

They are States that have, as a group, achisved a high level
of control of rublic wastes. They are not, it would annear,
extremely efficient as comnared to others. Though they have achieved
an interim equilibrium level of per-canita investment, it is at a
rate that has been consistently higher than that of other groups of
States until very recently.

Low population, non-metrenolitan States, they have been so
structured as to achieve maximum per-capita assistance from Federal
construction grants. With Federal assistance at $100 million a year,
these States achieved a level of per-capita spending close to twice
that of more heavily populated States, and the rise in amount of Federal
grant allotments to $200 million a year induced no investment response
on their part.

4) The group of States whose investments are declining moderately
but perceptibly is in many respects much like the group whose invest-
ments are stable. These, too, are States with a relatively small
metropolitan population component who were able to materially accel-
erate their investment under Federal assistance totalling $100 million
a year. Per-capita capital application in this group of States, too,
has been similar to that of States with stable investment--though their
investment is currently lower, it was somewhat higher in the previous
period; and over the eight year period 1962-69, the two groups of States
mounted constant dollar per-capita investment efforts that were within
2% of one another in amount. The parallel investment experience of
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these two groups of States that have largely overcome their waste treat-
ment deficiencies is, perhaps, indicative of what the nation as a whole
can anticinate in terms of sustained investment needs. If so, annual in-
vestments of more than five 1957-59 dollars for each person receiving
sewer services may be some sort of an underlying investment base for

a mature waste treatment sector.

5) States whose investments have declined steeply in the last
three years do not fall into a single pattern. They are widely dis-
tributed with respect to location; they include both industrial and
agricultural economies; some include predominantly small town and rural
populations, others are metropolitan in character.

More significant with respect to this discussion of investment
behavior is the relative prevalence of waste treatment among the mem-
bers of the group. There are twelve States whose waste treatment invest-
ments have been cut back sharply over the last three years. Six of
these--Delaware, levada, Morth Dakota, Rhode Island, Utah, and Yashington--
are much 1ike the groups of States with stable or moderately declining
investments in terms of past performance. The other six combine a-
drop in investment with a high pronortion of untreated or inadequately
treated wastes and a lTow level of investment in the past. Thev are,
in short, much 1ike the States who are now increasing investments most
sharply. (cf. Table 5.)

TABLE §
Declining Investment States: Relative
Condition and Past Performance
I I1

Delaware, Nevada, Hawaii, La.,
N. Dakota, Rhode Michigan,

Island, Utah, Nebr., lest
Washington Virginia
Percent of nation's sewered population 3.6 9.0
Percent of nation's sewered population
without waste treatment 1.0 19.0
Percent of nation's sewered pooulation .
with only primary waste treatment 3.6 -~ 13.9
Percent of national investment: 1952-66 5.0 9.3
' 1967-€9 2.1 4,7
Constant dollar per-capita investment:
1952-69 $64.34 $48.76
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The behavior of the first group is exnectable in terms of their
situation and might have been predicted; the decline in their activity
comes after a period of intense investment, and occurs in situations
marked by a hich level of waste control. The secord qroun is an
anomaly. Investments in the past have been near or below the national
average on a per-cenita basis: they contain an abnormally large proportion
of the nation's population without waste treatment or with only primary
treatt ment; and their investment needs--in terms of physical facility
needs defined by the States themselves--are disproportionately great.

Yet in circumstances that include those indications of likely to be
rising or at least stable outlays, and in the face of a doubling of
the level of Federal grant assistance, they have cut back on investments.

One may assume, nerhaps, that there are special local circumstances
in every case that help to explain the investment decline. And it is
not unrecasonable to suppose that these particular States may simply
be demonstrating in extreme form the effects of high interest rates and
constraints on the supply of money, anc may in fact prefigure similar
investment declines in other areas as such financial constraints tecome
extensively orerative. Another mechanism, too, may be partially re-
sponsible for these States' declining investment. Removal of the
dollar limitations on Federal grants have made them applicable to com-
munities of all sizes, and where State financial assistance becomes
available to communities, the major portion of the financial load is
removed from their shoulders. Under those conditions, the amount of
Federal and State grants would constitute the principal limiting factor
in determining level of investment. Ko cormunity could be expected to
begin a project in the absence of a full share of Federal and State
assistance. Thus the potential availability of assistance may--when
it is inadequate to conditions-- serve to reduce rather than increase
the level of local effort. Inadequate Federal allocations, unfunded
State assistance programs, even the possibility of the introduction
in a State legislature of a bill to provide assistance, can have the
effect of limiting local investments; and such mechanisms may well be
operative in the cases of these six States. (Arguing for such a
phenomenon is the fact that those States whose outlays are increasing
most rapidly include several cases where State gqovernment has agreed
to pre-finance the Federal share of local projects, thus eliminating
the level of Federal allocations as a constraint on investment.)

Relative Efficiency and Public Investment
The data on per-capita investment by classes may offer some
inconclusive but useful insights into the relative efficiency of the

various investment groupings, qs_we]l as into the level of investment
to be anticipated under a condition of complete treatment services.
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Table 6 summarizes the constant dollar per-capita investment of
each of the classes of States for the neriod 1952 through 1969 and
contrasts that amount with the constant dollar value of current invest-
ment needs 1isted by each State. (cf. Chapter Two: Development of
Investment Needs for derivation.) It may very reasonably be concluded
that the eighteen vear investment plus the value of the investment
remaining to be made provides an accounting of the per-capita burden
associated with attainment of water quality standards at this time.

TABLE 6

Per-capita Investment Associated with
Attainment of later Ouality Standards,
1952-1969

(A11 values in 1957-59 dollars)

Investment Status Par-capita investment Per-canita amount  TOTAL

since 1952 of remaining needs
Sharply Increasing 49,23 32.25 81.42
Increasing 45,55 20,98 66.54
Stable 69.63 36.88 106.51
Declining 62.03 37.10 99.13
Sharply Declining 49.58 25.05 74.63

The values obtained by the exercise are extremely surprising. If
they are to be taken at face value, they suggest that there are extre-
mely wide variations in investment efficiency, that the least efficient
users of capital have achieved the highest level of contrel of their
wastes, and that the less capital a State has provided in the past, the
?ma11er the burden waste treatment will mean to its citizens in the

uture. e

Although there are known to be wide variations in investment
efficiency (the point is discussed later in this report), the
implications to be drawn from the values presented in the table seem
to be distorted, particularly when geography is taken into account.
Many of the States that are found in the investment groupings that
represent increasing investment, as well as several among the six
poorer performing States in the category of sharply decreasing invest-
ments, are located in the reaions where capital efficiency has been
demonstrated to be low. A more realistic analysis of the situation may
vell be that there is a tendency for States whose deficiencies are
great to underestimate the extent of those deficiencies. Evaluation
of waste treatment deficiencies may depend to some degree on relative
accomplishment, so that States with effective and well advanced pol-
lution control programs may list as needed improvements situations that
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less effective States would find quite satisfactory. If this is in
fact the case, then those States who are now increasing their invest-
ments--not to menticn those whose investments should be increasing
when they are in fact declining--may find the job that they have set
out to accomplish considerably more expensive than is indicated by
their view of current conditions.

Industrial Water Pollution Control Expenditures

In sharp contrast to 1968, when the high degree of visibility
given to water pollution control by institution of water quality
standards caused a flurry of industrial analyses, information with
regard to industrial pollution abatement expenditures was scarce in
1969. The only available source of comprehensive data was the annual
McGraw Hill Survey of Business Plans for Plant and Equipment. According
to the Survey, industrial investments for pollution control in 1968
were well below first quarter projections. And the planned investment
level for 1969, though higher than actual 1968 expenditures, was
significantly lower than the rate of spending initially projected for
1968, as shown in Table 7.

The report may--though it is not certain--be reason for concerh.
Of the total $776 million of manufacturing investment, 50 to 55% may
be consigned to water pollution control, on the basis of past invest-
ment relationships. That amount--$390 to $425 million--renresents a
sharp drop in the level of industrial water pollution control invest-
ment from the $500 to 5€C0 million of 1967, during a vear of record
capital soending. Strong inflationary pressures during the year may
be thought to have reduced the effectiveness of the investment. The
amount--even witheut adjustment for the greater than expected inflation
of construction costs that occurred--is well below the mean goal of
$502.6 million for industrial waste treatment investments in 1968 that
was established in the first report of this series.

Finally, the forty percent increase in investment planned for
1969 must be considered to be suspect, in view of the wide (49%)
difference between actua] expenditures in 1968 and report plans.

Unfortunately, the arca of certainty is so small with respect
to industrial water pollution control that is is impossible to
evaluate the real significance of the indicated drop in investment
during 1968, Certainly, deviation from the targeted goal is not in
itself enough to cause concern. The range of target expenditure
levels--$328 million to $677 million--is so great as to indicate
that, in spite of the drop in spending, industry may still be making
acceptable progress toward the goal. The gap between projected and
actual expenditures in 1262 may well be traceable to slow deliveries
and extended construction schedules, problems that plagued all types
of construction in the super-heated capital spending atmosphere of
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TABLE 7

Industrial Pollution Control Investments,

as Reported by !'cGraw Hill
(Mi1lions of Dollars)

INDUSTRY Projected Actual
1968 1968
Iron & Steel S 144 § 123
Nonferrous metals 37 13
Electrical machinery 116 38
Machinery 4 58
Mutos, trucks & parts 66 29
Aerospace 8 14
Other transp. equipment
(RR Equipment., ships) 3 12
Fabricated metals & instruments 41 40
Stone, clay & glass 40 33
Other durables 89 28
TOTAL DURABLES 585 388
~ Chemicals 112 104
Paper & pulp" 91 9]
Rubber 6 6
Petroleun 102 157
Food & beverages 32 15
Textiles 26 13
Other nondurahles 40 2
TOTAL NONDURABLES 409 388
ALL MANUFACTURING 994 776
Mining 83 49
Electric & gas utilities 481 223
ALL INDUSTRY $1,558 $1,048
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the last two years. lor is it unlikely that a number of industrial
pollution control orojects were revised to take advantage of nublic
wvaste handling facilities, a practice that appears to be increasingly
prevalent. (The practice could conceivahbly have reduced the Tevel

of industrial investment in two ways: 1) substitution of public
facilities for planned treatment nlants would cause a positive shift
of investment to the nublic sector; 2) delays encountered in public
investment would cause postponement of industrial investments for
connection and transmission facilities.)

The lack of reliable information on industrial water pollution
control activities might be considered to be intolerable, if the
nation had not become quite habituated to it. The guessing process
has gone on for so long that it is considered quite normal; and
every effort to initiate an industrial waste inventory has been
frustrated without noticeable public comment.

In an effort to reduce the area of uncertainty, a contract has
been entered into with the fational Industrial Conference Board to
survey a substantial number of manufacturing firms during 1970 with*
respect to their water pollution control nractices and exnenditures.
It is the hope of the Federal Water Pollution Control Administr~tion
that the use of a nrivate contractor with an imneccable reputation
for discretion and accuracy will reduce mananement fears of disclosure--
fears based, apparently, on a desire to maintain integrity of proprie-
tary kinds of data as much as on the possibility of the use of such
data for enforcerment purnoses if Federally collected--and assure the
agency of reliable information of a breadth and point beyond anything
previously attained for the industrial waste treatment activity. GCiven
industrial cooperation with the nronosed survey, FUPCA should be
able to renort to the Congress in 1971 with authority beyond anything
previously attempted in connection with industrial waste treatment.

Special Studies

In late 1968 and early 1969, the American Petroleum Institute and
the Manufacturing Chemists Association published napers
on pollution control expenditures relating to broad surveys of their
memberships. Those reports, interesting in themselves, are also of
value for their corroborative properties. In general, they sunport
the findings of the 1968 report to Congress on The Cost of Clean Water,
as those findings relate to the specific industrial sectors; and the
investment rates indicated are of an order to magnitude that is compa-
tible with the estimates of canital emolacement rates presented in the
1969 report on The Cost of Clean Yater and Its Economic Imnact.

_ The petroleum industry data summarized in Table 8 is based on
responses to questionnaires submitted to 32 firms, 35 of whom respond-
ed. The respondents are credited with 97% of refinery throughput of
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TABLE &
Summary of Data Reported for the Petroleum Industries

by The American Petreoleum Institute*

Thousands of Dollars

Capital Expenditures Total i'anufacturing Production Transnortation Marketing
1966 79,016 1/ 18,138 1/ 57,063 786 2,124
1967 133,728 1/ 10,000 1/ 70,312 1,017 2,303
1968 122,67¢ 4/

Operating Charges ]
1966 15,797 2/ 19,330 2/ 25,423 1,M9 616
1967 53,246 2/ 21,030 2/ 30,103 1,377 736
1968 56,800 4/

Administrative & Research Expenditures
19£6 20,903 12,759 3/ 6,233 82 1,229
1967 23,842 14,681 3/ 7,757 101 1,303
19268 26,200 4/

*Source: Report on Air & Water Conservation Expenditures of The Petroleum Industry

in the United States, Crossley S-D Survey, Inc., New York, August 19€8.

4/ Estimated

,000 in 1967 at chemicals plants

1/ Includes $1,701,00N in 106€ and $6,770,000 in 12C7 at chemicals nlants
2/  Includes $3,375,"M0 in 1266 and $3,6N0
3/ Includes environmental research and testina that cuts across functional lines.



the industry, so results may be considered to include substantially
all of the manufacturing seqment of the United States petroleum
industry. Civen the predominant integration of the industry, it may
be inferred that a majority of crude o0il and gas productior is also
represented. The data is unsatisfying in some respects. It fails to
provide an assessment of total value of capital in nlace, and it
provides no indication of the effectiveness of expenditures.

It does provide some very useful new insinhts inte the total
industrial nollution abtatement situation, however. Surprisinqly,
expenditures in connection with netroleum extraction have exceeded
those in manufacturing activities. Another surnrising relaticnship is
the high ratijo of research and administrative charages to onerating
charges. Even allowing for nuhlic relations motivated padding, it
would anpear that hidden costs of nollution control are significant
enough to warrant considerable industrial interest.

The Manufacturing Chemists Association cata summarized in
Table 9 are in several ways mere useful than that availahle for the
petroleum industries. In additien to irnfermation concerring recent
investment and cperating charaes, it provides a cemnrehensive look
at total investment, water use, and investment efficiency that is
based on 977 plants operataed by 122 firms that represent 3N% of the
chemicals production capacity of the nation.

Interestinqgly, the industry's reduction of organic wastes--about
£7%--is alnost precisely the same as the 59% calculated for the
angrecate public vaste treatment nlant of the nation. The report
also notes that of the industry's tetal surface water discharge,

8% required no treatment, 45% met all requlatory treatment require-
ments, and only 17% invelved some kind of waste treatment deficiency.
In this connection, it should be noted that the limited reduction of
inorganic wastes--only 277--does not take into account the effects
of neutralization, a widely used treatment technigue that does not
involve actual materials reduction.

A detailed report on vaste dispesal in the dnorganic chemicals
industry was orepared for the FYWPCA under contract by Cyrus William
Rice Co. in cooperation with !. tleslev Eckenfelder, Jr., Resource
Engineering, Inc., and Datagraphics, Inc., (separately printed as
Volume TII of this revort). It nresents a descrinticn of the industry,
and the costs it would incur in attaining various levels of nollution
abatement over a five vear period through 1974, The cost estimates
have been btased unon putlished data, general data derived from inform-
ation in the files of the Contractors' on industrial waste treatment
methods and costs, and specific data frem £2. incroanic chemical plants,
some of which were supnlied by the Manufacturing Chemists Association.

The inorganic chemical industry was defined te include establish-
ments procducing alkalies and chlorine, industrial gases, inorganic
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ThBLE ©
Summary of Data Reported for the Chemicals Industry
by the Manufacturing Chemists Association

Water Use (Gallons/Bay)

Total 11,695,875,0n0
Cooling water only 9,301,2€62,000
Mater Discharged (Callons/day) |
Total 11,122,325,000
Through public sewers 191,735,000
Inorganic Wastes (Pounds/Day)
Total 205,088,700
Discharged to water 146,911,000
Discharged to public sewers 2,348,007
Organic VYastes (Pounds/Day)
Total 11,431,000
Discharged to water 3,943,000
Discharged to public severs 1,005,000

Water Pollution Control Expenditures
Capital investment through 1966 $ 385,268,000
Operating charges, 1966 S 59,638,000
Average Annual investment, 1962-66 $ 28,128,000
Average Annual investment projected,
1967-71 $ 47,140,000

Source: Toward A Clean Environment, A 1967 Survey of the Members

of the Manufacturing Chemists Association.
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pigments, paints and allied products, fertilizers (excluding armonia
and urea), inornanic insecticides and herbicides, explosives, and other
major industrial inorganic chemicals. The complex relationship vhich
exists between various oroducts and industries, however, make it
extremely difficult to arbitrarily associate certain products with one
cateqgory. The overall output of the industry, since its nroducts

are used for a wide varietv of purposes vell removed from the final
consumer, depends unon the level of total economic activity rather
than the economic activity in any one seqgment of the economv. Since
new mineral sources are discovered infrequently and usually involve
large development expenditures, wide fluctuations in the gap between
demand and readily available supply are auite common.

Total production in the inorganic chemical industry is estimated

-to be 328.7 billion nounds in 1969 and is projected to be 455.5 billion
pounds in 1074, ‘!hile certain seqments of the industrv are growing

as ranidly as 12% ner year, the historical grewth is 1.5 to 2.0 times
that of the gross national product. The overall price index of in-
organic chericals, however, has fallen 2.5 nercent in the recent past.
Thus, expenditures for polluticn control may be of qreater relative*
significance than in other industries where rising prices more readily
absorb increased costs. )

Regicnal growth rates reflect a continuing trend to move produc-
tion facilities closer to raw materials and markets. The industry,
as a whole, is tending to concentrate in the Midwest and Southwest.

Inorganic chemical plants vary greatly in size, level of tech-
nology, nroduct mix, and age. The report presents in considerable
detail the descrintion of the various production processes, the waste
treatment methods practiced, and the possible impact that changes in
nrocesses might have on the volume and character of the wastes pro-
duced. A typical or averaqge plant exists only in the statistical
sense. Total costs given in the renort are for the construction and
operation of waste treatment facilities for the industry as a whole,
and cannot be used to determine costs for individual plarts. The
costs given are for the waste treatment facilities only, and do not
include costs entailed in process changes, restriction of plant
operations, or sever seqregation. Treatment system construction and
onrerating costs for a narticular plant can only be estimated by de-
tailed engineering studies.

Projactions hased upon the chemical industry data in the 1063
Census of Manufactures, the 1267 Manufacturing Chemists Association
survey, the 1968 FWPCA study of the organic chemicals industry, and
the costs of treatment for the two levels of 27% (the current rate of
removal, according to the MCA) and 100% removal of contaminants show
the following projected operating costs and cumulative capital invest-
ment for wastewater treatment.
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TABLE 10

PROJECTED CUI'ULATIVE INORGANIC CHEMICAL INDUSTRY CAPITAL
COSTS FNR WASTE TREATHENT

Costs in 'il1lions of Current Dollars 1/

Removal 1959 1970 1971 1972 1973 1974
27 299.3 325.4 352.9 400.1 445 .4 494.7
109 1808.4 12€4.0  2173.2 2416.3  2689.0 2970.0

PROJECTED INOPGANIC CHEMICAL INDUSTRY AMMNUAL OPERATIHG
COSTS FOR UASTE TREATHENT

Costs in Millions of Current Dollars 1/

%

Removal 1669 1970 1971 1972 1973 1974
27 82.0 89.1 98.6 109.6 122.0 135.5
100 157.5 171.0 189.2 210.5 234.2 260.2

1/ Based on an average 3.6% annual increase in the price level.

Contaminated wastewater from the inorganic chemicals industry
comes primarily from electrolysis and crystallization brires, washings
from raw materials. These wastewaters are generally characterized by
dissolved solids and suspended solids. In addition to contaminated
waste streams, nrocess cooling discharges occur, accounting for 40 to
80 % of the total discharge on the averaae. Treatment practices
vary but involve in-plant segregation of contaminated wastes from
uncontaminated cooling waters.

Many waste treatment methods are available, depending on the
degree of treatment required. Equalization, neutralization, sedimen-
tation and lagooning processes are most widelv used. Biological
treatment is not apnlicable, since the contaminants are primarily
dissolved or suspended inorganic materials. Plants with small dis-
charges tend to employ only equalization and neutralization, with
total discharge to municinal sewer systems for joint treatment. It is
estimated that between 10 and 20% of the process wastewater discharge
of the incustry is to municipal systems (4.2% of the total discharge).
No significant percentaqe changes in this regard are expected through
1974, The inorganic chemicals industry has generally found that in-
plant, separate treatment has economic advantages, particularly when
significant quantities of wastewater are invnlved.
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Data from 52 inorganic chemicals plants were obtained and for-
matted accordina to the Industrial llaste Treatment Practices Data
Form, which was develoned for the study "The Cost of Clean !later and
Its Economic Impact, Volume IV," United States Department of the
Interior, January, 1269, The data obtained are given in some detail
in the report in terms of bar qranhs and various calculated parameters
relating wastewater volumes, plant production, and costs.

Key parameters of interest regarding waste treatment costs are
the following:

Average capital cost $223/1000 god

Average onerating cost/yr. $58.49/1000 gnd

Average wastewater flow 16.73 gnd/annual ton of production

Averace canital cost $3.74/annual ton of production

Average operating cost £0.93 per year/annual ton of
production

An examination of the survey data showed that the reported bases
of waste treatment decisions were generally least cost, or minimum
compliance with pollution control regulations.

The costs of unit wastewater treatment methods were developed and
are presented in the renort as a series of mathematical models and cost
function graphs. These data viere used to calculate capital costs of
waste. treatment facilities versus two levels of pollutant removal for
a series of typical nlants. Treatment level I was chosen because it
represents the reported average treatment emnloyed in the industry
at this time and is judaed to be equivalent to 27 % removal of
suspended and dissolved solids. Trecatment level II represents complete
removal of contaminants. Only two levels were selected, because the
industry's wastes are principally inorganic solids that respond only to
physical treatment processes. Because there are no intervening
technologies, intermediate levels of efficiency are not distinquished.
The two levels, then, may be viewed as a ranae bounded on the one
side by the current level of efficiency and on the other by universal
applicatior of exotic treatment practices, An almost infinite number
of intermediate positicns are nossible within the range, but only as
the conditions that apply to individual units of the population change.
Unlike the case of organic wastes, there is no series of technological
plateaus through which the whole population may progress.

The following summarizes the capital and onerating costs in
1969 do]]ars}for the two levels of treatment chosen:

. Canital Cost Operating Cost
% Removal Contaminants $/1200 gnd ¢/1000 gal
27 (SS and Acidity) 300 26.0
100 (TDS) 2185 51.5
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DEVELOPMENT OF INVESTMENT NEEDS

It is widely recognized that the nollution control effort, in
spite of the advances made in the last fifteen years, is inadequately
funded, Lut there is a high level of uncertainty with respect to what
may be an anpropriate amount of funding.

That uncertainty must be ascribed to two factors, an inadequate
grasp of the constituents of demand and failure to establish a time
frame. The question that is most often oosed is "how much must we
invest?" That question cannot be answered unless we establish finite
terms of accomplishment--including both a time schedule and a pre-
vailing level of control of public wastes. It must be recognized,
too, that the terms of accomplishment cannot be fixed indefinitely.
One time pericd is followed by another; and the necessities of control
levels will he dictated by successive economic and npopulation situa-.
tions, by the dynamics of technological canmahilities, by the effective
public preference for unnolluted water: and these will--as they bear:
upon investment--be conditioned by nrice level changes.

Recognizing that problems of definition have tended to obscure
every assessment of investment need that has been made in the past, the
economic staff of the Federal Water Pollution Control Administration
devoted a major portion of its efforts during 196% to isolating
and examinina the major constituents of public waste-handling invest-
ment behavior. “hile subsidiary auestions--notably the trend of real
construction costs over time and regional variation in unit costs--
forced themselves upon the analysts, the prime focus of their study
was the rate of formation cf demand for waste-handiinag capital.

The result of that year of study--which derended heavily on the
previous analyses revorted upon in The Cost of Clean Water (January,
1968) and The Cost of Clear Mater and its Economic Imract (January,
1969) as well as unon suoplemental studies conducted in the Federal
Water Polluticn Control Administration and elsewhere--is the conclusion
that the nation is currently forming demands for nublic investment
capital at a rate verv close to a billion dollars a year. That is to
say, under the existing set of technological comnetences and regulatory
conditions, the level of waste treatment required of local governments
implies the expenditure of about a billion dollars a year in addition
to anv amount that must be invested to get the current stock of canital
up to the stipulated level of waste treatment.
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An Evaluation lodel

The evaluation is significant enough to warrant a aeneralized
descrintion of the analysis upon which its rests, even at the risk of
some tedium to the reader. ‘

Two analvtical procedures were conducted in narallel, one based
upon normative influences, the other uoon recorded situations. The
basic analytical tool was, in either instance, the same, a mathematical
simulation of investment in public waste handling systems.

Extremely simnle in concent, that mathematical medelling of the

- value of physical carital has proved to be very complex in the con-
struction. Indeed, at this writing it remains a crude--but hopefully
reliable--evaluation technique that is still undergoing extensive
refinement. In its nresent form, the mndel correlates a series of
equations that define size to averaae cost relationships (in constant
dollars) for basic waste-handling nrocedures and cguitment with the'
current Municinal “aste Inventorv. Two senarate wodelling orograms

are emnloyed. fne invelves scannina the inventory and assessir.g

. for each recorded sewerage system the cost of constructing or installing
component elements--other than collecting sewers--of the size and
descr1pt1on of those included in the system., The second proqram
ignores--except for their sizina qualities--installed facilities.

It scans the 1nvpnborj for the needs recorded hy the State governrments
who are the nrime source of the 'Yunicinal Yaste Inventorv. For each
category of need, the orcaram calculates the averaqe cost of installing
or constructing the narticular facilities--sized according to a normal
statistical distribution of capacity to indicated lead.

The aqgreaated results for the two nroqrams are presented in
both constant and Sentemter, 12€9 dollars 1n Table 11.

The Analytical Procedures

The fact that $4.4 billion worth of needed improvements were
listed in the most recent compilation of nublic waste handling systems
is of less than conclusive importance, in that it does not reflect
the development of such needs. It deoes not mirror the formative
imperatives of time, change, economic growth the fact that as one
set of conditions is met, new problems arise--or are created by the

resolution of the old cnes.

The rate of formation of such needs must te understood if a pur-
poseful nrogram of investment in water pollution control is to be form-
ulated. The evaluation model, with the introduction of the element of
time, prov1des encunh information to define at least an order of magni-
tude view of annual investment needs development.
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The first of the two procedures used to determine the rate of
formation of demand for investment capital consisted of a simple compar-
ision of recorded needs over time, applying the same modellira nro-
cedures to the 1062 M'unicinal ‘Yaste Inventory that were used to evaluate
the 1268 Inventorv, and taking into account the investment that occurred
between inventories. The anralysis took the form

A=(X-Y)+T
T

Where: A= average annual investment demand develoned durinq the pericd,
X= investment demand, as defined by the Inventory at the beain-
ning of the period,
Y= investment demand at the end of the neriod,
= actual investment, adiusted to base period prices, over the
period,
T= number of years between inventories.

It is recornized tha*t there is a measure of over-simplificatian
in the equation, It imnlies an effective identity of renlacement with
depreciation, not at all a good assumntion in a period like the present
when most ¢f the nhysical canital involved is of relatively recent
origin; and it neglects chanaes in real costs that have occurred be-
tween 1062 and 1063 Ly evaluating the earlier period's needs in terms
of current cost functions. The basic formula, however, is considered
to be logical; and adiustments are possible. Exnressed numerically, it
provides a value of about 500 million (1957-59) dollars & year for the
capital requiremants posed by denreciation, growth, and system improve-
ment: '

(3201.1 - 3001.7) + 2750.8 = 493.2
6

The second analytical nrocedure involved the use of normative
standards (rather than requlatory/enaineerinn determinations) in con-
Junction with the evaluation model. Established rates of denreciation
were aoplied to the estimated renlacement value of waste treatment
plants (4% based on a twenty-five year averaae life), and to the esti-
mated value of ancillary works such as interceptor sewers, cutfalls,
pumping stations, and force mains (2%, based on a fifty year averane
11fe--presum=h1v sorewhat greater than fifty years for the sewer con-
ponent, somewhat less for cther facilities). In similar fashion,
growth of demand was assessed by nroiecting a continuaticn of the rate
of increase in the hydraulic Joading of municipal waste-handling systems
that took nlace in the nericd 1957 to 1968, or 2.3% a year.

The exercise produced a set of values that were incredibly close
to those derived from pvoint by noint evaluation of recorded needs. As
presented in Table 12, they show a set of annual investment requirements
rising from $425 mi]]ion in 1962 to $584 million in 1268, The average
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TABLE 11

Evaluation of Capital in Place and of Defined Needs, 1969

Value of Horks in Place Value of Needed Works
1957-59 Current 1957-59 Current
Dollars Dollars Dollars Dollars
Alabama 139.0 191.8 89.0 122.8
Alaska 1.1 1.5 6.0 8.3
Arizona 45.6 62.9 14.8 20.4
Arkansas 107.0 147.7 32.2 44.6
California 769.1 1061.4 273.3 377.2
Colorado 165.9 228.9 . 313 43.2
Connecticut 89.0 122.8 53.2 73.4
Delaware 25.0 34.5 2.5 3.5
District of Columbia 33.6 46.4 20.4 28.2
Florida 312.4 431.1 35.1 48.4
Georgia 204.2 281.8 89.7 123.8
Hawaii 16.8 23.2 18.8 25.9
Idaho 58.0 80.0 24.3 33.5
I11inois 497.2 686.1 141.2 194.9
Indiana 313.0 431.9 100.9 139.2
lowa 206.5 285.9 32.1 44.3
Kansas 184.5 254.6 59.8 82.5
Kentucky 140.5 163.9 11.8 16.3
Louisiana 140.1 193.3 57.4 79.2
aine 17.9 24.7 66.5 91.8
Maryland 88.3 121.9 20.5 _¢8.3
Massachusetts 102.2 141.0 151.6 209.2
Michigan 252.3 348.2 98.3 135.7
Minnesota 205.2 283.2 39.4 54.4
Wississippi 109.9 151.7 36.2 50.0
Missouri 229.0 316.0 107.8 148.8
Montana 54.7 75.5 16.4 22.6
Nebraska 124.0 1711 27.7 38.2
Nevada 29.6 40.8 12.3 17.0
New Hampshire 16.3 22.5 44.6 61.5
New Jersey 304.4 420.1 117.4 162.0
New Mexico 1.6 98.8 7.4 10.2
New York 580.4 801.0 200.0 276.0
North Carolina 248.3 342.7 73.7 101.7
North Dakota 56.4 77.8 4.8 6.6
Ohio 484.7 668.9 166.6 229.9
Oklahoma 171.7 236.9 23.0 .7
Oregon 124.4 171.7 46.5 64.2
Pennsylvania 424.2 585.4 262.5 362.3
Rhode Island 38.1 52.6 16.6 22.9
South Carolina 113.1 156.1 48.5 66.9
South Dakota 58.7 81.0 10.0 13.8
Tennessee 168.5 232.5 52.0 n.s
Texas 639.1 882.0 117.0 ~161.5
Utah 87.5 120.8 20.3 28.0
Vermont 20.8 28.7 29.6 40.8
Virginia 166.2 229.4 47.5 65.6
Washington 143.2 157.6 65.3 90.1}
Hest Virginia 73.9 102.0 54.3 74.9
Wisconsin 254.3 350.9 90.2 124.5
Wyoming 38.2 52.7 6.4 8.8
Puerto Rico 34.1 47.1 23.6 32.6
Virgin Islands 2.7 3.7
Totals 8979.7 12392.0 32011 4817.5
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value for the period, $504 million, is within 2.3% of the mean value
developed by the first procedure, and well within the range lying
within one standard deviation about the mean.

Table 12

Normative Assessment of Annual Capital MNeeds
Generated in 1062 and 168

Millions of 19057-52 Dollars

10€2 1068
Replacement Value of Trtmt. Plants 2075.2 4132.7
depreciation at 4% 119.0 165.3
Replacerent Value of Assctd. Works 3498.2 4847.0
depreciation at 27 £2.8 96.9
Loading growth at 3.3% 213.3 296.3
incremental denreciation 22.9* 25.5%
in plants to te upgracded at 4%
Annual lleeds developed in year 425.0 584.0

*Yalue considered to be associated with primary treatment canacity
required to ke upgraded to secondary treatment.

Elements of the Investment
Requirement

Table 13 summarizes, State by State, the computed value associated
with the various cateqories of investment needs, as these were listed
in the 106% Municipal "aste Inventory and assessed by the evaluation
model.

The most obvious needs for investment are posed by those 1500
sewered communities that discharge raw wastes to watervays. Given the
existing size distribution of those cormunities, normal design stand-
ards, and the assumntion of treatment through the activated sludge
process, these nlants pose a need for about $14 billion of investment--
about $250,000 per cormunity, including the investment in transmission
facilities and in outfalls that is probably required for these commun-
jties, on the basis of their size distribution and the historical re-
lationshin between plant and ancillary costs for cormunities of various

sizes.

A second fairly clearly defined cateqory of need occurs in those
approximately 2500 situations in which only primarily waste treatment
exists. Although primary treatment is permitted by water quality
standards in some cases due to the capacity of receiving vaters to
assimilate wastes, the prevailing policy in the United States has come
to be one that requires secondary treatment. The consequences of that
policy in terms of investment, then, can be calculated on the basis of

30



Alabama
Alaska
Arizona
Arkansas
Californfa
Colorado
Connecticut
Delawere
District of Columbfa
Florida
Georgla
Hawaifi
1daho
11{nots
Indfanms
Towa
Kansas
Kentucky
Loutsiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi

»Mi ssourd

“ Montana
Nebraska
Nevada
New Hampshire
New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio
0k1ahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas
Utah
Vermont
Virginia
Washington
West Virginta
Wisconsin
Wyoming
Puerto Rico
Virgin Islands

Totals

TABLE 13

Corputad Yalues for Yarious Categories of Investment Needs by State
Milldons of 1357-59 Dollars

Hew Plants

$75.35
4.32
10.80
$.29
16.40
5.86
6.86
0.32

0.72
36.41
12.62

8.47
22.67
32.14

9.84
40.19-

3.86
41,65
60,57

2.29
88.50
19.83

7.2
28.00
$8.19

5.65
12.35

3.62
40.18

1.75
103.19
49,37
4.09
30.81
4,35
15.88
190.93
4,35
42,84
6.50
21.89
3.06
11.46
18.23
5.80
7.82
37.99
0.9
4.47
14.06
2.66

$1286.56

Upgrading Enlargement Disinfection

$5.95
1.66
0.20
10.54
61.44
5.40
39.22
2.18

0.89
21.59
1.20
10.44
£6.88
12.22
2.29
$.03
6.81
4.18
5.79
2.97
22.63
61.44

$965.67

$7.62

3.76
6.89
181.47
19.96
4.45

20.38
33.46
22.81

0.61

4,63
49,52
46.43
16,07
10.33

1.04
11.53

12,37
12.46
12.30
2.44
7.13
4,28
1.48
2,94
4,06
3.87
15.73
2.87
4,65
9.94

48.55
6.05
14.50
33.48
2.55
1.61
0.32
1.56
83.01
7.04
0.83
2.51
14.21

9 26
0.48

$773.55

$

31

0.09

2.82
6.39
3.93

0.14

OOPOO

Py

OO
— ) — e 1o

0.29
0.24

Connection to
Existing System Improvements

$5.59
13.96

2.64

wo A
o rn Ug

O b=

0.13
. 2.76
26.30
3.90
2.74

1.17

5.07
1.50
2.01
1.80
0.15

17.18
25.32

6.13

$143.68

Other

$0.12
0.05

0.31
0.78
0.03
0.22
0.02

0.02
0.17
0.03
0.23
0.04
6.37
0.01
0.02

$11.60

Total

$89.03
5.98
14.81
32.32
273.27
31.30
53.16
2.51
20.38
35.07
87.70
18.78
24.32
141.1%
100.86
32.14
57.77
11,84
57.38
66.49
20.5)
151.64
98.29
3,35
36.23
107.78
16.40
27.72
12,33
44,61
117.41
7.42
200.01
73.72
4,83
166.62
23.0°
45.46
262.52
16,57
48,54
10.00
52.01
117.04
20.27
29.58
47.5)
65.30
54,25
90.23
6.42
23.59
2.66

$3201.12

One Standard
Deviation

$13.44
1.40
1.99
1.77
7.4
5.14
6.45
0.43
n.y
£.94
10.20
2.86
3.18
15.36
8.92
4.32
20,75
3.63
18,25
19.17
7.54
37.0%
10,95
10.14
9.5
31.85

1.84
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historical cost factors to require an investment of about $900 million
of (1957-59) dollars, or an average of $360,000 per project.

Another $800 million worth of miscellaneous kinds of projects
comnletes the list of current needs. - In total, they indicate a most
likely investment neced of $3.1 billion in a range of $2.6 billion to
$3.7 billion constant dollars--or, in current dollar termns, a most
likely investment need for 4.4 billion September, 1969 dollars in a
range of $3.6 billien to $5.0 billion.

But this fixed, presumably diminishing with time, set of values
represents no more than a noint on a scale. They are the current com-
bination of those dynamic elements that underlie basic demand for
capital in this economic sector. Those elements will persist; and ever
a vigorous putlic effort to reduce the accumulation of investment re-
quirements will not end the continuing need for capital. Indeed, as
the waste-producing qualities of our growing economy assert themselves,
the annual canital reauirements of the waste-controlling activity may
be expected to increase.

It may seem paradoxical that requirements exnand as our level of
controls expands, but it is not. Before a facility is constructed its
need represents a sort of fixed amount contingent liability: o.ce
built, it must be kept in operatirg condition, moderrnized, expanded,
ungraded to meet conditions. Such investment requirements may be less
ohvious and less dramatic than the need for a plant where nonc exists,
but they are no less real--and are often far less pestponable. It
follows, then, that as the Jevel of waste contrel grows, so does the
magnitude of the annual investment assnciated with waste control.
There is no better means of demonstrating the compounding effect of
past investments or future needs than to review the recorded needs
associated with sewer systems at each of the last three municipal
waste inventories. (cf. Table 14.) UWhile the number of persons at-
tached tc sewers increased forty-two percent between 1957 and 1062,
the rav number of recorced investment needs increased ninety-two per-
cent. A different kind of investment requirement was engaged--various
major and minor ungracing projects steadily replacing new plant needs
over tima--but beth the total number of needed projects and the number
of persons affected has risen.

Pising investment demand, then, is not only consistent with the
general rules for a growing econory, but equally consistent wi;h the
pattern of events in the particular economic sector under consideration.
Moreover, it is possible to distinguish not only the fact of fincreasing
demand, but to postulate the influences that form that demand. They
may, for purposes of discussion, be conswdered.under four ggneral cate-
gories: 1) recapitalization, 2) growth, 3) prices, and 4) “changes in

the rules of the game.”
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Kind of Need

New Plants
Replacement
Enlargement
Additional Treatment
Chlorination
Improved Cperation
Connection

Total Ho. lleeds
Total Systems
% w needs

New Facilities 1/
Major Upgrading 2/
Minor Upgrading 3/

*Source:

TABLE 14

Increase in State Government-Defined
Haste Treatment lhieceds Over Time*

Number of Systems

1957 1962 1
2549 2143 ]

973 853
688 - 809 1
753 821 2

41 42

329 332

57 45
5390 5045 6
10,511 11,006 13,
51.3 45.8 4
3579 331 2
1441 3071 3

370 374

¢C8

556
625
cC3
130
723
209
123

39
84
6

-

P WO WO

334
133
932

Municipal Waste Inventory, 1957, 1962, 1968

1/ New Plant, replacement, connection
2/ Enlargement, additional treatment
3/ Chlorination, improved operation

13,504.
3,101.
15,315,
7,687.
5983.
887.
676.

41,770,
88,361.
42.

17,282.
23,002.
1,485.

DWW OV

[$3 Ve W EL)

OO
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Recapitalization

Table 12 presents an effort to quantify and evaluate the dimensions
of annual recanitalization needs as they exist in mid-1969., The
constant dollar renlacemont value of all public waste transmission
and treoatment facilities is calculated to be about $2.9 billjon.

In the real world, recanitalizotion neads tend to occur in staggered
fashion, so that investmerits for any particular system (except, perhaps,
for a few of the very largest) are characterized by a considerable
lumniness. For the aggreate system of the nation, however, it is
reasonable to assume that recanitalization needs will reflect in

fairly orecise weasure normal desian standards. The analysis, then,

has assianad a replacement factor of four nercent for treatment plants
and tve percent for ancillary works, adonting as points of departure

the twenty-Tive vear and fifty vear design lives that civil engineers
ascribe to such facilitiecs. Rasic physical canital, then, is denreciating
at a comhined vrate of about 2.0% a vear. In 19f9, the calculated
recanitalization nead created amountead to about 5260 million 1057-50

dollars. o

’
.

Misconcentions often surrcund the theory of denreciation orp
renlacemant, As these factors are viewed in this nancr--and as they
nccur in the real vorld--thev annly as a series of interrittent invest-
ments that dunlicate the original cost of an installed facility within
a given neriod of time. PRecanitelization factors, then, are not
intended to reflact some theoretical wearing out or mere beolleening
transactions; they renresent tanqgible outlays ircurrcd in connection
with existing facilities.

(Thare may be some question about the accuracy of the assigned
denreciation rates. They dnnend on design factors rather than
empirical data. Informaticn on replacement is scarce, and its inter-
pretation is ohscured by the overlep of replacement, upgrading, and
improvement that is involved in the usual project that involves an
installed facility. The information that we do have--covering just
over ten percent of all recorded scwerage systems--indicates that ten
percent of all nlants underao a major revision vithin five years of
their construction date: and that within fifteen yecars of their con-
struction, forty-five percent of all plants undergo some major revi-
sion. (cf. Table 15.) On this basis, the four percent recanitalization
factor is, if anything, conservative. It is, however, verified by
the modeled evaluation of neceds over time.)

Grovith

The growth rate btuilt into the calculation of annual investment
need is high, indicating a demand for capacity that is comnounding at
3.3 percent per year. The rate is based on recorded increases in
averaqe daily flow between 1957 and 1962, It includes, then, both the
period of maximum treatment nlant construction in the nation's history,
and more recent intensive industrial connections to public facilities.
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TABLE 15

Frequency of Major Treatment Plant Revisions

Last No. of

Revision Plants
Since Identified Plant Duilt

1928 or
1964-68 1959-63 1954-58 1949-53 1%44-48 1939-43 1934-38 1929-33 before

1963 775 78 153 118 67 21 119 103 54 62
1958 453 30 51 42 15 84 85 56 90
1953 133 9 11 4 32 27 23 26
1948 36 2 8 8 7 11
1943 3 1 2
1938 4 4
1933 2 1 1

TOTALS 1406 78 183 178 120 42 244 225 141 194



It may be expected to moderate in the future. This paper, however,
relates only to needs to he anticipated over the next five to ten
years; and within that time frame, there is no reason to exnoct a de-
cline in the rate of qrowth. If anything, the trend toward broader
industrial connections may effectuate an interim increase in the
growth of demand.

With respect to growth, it is important to note the mechanisms by
which the increase in demand is exnressed. There are three processes
of accommodatinag growth. Hewly severed communities or subdivisions--
vholly new sewer systems--are the least significant source of demand,
though they are also the easiest to quantify. On average, about 280
nev sewer systems come into being in the United States everv year. The
second, and more significant, qrowth nrocess involves an expanded
demand on an existina system. In this case, newly sewered residential
areas or newly connected factories add their demands to those of a
system already in place. They can be accommodated in either of two
vays, either through the construction of new facilities or by taking
up previously unused canacity provided to accomrocate just such growth.
In either of these last two conditions, growth will ultimately require
construction. Indeed, the first case, where additional capacity must
be installed, is simply an extensicon in time of the second. Crowth
can be accormodated in an existing nlant to the point that all capacity

is token up; at that point, an investment necc is created.

Because it is customary tc cesign nlants to provide for the
grovth of service anticinated within the 1ife of the nlant--nermally a
period of twenty-five years--most of the $390 million a year need for
expansion is currently Leing met out of existing canacity. Since the
age comnosition of the nation's stock of treatment olants is con-
ditioned by nigh investment in the last decacde, the nation has been
able to continuc to extend its total level of waste control over the
last few years. It should be noted, however, that not all of the
capacity now available for qrowth will be usable within the normal
life of the present stock of plants. Almost all waste trcatment plants
are built to accommecdate enlarqged demands, but not all communities
grov. The naive projection techniques employed by consulting engineers
have tended to create a pool of excess canacity that will never be used
in small, static communities. Conversely, treatment plants built to
conventional sizing standards in other places have proved entirely
inadequate to meet the demands of recent industrial connecticns. The
agareqate supply of treatment services probahly exceeds the agaregate
demand for such services. Unfortunately, the sunnly is not entirely
located at the same nlaces as is the demand: and with time, the dis-
location will bLiecome more significant. That fact is one of the
pressing reascns for increasing the Tevel of investment in public waste
handling facilities at the earliest possitle date.
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Prices

One of the central economic perceptions of the last five years
has been groving discomfort caused by price increases. Yhile more
critical problems have been stilled (or at least muffled), prices have
been rising at accelerating rates.

For municipalities, with their ultimate resnonsibility for instal-
ling and onereting waste handlina systems, increased orices have en-
tailed a more direct constraint on pollution abatement activities than
have more suhbstartive naticnal economic problems. Business cycle
fluctuations, structural unemployrent, and accemmodation of a growing
labor force have impinged on the operations and finances of Tocal
government, but enly indirectly. TCut the resumpticn of the rate of
price increases experionced in the ninateen-fifties has had an enormous
impact on local governrent funding capacities. Even during the rela-
tive resnite from inflationary pressures experienced from 1260 throuah
1264, county and nunicinal qovernrents vere unable to maet out of rela-
tively inflexible tax bases increasing pressures of real demand for
social and environmental services. In that context of inadequacy, .
rising prices have had a serious effect. Throughout the econony,
the only sector that has suffered more from price increases than local
governments is probably the very poor: and even their difficulties
stem in part from State and local governments' losing struggle
to maintain their share of welfare services.

It is customery to consider the problem of rising nrices rather
offhandedly as “inflation”. Dut for lncal waste handling needs, the
problem has three aspects: and of these, inflation has nrobatly not
been as serious in itself as though its effects on the cost and
availability of money. 'hile the prices of lakor and materials consumed
in constructing and cpecrating a waste handling system have advanced
quite steeply, the advance in the cost of monies has had an even more
pronounced effect on expenditures, and the scarcity of funds--
even at advanced prices--has constrained capital outlays for treatment
and collection systems even where willinaness to construct was strong.
Not inflation so much as the money rationing procedures of financial
markets have reduced local covernment's ability to come speedily
to grips with its waste handling nroblems.

It is difficult to decument the observation except by example,
since there is no register of bond issue cancellations or deferrals.
Examples are plentiful, however, At the close of its 10€2 fiscal year,
the State of California reoorted deferral of a billion doilars of
voter-approved bond issues--8C% of them for financing of water resource
projects. Federal fater Pollution Control Administration reqional
offices have reported a number of instances of postponement of munic-
ipal financing of treatment works in cases in which a Federal grant
has been solicited. The June 8, 1962 issue of The Mlew York Times (1:2)
mentioned in a feature article on the effect of interest rates no less
than fifteen cases of municipal projects cancelled or delayed by
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financial constraints--and these apnparently represented not an attempt
at comprehensive renorting, but simply random examnles, protably chesen
for their dramatic nature. In many cases, the ahsolute shortage of
funds is reinforced in its imnact on local financing by statutory
interest rate ceilings or limitations on indebtedness.

Yhile reduction of the relative supply of funds may be the most
serious source of inflaticnary constraints on pollution abatement,
direct effects are not to be slighted. Over the last twenty years,
the cost of constructing a waste treatment nlant--as measured by factor
costs--has almost doubled. Opportunity costs, as measured by interest
rates, have nearly quadrunled--which, working on the inflated construc-
tion cost base, has increased the cost of financing a plant mere than
six-fold. In combination, these factors have caused it to cost three
times as nuch to finance and build a waste treatment plant today as the
same plant would have cost in 1950; and half of that increasz in cost
has taken place in the last five years. (cf. Tahle 14).

TABLE 1€

Escalation of the Cost of A $1,000,00N
Yaste Treatment Plant, 1950-1969

Year Interest Const. Cost Cost Rise over Previous Period Total Cost

Pate* Index**  Interest Construction (25 yrs.)
1950 1.56 69 $1,195,000
1955 2.1#2 89 S 142,350 §260,n00 1,603,350
1260 3.26 115 276,050 260,000 2,139,400
1965 3.16 113 28,400 120,00 2,287,200
1967 3.74 20 - 165,650 100,000 2,553,450
1962 4.28 124 . 149,559 60,0N0 2,753,000
1969 5.21 132 - 448,000 110,000 3,321,100
Cumulative Cost Increases $1,216,000 $910,000 $2,126,000

* Moody's State and Lecal Aaa, June 30,
** Sevrage Treatment Plant Cost Index, FWPCA

Those increases can be quantified and projectad for our evaluation
model. The $3.2 billion evaluation of current year investment require-
ments armounts to $1.4 billion when base year costs are escalated to
Sentember, 1269 nrice levels, and it is only reascnable to assume
further dncreasas in nrices. Over the last five vears the annual in-
crease in factor costs has amounted to 3.2% to 3.7%: ard this paoer
will nreiect futvre costs te irclude a 3.5% annual cest increrase co-
efficient.

Chanqges in The Pules of the Game

The area of evaluation that presents the greatest difficulty is
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the protlem of definition. The evaluation model, and the pronosed
investment schedule develoned at a later point in this paper, rest

upon a given set of conditions, the rules of the oame as it is general-
1y played today. But there is nothing sacred about those rules--teday's
are very different than those of five years anc, for examnle~--and any
basic change must have a fundamental effect on investment conditions.

Scme possikble channes are almost predictable. There is, for
examnle, a very pronounced tendency to require treatment of sewage for
removal of nhesnhata, ‘e nrice tac has heen attached to that tyne of
treatment in this naner for twn reasons: at this time, nhosohate
removal is a snecialized and localized kind of requirement; and there is
no preferred--or even accepted--technique of accomplishing it. The most
Tikely treatment retheds appear to involve very slight incremental
investments, but exircmely large increases in cperating cests for pur-
chase of chemical additives. Should a canital-intensive mathod of treat-
ment becore available, should chosphate reroval become a universal
requirerent, investment requirements might be exnected to shift power-
fully umvard. Conversely, if scan nroducers were to find an accentable
alternative for phosphorus-hased detergents (arnd ‘there is increasing
pressure in vestern [urone to require such a course), then this partic-
ular influence on costs might disapnear entirely.

An example of the way in which a shift in the rules of the game
has already influenced costs may be adduced ty reference to Tatle 14.
Between 1057 and 1262, the total number of needs associated with public
sewerage systems declined, in spite of an increase in the number of
systems. Between 1062 and 12C2, however, needs increased sharnly,
even though investments were much greater betveen those years than in
the preceding period. Interposition of wvater aquality standards and
application of the secondary waste treatment requirement, a major
change in the rules, created an entirely new definition of what might
constitute a need, forcing required investment levels sharply upward.

Nor are changes always determined administratively, or applied
across the board. The internal pressures of engineering practice '
condition the rules of cost; and lccal preference may dictate specialized
sets of rules.

Engineering practice has certainly been changing as money has be-
come increasingly available for water pollution control investnents.
There has been a growing tendency to use the more expensive of the
secondary waste treatment nrocesses, to construct plants of larger
size relative to current loading demand, and to utilize additional
mechanical operating comnonents. Treatment plants that are being
built today are quite different from those of a decade ado in a number
of wavs. The underlying technology is the same, including a mixture
of physical and biochemical reactions that take place in a series of
tanks connected by pining and numning; but there has been a strong
effort to improve the engineering of those reactions, to build into

39



facilities arcater reliability and lonager 1ife. lMore stages are auto-
mated. tonitorina has becore more sorhisticated. 'ore durable mater-
ials are being employed. !uch more attention is being paid to sludge
handling--incineration, the ultimate in sludge handling methods with
today's techroloay, is hbeing emnloyed in a crowina nurber of instances.
As a result, the cost of treatment systems has been aoing un, quite
apart from nrice level increases. Indeed, the increase irn real costs
has matched or exceecded the increase suffered as a result of inflation
over the last five or six years, iudaing from a statistical study of
comparative pricing patterns in 12£1-€3 and in 1967-€2. (R.L. !Michels:
Construction Cnsts of "unicipal Mastoawater Traatmant Plants, 1“(7 AO )

In terms of ccnstruction nut in nlaca netween 19672 and 19€¢, those in-
creases in real costs are estimated to have added abtout 5400 million
to the investment asscciated with waste treatment nlant construction.

TADLE 17

Constant Dollar Investment Per Unit Capnacity
Activated Sludge Plant, 1961-£3 and 10€7-€9

Canacity of Plant Investiment/P.E, Canacity (21957-59)
(Pop. Eqvlts.) 19¢1-63 17€7-69
1,000 66.00 87.50
10,000 29.50 23.00
100,000 13.00 21.50

The effects of local nreference can result in substantial differ-
ences in waste treatment investment. The wvater quality standards adont-
ed by the State of Indiana call for the construction of 45 advanced
waste treatment plants--renresentinn the majerity of the standards-
required acdvence:d waste treatment reeds for the entire United States.

In the westarn States, waste stabilization nends ere the mest nrevalent
treatment reasure: and the lov cost installations serve to reduce

unit costs to a fraction of the amount required bv meacharical treatrent
nlants. In the I'ortheast, however, sucn facilities are almost unknown.
In the Southwest, the treatment of incdustrial wastes in nrunicipal
“facilities is a raritv: in the Pacific florthvest, ard increasinaly

in New Eraland, it is becceminn stancdard nractice. ['ew York and Mew
Jersey, in connection with their extremely vicorous nollution control
nrograms, seem to be enaaaced in major rehabilitation of sewerage
systers alreacy in nlace, schaduling very larae sums for renlacement
and inteqration of existina facilitizs. 'lithout castina judnements

on the relative effectiveness nf these or nther exnressions of differing
local internretations of the rules of the aame, cne can conclude

that they have an encrimcus nover to influence investment totals.
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Locational Influences on Plant Cost

Reported investment data, when related to municipal waste treat-
ment inventorics, indicate that there are enormous discrenancies be-
tween regions of the United States in the efficiency of public
vaste-handling.

Between 162 and 1968, local governmental units invested, on
averaqge, about $120 for each person reported to bLe added to a nublic
sewer system. About $127 more was invested in waste treatment and
transmission for each additional population equivalent of biochemical
oxynen demand from dorestic seurces that vas reduced in waste handling
systems. (The fiqures are not adjusted for additicns or subtractions
from excess canacity. They were derived by dividing total investments
made in the neriod 1062 to 1267 by the incremental waste collection
and reduction calculated to bte achieved during the same period. To the
extent that total capacity was increased bevond the level of actively
utilized capacity and to the extent that wastes from industrial sources
‘vere added to the system, unit investments are overstatoed. They do,
however, provide an adeauate measure for comnarison of recgional exnend-
jtures, since they weigh on a consistent basis the investment associ-
jated with an homooeneous incremental product.) Application of the °
technique to investments made by blocks of States thought to be
economically, politically, and geoarachically similar oroduced results
that point to wide reaional variations in waste hancling costs. At the
extremes, it cost 52.75 in the highest cost area to buy the incremental
waste hondling effectiveness purchased for a dollar in the lowest.

The numerical results of the analysis are not reproduced here for
several reasons. It is recoanized that the basic data are not in all
respects corpatible or reliable. The analysis concerns itself with
total costs Lut incremental efficiencies in a situvation where much
of the investrment that was made is recoanized to have been for purpcses
of replacement rather than for new or upgraded facilities. Differing
regional pronensities to treat industrial wastes have a distorting
effect on results. And by the very nature of the analysis, regions
vith high rates of nopulation growth tend to appear distinctly more
efficient, in that their more ranid uptake of excess capacity has the
effect of anplying a lower apnarent rate of discount. To describe
unit cost differences under these conditions might be thought to stig-
matize unfairly the requlatory or construction competencies of the
higher cost arcas; and the results of the analyses are felt to be too
hazy in detail to bLe presented in quantitative forms. lowever, the
conclusion that unit costs vary substantially with location is too
firmly founded to he doulited, reoardiess of dafinition difficultics.
Morecover, the nattern of difference is quite clear. Cost rises as one
moves eastiard and northward: they tend to be highest in Hew Lngland
and States berdering the Creat Lakes, lowest in the scuthwestern and
Gul¥ Coast States. (Croups cf States are ranked according tc relative
costs at seoveral points in the discussion that follows, and the com-
position of the varicus grounings is defined in Fiqure 2.)
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Examination of invastment progrars on an agqrcgate basis has
failed to produce satisfactory explanations of cost differentials of
the magnitude indicated. A number of possible explanations have been
adduced by the analytical staff and ty observers in Federal Yater
Pollution Control Administration regional offices, State gpvernment,
and the consulting engineering industry. In some cases, information
was available to allow a proposed explanation to Le tested in broad
fashion. In some cases, the reason pronosed for cost differonces was
so intangitle or so illogical (e.g., criminal demination of construc-
tion activities) as to allow it to be discarded, even when investi-
gation ceuld not be attermnted. A number of very rcasonable propositions
remained after prelimirary consideration eliminated the obviocusly mis-
directed and the intanaihle: kut whether any of these, or anv combin-
ation of them, accounts fully for the spread in observable returns on
investment romained a nroblem. The array of proposed exnlaraticns of
unit investment differences nresented Trom various sources included
all of the following:

(1) Data deficiencies. Information on the prevalence and methods
of waste treatrment and on nopulation cornected to public severs is re-
ported individually by the States. FAlthough a common format is utilized,
there is great variation in estimating techniques emnloyed and in the
completeness of renorts., Similarly, investment data is gathersu direct-
ly from State agencies, as well as from various economic reperting
services, s¢ variation in reperting practices may influence results. It
should to noted, hewever, that unit cost variation within ary of the
grouns of States considered was consistently found to be less than
between the various grouns, so that ancmalies attributable to data
variability must be presumed to include regionally consistent reporting
deviations. ‘

There is, in addition, independent analytical work that suqggests
that regional cost differences are a very real phenomenon, and not the
result of reporting freaks. The State of New York, through the operations
of its grant nrograms, has corpiled a great deal of information on the
capital cost of waste treatment facilities. The State's analvsis of that
information indicates that construction costs in !liew York State are con-
sistently above national costs--and in the same gencral magnitude indic-
ated by FUPCA's investigation of regional cost variation.

(2) 1Institutional constraints. It has been suagested that design
practices that result either from acministrative requirements or local
habit strongly influence the relative cost of facilities in some loca-
tions. The concent rust certainly receive some credence. Those States
adhering to the "Ten State Standerds"--i.e., States btordering the Great
Lakes, Towa, and the lew Enqland States--do include the arouns that
account for high unit investment requirements.

Unfortunately, it is not possible tn come to any meaningful judge-
ment as to the ultimate affect of such procaedures on cost. ‘/hile those
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responsible for their develonment will defend the long term economy of
"high standards", the economist will cenerally deplore rigid standards
in any field as being conducive to formalism and a barrier to innovation
or improvement.

If one can conclucde that instituticral constraints do in fact add
to costs in States of the llortheast, it is nonetheless irpossible to
assign more than a contributory effect to them. The effective range of-
technical alternatives is simply not so great as to account for the
gross disnarity found in regional unit costs.

(3) Industrial Loadings. Authorities in Hew England have suggested
that one of the principal factors influencing per-capita construction
costs in their reqion is the high incidence of public agency responsi-
Lility for treating wastes of incustrial origin.

There is certainly a rough lcgic to the explanaticn, and the fiqures
tend to bear out the assertion that industrial requirements tend to in-
flate per-capita costs in some areas more than in others. Decause the
capital requirement associated with industrial wastes is influenced fy
the quantity of vastevater involved more than by aualitative differences
in treatment procedures, the maior irpact of additicn of manufacturing
wastes to the system can be measurcd through its impact on plan. size.

Table 19 bears out the fact that treatment plants tend to be larger
with respect te nenulation served in MNew England than in other arcas,
and to be smaller in the Gulf and Scuthwest arcas, vhere urnit investrents
have Leen levest. However, the table also indicatas that qreater coap-
acity per urit of oenulaticn served can by no means be consicdered the
enly--nr even a princinal--source of nighor costs. YWhile the smallest
capacity to population servad ratios occur in the arcas of Inwvest
per-capita costs, the Pacific Coast and Southcastern States combine Jov
unit costs with a larce rmedian capacity; mereover, these States have
a very significant component of plants in the largest size to pooulaticn
served categories. In fact, half of the ragional grounings (Pacific
Coast, Southeast, !'iddle Atlantic, iiorth Atlantic and Ohio-Tennessesn)
dermonstrate a nreocisely inverse cerrelation in a plotting of unit
canacity ranking vs. unit cost ranking., It is clear, then, that larqer
construction costs per oerseon can be only .partially explained on the
basis of construction of grcater canacity per nerson.

(4) Wage Pates. It has also been suggested that regional lator
cost differcntials have a strona impact on unit costs. The oroposal
has a certain attraction that is disrelled pretty thoroughly
by a review of relative costs and of wage rate differcentials. Atout
12% of the cost of the averaae scwer preiect is attributable to direct
labor (Sewnr and Sevaae Treatment Plant Censtruction Cost Index,

Table VI, p. 28); anc¢ for the hynothetical waste treatment plant, the
labor cost component amounts to about 25.3% (p. 12). From the region
of highest labor wage rate to that of lowest wage rate, there is
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TAGLE 18

Normal Plant Size Related to Relative
Regional Unit Costs

Regions, Ranked in Median Design Size Percent of Plants
Order of Ascending to Populaticn Served 2.5 X Pop. 4 X Pop.
Unit Cost dultinle Recuirerment Requirement

1 Southviest 1.0 - 1.2 14.3 6.8
2 Guif -1.87271.2 6.2 3.2
3 Pacific Coast 1.8 -~ 2.0 38.5 13.4
4 Southeast 1.8 - 2.0 36.3 14.1
5 Middle Atlantic 1.6 - 1.8 31.9 §.5
6 Plains 1.4 - 1.6 15.2 4.5
7 North Atlantic 1.4 - 1.6 26.5 7.3
8 Ohio-Tennessee 1.4 - 1.6 22.0 4.6
9 Great Lakes 1.6 - 1.8 24.3 4.9

10 MNew England 2.0 -~ 2.5 41.3 8.5



a variation of some 50% in unit charges, or enough to explain about
a nine to twelve nercent variation in final costs, assuming equal
productivity in all parts of the nation. [lot only is the variation
in labor compensation rates of several orders of magnitude less than
the variation in unit costs, the rclative ranking of high wage and
low wange regions has only a slight correlation with high and low
unit investment rankings. (cf. Table 19). At any rate, it is impossible
to ascribe to wage scale diffcrentials the kinds of cost variation
that exist among the various parts of the nation unless there are
also differences in labor nroductivity and Taber application rates
far more profound than has been imagined.

(5) Climate and Geolooy. One of the more likely explanations of a
part of the cost differences centers upon the basic nhysical conditions
found in the several reqions of the nation. High unit costs cluster in
areas where severe winters reduce the effective period of construction.
Furthermore, grade and soil tyne may be expected to exert a heavy impact
on ultimate costs--certainly there can be no rarity between excavation
requirements in the flat, sandy scils of the Southwest and in the granite
hills of Hew England.

(6) Industrv Diseconomies. It is, perhans, not surprising, but
explanations for unfavorable relative cost position advanced freom the
northeastern cluster of States have in no case included engineering
or contractor deficiences. Rigid administration, political corruption,
and union waqe scales have all heen indicated by engincers; btut no one
has seen fit tc supnose that unfavorable cost ccrnarisons may trace to
the groups ultimately resnonsible for system design and construction.

Yet desiqn and overhead charaes make un a sianificant portion of the
total cost of any nroject (cf. Tatle 20). Morcover, sharp increases

in national allocation of resources to waste nandling--in 1957, in

1061, in 1963, in 1767--have in every case resulted in a marked inflation
of project costs that most authorities agree to be traceable to con-
straints on the sunnly of engineering and censtruction services. Profes-
sional qualification standards, trade groups, and other mechanisms in-
tended to restrain supnly--either for the purpose of contrelling the
quality of services or with the deliberate (if unstated) intent to re-
duce competitive market operations--may conceivakly be regionalized to

a degree that costs are affected.
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TABLE 19

Wage Rates Related to Comparative Unit Costs

City Rate/20 City Average Rate Y

Index, Total )/ B1dg. Csten. Strctl. Elec- Steam- Power Mean Wage 3
Cost Per Labor Labor Iron trical Fitters Shovel Cost Index
Region Unit Reductfon City Measured vorkers Workers (Rank)
Southwest 43.1 Denver .881 .868 .837 .879 .G09 .767 .865 (3)
Gulf 58.1 Dallas .674 .684 .807 .696 .828 .750 .784 (1)
New Orleans .B11 .78 .878 .830 .865 .864
Pacific Coast 68.8 Los Angeles 1.176 1.195 1.172 - 1.067 1.209 1.139 1.183 (10)
San Francisco 1.316 1.336 1.176 1.228 1.453 1.220
Seattle 1.236 1.255 1.010 .987 1.026 1.093
Southeast 72.2 Atlanta .751 .763 .885 .906 .883 .855 .825 (2)
Birmingham .764 776 .854 .831 .878 .758
Middle Atlantic 81.9 Baltimore .868 .805 1.003 .889 .869 .965 .899 (4)
Plains 102.6 Kansas City .951 .968 .857 .968 .919 .838 - 1.018 (5)
. St. Louis 1.231 1.250 1.000 1.094 1.138 1.005
North Atlantic 132.9 New York 1.503 1.526 1.362 1.221 1.170 1.362 1.137 (9)
Pittsburgh - 1.070 1.055 1.016 1.039 .920 1.035
Philadelphia .997 1.000 1.087 1.008 .99%4 1.109
Ohio-Tennessee 141.1 Cincinnati 1.101 1.087 1.031 .943 .899 . 944 1.073 (7)
Cleveland 1.321 1.303 1.123 . 1.050 1.016 1.060
Great Lakes 159.3 Chicago 1.166 1.184 1.122 1.034 .98%1 . 1.102 1.078 (8)
: : Detroit 1.238 1.258 1.157 1.077 1.081 1.090
Minneapolis 1.075 1.105 .913 .955 .903 .963
New England 455.2 Bos ton 1.075 1.013 1.043 1.092 1.057 1.055 1.056 (6)

2/ Base Hourly Rate and Fringe Benefits for Indicated Classification as Reported in Engineering News Record, 2-29-68:
1 $3.86 $3.80 $-.75 . $5.96 $6.16 $5.67
1/ U.S. = 100

3/ Subsidiary indices/Mo. values included




TABLE 20
Major Comnonents of Constructien Cost

PERCENT OF TOTAL CNST

Contractors' Overhead

Material Lakor Plant and Profit
Sewaae Treatment Plants 54,5 25.3 .5 13.7
Sewers 35,5 12.5 31.3 14.7

(Source: Sewer and Sewane Treatrent Plant Construction Cost Index n. 32)

(7) lUrban Cernlexitv, Urbanization and conseauert concentration
of nonulation have Leen nronosed as exnlanations of hoth high relative
regional costs anc low upit costs. On the one hand, ronulation concen-
tration is presumed to nrovide economies of scale that diminish urit
investmont reeds. Nn the other, it has been asserted that urbanization's
effect--in creating transmission difficulties and reouiring higher
deqrees of treatment--is to push unit costs unward,

There is qond loaic on either sida of the arqument: but rankina rela-
tive costs anainst relative urbanization suaoests that the actual
cffect is neutral--see Tahle 21. One miaht conjecture that the arqu-
ments for the effect of urbanization rest in larce measure cn mis-
anprehension. The simnlistic centrast nf vast western arecas of small
nponulation with the rmass of persons concentrated alona the Atlantic
Coast and Creat Lakes aives a distorted viow of +he nature of nonulation
concentrations. Censtraints on develonment imnosed by land forms and
water availabilitv recduce western utilization of land fer urban purnoses
and make the coffective rate of nroculation concertration in the
western United States nuch 1ike that of the llortheast and serevhat
more nronounced than that of the South and the plains; so that the
actual effects of urbanization on waste handling costs are nrobably
quite similar throuah the YNation.

Enqineerina studies confirm without exnlainina the higher rels-
tive cost of hNertheastern sovane treatment nlant construction. Exarination
of snecifications feorvarded in connection with annlications for Federal
grants produces--alrmost invariatly--an unfavorahle comnarison of
estimated nlant costs in !lew Enaland, ilew York, and Pennsvlvania with
similar facilitiec in other narts of the Nation. Sufficient sarples
were not availahle over the last three years to orovide statistically
valid cost correlations for all waste treatment nrocasses on a reaicnal
basis, but enounh examnles of the most common vaste treatment methed
in the lMortheast--that is, the activated sludge nrecess--nccur to nrovide
comnarative construction cost tn size statistics. The analysis (cf.
Table 22) revealed a sharnly adverse cost situation in the area through
the range of sizes, with costs becoming nroqressivelv less representative
as size of plant increased.
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TABLE 21

Relative Urbanization Related to
Unit Waste-llandling Investments

Regions, Ranked in Urban Population Rural Population
Order c¢f Ascending Rank, Degree
Unit Cost Number Percent of Urbanization Number Percent
1 Southwest 3,757,000 72.5 4 1,426,000 27.5
2 Gulf 11,479,000 €7.7 6 5,474,000 32.3
3 Pacific Coast 16,937,000 80.6 2 4,072,000 19.4
4 Southeast 9,440,000 56.4 10 7,284,000 43.6
5 Middle Atlantic 7?318,000 57.1 S 5,504,000 42.9
6 Plains 7,452,000 57.4 8 5,534,000 42.6
7 HNorth Atlantic 27,810,000 81.4 1 6,361,000 18.6
8 Ohio-Tennessee 11,053,000 60.8 7 7,121,000 39.2
9 Great Lakes 21,436,000 71.6 5 8,501,000 28.4
10 HNew. England 8,033,000 76.4 3 2,478,000 25.6



TABLE 22

Relative Construction Costs of
an Activated Sludge Plant

MHortheast

Million §1057-5% Investrment Per !1illion Gals/Day as a
Cals/Day Capacity Percent of
Capacity Northeast* U. S. (Including !lortheast) U. S.

0.5 §203,Nn00 $516,000 173
1.0 758,000 4ns ,nno 182
2.5 611,000 206,000 214
5.0 519,000 220,000 227
10.0 421,000 179,000 246

* Six Mew England States, Pennsylvania, llew York.

\lhatever the reasons, the hich canital cost of waste handling in
the MNortheast vould scom to be decumented adequately encugh to ke .
accepted as a fact. Mnd the fact that real costs arc significantly
higher in the lortheast has serious imelications fer Federal policy. -
Quite anart frorm the obvious quastions of equity and efficicncy, maior
allocational n»retloms are inhercnt in the particular composition
of regional cost differences that exist in the nation.

(1) Investrent needs are stronaly concentrated in the Northeast.
The six new England States, 'ew York and Pennsylvania contain just over
20% of thie hation's penulaticn but 57% of the sowercd pcnulation that is
not provided with waste treatment services. [oreover, the reajon's
per-canita investment in waste handiing facilities hes--at least in
recent years--been well below that of the rest of the nation. As a
result, the estimates of investment nced nresented earlier in this re-
port are not weinhted to reflect the concentration of actual needs that

is found in the eight State arca.

(2) Althoush the normalized rate of annual depreciation accruals
is lower on a per-capita basis than in other parts of the nation, as a
result of the region's deficient canital base, many of the physical
facilities found in the lortheast are quite old and cormand a high
effective rate of recacitalization. This, together with a relatively
- low rate of capital formation in the area, indicates that the Northeast
has been borrowing against its real replacement and growth requirements
in recent years.

(3) The rate of local investment in waste handling facilities is
strongly conditioned by the level of Federal assistance. The allocation
formula that has been used has not reflected the particular difficulties
of the Northeastern situation: and the failure of appropriated Federal
funds to meet promised authorizations has effected a mechanism that has,

50



perhaps, made matters worse. In llortheastern States, pollution abate-
ment programs have been conducted in keeping with a logic that would
have the community needina a work proceed to finance that facility and
to construct it in anticination of future Federal (and sometimes State)
assistance pavments. The process might have been successful had all
other things becen equal; but there is a vast differences between the
ability of comrunities and of the naticn to command funds in financial
markets. As money has beccme progressively tighter over the past five
years, the ability of local government to finance needed projects has
become weaker, so that the pace of construction has not kept up with
growth of demand. As a result, the Hortheast--in spite of a declining
share of total population--has sustained a constant sharc of the national
need for waste handling facilities, even without adjustment for the high
prices that prevail in the area.

TABLE 23

Investment and Remand, Mortheastern States
(I'i11ions of Dollars)

State "Needs” Investment "Needs"  "Heeds" leveloped
1062% 1062-67 1068* 1962-£7

Connecticut 20.0 52.6 53.2 75.9
Maine 77.3 16.2 66.5 5.4
Massachusetts 145.4 61.3 151.6 67.5
New Hampshire 49.1 15.6 44,6 1.
Mew York 215.1 211.2 200.0 196.1
Pennsylvania 232.5 144.6 262.5 167.6
Rhode Island 6.0 13.1 16.6 23.7
Vermont 23.9 16.9 29.6 17.6
Northeast Total 791.2 515.9 824.6 549.3
(Percent of ilational

Total) (26) (19) (26) (19)

*Based on national average unit costs

Although the use of average costs in modelling investment require-
ments may be an acceptable technique for evaluating most of the nation,
dimensions of the liortheastern States' deviation from the mean in the
past suqqgest the nead for adjustment. The range of variation elsewhere
is relatively slight, and the sarole structure on vhich costs were
determined is well distributed. It is entirely conceivable, for example,
that use of mean costs overstates South Dakota's or lississippi's
needs, in effect shiftina the accounting of investments that take place
in Hichigan or Ternessee. 0Out the shift involved is not believed to
be highly significant and--more important--to be such that offsetting
effects produce a reliable national total.
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The situation is otherwise for the highest cost States. MNot only
is the difference in investmznt thet may De involved cf potentially
radical significance, but the inadequate sample of Northeastern plants
g0ing into the calculation of mean cests suggests that total costs may
be understated.

Theugh an entircly reliable set of calculations is not attainable |
until a complete sot of regienal cost cenfficients is derived, a partial
adjustment to reflect the added burden of the llortheastern States is
pcssible. The adjustmient presented in Teble 24 utilizes the relation-
ship between costs of an activated sludge plant in the Hortheastern
States and in the United¢ States as its base. Sewered pepulations of
the eiqght MNortheactern States, distributed by community size, wvere
divided hy total scwered population to obtain the scgment affected Ly
a particular cest relationship. The decimal valuos oltained were
weighted Ly the indicated cost relationship for the particular size of
community, and the product applied to the value of the State's need,
as that value had been determined by the evaluation model.

TAOLE 24

Adjusted Invastment Heeds
Eight liortheastern States

Millicns of 10£7-59 Pollars

State Unadiusted Adjusted Increase
Connecticut 53.2 97.6 44,4
Haine 66.5 97.1 30.6
ilassachusetts 151.6 254.9 103.3
flew Hampshire 44.6 63.8 24.2
itev York 200.0 374.4 174.4
Peannsylvania 262.5 457.9 195.4
Rhode Island 16.6 31.2 14.6
Vermont 20.6 4.8 12.2
Total £24.6 1423.7 599.1

The effect of the acdiustment is to increasc the scale of indicated
national needs by 50 millicn base year dollars, or C27 million current
dollars--twenty-six percent. For the eight State renion concerned,
it amounts to a 72" escalation of costs. Even that amount falls well
short of the dimensions of the cost increase that might be anticipated
on the basis of unit investinent differences encountered during the
1962-57 neriod. The adjustrent methed is consistent with the medelling
process, however: so the technique may be considerad valid. ‘lhile a
larqger incremental investment nay actually be necessary in the North-
east, it is possible that the uncalculated amount may be accounted fer
by the inter-regional displacements known to occur as a consequence
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of average cost modelling. In any event, no better procedure of adjust-
ment has been suggested. In consequence, the regional investment incre-
ment presented here has been used in ccheduling analyses that follow.

An QOptimur Investment Schedule

For the pnoriod immediately ahead it is pessible to dectermine with
some precision, by applicetion of the evaluation models, the invaestment
that will Le required on a national scale to obtain the Tevel of treat-
ment of public wastes that has been determined to watch in a genaral
fashion the requirements initially asscciated with water auality stand-
ards. 'le know the ‘anproximate rate at which investment requirements are
accurulatineg, and vie know the amount of the current accunulation of
needs. The matter, then, resolves to a simple scheduling problem: to
find the annual rate of investrment that will sustain existing physical
capital, meet execansion recquirements, offset inflation, and eliminate
the accurulation of investment requircments that currently exists.

To simply project past rates of need accunulation would be the
simplest method of determining an acceptable rate of investment. It
is unlikely, however, that the bulge in rate of development of needs
caused by imposition of the secondary waste treatment standard will be
repeated. For that reascn, the projection nrocess might be exnccted
to overstate the rate of development of investrient nceds to be antic-
ipated during the early 1070's. *

A more reasorable projection procedure is thought to be one which
takes into account both the existing canital base and prevailing rates
of demand formation for constituent elements of the investment complex--
i.e. growth, r.canitalization, and the backloqg of accumulated demands--
under a series of capital suoply assumptions.

* . For those who wish to review the general dimensions of requirements
under such a procedure, the elements are:

1) base current needs, in millions of 1957-59 dollars = 3201.1

2) dincremental needs associated with higher costs in Northeastern
States = 59°.1

3) Rate of development of needs, 1962-63 =

X+ 1) -Y
= R = 12.1% per year

1]

4) projected rate of inflation = 3.5% per year

5) current construction cost index = 1335% of 1957-52 (Over a five
year period, neceds would amount to $11,031.3 current dollars,
indicating an annual investment requirement of $2.2 billion.)
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To effectuate the procedure, a computar prograrm was develoned to
anply varying amount of capital against combinations of derand constit-
uents. The nroaram assumed a constant 3.5% rate of inflation, and a
constant 2.3% rate of growth. FRecapitalization, capital in place,and
backlog were derivatives of investment. The program dealt with recan-
italization as a nrime clement that had no effect on other elements of
the model. (The condition in which total outlays failed to match
recapitalization reauirements was not nrogrammed.) Growth needs vere
calculated to armount in any year to 3.2% of capital in place, and were
allotted the second seqmant of a postulated investment: to the extent
that the investrient covered arowth requirements, the value was trans-
ferred to capital in place to serve as an elcment to calculate the
following year's recanitalization requirerent, and values cxceoding
available investment were accumulated as additions to the backlog of
unmet needs. The backleg itself was reduced by any amount that avail-
able investment cxcoeded recapitalizatien and arowth elements, or
increascd as nrior demands on a hypothesized investmant exceeded the
amount of the investrment.

Repctitions of the exercise, anplying a schedule of investments
increasing in €172 millien increments from $1 billion to £2 billion a
year, indicated that a 52 billion annual outlay is required to reduce
accumulated nceds within a five year pariod. (c¥. Tahle 28A). Lesser
outlays, of course, incrcase the time renuired to attain control con-
ditions that annroximate current interpretations of vater guality stand-
ards requirements. Investrents of less than %1.5 billion a vear not
only postpone attainment, they are insufficient to keen pace with the
requirements of recenitalization, grouth, and inflatien, so that, after
an interim neriod of reducticn, the backlog increases rather than de-
clines. (cf. Takles 253 and 25C.

TABLE 25

A-Optimizing Schedule, 'ater Quality
Standards Related Public Investments
(Values in !i11iens of Current Dollars)

Year "Backleg" at Grovth Recapitalization  Investment
_Year end

10r0 443,14

1070 3441.P 437.2 410.9 2000.0

1971 2420.5 1€7.4 , 459.9 2000.0

1072 1504, 5 4007 508.1 2000.0

1973 7300 534.3 555.7 2000.0

1074 n 571.2 602.5 1923.3

1075 €1n.7 €48.4 1259.1

Total Indicated Investment, 1070-1974: 00909 3%
"Backloq" 4882.3
Grovrth 2509.8
Recapitalizatien 2537.1

*Includes an Irflation Component of: ©028.8
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TABLE 25 Continued

*B-Stretchout Schedule, Water Quality
Standards Related Public Investments
(Values in Millions of Current Dollars)

"Backlog" at

Year year end Growth Recapitalization Investment
1969 4438.4
1970 3741.8 437.2 410.9 1700.0
1971 3091.0 467.4 450.8 1700.0
1972 2489.0 499.7 490.1 1700.0
1973 1932.0 534.3 528.6 1700.0
1974 1444.3 571.2 566.2 1700.0
1975 1008.5 610.7 602.9 1700.0
1976 635.3 653.0 638.6 1700.0
1977 328.9 698.1 673.2 1700.0
1978 93.4 746.4 706.6 1700.0
1979 0 798.0 738.8 1630.2
1980 0 853.2 769.5 1622.7

*C-Deficiency Schedule, Water Quality

Standards Related Public Investments
(values in Millions of Current Dollars)
"Backlog" at

Year year end Growth Recanitalization Investment
1969 4438.4
1970 4041.8 437.2 410.9 1400.0
1971 3692.5 467.4 441.8 1400.0
1972 3393.5 499.7 472.0 1400.0
1973 3148.0 534.3 501.4 1400.0
1974 2953.3 571.2 529.9 1400.0
1975 2831.0 610.7 557.4 1400.0
1976 2767.0 653.0 583.9 1400.0
1977 2847.9 698.1 609.2 1400.0
1978 2847.9 746.4 633.3 1400.0

*Note: Due to the inescapable pressures of growth and recapitaliza-
tion the investment results achieved with $2 billion a year in five
years can only be attained in ten years with a reduction in spending
to $1.7 billion a year and at that level no decrease in investment
pressure is experienced; indeed by 1981, demand again reaches the
$1.7 billion a year level and a backlog begins to accumulate by 1982,
At a level of $1.5 billion a year or less, the backlog is never elim-
inated.
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Within the terms of the analysis--which approximates reality, in
that any failure to maintain physical capital or to meet new demand will
inescapably add to the accumulation of unmet requirements--a critical
relationship may be found between the current level of investment, $500
to $900 million a year, and the rate of formation of reguirements under
the pressures of growth and recapitalization.

Ve are alrecady torrduinq heavily against the future when we incstall
new plants today. The immediate effects of that borrowing are prob ab1/
not too serious, given the age compositicn of plants in place, mest of

which were built fairly recently. (cf. Table 26, that 1ists by pericds
the anproxinate date of most recent major 1roroverent or of initial
operation of all known municipal waste treatment plants. Of those for
vihich information is available, over seventy-five percent were construct-
ed or ravorked within the last ten years, more than eichty-eight percent
within the last fiftean years.) But with each passing year, the poten-
tial seriousness of the current under-capitalization, of public waste
handling becomes arcater. Tuenty nercent of the sewered population
of the United States is now served by over-loaded plants, and another
twenty- six percent of the sewered population is served by plants that
need major upgrading.

A point must be made here. There is nothing precise about any of
the numbers relating to investment. They are prescnted to the nearest
nundred thousand cdollars only to preserve mathematical inteqrity, not
because tnn/ are felt to quantify reality with the exactness that such
a level of detail micht be tnouant to imply. The evaluations nresented
in this paner are to be viewed on]v as orcer of macnituce extrenolations
of existina conditions. In In particular, it should be recoanized that
there are onocriunities to reccuce the weicht of the burden by enlight-
ened nplanning and administrative policies. Though technological
innovations may be exvected to have slignt, if any, impact on costs
over so short a nlannina horizon as five years, the existing technology
does offer canital-saving exnedients. If the design and construction
industry of the northeast could reduce its costs to national averaqge
levels, vell over half a Lillion dollars might be saved within the
projection nericd. If the ratc of inflation could te rolled back
that obtaining in the first half of the last decade, another three
quarters of a billicn dollars migat be saved within the period. Use of
rmore depencable sizing technigques, cptimpal design engineering, and more
intensive apnlication of regional concepts might all save hundreds of
millions of dollars. Conversely, if infiation accelerates, design
standards bccome more rigid, and local jealousies intensify, the nation
can exoect an even larger bill to be delivered.

Comnariscn of the investmeont schedules indicates the peverful
influcnce of time. Not needs as such, tut the rate at which needs
develop and ara met bacemes the prime question in evaluating national
proqrass in providing facilities to control water pollution. The
point is as true for each State as Tor the United States. To provide
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TABLE 26

1968 Municipal Waste Inventory
Summary of Waste Treatment Facilities by Year Plant Underwent Major Revision (or Began)

Date 1800 and  1903-  1911-  1921-  1931-  1941-  1951-  1958- 1963-

State Unknown prior 1810 1920 1930 1940 1950 1957 1962 1968 Totals
Alabama 95 0 0 0 2 5 4 2 33 63 204
Alaska 7 0 0 4] Q 0 0 0 0 0 7
Arizona 35 0 0 0 0 0 0 4 8 22 69
Arkansas 28 1] 0] 0 0 0 1} 2 57 116 203
California 541 0 0 ¢] 0 0 0 1 4 0 546
Colorado 30 0 0 1 0 5 5 25 48 90 204
Connecticut 17 0 1 1 3 13 9 10 14 15 83
Delaware 4 0 0 0 0 0 0 0 3 N 18
District of Columbia 0 0 0 0 0 0 0 0 0 1 1
Florida 420 0 0 0 0 1 1 1 k]| 55 509
Georgia 3 0 0 0 0 21 17 34 36 168 307
Hawaii 2 0 0 0 0 0 0 0 5 14 21
ldaho 25 0 0 0 0 2 1 12 22 3 93
Nlinois 79 0 1 0 7 30 35 64 167 246 629
Indiana 75 0 0 1 2 7 10 47 66 94 302
Towa 37 0 0 19 20 32 27 62 109 193 499
Kansas 23 0 0 )] 6 25 38 107 116 139 435
Kentucky 56 0 0 0 1 4 5 21 34 118 239
Louisiana 85 0 0 0 1 0 0 3 35 49 173
Maine 8 0 0 0 0 1 0 1 6 17 33
Maryland 4 0 0 2 0 9 3 6 17 49 90
Massachusetts 68 0 0 0 0 0 1 i 9 15 94
Michigan 79. 0 0 1 4 10 5 20 51 98 268
Minnesota 224 0 .0 0 0 0 0 0 55 132 an
Mississippi 40 0 0 0 0 0 2 13 61 99 215
Missouri 289 0 0 0 0 1 0 9 96 95 490
Montana 6 0 0 3 1 2 8 25 45 35 125
Nebraska 15 0 0 0 6 26 20 44 93 180 384
Nevada B 0 0 0 0 2 3 3 2 1" 29
New Hampshire 10 0 0 0 0 0 0 0 7 10 27
New Jersey 184 1 0 i 12 5 3 14 24 74 318
New Mexico 27 0 0 0 0 0 0 4 16 33 80
New York 47 0 3 1 21 79 20 55 99 172 507
Horth Carolina 96 0 0 0 ] 9 5 20 58 160 349
North Dakota 5 0 0 4 3 5 16 52 86 40 21
Ohio 92 0 0 1 3 26 13 99 134 169 537
Oklahoma 168 0 0 0 0 0 0 2 86 114 370
Oregon 3 0 0 2 2 5 N 3 47 66 167
Pennsylvania 480 0 0 0 0 0 0 0 1 6 487
Puerto Rico 74 0 r 0 0 0 0 0 6 n 91
Rhode Island 3 0 0 0 0 0 1 4 2 6 16
South Carolina 123 0 0 0 0 0 0 18 3 52 224
South Dakota 14 0 0 1 4 9 16 35 56 55 190
Tennessee 79 0 0 0 0 0 1 12 46 62 200
Texas 628 0 0 0 0 0 0 2 105 176 911
Utah 12 0 0 0 0 1 4 9 12 26 64
Vermont 4 0 0 0 0 0 0 ) 12 21 38
Virginia 44 0 0 0 7 7 12 27 65 91 253
Virgin Islands 0 0 0 0 0 0 0 0 0 0 0
Washington 208 0 0 0 0 0 0 0 0 0 208
West Virginia 29 0 0 0 0 7 3 G 25 54 118
Wisconsin 26 0 0 0 0 40 46 95 103 130 440
Wyoming 25 0 0 0 0 0 0 5 30 18 78

U.S. Totals 4,72 1 5 49 106 389 345 1,002 2,274 3,682 12,565
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a broad estimate of the magnitude of investment facing individual
States if indicated treatment standards are to be met, the scheduling
process has been anplied. Recognizing that variatiens in design
practice, arowth rates, and effective rocanitalizaticn rates may

be distorted by the anplication of natiorally derived coefficients,
decision-makers at the State level may nevertheless find the values
useful in formulating financial plans in the field of water pollution
control.

Because the reliahility of the assessment of investment
requirements daclinas with the size of the element evaluated (a sinqle
atypical nroinct w11l have a more nrancunced effect on results for a
smaller than for a larnor elarent), five year reauirements frr States
are nrasented in terms nf a rapne--cre standard deviatien alout the
mean--rather than an ewxnncted value. The princinral variatle affactina
the breadth of the ranme is nlant size, so it would te unwise to infor
that a State's ultimate investment need will be to the Tow or high side
of the ranne on the basis of the generalizad influence of location
on cost discussed carlier in this pancr. Rather, five ycor investnent
requircnents would be expected to occuny a mid-naint in the range, .
deviating to onc side or the other according te the size of particular
prejects that must be schedulad within the pericd.

A similar problem of disanqregation is responsible for use of
five year lumn sums rather than annual schedules. ‘here the total
system of the nation might be expected to sustain a constant annual
rate of investient under any given level of funding, subsytems may
be expected to cermonstrate a certain lumpiness in allocaticn, according
te scheduling of particular projects. (An exception to the rule might
be anticipated in the case of the six to ten most populous States.)
The exigencics of scheduling will, of course, aftect qross investment
over the period, due to the varying effects of inflation, renlacement,
and growth factors under different sets of time conditions.

These projections of investment levels are considered to be
cormatible with existing definitions of requircments, current unit
costs, a moderating inflationary influerce, a five year time neriod,
and a situation in which financial or resource constraints permit
achievenent. A number of other estimates for the individual States
exist, and these may be very different in their details than those
presented in this report.

Most of the States have compiled lists of needed works. 1In
particular, the FUPCA requires that such a Tist be a part of the
description of the State program in submission of applications for
proaram arants. Independent estimales of needed or apt to be needed
vorks--sone with, and scme without a specific time horizon--are often
maintained for use in documentina apnlications for Federal 'laste
Treatment Plant Construction Grants. FIPCA regional offices also
maintain estirates of existing and future requirements, again uncon-
ditioned by time. Such estimates differ from the values assessed here
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in that they are situation-dependent, time-inderendent, and are in many
cases franlly intended to be used to lcbbv for additional funds or

other program alterations. ['evertheless, they have tremendous value and
pertinence, in that they are compiled by men on the scens and represent
the influence of both subiective and okjective local factors.

Recognizing these values, one rmust nevertheless aprroach at least.
some such estimates with rcservations. In some cases thev must Le
interpreted to be saying either 'this is what we should like to do in
the absance of any constraints,' or the direct onposite -- 'this is all
ve think ve can de, given existing constraints.' 1In distinction, the
assessment provided in this renort says substantially that 'if we are
to achieve presently defined national coals in a five year time spran,
the cenditions that exist today indicate that we must invest about
$§2 Lillion a vear.' Unlike the other evaluations, the one presented
here is stringently constrained bty time and observed conditions.

Table 27 prasents the range of required five year investments
cornuted for each State, and contrasts it with the varicus localized
estimates of needs. In comnaring the values, the reader may obtain’
some grasp of the plasticity of the situation, the extraordinary variety
of conclusions that may be reached where the rules cf the game re
lTargely unsoecified.

The rules of the game, as it is ultimately to be olayed, are
all imnortant. Thare are sizeable dimensions of uncertainty relatinng
to plant scale, reafonal cost differences and timing of investment,
Actual treatment needs to meet water quality stancdards ray vary marbtedly
in many situations from preliminary assumntions because of local con-
ditions. Chanaes in the rate of industrial connectiens to municinal
plants, irrrovements in technolony, areater use of reqgiconal treatrant
facilities vi11 211 have an imnact on actual costs, and these can only
be accormodated by the 2nalvtical method with a set of nroinction
assumntions that may finally orove to diverge in several resnacts from
the eventuatien of conditions. Pervarselv, cven Federal nolicy and
leaislation based on a leval of need will tend to make any estimate
self-fulfilling by irnosing external stiruli on Iocal decision maling,

-

An Ontimum Industrial Schedule

Because the cam2 alements annlv tn the industrial sector--i.e.
investment rates rzpresent the interaction of technological requirasmonts,
capitalization, growth, replacement, and nrice levels over time--the
sane scheduling techniques may be utilized to determine investment norrs
for manufacturers.

We have a fairly qced grasn of the c¢irensicns of those elements in
terms of the definitions presented in the first report of this series.
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TABLE 27

Range of Five Year Investments (1970-74) Associated with Provisional Attainment
of Water Quality Standards, by States
(Miliions of Dollars)

Cost Estimate State Program Grants & Engineering Regional Office
Model Plans Estimates
High Low
Value Value
Altabama 224.3 165.5 28.2
Alaska 12.2 7.6 n.a.
Arizona 46.1 35.1 n.a.
Arkansas 118.6 72.6 32.7
California 838.5 738.1 530.0
Colorado 143.7 103.1 35.0
Connecticut 187.7 147.1 n.a. 275.0
laware 17.7 12.5 30.4
Oistrict of Columbia 68.2 19.4 218.0 355.3
Florida 209.5 157.7 n.a.
Georgia 250.5 198.3 7.9
Hawaii 44.0 32.4 67.8
Idaho 75.5 58,1 n.a.
Il]inois 493.7 396.9 186.0
Indiana 337.6 282.8 123.4 200.0
Towa 160.3 122.3 19.2
Kansas 250.9 118.3 n.a.
Ken;ucky 102,6 54.4 29.6 30.0
Louisiana 206.3 104.1 57.0
Maine 206.6  114.2 150.2 170.0
Maryland 63.7 29.5 n.a. 159.8
Massachusetts 586.7 356.5 49.0 400-500
H?chigan 311.7 249.3 135.4
Minnesota 193.3 114.) 143.3
Mississippi 141.0 82.2 7.2
Hissouri 359,1 195,3 10.7
ntana 63.7 2. 17.9
Nebraska 119.0 88.4 16.8
Nevada 38.6 30.0 26.2
New Hampshire 150.4 93.6 1151 120.0
New Jersey 343.4 262.8 727.7
New Mexico 50.1 38.7 9.9
New York 1323.6 788,6 1199.0 3000.0
North Carolina 254.5  199.1 n.3 86.9
North Dakota 38.9 3.9 3.8 '
hio 511.8  429.8 240.8 451.0
Oklamo 123.0 94.0 60.9 .
Oregon 146.1 114.5 43.3
Pennsylvania 1122.8 720.8 66.9 431.7
Rhode Island 96.7 72.9 33.7 48.0
South Carolina 121.8 96,0 39.3 74.4
South Dakota 48.2 39.2 9.5 *
Tennessee 184.9 115.7 179.9
Texas 502.9  441.5 249.3
Utan 82.4 68.6 12.6
Vermont 117.5 83.9 73.2 60.0
Virginia 152.8 117.4 150.3 204.0
Washington 198.5 146.5 21.7 )
West Virginia 140.3 101.1 10.4 50-60
Wisconsin 275.0 231.4 7.6
Wyoming 38.3 19.1 1.6 9.7
- Guam - - 61. 6.2
Puerto Rico 61.3 36.1 39.4 26.4
Virgin Islands 4.4 2.6 8.3 15.7

(a) values materially below indicated longer term levels as a result of accelerated level of starts
in recent years.
(b) 1969 submission same as 1968.
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It is reocoqgnized that there are significant weaknosses in that assess-
ment, weaknesses thot derive principally from cata deficicncies.
Because no significant new information has come to light in the tuo
years since the issuance of that report (and because such informaticn
as industrial sources nave provided tends to corrchorate the valuss
reported), no atterst has been made to refine the estimates presented.
In the albsence of infermation that might alter the earlier estimates
in some sublistantive Tashion, they have been fitted into the schedulirg
equation.

Decause the input variables were originally nresented as a range
(whose bounds may bte thought to represent techirological possibilities
frontiers) a mid-noint value is used to present the results of the
scheduling effort in Table 2°2. The elements of the table include 1)
the mid-point investment requirement increased by twe years' estimated
normal growtih and recapitalization veauirenents and decreased Ly reperted
1968 investment and projected 1208 dnvestrment; 2) annual grevwth assessed
at 4.5%: 3) eannual recanitalization assessed at 2%; 4} annual inflation
assessed at 3.5%. It should be noted that the dynamics of industria)
vaste treatrmont are considered to include significantly higher growt!
and recanitalization functions than is true of municipal waste treoatrent,
so that industrial investment requircments are climbing faster than are
municipal. This traces to the fact that the major part of the public
investment is for transmission facilities that are roplaced at a
slovier rate than waste treatrment nlants, and that industrial productien
is increasing at distinctly more pronounced rates than nopulation.

Given the data seot and the assumntiens that underlic it, the
situation that emerges is one in which manufacturing industries must
invest abtout %650 million a year over the next five years to achieve an
equilitriun Tevel of capitalization, one in which investrents are re-
quired only to meet the exicencies ¢f arnual recanitalization and
grovith. The current level of investment aopears to be comfortingly
close to the taraet amount. Unless seme siarificant changes in the
rules of the name becom2 necessary, industrial facilities may be
expected to come on stream according to the hypothetical schedule
that reflects current national policy.
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TABLE. 23

Optimizing Schedule, “oter Cuality
Standards Pelated Manufacturers' Investment
For taste Treatmant

(Values in '1illions of Current Dollars)

Year "Backlog": at GCrovth Recanitalization Investrent
Year End

1069 1513.?2
107n 1120.5 1390.4 112.5 650.7
1971 317.3 15n.8% 138.0 650.7
1072 526.4 162.1 156.0 €50.7
1073 2582.0 176€.4 175.2 €EN.7
1074 - 100.8 102.8 65n.7
1975 - 2N6.3 209.7 6.0
Tntal indicated Investment * = 32532.5

"Bactloq" 1€h1.6

Crevith 20,8

Ponlacerent 721.4

* Includes an Inflation Commonent of 330.0
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FEDEPAL COST-SEARTIG

Hature of Grant Proarams anc the Rensons for Cost-Sharing

To properly evaluate Fecdzral cost-sharing it is necessary to
trace the recent history of how cost-snaring develoned, and to
define the concent with respect to the Feceral ‘ater Polluticn
Control /ct.

Interaovernmental fiscal relations have increased since the
1230's.  There arc scveral reasons for this increased activity.
Increased urbanization and a faster pace of econormic orovrth have
created more demands for servicas nrevided by local gevernrments.
Wnile the demands have Leen felt at the Tocal level, the availahility
of increased revenues nas been at the State and particularly at the
Federal Teval. Threouch fiscal particiration an equilitiriun of sunnly
and denand for nublic finds can bec ottained often. This amounts to
a direct pass-throurh of Federal funds to strapned local coffers.

Another reason for the ororth of navments from Federal to
State and local covernsents has bacn the cesire of ¢rouns to
influonce hoth the levnl and neture of public exnenditures. The
rationale for these intercoverrnontal exnenditures is that the
quality of activity of one arca v'ill affect outsida arces. TFurther-
more, the hirher levels of covernent will be better able to dirnct
a uniforn nerformance as cemnared with lecal aovernmants working
tovard thoir on particular ends. Financial participation serves
as an incentive to lecal covernrents ancd as a means of adjustinn
financial inecuities that wmicht develon.

Another rationale for intercoverntental financial cooneration is
provision of relief to noerer renigns and to lover incore lovels. The
justification for this financial aicd rests unon the belief that this
can best be accomplisiied by larcer rather than by smaller units of
governnent. For if income redistribution vere accomnlished on a local
basis, soie comnunities would have a arzater burden per canita than
others. The justification for this tyrne of fincncial aid rests on the
given national ohjective concerning income eouilization, and on the
many benefits which do not accruz solely to the individuals in these
cconenic conditions but wiaich accrua also to the nation,

In 1icht of these censiderations Fedaral financial architects
have designed nunerous methods of cost-sharina.  Included arona the
methods are: income equilizaticn--allocating relatively more qrants
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to poor arcas than to prosperous ones; optimizing--using functional
or categorical grants to increcase efficiency in performing snecific
objectives; and Llock arants--nassinc via unconditional qrants Fed-
eral monies to State and Tocal covernments. For each alternative

the impact of fiscal federalism varies. lhat alternative or comhin-
ation of alternatives should be chosen denends on the purnese of the
grant and the social welfare function, the objectives of the decision
maker.

To establish the nature and level of FIPCA cost-sharing procrams,
the objectives and rationale for the program first must be considered.
Is the progran a means of reaistributine income and/or a means of
collecting and distritutine tax dollars? Uloes the proaram have a
specific optimizina function? Tne basis for distributing the grants
allocation formulas can be established only after those quastions
are ansverced,

The stated purpose of the construction arant prooram is to provent
untrecated or inacdoouvately treated sovacz and vaste from being dis-
charaed into water (Federal Vater Pollution Control Act as arended
Section 8a). The desirability of the grant is basad on the pronriety
of the Federal aid, the public neccssity for the worl, the relation-
ship of total system costs to benefits, the benefits received from
the vork, and the ahility to maintain physical capital (Section 8c).
Judaing from these nrovisions in the Act, it appears that the grant
proaran is directed to accornlish a snecific objective, and may be
classified an optimizing grant.

Level of Fecderal Srent Sunport

There are a number of persuasive reasons vhy Federal financial
sunpport for State and local pollutien abaterent efforts may be con-
sidered to he appronriate. Ultimately, thesc devolve upon two consid-
erations, cquity and financial nccessity.

The equity arnument may be sct forward very briefly. It holds
that nollution control is an exnression of a national priority (which
may often conflict with local priorities that would put industrial
developient, louer taxes, or alternative use of puhlic funds well
ahead of pollution control): and that the benefits of improved water
quality extend in tire and place well beyond the point of the action
that results in irnrovement, so that they are most often recional or
national in nature. Thus the comunity should in equity bear the
cost of reducine the damanes it creates, but there is eaual equity
in reauirina that the beneficiaries of such actions--in essence,
the nation at larce--Lear some costs. Cost-sharinag Lotween Federal
and local coverneonts, then, represents a rouch and ready accormod-
ation to the princinles of levyino charqes anainst both the occa-
sioners of damage and the recipients of benefits. (The same
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considerations of eauity arnue stronaly for State particiration in
costs, since State covarnvent has a more proxirate relation to damares
than does Fedaral governcent, and mora directly represents benefitted
population than does local government).

The finencial necossity arcunent extends far hayond the area
of nollution control. It is directed to the fact that fiscal demands
on State anc¢ lecal governments are increasing faster than the grouth
of their revenucs--at Teast as these are derived from traditional
sources--or faster than gross natieral product. Lut while State and
local governnents Tace a resronsinility to provide an increasinag shere
of the goods and services produced in the national economy, the
Federal covernsent holds the most efficient taxina necheanisrs in its
poviers.  Further, the disvarity between State and local means and
requirenents is increased in practice by the fact thet these servicas
proviUbC by such governients are most nceded in precisely the nlaces
where financial rasourcas are most limited. Under such concitions,
Feceral financial assistance becomes a necessary procendition to the
conduct of the expending proaran requirencnts of State and local
governinent.,

The situation has been tooc adecquately analyzed anc docurented
clsevhore to rcquire further discussion in tais place. (cf.
especially Pevenve Zhawrint and Its Alternatives:  That Futere for
Fiscal rederalis:

SUocorittee on Fiscal Policy of the Joint
Economiic Lofw1tbno o6th Concress, July 1207, and Fiscal Ualance in
the Arerican Forcrul_jyéfh' fdvisory Commission on Interaeverniental
Relations, ‘asainaton, . October 19C7). The quastion is not
the necessity of Federal f1nmnc1e1 assistance, hut the arount of

such assistance that is required to achieve particular national goals.

Sone guidelines as to amoun nt are offzred in the form of studics
by specialists in aoveriviental fiscal matters. (Detailed citations
may be found in sources cited atove). Joseph Pechizan, Richard
Netzer, and Selrma 'ushiiin and Gabrielle Lupo have provided some vary
generalized assessments of an anpropriate overall mix of Tederal
and local financial efforts, hesecd on the fiscal gan created by the
difference betieen the rate of grouth of State and local revenues
and their outlays. The estimates aaree fairly closely, sunaesting
the need for a 17 nercent to 21 percent Federal finencial particina-
tion in local governncnt proqrans by 1279, The develoning situation
is one in wiich expansion of local government services can only take
place vith a substantial increase in the Federal share of the cost
of such services. (See Table 29).

Sionificantly, Josenh Pechman's estimate of the situation
assumes that financial constraints \iill cause a reduction in the rate
of increase in production of State and local qovernmantal services.
Ihere the other authorities assume that economic growth, new revenun
sources, and increased borrovinn can sustain growth of local govern-
ment scrvices, Pechman projects a revenue supply that has a lov
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TALLE 2°
Estinvates of State and Local fovarnnents
iecds for Fedaral Financial Support
(Fi1lions of Dollars)

Pushlin
Pechman  HNetzer  2Lupo

— e b

Nerands on State & Local

Governnents, 1975 74 74 70
Local Taxes % Torrovinn 63 " 63 63
Facerally Sunnlied 1 N 1
Demands of Stato & Local

Qovernments, 1072 103 121 22
Local Taxes % Lorrovrian 80 100 103
12CE Level of Federal Sunport 11 1 11
Fiscal Gap 12 10 1
Percent Federal Participation, 19GE g 15% 15%

Percent i Nan is to he
Fecerally Closed, 1272 217 176 13%

Indicated Federal Particination
in Increncntal Cutlays 41y 21% 235
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elasticity, and a slowint in the orowth of this sector of the econony
even with a relatively larcer innut to the Fecderal share of total
revenue., In vie: of the events of the past to years--vhen markets
for State and local bond issues have consistently failed to reet
needs, even at constantly increasing. price levels, and when taxpayer
revolt has stifled new revenur measurss at the polls--the Pechman
view of the vorld seems to have been the morz accurate one.

At any rate, the sources scem to acree that we are in a
situation wherc continuvation and extension of pollution control
efforts will reauire that of every five dollars expended by sone
level of governrmant, at least one dollar must core fron Federa1
sources. Given the fact that the nationzl priority systen nrobatly
holds water nollution control screwhat hicher in its ordinal rank-
ing than do at least those cormunities wirvich have failec to provide
needed treathent works, a hicher level of Fecaral finencial assis-
tance may actually be required to achieve nceded controls.

At this tine the Feceral innut to public waste handling
activities annroxirates the relative share projected by the autho-
rities on governmental finarce who have been cited. Currently, the'
combination of grants throuoh the Lepartnent of the Interior,
Housing and !'rban Development, and fagriculture arounts to somcthing
over a quarter of a billion dollars a year; while total State anc
local spendinn for waste handlina is estinated to exceed 51.4 hillien
annually. (See Tahle 20). Federal spending in tiic aree has in-
creased tremendously, both in absolute terms and relatively to the
outlays of local qovernnent. fet constraints unon local finances
have forced many States to provide sunplemental assistance to local
government in the waste handling area.

The reason is not cifficult to dotermine. Althounh Federal
outlays have increcascd at a-nuch greater rate than those of local
government, the arount of the Federal increase has been well helow
that vhich Tecal government has had to mzet. Federal outlays for
capital invastment nurnoses have been about 3170 million urcater
this year than theyv vere in the first five years of the Federal waste
treatment construction grants proaram. GLut total canital outlays
are alrnost 5420 million a year hicher, indicetin~ a 5230 million a
year increrental burden on lecal jovernments. Indeed, annual
replacerert costs for the systons constructed since initiation of
the orant program are estinated to heve increesed by about 5235
million a ycar, viich combined with abcut $125 million a yecar increase
in oncratine costs, means that cne of the effocts of the level and

nature of Faceral assistance in the nollutien control effert has Leen
to directly add a third of a billion dollars a year to the financial
burden of . \nnr1ch local governments.,

The fact, taken in the context of the continuing financial
crisis of local government, coes rwuch to explain the very slow
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TACLE 20

Relation of Federal lssistance to Total Lstimated

Innual fverane

Public Vaste-tandling

Outlay for Period

1956-61, Total
Federal Share

1962-06, Total
Federal Share

12C7, Total
Fecderal Share

Percent Federal
Period
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incremental reduction of pollution abatement needs in recent years.
Local government nust spend as nuch today to hold its ovn in terms

of polluticn abaterent activities as it was spending to increase
those canabilitics a feur yoars ano. -(Overhead exnenditures for onera-
tion, maintenance, end renlacement laracly cancel the effects of
Federal arant assistanca. Larger Federal fundina is necessary to
extend the reach of nui:lic waste handlina and pollution abatement
canabilities.

The appronriate level of fundine over the short run denends
upen several factors, snecifically, the deorez of cost-sharine on
each project, the nethod of allocatinn funds anong States and the
tire nariod in which all untreeted wastes from scvered conmunities
are to Lte treated and an ungrading and renlacerment posture is to be
reacned. '

Thie impact of the cearze of Federal participation rmust be
appraised. The ratz at which a stable investrent posture is to Le
attained is a function of the resicdual funds available aticr
existinn facilities are expandad, maintained or replaced. The
concept exnressed here is that failure to acequately sustain exis-
ting capital automatically creetos an investment need, and adds to
the naticnal backlea. Thus, the sooner it is desired to achieve a
zero "backlon" Tevel the hicher the aiount of total and Fecdoral
investrnient shares. FEut the increase is %y no means likely to bhe
greater than the mareinel limits of axnansion and centraction around
the historical level of investrent. cczleratine construction too
steeply vil1l tend to increase costs more than pronortionataly
through scctor~1 inflation caused by bottlenecks in desien canacity,
constructicn industry canacity and enuinrment manufacturina capability.
In addition, sionificant chanoes in investrent levels may conceiv-
ably drive un interest costs in the alreacdy hish nuniciral bend
market. Snother imnact may vell be peorer quality works, in terws
of both desinn and construction, rasultinag from less strincent
quality control and the attracticn of ennincers and contractors
vith lesser skills in the waste treatment field.

thile a program is considered more effective if it results in
more pollution control in a shorter time than another, the tire
shrinking may cause that program to be less efficient. The tradeoff
betwecen these two factors is difficult to predict.

L Retrosnective Yiew

Yhether vieved as en urban development nrogram or as an jnvest-
nent in natural resource protection, the wave of treatment systeons
construction that has taken nlace since the end of the Korean war--
most of it with the assistance of Fecderal grants--has profoundly
changed the conditions and the attitudes that characterize waste
handlina procedures in Azerican urban areas. And it is those changes,
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the result of the preoram's operation, uhich have made the present
alignment of grants unsuiteble for today's conditions.

The dimensions of change ara illustrated in Firure 3. In
1940 just before the United States cntry into Yorld 'ar IT, one
Jerican in tro vras soeved by a sever systen and little Letisr than
one in four--or ahout half of those conncctad to sowers--i:as sapyed
by a waste treatrent focility. A decade later, the relotionchirs
had scarcely cranced. Tho exizgencies of var, of industrial restruce
turing, of recovery froo the after effects of the Creat Depressien,
ned shiancd 2 sot of national nrierities in uhich the cormlexiting of
waste dispesal vera relerated to 2 lov nositinn.  The prerertien
of the naticnal nonulation connccted to smvors ves sti11 52 porcent--
Just vhat it hod been in 1240, 'laste trcatrment vas provided to 6N
parcent of the severcd nonulation, as cormared to 52 parcent in 1020
but the ~ain vas due in Tarcer mrasurs to accidznts of locaticn than
to n2v construction--citics with vaste treatrant tended to he din

relatively fast growing arces.

Sut it the end of the Forean ‘lar and tho.eventunl saturatian
of the ronvessed demand for consuser gncds that accurvlatsd during ©
the lone yeirs of war and dapression, the !nited States turned its
attention toverd a nusher of road puhlic invastronts--hinhwvaye
ecucation, urhan rormeal, and waste disrosal ervene thos--that beran
to rovnpls tha Face of tha netien, Ty 1907 wihen Federal agrants for
construction of wastin troatment works vere initiated, 57 perecont of
tha total nnrulation ves cennnctnd to sewers--20 million norsens
morn then in 17E50-—and mere thhn throo crartars of these sovered
wore sunnlind ith veste treatrent, en addition of 27 2i1lion persens
in sovan'yoavs. Thn rreat incraase in nehlic vorks oexpenditures
involvid in thot exnansion of facilizios wis probal 1y the principal
source of ihe constructionrgrants nechaniss, uhich was initially
vieuod as a Tinoncial assistence nrasvre.  In tae twelve yzars in
which such evants have been available, sewercd porulation has
increasad h} 37.5 w1i11lion persons, and nov anounts to a]Tost savanty
percent of tic population of the United States. Population served
by waste treatinut has increased by more .than 51 millicon te accecunt
for more than 32 percent of those presently served by sewers. In
bienty-eight years the ponulaticn of the Unitec States increasec by
about 6% million, the sewcrad population increased slishtly more in
al.solute nuibers but far Sastor in relativae terrs--a 04 percent
incrcase as oppesed to a 4% norcent 1ncrease—:and Ehc.po?u]ation
served Ly vaste treatient increased by nora then 0 million or
almost 240 percent. 2f these tctals, more than half of the increase
in savering and wore then three-fifths of the increase in applicaticn
of waste treatiient have occurrz? sinca the inauguration of Federal
waste troatoent plant construction grants. ‘

The transformation in waste handling procecures hes been
qualitative as well as quantitative. Considerahly more money has
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been spent to extend, exnand, replace, and wdgrade facilities than
has been spent for initial installation. As a result ve mayv presume
that treatment facilities in operation in 100¢ vere more efficient
than those in oneraticon a decade before,

Ua know that there is a great deal more canacity for exransion
in today's plants, so thet a aood portion of porvlation increase
that occurs in the future can be included in currently oneratine
systems for minimal additional invastrent. Perhans most sinnificant.

xnansion of treoatnent canabilities nas incduced a arzat chence in
treatrent nrocedures. !there plants in place in 1942 anc 1259 were
intended to treat sonitary wastes, current thinkinn dictates that in
most cases tho rmunicinal waste treatment plant treats all of the
wastes generated within the rnunicipal jurisdiction, se that public
waste handling services are fer more covprehansiva: and thoir exten-
sion has been a major means of rmedietina the pollutinn effzcts of
industrial wveste discharces, @3 these have been procressively n-
corporatea in runicipal systers.

Ficure 4 which oranhs prhlic expenditures sincs: 1252 for
Tiouid vaste handling capital demonstrates fairly clearly that
each increase in the laovel of Fecderel aperorrictiens for veste
treatment plent construction grants has moved total public spouding
to an irrecular, ne plateeu. Particularly sharn peaks in 1263 and
1967 roflect tho effocts of couplesantary Federal assistance
programs, the fcceleratec Public tloris Progran in 1062 and initiatien
of Lepartiient of tousing and !rban Developnient scvar grants in 100C-07.

The overall shape of the expencitures line is not, houever,
as sionificant in mirrorinc the immact of Fecderal financial assistance
as is the cenficuration of its consitituents. Investsents in collec-
tion scuers, which ascended at roucnly the same slone as others types
of waste handlino capital exnenditures pricr to the initiation of
the grants prograr, tended to flatten at the time that the grant
provision (uhich does not inclucde collection sewers) was enacted.
Availability of Fecderal assistance, comhined with a certain dnoree of
substitutability betiieen collection severs and other types of waste
handling. investment, acted to channel funds into the treatment plants
and ancillary works that do qualify for FPCA grants.

Just as the erphasis on treatment-related investments to the
relative disadvantace of collection facilities demonstrates the
ability of Federal policy to influence Tocal decisieons, the rela-
tively minor investrments made for new treatment plants indicates the
ability of local recinients to utilize Fecderal funds in ways that
relate to local necds. Less than a third of the total monies ex-
pended for nurposes that qualify for the crant assistance has been
used in the construction of nev plants. The less draratic, but very
real, need to equip, expand, improve, automate, and replace plants
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has been the source of the principal portion of local government's
demands on tie crants progrem.  bach expansion of Fecderal funding

has Leen translated into an increaase in exrenditures of the miscel-
lancous sorts rcauired for systen rationalization: and the lavel

of nav plant expenditures for previcusly untreated wastes has scarcely
cnanged over more than a decade of experience,

Fecderal intention and local need, then, have interacted to
shana the instrument, the Federal orant for constructicn of waste
treatient vorks, - SApplication of that instrument has teken forms
that reither Tevel of government micht have foreseen,

The Construction Srants Program - A Current Assessmant

The construction arants programi vas tailored to the neers which
vere manifest at the time of its concantien anc sevved this purrose
vell. tHouvever, given the chantina physical conditions, hor vwell
situated is the current nroaranm for future continuation and hov does
it fare v1ith raspzct to the several criterie already defined? Noes
the method of allecation bLoast match funds to necds? Is i effectivd
in raducing polluticn? Doas it provide the necessary incontives .
to encourage cormunities to build troatuent works, narticularly those

wiich are currently severed but still without treatinent?

The existing crant procran should, perhans Le ra-cvaluated, in
the Tioht of current conditions. Since the prorram is dafinitively
stated in the Act it will not he breosented in detail: only the main
guidelines will be outlined.

basically there are tio aspects of the current status of
Federal cost-sharing. The Tirst is allocation methods (Section 8a).

1. A grant cennot be 1rade unless it is approved by both State
government and the Secratary of the Interior.

2. Grants are closed endec, with the grantor willing to pay
30 percent and the grantee the remainder,

3. The amount of the arant can be increased to 490 per-
cent if the State is willina to pay no less than 39
percent.

4, The Federal share may be uppned to 50 percent if a State
pays 25 percent and has enforcealle water quality standards.

6. lio arant shall be made unless there are provisions for
opcration and maintenance of the facility.

6. The allocation criteria for distributing the arants amcnq
the States is on a per capita basis for 50 percent of the
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first 5100 million, and on per canita incore for the
renaining 20 percent of the first 2100 million. There-
after the arants are allocated on a per capita basis. If
the monies are not denanded six montis after the year

in which they are allecated, tha Sacretary shald use his
discretion in re-allocatino funds.

7. Over and a’ovn'any of other nrovisions, a bonus of 10
percent mav be oiven where a rericnal or matronolitan
arca comprehensive plan exists to which the nroject
conforms.

The second asnect of Federal cost-sharing under the existing
prodram pertains to State allocation of monies.

S, Grants ‘shall be made in accordance with Section 7 of tne
Act, which directs the States to set forth.the oriority
of DYO]“CLS to receive construction grants. ilo grant
can he given unless a State official certities that the
project has priority over other vrojects based on financial
and pellution needs.

Hour does this pro~ram fare in licht of the evaluatien criteria?
The grant nroarar is not directly related to water quality. Directive
1 (abov2) indicates that State ana Federal arnroval rust exist befora
a qrant is rnade. Since the water quality standards are mutua1]y
acceptable to both Stete and Fedaral nositions, Federal and State
annroval for projacts based on their comdliance viith standards is
10~1c;1 and realistic. Uircctive 4 does encourace standards to be
established by ‘avantine extra monics if the project discharqes in to
a strean which has standards. [ut direct reletieonship of the ora
for a facility and t]ﬂ effect of this facility on the quality of
the water is not requiraed. Gne can arcue, as is often done, that any
project wn1c7 recuces vastes vwill eventually have to irorove vater
quality. ‘hile in the Tong run such an araument micht he correct,,
in the short run tho notion that constructicn of facilitizs viithout
due attention to other constraints will Hroduce cood water avality
represonts at bost an inefficient rethed of attackine the pollution
proh]Ln at the currant levals cf investment.

The crant prooram is closed—ended, i.e., the portion of the
Federal share is linited. Considaring the externalitiss involved in
pollution expenditures, the procran cannot be vievecd as eauitable,
i.e., as cquatina the incidence of exnenditures with benefits received
or damages occasioned. Tha artificial unit of 32 nercent, increased
to 47 norcent with State cooneration, is not conducive to enuatina
internal and external Lenefits with costs. A flexible systan
equating cost and henefits may better serve eaquity. The present
closec-encad grant systen can discourace many covnun1t1e° faced wit
the construction of poliution abaterent facilities which do not
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produce benefits enral to the costs Trom malina thase exncndituras,
Closed-ended grants can bie an impediment rather than an incentive for
pollution abatement under such concitions.

Dircctive § states thet no grant should be made unless onera-
tion and maintenance of the facility vill be provided. GFHovever, nc
provision has been made for the externalities involved in these costs.
Efficient oneration is as irnortant as the censtruction of the
facility in otaining the water quality standard; and in the lona run,
operation and maintenance costs can he nore hurdonsowe than the
initiel capital exnenditure.

he allocation rochanisn itself is a scurca of inafficiency.
Per capita allocation of arants that are aimed at solving a narticular
problen (vich has locational disparities) creetes an irbalance in
the allocation of funds because, 25 previously noted, the critical
pellution prohlems ara unevenly distributed amona differant racions.
A universal allecation cocs not account for these environ—ental
differences. VYariations in physical strezm concitiens, chances in
hiolorical concitions, and differino Lehavioral natiorns of the
corvwunitios (n a., willintness to proceed) arc not refleocted in
allocations hased on ponulation. If the existine prosran is intended
to be an ontimizint schere, incore equilizatien or financial n.od
should net, perhans, be considered in the allocation process. fmona
States, arants are, hovever. partially estab:lishecd on per canita in-
come which is a form of eavilizaticn: while within the State, grants
are based nartially on financial needs, a dunlicate anplicaticn of
a criterion unrelated to the problers of nollution.

Initially, it may be concludad, the proaran provided adeauate
financial assistance, vhen ceunicd with lecal and moral suasion, to
stimulate construction of treatment works for ralatively uvealthy
comaunities. o, hovever, vhile the "stick™ has aetten larger,
the "carrot” is rb1at1v~1y less effective in reducinn the burden to
many cities, narticularly the older central city with its myriad
social problens and drindling financial base. In these situetions,
perhaps., the cost sharina retios may need to be increased to
encourage more applicatiens or competition for these funds.

During the nast decade, numerous sueqestions have been made
as to alternative conconts on whvich to base allocations of the Federal
share of construction funds. Several of these are discussed briefly
below:

1. The State shere should be a constant percentare, i.e., a 30
percent allocation with no incentive effacts. This prorosal
is subject to the sare criticists as the existin proarars:
viz if the grants are optiirizing, such allocations vould not
direct the monies to the problenms.
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2. Grants should be allocated on a constant per canita basis.
Again, this mechanism fails for the same reason as noted above--
if the grants are optimizing.

3. Small toyns should receive larcer qgrants than larcer cities.
This concent seems to he based on the fact that small tovns
arce not able to tale advantace of economies of scale, theraefore
they should receive larger grants.

This technique has been criticized because it is not an effective
method of allocotine funds. The quality of water bodies is in mest
cases not as sensitive to waste discharces of smaller cormunities,

herefore, irproverent in quality will be slicht --or non-coxistent

if larcer cornunities do not act. Ontinmizint arants are hased on
externalities. Larcer cities are likely te have larqer externalitics
because the assirilative canacity for a given stream js less for a
laroer than viaste source. If the Tarrer cities produce riore damanes,
arants to reirhurse these externalities shouvld be larner--not snaller,
and if the economies of scale are arzater for larcer nlants, there .
will be a larger marginal amount of pollution removal ver grant .dollar.

4. JAnocther proposal that has been suncested is equalizing the per
capita costs of abetenent Tacilities. Tais is a variation of
the pracedine allocaticn nothod: i1 corrunitics could net tale
adavantane of cconomies of scale their costs wvould be hichier, the
comrunitics should thus reccive a larrsy grent.  The pronosal i3
subject to the sar2 criticisms as its variant. Cut the premosal
is suscontiile to morve pitfalls. If per carita costs are
equalized, there vould be no incentive to install the least -
costly facility, nor would there be any reason to devalon the
most efficient pollution abaterant sysien.

Institutional Constraints

There arc also sienificant institutional constraints unon the
profitable use of Federal funds, such that a hicher Tevel of Federal
fundina vould probably prove only partially useful in continuina
proaress tovard pollution control. If national rmonies are to he
used to better effzct, sore serious difficulties must be reconnized
and perhaps renediead.

Utilization of Federal funds is limited by the project-
orientation of the qrants program. Only canital funds ere provided
and only waste treatrent plants and ancillary vorks are cliqible for
assistance. At current levels of assistance, less then 47 percent of
all State and local snendino for waste handlin~ cormes under the
provisions of the Feceral Yater Pollution Control Act. There is a
definite incentive, then, for the cormunity to take advantage of Feder:
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funds to substitute capital for operatina expenses, and a pronortien
of total spendina goas not to directly increase the Teval of pellution
control but to use Federal subsidies to install autemated nrocesses
that recuce operational charaes. Again, because the nroaren is
project-orientad and the affective demand for Federa] funds 1is 1@53
than their sunply in the case of sone states, there is an incentive
for States to adont process standards, entirely unrelated to per-
formance, and thus to force up the cost of vas te tre§tme@t. Since
the existence of a project becomes sufficient justification for a
grant, the losic of administration focuses upon the projcct and

not its purpose.

Central to the focus unon projacts rather than accorrlishments
is tho couivocal nosition of State covernment in the pollution control
effort. 1In nost casecs, the State pollutien control autherity has no
pover to dictate what a comunity shiould do, thouch its review of
spacd Fications allows the State to determine how it shall do it.
Local covernrent makes the decision:, Feceral, State and local govern-
ments nrovida funds. aile State law installs the acministration of
matters ralatina to wator pollution in an arm of State covernment (in
sore cascs senarate juricdictions are annlied to sanitary anc other
Linds of nollutine discharces), and Fedaral lav raconnizas the primacy
of the Stiate in matters relating to water quality, actual dacision
making is fixed in City Hall, net in the State House.

Effocts of the limited povers of State government are accen-
tuated by the nature of comnunities repaining without waste treatment,
tHth alrost 93 percent of the sewerad population of the naticn now
provicad 1rith waste treatvent, we are trying to reach the most
difficult situations. Extreme financial weaknesses and domination
by marginal industrics tend teo mark such cgmmunities. Inciudzad, too,
are large metronolitan arcas, facing a myriad of social and financial
problers, yet nceding to make large expendi tures for extending, up-
grading and renlacing their weste treatment facilities. Incentives
available to cdate have failad to move then to action; and there is
no reason to anticinate a change in their response te presently
structured proorams. Perhaps the matter at issus is the real lack
of incentivas in existina agrant programs. From the point of viey
of the Federal authority, therc is a substantial subsidy. Cut from
the point of view of the econonically distressed community, the
situation is quite otherwise. In effect, the Federal authority is
sayina: "“Ve'11 give you thirty dollars, if you'll agree to spend
another scventy dollars, nlus five dollars a year into perpetuity,
plus another hundred dollars every twenty-five years into perpetuity.”
It's a good deal if you had planned to snend the first hundred dollars
anyvay but a very dubious one if you're net able to meet the bills
coming duc each month. One must conclude that more generous subsidies
or more direct Federal ability to influence decisions must be provided
if financially distressed communities are to be persuaded to provide
necessary facilities.
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Uncertaintics surrounding the neturc and level of Fedoral
financiel assistance have acted as aisincentives in sene cases,
have Leen the source of diseconomics in others. & stable proaram
vwould do ruch to crystallize State and local attitudes, to provide
a solid base for necded actions and sound canital budaet plannina.

The Feceral Share

It is, of course, difficult to say just hov much moncy the Fedzral
govern:ent 510u1d nrovice to achicve "adeouate” waste treatment. The
amount would be a function of the cost~~ﬂar1w~ forrula (assuing lecal
ability to provide necessary matching funds) and of tire.

Econonic theory provides no real insicht inte some ontimum level
of Fecderal funds, leavino the political nroczss to decice uoon that
Tevel vhich reflects national intcrasts end values. But ecoriomic
theory can provide insichts into the notential for matchine by Stad
and local governsents, the tire to eliminate non-current unmot nﬂoﬂs
and the potential success in nustering nzcessary resources at various
dollar levels of Foderal progran. The natential’ in flationary irnect
and incentive effacts can also he evaluated for these altornative
levels.

Ignorinc for the merent inflationary sidn-effacts and the wore
aifficult pron13m of incentives, let us consider the mattor of ontirum
Federal narticinotion in financinn facilities: Thore is a pressinag
need to clicit an averace annua] investaent risine from o current valun
of about a billion dollars a y=er, plus a need to eliminate a "Laclioc®
of about $4.4 hillien vorth of reqvired veriss.  Tnere is a definite re-
sistance on the part of some of the local covernrents 1o must finence

his investrent, a resistance dua to exnrzssion of local nrierities and
to financial constraints, conconitant with a very strona Feceral in-
terest in nainta 1n1nﬂ and increcesing the rate of investrent. 211 com-
penents  of the investrent def1c1fncy ara net of eauval ir-ediacy: Some
facilitiess needs arc quite pressint, in torms of alleviating stresses on
the aquetic enviromrent: sore are 1ittle nore than arfinistrative ra-
qu1rn”ents. It nust be reccanized thet each dollar invested croatas an
jimediate charae on local government to exnend additional dollars to
onerate and maintain the function created by the investwent. Finally--
and a most sirnificant consideration in dzteminine meaninaful Federal
D011C1°’“"L’° noed vill never be fully met: its nature will chonae, its
geoqraphic distriiution vill shitt, Tfhe reans of dealine with it will
fluctuate: hut humen activitics v111 alvavs croate wastes, and society
will alvays he forced te ameliorate the environiental stresses inmlicit
in waste disprosal. The task is a continuina social and technoloaical
imnerative, and socizty can only radistritute firancial streoss over
tine, not nl1n1n~*ﬂ the tasl by any massive, short term investiant
prograr.
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The tas!: will be viewed in licht of several alternativa levels of
Federal fundina. It has been demonstrated that Federal grants will
drav for th non-Fecderal matching funds but at a decrsasine marainal rate.
(See Vater-Surrly and Sanitetion t Expendi tures of State and Local

nghrnpfg}§ ijgrgjlggnto 1°7ﬂ 7. . Rafuse, Jr. The Council of
State Governmants, Chicaro, arch 1966, for a d1scu351on of multipliers.)
The historical nultiplier e’fnct is shovn in Tarle 31. The rocent his-

tory shovs a decrease in the uu1t1n11cr, which may be Drrt1ﬁ11/ a rosult
of increased cnst sharina ratios berinnino with the 15065 lecislation
oLe

and the institusion of !I'D aqrants for scwers in 1566,

A 5214 "tillion Fedaral Pronram

This lavel of Federal assistance reprcsents 2 minirum lewvel for
analvtical nurneses, reflectine the most recent historical nast.
Consideration of yecent Connressional activity shows this Tovel to be
Tow for nractical considoration. This level of Federal assistance
will drav after it just about encuch State and local resources to
maintain the existing levels of control---and in a arowing econcuy that
means that resicual waste loads arc actually incraasing, so that we.

may be beginnirg to losc grounc.

The currant leval of Tederal assistance s canaile of eliciting
an investmant of 230 millien to L5070 nillion a year, scoavhat short
of the arount resvired to raintain and extend the Lation's puslic wvastc
handlina cana“ilitias. If this lovel of funding is to o2 raintained,
dacisici-makers w11 heve to accant onz o7 tiarec consequencoes:

1) reversal of thz existing progressive trand: 2) recuction of the re-
lative Federal contrituticn to nollution contrel hy scie restructuring
of the Act aimed at incrcasing the decree of State and lecal fundinn of
construction: or 3) concentrating investrents in scre fashion or another
to borroy acainst dapreciatien and iunrovenent xpendituras foranone--
in effect, Jetiine the p1u51cQ1 canital currently in place deteriorate,
at least on an interis basis, in ordar to extend contral canchilitins.
These choices appear to be unacceptable and the level inadecuate in

licht of national needs.

A_$600 "illion Feceral Procram

This level ranresents that initially pronosed by the House of
Represcntatives for FY 197C. Consiceration here, houever, will rest not
”1tq 1970 but with the adequacy of this program in years follewina. In
terms of a onc-year 1ncro”ﬁrta1 step, the $60C millien Federal prooram
renresents perhans the maxinum increase thet could he accormodated,
yet, whiile that a-ount iould accelerata and extend pollution control
capuu111t1ed, two somevhat offsetting sources of concern are implicit
in this level as a future annual rate. On the one hand, it is unlikely
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TABLE 31

Dollars of Total Investment
Per Dollar of Federal Construction Grants

Total Sewer Trtmt. Plant
Investment Investment Investment
- 11.54 4.94 6.60

13.40 6.20 7.20

13.24 6.72 6.52

13.78 7.18 6.60

9.54 4.75 4,79
8.92 3.55 5.37
10.04 4.05 5.99
8.62 3.96 4,66
6.40 2.74 3.66
6.13 2.66 3.47
5.20 2.49 2.1
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that this rate of Tederal assistence will stimulate a threefold Tevel
of total investment, resultina in a less effective us of Feceral Tunds.
On the other, it umay be questionahle that censtruction anc desicn ser-
vices can he made imrediately availal:le to deal with sn substantial a
stimulus excetn in an atmosnhere of heiahtened inflation, relaxed
quality contrcls and other conseauent diseconomies.

There is little historical exnerience unon vhich to base jucoerent,
but during the accelerated putlic vorks progranm, total investment
increased from approximately 460 million in 1062 to $600 nillion in
1962 on an increase in Feceral funds of $10C million. It is unknevn
how much additional investrent would nave been clicited at levels of
fPY cost sharinn less than the actual 75%. Lut the desirmers of that
program evidently felt that a hich leval of cost sharing would be re-

quired to cxpend these funds.

Teo, the failure of States 1o install meaninaful orierity systors
with sisnificantly lesser amounts of Federal assistance suraests that
it is questicnalbile that the economy could effectively use such stms
under the current structure of the nrooran. I hiah oriority nolluticn
ahatement needs could not be serviced in an atmosphare of comnetition
for funds, so that many marciral nrojects have beepn built with the assis-
tance of Federal ronies, one may cdoubt that such & lareos exnansien of
fundina could Le accormedated in any circumstances. Riven the arnaront
financial c¢itficultics of jurisdictiens taat hava not resronded to a
hich incdicated need for verks construction, there is 1ittle racson to
anticirate that there vwould he @ Aichly reaninnful resnanse to a layne
increase in the amount of Federal fundine wnless there were to bo an
increase in the Feceral share encd an incrcase in allecation flexitility
as vell. The nractical result of anrnroprictions at such eleveted levels
miaht vell e to sirmly tie up @ larce amount of nublic ronics for
purnoses for ihich there is no affoctive damand,

It apnears that rerely increasing the FY 71 and beyond Federal
fundina level vithout sianificant structural modificaticns in the orants
prograr would Le neither efficient ror effactive. Pricrity svsters
must e hased on a nroblem oriented basis rather than an annlications
received hasis, and alletrent nethods wst chiannel funds to those oreas
%hers the nellution abatement needs exist. The current systen does net
do this.

A $1,250 H11ien rederal Proorarn

The amoint auvtherized for fiscal yvear 1971 in the current form of
the Federal vater Pollution Control Sct sunnests a Fecderal effort of
51,250 millien e considered. ltheuch this level anncars excessive
as a sinale year increnent, it micht feasilly Le assirilated follevine
a 5600 1i1lion year. liovever, the nroblems of allocation and incentive
effects on local oovernments resulting from the curreant coest sharing

- 82



levels and allocation procecures discussed for the S6N0 millien proqra:
remain. Neallocation provisions nay serve to soften FJQSE.effeCtS’ N
it annears that sinnificant chances will be renvirac if this level of
fundine is to be utilized effectively. Total nzed for abatement exnen-
ditures wust be explicitly considered in allccating tnese monies if
they are to Le vused cffectively, and some provisien will he needed te
provicde a true incentive related to polluticn nced vithin the States as
well.

A laximun Effoctivenoss Proararn

The dacreasinn rate at which State and local governrents can he

induced to match arcatly increased Federal crants raauires tna% an

srasinnly Yicher Fecd wicost share must accemnany ncreasec arants,
L4 fands to counteress hoo evpansionary effects intenced in teres
0T total investoent. nce the need for nev nlant and tnaradine are
oliminated, the annarent rate at vhich ?ta?e and 19c§} governments )
will spend with a 23-507 Federal cost siiaring may e adequafg to neet
the neods of croih, expansion and replacerant.  fed alloca?1p§a]
proi-lons will rerain.  picher Federal anpropriatinns maco w1;41? the
current censtruction qrants franavori vill shorten five peaviver to
reach an acuilitrice sonevhat, but not at a rate prenarticne] t? tq?
incroase hecauvse of the decrcased multiplier effect and a subsiitutien
e - P ;4 ,:\.:.;:; o “-‘,] CO] -] ars .

o+
“
-

t
¢

o Tndaval o T

This =ffect arises from th? Tact that_those cormuni ties which heove
already uncertalen the initial investment n waste treatrent genqra11y'
tend to wrrade, exnend and maintain those Tacilities, thus, funds tend
to Le allocated first, on the raadiness o DfOCEGd basis, f?r thrao
purnoses. Continuation of current cost sqar?nﬁ aypuars,yn11kelyxto
give incentives to hard care polluters and financially distressad

cormunities.

If effectivoness is translated to mean the reductien of vater
atalitv nroble~s in a shorter time frame, 1t anrears that the progran
mist ' - rooriented to provida a nassive incentive to those nlaces,
nerticularly the hard pressec urban areas, to enccurance the censtruc-
4 of needad works. As discussed in other parts of the renort, a
‘b gram which does not provide an incentive i1l not incuce comnatitien
for grants ner efficient priority systens wihich w111 induce effactive
abatement works. ior will comnunities veluntarily commit themselves to
undertale the cxnenditurss wirich corme with the orant acceptance. This
feature hecores most pertinent when one consicers that the prooram has
induced the most pliable cormunities to construct nlants, that these
communities wil1l1 continug to take un funds with replecerent, mainte-
nance and expansion of works while the hard core polluters remain
untouched,
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Enforcement action may be effective in moving communities to
action, but effectiveness can be greatly enhanced if coupled with a
strong economic incentive.

In addition, levels of Federal funding have fallen short of needs
for the past several years leading to a less than effective program.
Although many communities have built plants, the effect on pollution
is not as great as it might have been because of the difficulty in
achieving the most cost effective mix of investments. In some cases,
lack of action by one community has negated the benefits of action by

others.

A concerted proaram of sufficient magnitude and incentive value
seems to be required to complete the initial requirements of water
quality standards implementation. As illustrated by Tables 20A to 25C,
the temporal reduction of the backlog is such that the maximum benefits
may not be achieved in some cases for many years at inadequate levels
of investment. The most effective stimulus to increasing that invest-
ment is a highly stimulative Federal program.

The foreqoing suagests a program of 100% Federal funding for re-
maining new plant and upgrading needs if the Federal interest ‘s to
eliminate these needs in the shortest possible time. To provide an
appronriate incentive effect, such a proaram must be funded at a high
enough level to provide the needed funds within a specific time frame
and must terminate or drop back to a reduced level at the end of that
period to discourage waiting. However, the levels required weuld loom
so large that acjustment by those economic sectors which desiagn,
construct, and provide capital and equipment for treatment works may
well be delayed. Therefore, the actual rate of expenditure must remain
flexible. This can be accomplished by terminating new applications,
but allowing funds to be expended for some years beyond, and allowino
carryover of unappropriated funds over years when applications are
being accepted.

The practicability of such a program may be hampered by political
reactions of communities and States which have already constructed a
large proportion of needed works at a significantly lower level of
assistance, thus, extension of the 100% grant to all capital construc-
tion may be a necessary feature.

The provision of a 100% capital grant extending over a specific
period of time does not remove all responsibility from State and local
governments by any means. The plants must be operated and maintained
at an annual cost whose present value approximates the amortization of
capital cost, and which with improved operation may exceed the capital
cost. Thus a 100% capital share represents a 50% qrant on the total
cost of providing waste treatment. Curently available State funds
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could be channeled into operating arants to municipalities to ungrade
the operating efficiency of waste treatments works. State funds could
also be directed to non-treatment management measures, including
problems of land drainage from urban areas and construction sites, to
the construction of flow requlation structures, instream aeration
devices, and sinilar measures, or toward systematic planning to provice
for more efficient and effective pollution control than has been
practiced in the past.

Experience indicates that States are, in the main, unlikely to do
any of these things without Federal guidance--particularly if all the
funds required to eliminate current construction needs come from the
Federal level. Therefore, any Fecderal program, particularly one of
this magnitude, must include incentives or sanctions to States to:

(1) develop meaningful pricrity systems based on problems not projects;
(2) assure proper operation and maintenance of plant in place; (3)
develop a system to cope with water quality problems in a timely
fashion, before they manifest themselves in an obvious and destructive
way. Finally, the need for massive investments must be precluded from
occurring acain in the future by requiring waste treatment replacement,
maintenance, upgrading and expansion to be placed on a self-supporting
basis, preferably through the institution of a user charge system.
(Vol. I1I of The Cost of Clean later, 1969, discusses the question of
user charges and demonstrates their desirability in terms of erficiency
and equity.)

The chief merit in a program of this type is effectiveness in pro-
viding treatment works for all sewered population in the nation in the
shortest possible time, indeed a large plus. But a maximum effective-
ness program has several serious potential drawbacks which must be
clearly understood.

In the shortrun it may defeat itself by finding insufficient takers
for the funds, simply because the local and State governments cannot
gear up to the task. Adequate and timely staffing for review at all
levels will be required. Too, more thcrough inspections will be neeced
since more contractors and engineers from other fields may be drawn -
into a new area. Thought, too, should be given to direct Federal-
municipal negotiations with major metropolitan areas to expedite grant
processing. Such cities often have better skilled staffs than State
governments, and the process might well be hampered or delayed by mak-
ing the State the middleman in neqotiations. (This feature may well be
advantageously considered for any other future grant program as well.)

The expenditure generated by a program of this magnitude, as with
the $1,250 million program, may tend to be inflationary, at least in
particular sectors. The extent to which this would be undesirable will
depend upon conditions when the proaram is uncder way, ard which cannot
be forecasted at this time. Although the Administration is currently
combatting a general inflationary trend, this does not mean these
conditions will prevail in 1971 and beyond.
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To some extent, inflationary effects will be minimized if funds
are obligated over a five-year period, but construction allowed to
begin at later dates, perhaps letting the contractors set to sorme
extent the pace of construction. By employing labor on a counter
cyclical tine schedule, inflationary impacts might be nminimized. Such
a scheme vwould be a tradeoff anainst proaram effectivaness, hovever.
Toc, funds released to the States and municipalities may either be
absorbed in the form of relatively lower taxes, or throuah alternative
capital expenditure proqgrams for housing, roads, etc. Given the needs
of major urban areas, the latter possibility looms largest, a course
of action that will further serve inflation.

A special sector of the econory--the municipal bond market--
deserves further attention. Since it is unlikely, with current fiscal
policy and Federal expenditures, that cash grants from the Fedaral
coffers will be the source of construction funds, other alternatives
must be assumed. Perhaps the most obvious is the often proposec prooram
of reimbursing municipalities on an annual basis to pay off bonds sold
to finance the construction. Such Federal payrents may or may not
include an interest subsidy and may resuit in payouts periocs rangina
from 20 to 30 years. This means that communities must raise the
capital in the tend markets.

A Federal procram aimed, for illustrative purposes, at a total
municipal wastewater treatment investment of $10 billion over five
years would on the average increase a current demand for municipal
borrowing for waste disposal facilities from $0.5 billion to $2 billion
per year--a 400% increase. And it would directly raise the demand for
municpal borrowine for all purposes by some 1.5% over current levels.
Further exploration must be given to the impact on the money markets.

An alternative which may be considered is to borrow on the State
or Federal level, making casih for construction available to the munici-
pality. The broader base of bond buyers available, the lesser c¢On-
strainst of debt ceilings and voter response and potential economies
in brokerage anpear to make this attractive.

In terms of equity, the program would manifest little hope of re-
lating cost to benefits gained or damages occasioned. The level of
support previcusly given, and which is likely to be forthcoming from
the Federal governrent after such a massive short term program,
guarantees that intertemporal equity will be violated. Citizens who
contributed a relatively large share toward construction of waste
handling facilities will now pay again to build them for other com-
munities who have lagged alonqg the way. Future citizens will be paving
for capacity to serve them, as well as larger taxes to pay off bonds on
plants whose excess capacity is unavailable to them by reason of growth
or location.
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A system of user charges related to plant costs and aimed toward
a self-supporting system will halp to reduce inequities by charging
those damagers aided by the program to offset costs of replacing the
capital equinnent as needed, thus, charging the future user only the
cost of his increment of service rather than that plus the cost of re-
placing others' units of service.

The program raises many practical questions and problems.
Review and approval procedures must be streamlined and adequate person-
nel must be put on at all levels of government to provide for procram
administration. This is apt to be critical in a proaram of this mag-
nitude, since enaineers and contractors new to the field are apt to be
dravin in, necessitating close raview and inspection. These manpower
requirements need to be caretully assessec early enough to devise
solutions to problem,

Yhatover the level of Federal participation and the method of
allocation their irpact will be felt at the State and local level. The
effects of possible strategies have been examined for Kew England and
they are presented in the following case study.

CASE STUDY

Financial Impact of Constructing “ater Pollution Control
Facilities in HNew England

Introduction

The purpose of this case study is to investicate and evaluate the
financial aspects, arrangements and impact of constructing water pol-
lution control facilities in Mew England. For illustrative nurnoses
only, it considers two of the severel proposed Federal aid proorars
(discussed previously) to evaluate the financial imnact a ranae of
Fecderal aid miqht have on each of the New Enaland States. Other aspects
considered in the study are: (1) past sewerace exnenditures relative to
needs; (2) expenditures of State and local governments for education,
hiohways, public welfare, etc.; (3) the fiscal capacity and tex effort
of State and local governments; and (4) alternative financial arranae-
ments.

The case study first considers the iwpact at the State level then
the impact at the community and homeovmer levels. Alternative means
of financing the program at the local community level are evaluated in
Examples I & 11,

Cost of Yater Pollution Control Facilities

The cost of nroviding treatment facilities and interception (exclu-
sive of co]]gction.systems) for municipal and sore industrial wastes in
hew England is estimated to be approximately $1.25 billion for the next
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five years. Such cost estimates establish an order of magnitude of the
required financial investment needed to abate pollution in HNew England,
but actual costs may vary from those developed as a result of later
detailed design studies.

Estimated Cost*

State (5 Million)
Connecticut $ 238.9
Massachusetts 539.6
Rhode Island 103.7
Maine 157.6
Mew Hampshire 126.0
Vermont 84.7
New Encgland $1,251.5

Impact at the State Level

The financial impact that construction of water poliution control
facilities will have on the New England arca will vary from State to
State and from community to community. Individual comunities within
each State will have varyinag dearces of financial difficulties depend-
ing on such factors as present waste treatment facilitias, per capita
incone of the cormunity, the pronerty tax base, competing claims on
cormunity resources, and crecit rating.

In general, the financial impact of water pollution control facil-
ity costs on the Stotes as a whole will depend largely on: (1) the
amounts of Fedaral aid available to communities within each 5tate for
the construction of water pollution control facilities, (2) past sewcrane
expendi tures relative to needs, (3) expenditures of State and local
governnents for education, highways, public welfare, etc., and (4) the
fiscal capacity and tax effort of State and local governments,

Availability of Federal Funds: The two assumptions, as to the
availabiTity of Federal funds, represent the minimun amounts likely to
be appropriated and the maximum amount possible based on providing 100
percent Federal aid to all projects. '

First, assuming at a minimum, & sum of $600 million
annually would be appropriated nationally for fiscal
years 1970 through 1974 and that the State allocations
would be based on the current formula.

* The cost estimates utilized in this case study were developed using
the schedulina proaram described earlier, without adjustrent for inter-

vening investment. They are intended to be descriptive in gross terns
rather than to exact evaluation of requirements.

88



Second, assuming a new method of financing that would
provide 100 percent Federal aid for all projects to be
paid enqually over a period of 25 years with no provi-
sions for interest costs.

The Federal, State and local shares of financing are ‘'shown in
Table 22 for the two assumed levels of Federal ajd. Depending on the
assumption selected, Fedaral aid to Hew England could vary fron
$123.2 to 51,251.5 million. The Federal share would rance from 11.2
to 17.4 percent of the total cost undar the first assumption compared
to 100 percent under the second assumption. Taken together, the Stata
and local governaents of New England will bear approximately 85 percent
of the cost i 5600 million were appropriated nationally for fiscal years
11074, However, the actual Federal share to the New Enagland States
.o mreater if reallocation of funds were taken into account since
the needs in many States is considerably less then the funds they would
receive based on the current allocation fornula.

The second assunption of 100 percent canital grants extendine over
25 years does not remove all ‘responsibility from State and local govern-
ments. The costs of operating, maintaining and financina the facilities
may be shared by both State and local governments. The State funds
(211 six Meuw Ennlancd States provide State aid) cculd be channe’ad inte
cemevotn coad finencina the facilities.

Past Sewerare Expenditures: /Another imnortant facter that has
significant Dearinc cn the financial impact is past expenditures of
State and lecal governments for severane systems to meet needs. In
other viords, has past constructicn of water pollution centrol facili-
ties of each Mew England State kent pace with needs? 1In general, the
States have not constructcd the neecad facilities in the past. How-
ever, some of the !Mew Encland States have kept pace with their neecs
more than the other Statec, as indicated by the per capita exnendi-

tures in Table 33.

+ 3¢ e 33 shows the per capita expenditures for capital outlay,
nneration and maintenance for sewerane services of State and local
~rrments for 1957, 1562, 1966 anc 1268. Although the figures include
= -litures other than those for treatnent and interceptor sewers,
they serve to indicate the approximate and relative level of past spenc-
ing for water pollution control facilities for each New Enqland State.
For example, in 1957 the per capita capital exnenditures varied greatly
from one State to another with a hizh of 34.65 for Rhode Island compar-
ed to a Tow of $7.91 for Vermont. The data further indicate that in
1957 the northern States (“aine, ilew Hampshire and Vermont) spent con-
siderably less than the southern States (Connecticut, !Messachusctts
and Rhode Island). However, in 1963 the capitel investrent of the
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TABLE 32
FEDERAL, STATE AND LOCAL SHARE OF FINANCIHNG
THE COST OF WATER POLLUTION CONTROL FACILITIES IN NEW ENGLAND

$600 Million Program  Maximum Effectiveness

State (FY 1970 - 1974) Program
Percent Amt. in Percent Amt. in
Share $Millions Share SMMillions
Connecticut
Total Cost 100.0 $238.9 100.0 $238.9
Federal 17.4 41.6 100.0 238.9
State] 67.6 161.5 0.0 0.0
Local 15.0 35.8 0.0 0.0
PN 100.0 530.6 100.0 530.6
Federal 15.4 81.6 100.0 530.6
State 64.6 342.9 0.0 . 0.0
Local 20.0 106.1 0.0 0.0
Rhode Island
Total Cost 100.0 103.7 100.0 103.7
Federal 16.4 17.0 100.0 103.7
State 63.6 66.0 0.0 0.0
ancal 20.0 20.7 0.0 0.0
lotal Cost 100.0 157.0 100.0 157.6
Federal 12.4 19.6 100.0 157.6
State 67.6 106.5 0.0 0.0
Local 20.0 31.5 0.0 0.0
New Hampshire
Total Cost 100.0 126.0 100.0 126.0
Federal 10.7 13.5 100.0 126.0
State 79.3 99.9 0.0 0.0
.Loral 10.0 12.6 0.0 0.0
an
i. ..ost 100.0 94.7 100.0 94.7
Federal 11.2 10.6 100.0 94.7
State 73.8 69.9 0.0 0.0
Local 15.0 14,2 0.0 0.0
New
New England
Total Cost 100.0 1,251.5 100,0 1,251.5
Federal 14.7 183.9 100.0 1,251.5
State 67.6 846.7 0.0 0.0
f.ocal 17.7 220.9 0.0 0.0

1 Refers throughout to local government, metropolitan or
regional districts.
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TABLE 33
PER CAPITA
EXPENDITURES OF STATE AND LOCAL GOVERNMENTS
FOR SEWERAGE SERVICES

State

1957

Capital Expenditures

1562

1966

Total Expenditures

(Capital, Operation and Maintenance)

1968 1957 1662 1566 1968
Connecticut $4.39 $8.40 $6.84 §9.97 $6.01 $10.8( $11.35 $13.13
Massachusetts 2.25 3.83 3.61 2.88 3.€5 5.38 5.27 4.98
Rhode Island 4.65 2.08 5.92 3.41 6.33 4.72 g.68 6.37
Maine 1.36 2.80 2.76 6.33 2.1 3.76 4.25 7.71
New Hampshire 1.89 1.65 4.08 5.71 2.53 2.65 5.18 . 7.56
Vermont 0.91 3.72 5.14 11.70 1.59 4.86 6.88 14.08
New England 2.57 3.75 5.06 €.67 3.70 5.36 6.94 8.97

Source:

“"Census of Governments, 1957 and 1962",Cureau of the Census, Washinagton, D.C.
"Governmental Finances in 1865-1966", Bureau of the Census, Washingtcn, D.C.

"Governmental Finances in 1967-68", Burecauof the Census, ashington, D.C.



northern States vias on the average 50 percent more then the southern
States. In 1968, all the Novr Enaland States, except Phode Island,
spent more on cepital outlay than in 1957 with Vermont having spent
the most of the six States.

for sewerane services are the expenditures neecded in the near future
to construct water pollution contrel facilities in each of the six

New Enaland States. Ly way of coinarison, the nceced investnents on

a per capita basis for constructina water pollution centrol facilities
for each liew England State arz:

Needed Expenditurcs: Even more sianificant than past expanditures

Connecticut $109 Maine $1€1
Massachusetis $ 93 New Hamnshire 5172
Rhoda Island $114 Vermont 5224

he above figures are based on the cost estimates presented in
Table 32 and 1958 population.

Cn the averace, the per capita costs of needed facilities in the
northern States are double those of the southern States. The cost of
needed investrent in Vernmont and lew Harpshire are the highest, on ‘a
per capita basis, of all Kew England States.

A further anzlysis of tae neecded investments of each tiew Encland
State is presented in Teble 34 to evaluate the impact that financing of
water pollution contrel facilitics would have on State and local gov-
ernments, based on availakility of Federal funds. This table presents
the annual cquivalent expenditures that would be requirad by State and
local governments to finance the costs of needad facilities based on
the availability of Federal funds under the two conditions stated in
a previous section. The annual per capita amounts are based on capital
costs estimates amortized for 25 years at 5.0 percent and 12€Z ponula-
tion. Alsc included are the per capita amounts as a percent of total
per capita expenditures of State and local governments (1963). (The
total per capita expenditures of State and lccal governments arc shovn
in Table 35.) In adcition, an estimate of the annual per capita amcunts
and percentaces for operation and maintenance are given in Tahle 34
for each ilev England State.

With Federal aid amounting to 10C percant, all of the lew Ennland
States will be required to commit (besed unon 1968 expenditures ratcs)
less than 1.2 percent of their funds to such facilities. With a $60C
million proaram, the threc southern States would still require less
than 1.2 percent commitment while Maine, New Ramnshire, and Vermont
would vequire 2.1 to 2.5 percent. Annual expenditure recuired for the
operation and maintenance of such facilities could amount to 0.3

to 2.C percent of 19CC expenditures of State and local governments.

In sumary, Table 34 shows that the burden will be relatively
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State

Connecticut '
Massachusetts
Rhode Istand
Maine

New Hampshire

Vermont

Notes: 1 See text for explanation of availability of Federal funds.
2 These colums indicate the per capita amounts (based on ca
amortized for 25 years at 5.0 percent and 1968 populations

of 1968 expenditures (based on the per capita amounts and the total 1968

STATE AND LOCAL GOVERNHMENTS' ANNUAL EXPENDITURES

TABLE 34

FOR NEEDED PUBLIC WATER POLLUTION CONTROL FACILITIES

(Based on Availability of Federal Funds)

Annual Equivalent Capital Qutlay?

$600 Mi1lion Program

Maximum Effectiveness Program

Per
Capita
Amounts
$4.73
5.85
6.79
10.00
11.37

14.15

Percent
of 19683
Expend.

0.9
1.1
1.2
2.1
2.5
2.2

Per

Capita
Amounts

$2.50
3.02
3.50
5.00
5.56
6.87

Percent
of 1968
Expend.

0.5

0.6

0.6

1
]
1

.
2
.

Annual Operation and

Maintenance
Per Percent
Capita of 1968
Arounts Expend.
$4.03 0.8
4.88 1.0
5.68 1.0
8.05 1.7
8.97 2.0
11.22 1.7

per capita expenditures for State and lo-al governments in Table 4).

ital cost estimates
and the percent
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TABLE 35

PER CAPITA EXPENDITURES OF STATE AND LOCAL GOVERNMENTS
FISCAL YEAR 1968

Total Local Sanitation
Expendi- Public Parks and Other than A1l
State tures Education Highways lelfare Recreation Sewage Sewerage Others

Connecticut $531 $168 §73 $46 $8 $5 $13 s$1ee
Massachusetts 510 163 58 65 5 6 5 208
Rhode Island 555 187 110 70 4 4 6 174
Maine 467 206 89 39 2 2 g 121
New Hampsnire 446 178 100 30 4 2 8 124
Vermont 649 260 182 55 2 1 14 135
New England 526 199 102 51 4 3 9 158
United States 512 206 72 49 7 5 S 164

Partial Source: "Governmental Finances in 1967-68"
Bureau of the Census, Washington, D. C.



greater for Maine, New Hampshire and Vermont than for the other liewv
England States under the two assumptions concerring availakbility of
Federal funds.

Comparison of Other State and Local Goverrnment Expenditures: The
financial imnact that the construction of water pollution control faci-
lities will have on the States as a whole will depend to a deqrece on
expenditures of each State for other public functions, such as educa-
tion and highways, relative to the capacity of States to meet these
requirements. :

A comparison of per canita severage expenditures and other State
and T 7 ~gyernment exnenditures for fiscal year 1968 is shown in
T . - “hown are per canita tctal expenditures, as well as those
soodtesdwion, highways, purlic welfare, local parks and recreation,
Aitation other than severage anc severane for each liew Enclond Stata
as well as the United States averages. Mlew Enaland severace expendi-
tures for fiscal 1903 arounted to $5-14 per capita, or 1-3 percent of
the total excenditures for State and local governments. In contrast,
education, hi-hways, end sanitation amounted to $1€2-206, $58-182, ‘and
$1-€ per capita or 32-40, 11-23, and less than 1 percent of the total
expenditures, respectively. The United States avarage expendi*ures

foi v - amounted to aoproximately & percent of the total, compared
tr edacat . and hichuay expenditures at 40 and 14 percent of total

nro

:s, respoctively.  In 12Z2C, over 53 percent of all expendi-
, of State and local goverrments vas for cducation and highways,
vile sanitation and sewerage amountzd to less than 3 percent.

The past expenditures for scverage services in relation to the
total expenditures of State and local governments have not been appro-
ciable in comparison to those for ecucation ancd hichvays. Futhermere,
the amount under the two assumpticns concerning the availahility of
Fecderal funds wthich the three scuthern States may be requirad to spend
annually for the needed facilities (on a per capita basis) is about the
same ©r leco o then in the past, while tha three northern States will need
1o speind wonsiderably more annually for capital outlay than they did in

viscal Capecity of Stata and Local “overnments: A factor that is
equalTy or pcrhans rora important than those already mentioned is the
fiscal capacity of State and local governments. The Advisory Commis-
sion on Intergovernmental Felations defines Tiscel capacity as follews:

"... a ouantitative measure intenced to reflect the
resources vhich taxina jurisdicticon can tax to raise
revenue for nirnosas.  There are many factors that
determine the canacity of a corunity or State to pay

for public services including the population's incone,
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wealth, business activity, etc., the demands made on
these resources, and the quantity of covernmental
services."]

The economic indicator of most ¢eneral applicability.is income.
Therefore, the economic irdicator that will bLe used here as a measure
of fiscal capacity is the per capita parsonal income of each of the
New Encland States. Since taxes are qenerally paid out of current
jncome, a cormunity's income is a measura of its cepacity to mect bonth
public and nrivate needs. As fiscal capacity is difficult to evaluate
in absolute terms, only a relative measure will be considered in com-
paring one State with another.

~ - Tha pey eomtzionarsonal incore of each of the Hew England States
UYL, 1960 a7 as well as hew Encland and the United States
averages are shovn in Table 35, In 1867, Connecticut had th2 second
nighest per capita perscrial incone of the 50 States and the District
of Coluubia. In 1967, the States of Connecticut, Massachusetts and
Rhoce Island ranked above the medien incore State of the Hation while
the other three tlew Enaland States ranked balow. Maine's per capitz
personal income, which was the Towest of all the ilew England States
in 1987, amounted te only (7 percent of the per capita perscnal incone

~o~ L4 3 .
o7 TornLoriont

It is eviaceni that the financial impact of constructing waste
ireatment facilities will Le greater in the northern lew fngland States
based on the followino twe factors: (1) the per capita personal
incore is less and is projectcd to be less in the future for the three
northiern States than for the southern Statesz, and (?2) the estimated
per capita cost of needed water pollution contrel facilities in the
northern hew England States is considerahly greater than in the south-
ern ilew England States.

IV,

o . te o oETes s defined as tax effort. For example, if State
Cand vowate v fewihe same fiscal capacity, but State X collects more
taxes than State ¥, then State X is makino a greater tax effort than

State V.

Tax Effort: The extent to which a State makes use of its fiscal

R comparison of revenue of State and local governments for each
of the six States is used as a relative m2asure of the tax effort in

1 "easures of State and Local Fiscal Capacity and Tax Effort," The
Adviscry Commissicn on Intergovernmental Relations, p.3.

2 "Projective Economic Studies of lev Enq]and," Corp of Engineers,
Waltham, !'assachusetts, Part II, Appendix G.
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TABLE 30

PER CAPITA PERSONAL INCOME

State 1950 1960 1967
Connecticut 1,875 2,807 3,969
Massachusetts 1,633 2,459 3,541
Rhode Island 1,606 2,211 3,328
Maine 1,185 1,844 2.h57
Nev' Hampshire 1,323 2,143 3,053
Vermont 1,121 1,841 2,825
New England 1,601 2,425 3,229
United States 1,496 2,215 3,159

Source:

Statistical Abstract of the United States, 1967

Bureau of tne Census, Washington, D. C., p. 327.
"Governn=ntal Finances in 1967-68", Bureau of the
Census, washington, D. C., p. 52,
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levw England. Tahle 37 indicates the per canita general revenus, of
State and local govermiants for fiscal 19GC, including total general
revenue, revenue fron the Feceral government, all revenuz from own
sources, and revenue from property taxes.

The per capita total general revznue in fiscal 1538 ranged from
a low of $400 for liaine to a high of $579 for Verwont. lowever, the
per capita revenue fron the Federal governrent wes $74 for HMaine com-
pared to 5152 for Yemont. A more realistic eccnonic indicator in
evaluatina tax effort is the revenue collected from State and local
governmental sources. For example, in 1063, Massechusetts ceollected
the hichest per canita revenue (5456) of all six Stotes and Uaine the
Towest ($326). The United States averace for the same year was 5420,
The State of Connecticut and “lassachusetts wera the sare or above the
United States average while the other four States were below. Per
capita revenue collected from property taxes ranced from a high of
5204 in Massachusetts to a low of 5129 in Maine compared to a United
States average of $5130.

The relation of State and local governments' revenue per 51,27
of per capita personal incene is also included in Table 37. On this
basis, Rhoce Islanc and Verront had the hizhest tax effort of the six

States in fiscal 1968, being areater tiian the '"mited States averaqe.
] - . o~

Table 30 prescnts the relationship of State and local goverrrents'
annual expenditures for neecded water pollution control facilities to
total general revenue and pronarty tex capebilitiecs based cn availabi-
lity of Federal funds. The annual per capita capital anounts are showm
for the needed water pollution control facilities under the tve assuan-
tions on Federal fund availability. Also shown in Talle 28 are the per
capita amounts as percent of total general revenue and property tax
revenue of State and local governments for 19€3.

With Federal aid amountinc to 120 percent of construction cost,
all of the Mew Encland States will be required to cormit (based upon
1968 revenue rates) 1.3 percent or less of their total general revenue
to such facilitios. \ith Fedaral funds at the S60C million level the
three southarn States would require a 1.4 percent or less commitrent,
and the three northern States would require between 2.4 to 2.8 percent
comnitnent.

1ith 100 percent Federal aid, the annual capital exnenditures for
needed water pollution control facilities as a percent of property tax
revenue would aount to 2.4 percent or less for the southern States
compared to over 3.14 percent for the northern Stetes., With Federal
funds at the $600 million leval, the percentane for the nerthern States
vould be considerably hinher than for the southern States. The addi-
tional percentages for annual operation and maintcnance for the needed
facilities range from 0.9 to 2.2 percent of total general revenus com-
pared to 2.2 to 8.2 percent of property tex revenue.
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TABLE 37
GENERAL REVENUE OF STATE AND LOCAL GOVERNMENTS
FISCAL YEAR 1968

Per Capita
A1l Revenue Relation of
From Own State & Local
Sources Gov't. Revenue
Total From Including Per $1,000 of
General Federal Property Personal
Revenue Gov't. Taxes Income
Comnlct.iie $502 $81 $421 $126
186*
Massachusetts 534 78 456 151
204*
Rhode Island 492 103 389 164
146*
At L 400 74 326 151
) . 129*
‘New Hampshire 412 79 333 135
165*
Vermont 579 158 421 205
138*
United States 506 86 420 160
139%

- Partial Source: "Governmental Finances in 1967-68," Bureau
.of the Census, Washington, D. C., p.31-33.

*Figures represent revenue from property taxes.
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TABLE 38
RELATIONSHIP OF STATE AND LOCAL GOVERNNMENTS' ANNUAL EXPEKDITURES
FOR NEEDED VWATER POLLUTION COHNTRCL FACILITIES TO TOTAL GENERAL
REVENUE AND PRCPERTY TAX CAPASILITIES
(Based on Availability of Federal Funds).I

Annual Equivalent Capital Out]ayz Annual Cperation & Maintenance
$600 Miltion Program Faximum Lffectiveness Program
Percent Percent Percent
Percent of 1968 Percent of 1GES Percent of 1968
of 1968 Revenue of 1968 Revenue of 1968 Revenue
Per Total from Per Total from Per Total from
Capita General Properiy Capita Gereral Property Capita General Property
State Amounts Revenue Taxes Amounts Revenue Taxes Amounts Revenue Taxes
Connecticut $4.73 0.9 2.5 $2.50 c.5 1.3 $4,03 0.8 2.2
8 Massachusetts 5.85 1.1 2.9 3.02 0.6 1.5 4.88 0.9 2.4
Rhode Island 6.79 1.4 4.6 3.50 0.7 2.4 5.68 1.1 3.9
Maine 10.00 2.5 7.7 5.00 1.3 3.9 8.05 2.0 6.2
New Hampshire 11.37 2.8 6.9 5.56 1.3 . 3.4 8.97 2.2 5.4
Vermont 14.15 2.4 10.3 6.87 1.2 5.0 11.22 1.9 8.2

Note: 1. See text for explanation of availability of Federal funds.

2. These columns indicate per capita amouncs (based on capital costs amortized for
25 years at 5.0 percent and 1968 ponulaticns) and percentages (based on the per
capita amounts and total general revenue and property tax revenue of State and
local governments for 1968, Table 6).



In sumary, the financial impact of constructing water pollution
control facilities certainly will be relatively creater for the Statns
of Maine, New Harnshire and Yermont, than for Conneccticut, lassachusetts
and "hoda Island, bssed on per capita construction costs of waste treat-
rnent facilities, per capita persenal income, State and local governnent-
al expenditures and revenues, and the availakility of Federal funds.

Inpact at_the Cormunity and boreovner Levels

Quite apart from any assumptions with resnmect to the availability
of Federal and State aid, local cormunities in Mevr Enaland will face
varying dearees of 'difficulties in financina their share of the total
cost of waste treatnent and collectien facilitics. 9nce they know
vhat their share of the cost is and proceed with hond issues to
finance it, ther face alternative me2ans of recanturing thase costs,
i.e., repayrent of bond issuss., These nroblens mzy be intensified
by the fact that, in nany iew Tnaland comunities, an industry doni-
natas the l1ocal econory, thus raising tia very inportant quastion of
thether repayrent should be in the form of a sever service charge or by
means of general taxation, or a combination of both,

In general, the financial iwpact of water pollution control
facilities at the community level will depend laraz2ly on the existence
of present water pollution control facilities, per capita incore of
the cominity, property tax base, competing clainis on coruunity
resources and creuit ratings.

The percentaae of the local siare that will be shouldered divectly
by houeowrers will denond on the alternative means of repayaent of bLond
issues uscd by a comwnity, i.c., whether repaynent is in the for: of
a sover service charae or by means of general pronerty taxation. It
is inportant to rcalize that, in the final analysis, the cest of water
pollution control facilitics is paid for dirvectly and incirectly by all
taxpayers, but the impact on property ownars will vary with the mathod
of financing.

In order to evaluate the financial impact at the comrwnity and
horeovmar levels, a nuibar of alternative financial arrangements will
be considered.

Mternative Firnencial Arrangermcrnts:

The Fundinag Prol.ler: Although Fecaral and State grants are
available To YocaTl conunities for water pollution control facilities,
the comunities rust finance their shore of the cost. In gencral,
nost of the citics and tovns in hew Enaland will depend on municipal
bend dissuves to finence the lecal share, but they will have varying
deqrees of difficulties in financing, duc to municipal credit ratings,
legal bonded debt limits and mariet conditions.
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Bond Issucs and “unicinal Credit Nating: The two tynes of

bonds most viccTy vscd te finence vater pollutien control facilitios
are general ohligqation and revenuz bonds. In the case of reraral ohli-
bonds, the tovm or city plecdnes its full cradit for renayment of the
debt from the general tax fund or service charaes. Such bonds in effoct
constitute a tax lien on all assecscal:le property in the cormunity. In
contrast, a rovenun hond is an oblication issuad to finence a ravenun
producine enternrises, payahle exclusively from earninas ¢f the enter-

rise, in this case service cheraes. Since the renaynent of reveruve
nends s derendent on the earnincs of the enternrice, these bonds usual-
1y carry an interast rate that is 1/2 to 1 percent nisher than goncral
oLTtination Lnnds.

In dimportant factor in detormining the interast rate a comwunity
must pay for municinal honds is the cradit rating of the cowunity.
Cradit ratinas are determineg by such national firas as Meocy's Inves-
tors Service, Inc. anc Standard % Poor's Cormeration and indicate the
community's ability and willinaness to repay the bonds. Invastors
charge comunities intorest rates that are commenstrate with their
credit ratings.

loody's .rates tiic bonds of communities that have 602,000 or mdra
of debt. Their credit ratings are as follovs:

Maa - Best Cuality
Aa - liich Quality (generally known as high grade bonds)
A-1 - Upper Uediun Grade
A - Upper Yediun Grade (elenments exist that sunqest suscenti-
bility to impairent)
Baa-1 - Lover Pediun Grand
Baa - Lower ‘ieciwn Grade (Veither hiahly protected nor pocrly
securad)
Ba - Some Speculative Eiements
3 - Spneculative
Caa - Poor Stancing
Ca - Very poor Prosnects of Payment
C - Lowest Nated Class

Many characteristics of a community arc evaluated to arrive at a
credit rating. The rost important elements used by iloedy's in deter-
minina a rating for a cornunity are, (1) manacement (thic policies of
the comunity in rogard te fiscal matters), (2) the economy of the com-
munity (the presence of industry and commercial establishnents within
the municinality as well as its capital program), and (3)the bonded
debt. Several other tangibles end intanzibles influence a rating..

Moody's rating for the liew England States and a nurber of selacted
communities are given in Table 22, The State of Rhode Island has an
A-1 rating, tassachusetts, an Aa rating and the other four States, Aaa
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TABLE 39
100DY*'S RATINGS
GF
HEW ENGLAND STATES AND SELECTED COMMUNITIES
(December 1969)

State and Community Rating
Connecticut Aaa
Groton A-1
Hartford Aaa
Plainfield A
Haine ' Aaa
Bangor Aa
Caribou Baa-1
Massachusetts Aa
Amesbury A
New Dedford A
New Hampshire Aaa
Concord Aaa
Hudson A
Rhode Island A-1
Barrington Aa
Warwick Baa-1
Woonsocket Baa
Vermont Aaa
Brattleboro Aa
Montpelier Aaa
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ratints. In qeneral, the cormunities in Mew Encland have a lower rat-
ing than their respective States.

0, the interest rates for laa, Aa, A and Paa ratiras
5 and 6.23 percent, resnectivelv., In acnerel, a
rcent in the interest vret~ on a 51 »illien hand

it

In Hovemher 106¢
vere 6.05, 6.34, 6.¢€
difference of 9.1 ne

jssue (20 ynur n"tu J) would cost the texpayers 520,000 nore. For
instance, the Stata's sharo of the cost of waste treatmont facilitieo

for "lassachusotts is estinated to be 5243 million at the 5500 m11110ﬁ
level of Federal funding. Dased on the present trend in interest

rates and 20 year mzturity, it would cost tha taxpayers awnrcy1xat01y

$20 million less to repay the State's share i7 the State of HMassachusotts
had a crodit rating of laa instead of fa. '

Lega] Dondad Neit: A~nether factor that may crcate a
fundine problers for local comnunities in financing water polluticn
control facilitics is tnc1r legal bended debt Vindit, A11 corrunities
have a lcoal devt linit for qu11c werks construction, but in all l.ovw
encland States excort Maine, water p011ution contrel facilities ayic

schoc] constluct1on are not incluided uncer the debt Tinit specified Ly
lawv,

Although water pollution control facilities may be cxenpt fron th2
leqal debt Tlinit there is a questicn as to wihat extent a community
should exceed its 1ﬂfo1 caht Timit. As a general guide, th2 Interra-
tional City 'lanager's Association Jugchtf that (1) the ratio of in-
debtedness te full taxalle valuz shiould not exceed 10 percent, and
(2) debt retirenent should be so scheauled that at lzast 25 percent
of the principal is alvays cue fer amortization within a five year
peried. Moddy's Investors Service, Inc. sugucsts that a tctal debt
service recuirerent (interest anc retirament of nrincinal) wihich is
more than 15 percent of the cormunity's nor:al annual budget may b2
considerad hiah, hut also points out that no strict rule of thurdb can
be applied since in comiunities with financial difficulties, even 19
percent may be too high. :

In sumary, the funding problem will vary from community to com-
munity as reflected by the type of bond issues, credit ratings and
legal honded dett 1imits of each corrunity.

The Renaymant Problen:

General Pronerty Taxation: Many cormunities in lew
England are renaying nuni c1"a1 Sorcs, includine those issued for vater
pollution control facilities out of revenue collected fron property
taxes. To evaluate the imnact of financing vaste svst2s on the local
community, the increase in property taxes on a 2520, 500 hore (market
value) under various conditions of aid ava11at111ty i1l be considared
for scveral cormunities in each of the New Enclenc Stetes. [Fach
comaunity vias selected to represent various mannitudes of investment.
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It was assumed that the method of financing would be genaral obli-
qation bonds (25 year maturity). ~n interest rate of 5.0 percent vas
usec for all communities althouah tha actual interest rate each commu-
nity will pay depends upen its credit rating and market cenditions.

The capital costs used are preliminary estinmates and may not reflect
he actual costs to cach cormunity.

Tabtle 49 indicates the effect on pronerty taxes for a 52G,000 hore
(market value) for sach of the selected municinalities under conditions
of (1) 50 or 55 percant Tecaral aid and 256-AC porcent State aid, (2) no
Fedaral aid and 20-40 percent State aid, and (3) no Federal and Statc
aid. The annual tax increcse is attributable to thn cost of water
nellution control facilitir-, i.c., annual amartized capital cost plus
“tooestimated anna” costeroicperation and maintenanca.  The thren

cact on the selucesd muiot=alities under extremz conditions (full
a1d and no aid) and uner an intermediate condition (State aid onlv).
Even thounh the second and third assumptieons may not-he realistic, they
scrve to measure the financial imnact.

The totel 1702 property taxas on a 520.000 home for tha selected
communitiss van~od betueen $280 and $12G1. The nev annual nronnrty
toxes ronoed batucen 5412 and £10¢5 undey conditions of maxi~u- aid
Availalle: €420 s #1120 chba aid only end S48 and $117 ) pe At
Thoen FYo 0 0 Twees L ool eanital, ornzration and maintanence

roetrent faciTitics and are baszd on 1280 assassac
sswent ratios and tax rates.

. oy e
¢S 0y Lrasee

t
Coaations, asse

The annual increase in pronerty taxes neaded to finance the
facilities ranged betveen 511 and 57% under naxum aids 520 and 5125,
State aid oaly; and 228 and 5100, no aid., 0F the 10 selected comnu-
nities, all had an annual tax increase of 275 or less under cenditicns
of maxinun aid compared to 11 corvunitics with Stete aid only, and ¢
conuni ties vithout Fedaral or State aid,

IYdis dopuiLoat to e asize thet these figqures do not include

ctee oo of a collaction s,uum, and, to estimate more accurataly

tir~ dnpact on a honeoiner not served by a sever systom, an anhual
¢ -1 for a collection syster must be added to the above fiaures. An
cavorage annuel cost of 500-575 per household for a collection system
would result in a total annual cost of 5611 te 5150 under maximum aid
for a 520,700 herme for the collection and trecatrent of sziaqe. The
total annual cost of collection and treatment per 522,000 hawe would
rance batireen 570 and 5210 under State aid onlv, and betirecn 578 and
5235 under conditicons of no aid for the selected cormunities.

Service Charces: A number of New Enqlancd Cormunities
use a sewer service caaraz, also called a rental charge, use charge or
secwer use tax as a source of ravenu2 to ropay genzral obligation, or
revenue bends used to finance waste treatment facilities and/or to pay
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"TABLE 40
EFFECT ON PROPERTY TAX ON A $20,000 HOME IN FINANCING WASTE TREATMENT FACILITIES
(MARKET VALUE)

Increase in Annual Taxes New Annual Taxes
1968 Max. State No Max. State No

State and Community . Taxes Aid Aid Aid Aid Aid Aid
Connecticut

Groton $570 $25 $48 $ 60 $595 $618 $630

Canton 564 20 49 49 584 604 613

Plainfield 360 53 96 120 413 456 480
Maine

Bangor 668 36 60 76 704 728 744

Caribou 609 49 81 101 658 690 710

Farmingdale 388 49 80 100 _ 437 468 438
Massachusetts

Amesbury 1020 75 126 148 1095 1146 1168

New Bedford 1061 16 34 33 1077 1095 1100

Rackport 455 16 30 35 an 485 491
New Hampshire

' Concord 877 . 54 94 128 931 971 1085

Conway 440 21 30 37 461 470 177

Dover 691 11 20 28 702 AR 719

Hudson 620 68 120 160 688 740 780
Rhode Island

Jamnes town 380 34 60 73 414 440 453

Woonsocket 737 21 38 45 758 775 782
Vermont

Brattleboro 747 26 46 58 773 793 805

Windsor 721 33 59 76 754 780 797



for the cost of operation and maintenance of the system., Nther cormu-
nitics use a chLTnau1on of service charres, genora] taxes and bettzor-
ments. For exemnle, in Drochton, Massachusetts, £0 percent of seworane
revenue is from sorvice charces, 25 percent from hetterments and 25
percent from general taxation.

The scwer service charazs can be hased on one or a comhination of
factors such as the follovinm: weter“d vo]uwn of viater used, flat
rates, sewace flovr and/or strangth, nronerty frontare or arca, value

of property or nunter of rooms.

Basing the service charaoe on the weterce voluse of water use is
one of the nost frenveatly sclected netinods, since &5 percent of the
woter distrilbuted in the vaticn is metered. Vith this neothed, the
ciiarge can be based on a uniform meterad volume of water uscd, sliding
scale of metered water uscd, block ratio of weter uscd, percentace of
water bill or Ly the size of the water meter.

Flat rates, which are used in areas where metered water seorvice
is not availalle, can bLe bosed on the nutber of equivalent avellin-,
units, nunber of parsons residing or voriing on the premisss, nuiior
of plunbing fixtures, and/or tho nunber of sever connections. The
disadvantage of thie Tlat rate besis is tue uscrs are not chargeu in
terns of quantity or quality cischarged into the system.

The netercd sovace chavqge is U”Un]]f Tinited to industry and
camtercial estoblishients and some inter-uunicinal arranceients bo-
cause of the cost and technical difficulty in rota ring the quantity

anc¢ quality if it wore feasiihle to meter on a widesproad Lasis.

Example I which is presentec later covrares a service charge with
gencral taxation for a large industry within a snell community.

The Problem of Joint or Separate Facilities

Explanation of [is twnct1cn For the purpese of this rerort,
separate facility is defined as one where thc wastes are fron rmunicinal
sources wiich include douestic, comercial, and a siall amcunt of in-
dustrial wvastes while a joint facility is one that receives dovestic,
corinercial, and a larce avcount of industrial wastas, tovever, in both
cases, the facilities are constructed as well as ouned and ODeFﬂth
by the wunicipalitiss. The first exarnle to follow was selectzd to
corpere the 1rpact of a scrvice charca with that of ganeral taxation
in the case of a joint treatnent systen.

In a nuwwher of the smaller toims in lorthern Nev Enaland, on2
major industry procduces cxceptionally lerce polluticn loads corpared
to the total load discherged. In such tovm, the waste Tead Trom the
connunity nay have a 00D load of 587 - 1,090 1ls/day vhile the
industry's load may be 6C,007 to 100,000 1hs/day.

107



By law, the 1ndustry is requirec to treat its waste, but it may de
this by (1) building its ovn treatrent facility, or (2) having the
community build a treatment facility wihich the industry and the cernun-
ity can use jointly. [lowever, the latter alternative has promnted sonie
to questicn v'ictier the arount of Feceral and State assistance to a
commun1ty constructing a joint facility servirg a dominant industry
stiould te recducad. ATT Associates in thair repert to the FV'PCM, sul-
sequent]y transmitted to the Conaress, on incentives to industry
recomniencec

.it doas not scen desirable to continue to give grants
to municinelities to construct industrial treatnznt faci-
lities. Instcad, the current practice should e changed
so that grants are only given for thc percentace of
cap~c1Ly vhich is abtua11y usce to treat dorestic wastes.
Torms steould be requirad to allocate costs betyenn indus-
trial and other vastes occorw1n to stencarizod proceduras.™)

The report further nantions that:

"The present value to the firm of tho tax savings for
pn]1UL1cn control spending under LJL current tax Yo i

305 to 4D of the cost of the capitel 1nvc%L*~nt and 5@7
of any on“\at1nﬂ costs. The very sunstantial size of

this aid sheculd be kent in mind vhen cono1d"r11~ thie
arqurent often made for adc1twona1 tax essistanca, na~ely,
that the convunity as @ wncle ought to assure part of the
costs for aLatiug pellution. “hether it shauld or not,
the comunity is alrcady in fact assumine nuch of the
burden to industrial pollution control.”

[xarple I illustrates the costs to both the
S

ndustry and the tovn
is a joint facility is constructed compared to ar

.i
eparate Tacilitics,
Exmnle I

A small comrunity with a large paper company 1ocated in the toon
is used for this exarnle. It is estimated that the cost of reavired
water pollution control facilities, including co11bct10n and troati-ent,
for the toim alone 1s €e00,007 wiiile a systen that could accormedete
both the industry and the tom is estimatad to cest S million. rer
the purpose of this analysis, the followinc assurntions vere made:

1 ART Associctes Inc., "Incentivos to incdustry for 'ater Pollution
Control: Policy consideration,” Decermber 1257, p. 54,

2 1Ibid., p. 41
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Federal aid 50 percert and State aid 37 percoent of construction costs,
25 year anortization nerind, 5.9 nercent interest rate on FPPPP(1 0“11~
cation honds, and annual costs of oraration and maintenance as § percent
of capital cost Total costs elicibla for State and Fednaral assistanc

are annroy1matn1y $5.2 nillion for the joint facility..

The voste characteristics for the torn and the industry are as
follows:

Waste Characteristics _Toun Industry

Flow-mgd. 0.2% 10.7
“Bioch~~ieal ¢ 1n Demand (D0D)* - 500 63,150

Susperaed Solids - lhs/cay 500 202 ,4309

This means that the industry's avarage daily flow is approxinately
43 tires that of the towmn, 5 day 70 is 126 t1n:s, suspencad solids is
5C5 tines and the cost anproxirately 11 tires. hat financial arvanqe-
ment would be most eauitable for the industry and the toon?  Should the
toun pay ]/,V, or 1/1LV, or 1755 of the annual cost of the joi:t
facility ant t° O+ 'netyy the remainder? The following analysis will
B B s . “he town and to the incdustry based on goreral proo-
' “istribution, flow, LCD and suspended solids. It is
C b aeenn of this study to cavelep a schore for equitaily distri-
outing costs of a Jown* facility betwesn the toun and 1n”ustr/, but
to present a nunbcr of possible alternatives that can be used in detor-
mining an eouitable cost-charing arranqgenent. The financial
arranjenent is shown as follows
v
Yydoint Facility

Total Cost of Joint Facility
Eligible lusis
e - 50%

o/
15

N
~

State Share -

n

4

nr
2

Local Share -

*

$ 6,000,000
5,200,000
2,950,000
1,770,000
1,120,000

Biochemical Cxygen Demand - The emount of oxygen required Ly living

micro -organisns in the decomposition of organic matter in water.

109



Total Local Share (includes
5100,060 inelinitle costs for

collection systen) - 51,280,000
Annval Canital Cost (arortized

25 yrs. CJ U/)

(N ,2SO,COO X 0.07055) 80,800
Annual Cperation and

Haintenance Costs - 306,300
Total Mnnual Cost - $ 300.000
Cost Sharing

feneral Property an@?{

IT the annual COS» of ;3”O,u) were to be financed froo 7!0)”¥u”
!
tax ravenua, then an incrcasa in the tax rate would necoassary

Total a sei! value of all property (1062) 512,942,060
Total assesscd' taxes (1987) 1,000,732
Tax rate (por 51,0075 an) 53
Mewr Taxes (51,006,707 = 5:0,000) 1,377,533
lev: Tax rate {por 51,000 veluation) 74
Increase in Tax fate 2]

In(uftry s Share of Joint Tacility
(1767 industry's assessa valuation,

$12,135,400) $251,770
Torn's Mnnual Shere -<:7-int Facility
(1207 assesscd valuaii=., conaercial
and residential $5,707,600 132,1C0
1. If the cest-sharing were to be besec on flow, then:
Tovn's Annual Share - $ 9,900 %
Industry's Annual Share - $ 301,200 07.7%
2, If the cost-sharing were to Le based on 5 day B3CD, then:
Town's Annual Shere - 53,190 0.8%

1o

o4, h%
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Incustry's Annual Share - 537,770 Gn.2v

3. If the cost-sharing wera to be based on suspendzd solids, then:

Toin's Annual Share - $ 8N2 0.2%
Industry's Annual Share - $ 299,070 G2.8%

The cost to the tovn will vary greatly depending on vhether or not
general taxation or a service cherqge hased on flov, 00D or suspended
solids is used to renay the sererel olicaticn bonds for a joint faci-
lity. N sumary of the total annual costs (capital oneration and
maintenance) to the cormunity and the incustry is tah]U<uE€ halovs

Joint Facility

(Total Annual Costs)

Cencral Texes . Cervice Cherae Nasad On
Flow ol Susrencad Solids
Cost Dercent Cost Percent Cost Percent  Cost  Percernt
in i in in
$1,000 1,000 1,700 £1,900
Tovn
$139.1 25.¢6 590.0 2.3 $3.1 0.0 $n.0 0.2
Incustry
$251.7 (4.4 $381.8 07.7 $357.7 29.2  5200.C 9¢.3

It is evicdent with a joint facility that the tovn would pav a

hicher narcentace of the total annual cost if general taxation vere
used to raise rovanu? than if a sorvice charae vare used hesed on flow,
““7 or suspended solids. llouvevar, a rmore raasenaile finencial arranse-

ent would Be one in tfich the total annual cost to the incustry and
the tovn is datormined by construction and oreratine costs that are
attritutahle directly to each. A detailed anelysis of these costs could
then be requivred to arrive at a rore accurate end equitaile service
chargn for each.

Senarata facility: A furthor cormarison is considerad in this
exaﬂ)le to evaluat: the total annual costs o the town iT a separate
fac111ty vere constructed instead of a joint systen,

Separate Facility

Total Cost of Towun Facility $ 500,000
Eligikle Costs 400,000
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Federal Share £0% 200,000

State Share 30% 120,000

Local Share 205 £0,000

Total Local Share 122,020

Annual Capital Cost

(25 yr, 0 5.00) 12,37
Annual Operation and "laintenance Cost 23,070

Total "nnual Cost 32,300

General Taxes

Tovn's assessed valuation exclusive

of industry - 196 5 2,338,720
Taxes assessed - 165,085°
Tex rate (ner $1,000 valuation) - a2
liew taxes (175,300 + £32,000) - 220 ,GC
Levr tax rate for town only - o6
Increasz in tax rate - 16

The total annual cost for the toum would avount to 522,20C iF
the toun constructad and nmaintained a separate facility. On the other
hand, i1 the industry constructze anc raintained its on facility,
then its total annual cost would be $642,C00 based on no Federal or

State financial assistance.

. With a joint facility, the toun's annual share would ranqge fror
S5000 to $139,170 or from 0.2 to 35.8 percent respectively depending on
the method of financinc. In contrast, the industry's annual recuctien
of profits for & joint facility weuld range fran 1.0 to 2.8¢ per share
bafore taxaes dependine on the method of financing and based on full
Federal and State financial assistanca.

If general taration vere used to raise revanue to finance the
annual cost of a joint facility, then the toun would pay more then i°
the tom had its own separate focility. lovever, if a service chorne
viere uscd, based on flov, BOC, suspenced solids or & cor™iration of
these for a joint facility, the torm would pay less annually than having
its own facility. Tihe reduction in profits to stockholders would not
be that sionificant 17 the inlustry vere to construct and maintain its
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oon facility. HMorever, the amcunt of Faderal and State aid for a joint
fecility would arount to approxirately 34.7 millien corrarad to £327,700
for a separate municipal plant.

Exornle 11

In the final anolysis, part of the cost of financinn vater
nollution control facilitics is horne diractly Ly hemcovmers and tho
remaindar, namely the Foderal and State sPtarn, is bornz2 indirectly by
all taxrayers., The dirnsct on the homeosrer can he evaluated, burt the
jrnact on the taxnayers in aenzrel cannet. To illustrate tha i-mect
on the averace hereovner, the follnuina exarnle is prescnted,

A particular cormunity in Do Hameshire was selected hocausae
thore is virtually ne industry in the tom, and the cost of vater
nallvtion control facilitics will he borne divectly by tha homoovrars.
Althouah the 1900 norulation of the tovn wae 2,659, it has nearly
trinled in the post nine years te & rrezont estinated porulation of
12,207, The building boon vill not ceatinue, however, L2causa of the
ton's new zoning reculations. Presontly. only a siall percentare |
of thue povulation is severcd, and ther: ara no trzatnent tacilities.
The estivated cost of intarcertors and wator pollutien control
facilities is ,1.0 nillion and the cost of Tatoral scunrs is 50.49
nillion. The Fedoral ant Steotn aid programs can nrovida €9 percent
of the cost of trectment facilities and intercepters, leaving approx-
imately 52.12 million plus 31.4C nillion or a total of S1.2G nillion
to be financed by the camunity.

In the analysis to follow, the estimatad cost of water pollution
contrel facilitices for the averass nercovner in this towm vwill be
compered to the averece cest of other utilities such as water,
elecctricity anc telephones.

The cost of water pollution control facilities to the averere
horeowner 11111 vary depending on the funds available and method of
financing used, i.e., general taxes or service charre. Pased on 50
percent Federal aid and 4C percent State aid, the cost to the averace
homeovmer (720,200 market value) woeld arount to approxirately 528 por

par comparcd to 555 per year if only State eid were availatle. If a
service charoe vere used, based on a percentace of the weter Lill,
then the cost for waste treatient facilitics for a farily of 4 would
anount to approxirately 500 per yzar with full aid and 5195 per yzar
with State aid and ne Federal aic.

In addition, henes that are nct prescntly sewered will have an
additional Letternznt charre that may a~ount to £32-75 per year for
2C yoars.  Tov these hencowners, tie annval cost of a collection and
treatnent systeon ay range frem 373 to (175 depending on availabhle
funds and the nethod of financing.
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Oy way o7 comparisen, the monthly averace utility charnss for
a fanily of four are elactricity, 317, waters; 37 and t=lentone, 52
(with tol1 charces 511.50). These compare to %7 to 515 for waste
treatment and collection, depending on the availability of funds.
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ALTERIATIVE ALLOCATION METHODS

Havina reached the basic conclusion that Federal financial assis-
tance is indeed proner, remaininc questions ultimately revolve
unon snecific allacation- formulae and nrocedures. A numbher of
allocation methods have been oronosed by goverrmerntal bodies
and ty nlanning arouns, and others that are well-founded in
economic theory are nuite plausible for arplication to the nollution
control area even ‘thouah thev have not been advanced in that connection
to this time. Certain basic rrincinles underlie ecach variation on
the assistance thera :wurd an infinite number of corbinations of desirable
features are nossib’ o ously, it hecomes imnrectical to analyze
every nlausible combination. This section, than, will evaluate kinds
of distribution nrocedures. The examples jllustrate and examine salient
princinles, allowina infermed judaements as to the prohable effects
of combinations of lLasic strateaies.

Fach of the alternative allocation nrocedures is examined in the
light of the criteria used elsevhere in this report: effectiveness,
efficiency, eouity, and nracticability. In addition, alternative
allocation formats w= =wrreidered in ferms of a set of indenendent
valuars. These are: "7uiicics consistent with the promotion of renionalism,
ability to extend the indenendent requlatory nosition of State pollution
control authorities. contribution to the extension of nollution cortrol
canakilities, compatitility with the impesition of standards based
on rerformanca, and two cconanically desirable side-affects, contra-
cyclical flexihility and price level maintenance.

The deqree to vhich allocation metheds are essential te the effec-
tive ennlication of constriction qrants to nollution abatement problems
is importantlyv related te the total level of Federal funds available
relative to reed. ‘'!ren the level of funds is low relative to need, the
means by wvhich thev are 2llocated become critical, in that the limited
resources must be dirascted tn the areas-in which they produce maximum
effectiveness. At a2 relatively high fundinag level these ccnsiderations
beccme less important, since both cost effective and marqinal investments
will be made in a shorter neriod of time, decreasing the effective
loss incurred by the nation in foregoing for a period the most cost
effective set of investments.

It is emphasized that the discussion of alternative allocation
methods in this section deals with each in its pure form and from a
theoretical noint of view. Finer tuning of the allocetion method best
suited to the actual situation rnust await determination of.the levels
and rate at which Federal resources will be apnlied to municipal con-
struction grants. A mix of two or more of the stratecgies discussed,
may best suit actual circumstance.
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The Existina Forrula

Descrirticn. The nrasent 2llocatien eof censtructicn arant calls,
in suhstanca, feor the division of 550 million among the States on the
basis of por canita income, with the remaindor distributed amoneg the
States accordinn to norulation. (£ stinulation that roaserves a oortion
of the funds to cormunities of 125,007 rersons or less has no eoffect

on interstate distritution of funds). Funds are allotted in blocks te
the States, but must be dustified on the bhasis of specific nroiects vhich
must be annroved by the FIPCA. fach State nust rate nroiocts in a pri-
ority system., Incantives are nrovided for reajonalism and for State
financial narticibation, tut these are in the form of an increased
Fecderal share of the cost of @ nroirct, and do rot affect the totel
allotment of funds to the State that enacts them.

Effectiveness., £t an earlier stage of the effort to contrel water
nollution, vhen broad nrevalence of untreated waste discharaes provided
a variety of netentially nrcfitaeble investments, undivferentiatad allet-
ments to Statec was an effective techniaque. But as the number of invest-
ment onportunities has been reduced, some States are unable to utilize
their full allotment of furds. Each vear the 1ist of unconstructed
nrojects for which Federal grants have bteen everded grows longer. FAnd
rach vear sope States bynass a maierity of the high-rarking n, ojects
on their oricrity lists or assign Wigh nricrities to rrojects of low
marginal utility to certify them Tor Federal assistance.

Fquitv., Inequities of the existing arant allocation formula trace
to the lacl of mechanisms to insura the effective use of funds. Increas-
ingly, it has Leen unable to draw matching investments from the nrin-
cipal sources of marginal damages. This failure on the nart of those
vho cause cdamana has, in censcauence, meant that natienally supplied
contributions have nct returned nronortional benefits to their contribu-
tors. A subsidiary ineauity is fairly cermon with resnect to local
centributions cf funds. Treatment nlants built or exnanded out of
general revenues nlus: federal grants have in scme cases served laraely
to treat industrial wastes. From the natienal point of view, eauity is
served bv the nractice, since the troad henaficiaries receive full value
for their innut of canital. Locally. however, the source cf damane
largely evades costs under this fund-sharina arrangement. Since the
Water Pellution Contrel contains no nrovisions aimed at extending the
equity off raesults through the rarge of financing qroups, remedies
are not now available at the Federal level.

Efficiencv. Effective nrojects may not be constructed, while the
system permits the contiruing construction of less nocessary works cut
of the inertia of events or the good vill of arouns of local citizens;
the works that are constructed mav in many cases provide no nractical
benafits, since the precondition for their effective functioning is the
existence of those works that are not being tuilt. A plant that is
ouite efficient in its oun onerations may still oroduce nc tangible
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banefits--as when it discharges te a watercourse so polluted by an un-
stream discharne that its presence or absence is irmaterial to stream
quality. In these cases, thn losses take the form of the discounted
value of sun% canital tonother with oncrating charages that occur over
the period betwoen the construction cof the works and the emerasnce of
the situation in which the oneration of the works can actually produce
an improvement in stream quality.

The amounts invclved are nnt slicht, in spite of the general exis-
tence of waste treatment. [rawina udon knowledae of specific water-
hodies and making only very rounh kinds of estimetes lrads to the
jucaement that there wore as late as 1967 2 cuarter of a billion dollars
worth of warks no* nroducine tanaible water quality changes in the
Merrimacl, Yillamette, and Lale Erie vatershads alone. The disutility
in these cases is not ascribnd to eny deticiencies of the worls them-
selvas, tut to lack of uracntly needed worls of other kirds or at other
placas. iior were the vetersheds chosen because of some spectacular
deficiency, hut only because some knowledge of their conditions was
readily availakle.

But the externally ceus=d ineffectivenass that makes a larce sharo
of the works built with TFadaral arants a subortimum investment is not
the only source of inefficiancies in the conduct of the grant rrogram.
Others traca tn the nroijact corientation of the program.

There ere fouw incentives at either {he Federal or at the State
level to usa money efficiently: and verv. faw local novernnants can
cormaond the snninecring skills to imow heow well their oniass are
being used. The fact is that Stat2 reaulatory authorities in many
casos show more ceacarn for adhierance to rioid design stendards than
fer the annrcoriatenass of a Tacility; and Federal insnectors ratify
vhatever dasinn nreojudices the State may hava. Overdesiored plants
with excessive capacity nush the averagc rer capita cost of a facility
in some States to very high levals. There is ne authority in the Act
for ostablishing Federal nerfermance or cost-offactiveness standards,
State agenciss have no resronsibility for tho efficient use of funds,
since these are nrevidad enlv by lecal and Fedaral governrerts in
most cases. So wasteful desimn may be habitually enferced. !‘oreover,
the ¢esian standards emnloved in meny States cornot bte depended uncn
to nrovido effective nreratiecn of facilities. Tha State of California--
so often in the vanouard in the area of envirorrertal nrotection--
arevides a carmendahle excention, in that its pregroms are based on
required standards of nerformance.

Project linited arents also enforce waste throunh their very nature.
Federal corstructicen ararnts may be avardad for waste treatment nlants,
for intercenter sovers, for outfalls, and for comrorerts of thase thrae
elements of the waste handlira syster. Thev do rot extend to collecting
sewers. In many cases municinal sever svsteme are ir vary bad repair
or have hacome cut-cf-date. Sower svstem rehabilitatieon is exnensive,
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and there i5 1ittle Fedoral assistonce for the activity. 1t is not at
all urcommon, then, to substantiallv overdasion treatrent nlants to com-
nersate for deticizncins of the collection svsteri, even with full “now-
Tedge that infiltraticn or storw arairage will, in fact, short-circuit
the treatment ohase of tha systzm. (cf., Hennigan, Tobert D., "Urtan
(t'unicinal) 'later !'anacement,” naner nresented at the 4th fwerican Ynter
Resources Conforence of the American Yater Pasources Asscciation, lew
York, hovember 1065, for some examples of this nhernomenon. O0ff the
record roinforcenent of his examnles can be chtained from the junior
asscciates of anv nend-sized corsulting eraincering firm.) There should
be nothing surarising alout the fact. Since Federal assistance has been
concentrated on narticular elenents of a trnad svsten, we mioht exnact
that those elemants weuld he overbuilt relative to the unsubsidized
porticon of the system.

T

Rﬁiggjqulllti The current nrocrdures for allncating Federal
assistance to constructicn oF waste freatment worke have one trorendous
merit. As a mechanism, they have come 10 be well urderstood by everyone
concrrned.  Interlackine administrative precedures have been deve]o:ed
at every level of qovernnent concerned to ensure the smeoth processing
of app]1cat1ons, and the critical link vith the -private scctor has been
firmly made as consulting entineerina firms have becore familiar over
the years vith all of tha details of qrants managoment. As a means- for
distributina money, the current form of grant nust rate very hi.gh.

Irmlementation Crants

Descrintion. It has Leen nrencsed that the rost rapid apnroach ¢
total nolTution abatement could be made by awardina Federal Construction
grants onlv for rurnose of building secondary waste treatment nlants
(includina the upqrading of nrirary plants). Under this decision nro-
cedure, allocations arong States would be based entirely on: 1) number
of nersons attached to sewer systams but not served by waste treastnent,
2) number of prersens served only by nrimary waste trnatment, and 3)
persons livina in cormunities that 2re rewly severed during the 1ife
of the qrant nrogran.

Effectiveness. The effectiveness of such a strateqy is debatable.
Presuming tnat some means could be develonad to brina agrant apniications
in from the communities who vould he eligible for assistance on such
terms, a very ranid imnrov:went of abatement canability would result.
vhether this would he sufficient to offset detericration of systems
requiring irnrovements but no longer qualified to receive Federal assis-
tance would denend laraelv on whether Tocal and State government could
he induced to increase thoir shares of the financing burden. There can
be no auesticn bhut that there viould he an irmediate short term imarcve-
ment in water quality, due to the critical nature of the need for treat-
ment to La installed in sowve nlaces that would Le affected. The totel
increase in effectiveness that would result s, again questionatle. A
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generalized reauirerent such as sccondary vaste treatiment has no parti-
cular relevance to the real needs of any particular vater body, so over-
investment would result in sowe cases, hut uncerinvestment in others.

fquity. The proposed allecation formula could scarcely be consider-
ed to have any suhstantial advantanges or disadvartages of cauity relative
to the existing frrmula. The judaement that new plant needs are inher-
ently more nressing than irprovement or exnansion needs is the basis for
the suanested foraula. The valicity of that judgrent would provide the
test of its equily.

Efficiencv. Or arounds cof efficioncy, the imnlementation formula
must rark even lcver than the axisting grant allotweont fermula, In
terms of real vorld needs, maintenance and irmroverent of systoms are
at least as irmortant in the long run as new akatement carehilities.,
If systems wera allewed to depraciate as a result of a sudden cossation of
Fedcral sunnort, thera could only be a drep in total systom nerformance--
thouoh narhans not imiedietoiy. There is nn reason to supnose that
further restriction of the epplication of arants would be any mere suc-
cessful in olicitina necossary matchira funds frem delioquent comwunities
then has boen the casc in th= »ast, so losses in the form ¢f unutilized
canital 11inht be exnocted to mount.  Finally, the weaknesses inherént in
project justificaticn and 1imited apnlication of funds within a total
syster vould te avon nere prevalant under circumstances that irther
limited the range of uses te vhich Federal funds could te applied.

Practicahility. The nractical Tailings of such an alloiment wethod
should he olvious. Thero would be extrowaly comnlicated nroblems of
definition. Very detailed decision rules wioulc have to Le adonted: for
example, to rule out exnansicn applications frem new connection aprli-
catiens, or tn (atermine what rortien of the cost of ungrading a primary
treatmont nlant to secondary treatment was actually an ungrading invest-
rient and vwhat nortion a renltacement investrant., Further, it would Le
extremely unlikely that those Statos whose annual investment is now
largest--and, as a rosult, now have a relativelv small share of
the untreated nonulation--would accede to a ferrula that sharply veduced
their Feceral assisterce, without reqard to the fact that their main-
tenance needs are createst. The whole conceot of rastricting arant
allocations in the suggnstec fashion must be dismissed as nolitically
and acministratively impractical, even without reqard to effec-
tiveness or efficiency standards.

Cost Faqualization Srarts

It has been nroposed that Foderal construction qrants be avarded
in a fashion that tends to ecualize per-canite cests, so that persons
in all sizes of cormurities and all nortinns of the counlry nay the
same anount of local Tunds for vaste treatmant,

Ouite apart fronm the fact that any scheme that reduces natural
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advantaces is innatclv abhorrent to economists, the mronesal is ineffi-
cient, incoffective, and inequitalle. Its basic effect vould Le to chan-
nel Fecderal assistance avav from larae cities where, because of
econonies of scele, unit costs tend to te slightest, and into small
cormunitias., ot only uould this deny assistance te the nlaces that--
hecause of the ccncentraticn of waste discharqges at a single point--nost
need waste treatrent, it would also nrovicde most assistance to those
places vhere total nep-canita governmental costs arc least. (Tax effert
corralates nositively with size of nlace in the U. S.). The proposal
would ciscourane reaionalism, It weuld also provide incentives to
inefficiency and overbuildirng. In effect, institution of such a nro-
visien weuld set a ceilinn on the amourt local taxnzvers weuld have to
raise in connecticn with waste traatment, nushing anyv excess costs onto
the naticn as a whnle. At this time, one region of the nation builds
facilitios at a cost almest three times the national averane, another at
costs tvo-thirds the national averane, These differences in cost de not
reflact improvemoants in efficiercy--quite the contrary, in fact: it
vould seem that the hinh cost area may suffer from ncor cuality requla-
tery and engineering services. Yeb the offact of coualizing grants
would be to concentrate the Federal dinvestrment in the hicgh cost and in-
efficient rcoions in a fashion that pernotuated inefficiency.

Mt least one State has until rocently attomnted in a rouc™ and ready
fashion to carry out a rolicy sinilar te cqualizing qrants. The nroce-
dure in this case was tn refuse te provide a priority for entitlement to
Federal funds to the larcest city in the States and the results have been
disastrous. The river fthat flous nast the city that was denied Fednral
assistance has continued to be orne of the mnst nolluted, if not the rost
polluted, in the nation, and to enrty into the west 20lluted lerns lake
in *he natien. Federal Tunds 2llocated to that State went ontirely into
rural corrunitiecs and affluort culurbs, to build waste treatment nlarts
vhose ultimate offect on wvater quality w2s relatively slioht,

Irefficiencins and inzauities are not the only reason to cause the
equalizing qrant nrongsal to he disnissed. Prollers of acministration
are alse enovicous. To define the nonulatien hase, to comnare the cost
of a ney 1ift station with the cost of a rev plant, tn account for
excess capacitv and for industrial loads, to decide the cost hase--is
it to La cdone on tho tasis of the entire nroject? On the basis of
the cost of comnonents? For a Stete? For a reqion? For a nroject?
For the nation as a whola? Such cuastions wvould take on the dimen-
sions of a nightrare. It is simnly not nossibie to defire a nractical

formula to eaqualize costs.

Participation Grants

Descrintion., Fairlv recentlv, Congressional sourcas have oro-
posed adjustment of these orovisions of the Act that call for a larqger
Federal share of cost in circurstances vhere State acvernment contri-
butes to the cost of a nroject. The adiustment calls for a fixed
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“edaral share of project costs, reqardless of the status of State
financial assistance, hut vould increase assistinag States' allocation
7f Federal funds, relative to these received by States not narticipat-
1nq in the financina of nroincts.

Effectivencss. Particiration arants would bhe at least as effec-
tive as the current allocation scheme under almost any circunstances,
and vould nyebally result in an increase in effoctivencss, since
funds would he channelad to those States in wnich the combined State/
Faderal fuadina, by roducinge financial constraints that impinoe on
communities, viould wost conveniently be translated inte constructicn

projects.

. '-_Eﬁuif;,»ﬂkwﬂr}fi*ﬂt1nr arants annrear to have an equity advantag
S i fFormylan, in that all communities would havn
L Lwuar ent GRS e Two assistance without regard to the actions of

Slete governmants, over waich comaunities have no control. The present
formula tends to nenalize lecal aovernment for the proqgram deficiencies

of State governmoent.

Efficiency. Particination qrants miaht be expected to contrifute
to officiency in saveral ways. 2y reducing the financing (as well as
the financial) hurden on cormunities, the nrocedure would alme-t

uncusstiovol el o e the flow of funds into needed nrojects

ant ottt A e Ly m«rfot conditions. Bv directing funds to
Lt nsL:ar1v more annressive nrovraws, the nrocedure
mietd probably ﬁLLQl’YJLD tt.o rate of utilization of Federal funds,

thus roduc1nn rajntenance charaes on unused annronriations. It is
orohable that reqicnalism wit% its documented officiencies would be
facilitated, if one makes. the obvious assumnticon that a laraer vortion
of total activitv vould take nloce under circumstancas wnere State
qovernments, hegause n” the usa of State funds, would have an inlerest
?n the effective utilizetion of those funds. And because State fund-
inq presuires a Jenislative overview and a legislative interest in the
use of funds, there is reason to hene that the arnlication of lenisla-
Live oversieti wree--tings would reduce the adeinistrative diseconc-
mes that terr:te owur in situations where desian standards are
Cammen et aestee o vonca tn o performance. ot the least contvibution
oottt oew et he exeocted to result from the fact that the
Fedrral shayri of randird would Se ‘1xod in all casas, reducing both
adninistrative darands and the tendency of cormunitins to defer con-
struction in the hene of of tainine a larqer anount of Federal assist-
ance vith a change in circurstances.

Practicability. The fact that almost half of the States
currentTy nessess at least the leqislative authority to conduct
assistarce nrecrans is uncerdable nroof of the urderlying practica-
Lility of the vronosal., It shoeld Le noted, hewever, that not all
StaLQB that heve enacted financial assistance nroarams have proceeded

Lo fune them, Furthermore, there moy be exnected oprosition frem
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those States that have not seen fit to enact assistence nrograms to
a reduction in their share of total Tederal assistance. 1t would

bheo hened, one assumes, that the long torm effect of the enactnent of
sore form of particination arants would be to cause every State to
provicde financial 3ssistance, thus insuring its relative share of
Federal furds, and alsc draving it intc more intimate sharirg of

the tntal problems of water pollutien control.

RBlock Grants

Descrintion., It has been demorstrated that there is a needed
change in the reture and level of existing Foderal cost-sharing,
Several wetheds have bezir discussed in the centext of cost-sharing
princinles. These methnds do not adequately solve the nolluticn

nroblems as they novw exist.

One asnact of the dual nature of the nollution nreblem is ensur-
ing the nerformance of existing systems. A type of ‘arant is sungested

vihiich would Use ronins to aid States and Yocal jurisdic-
tions t0 conctruct and maintain noilution abatement svstems. The

current oct does stinulate thoet the systems he maintainced and onerdtad
once constructed, in ordar for the grant to be allocated. The intent

0f this tyne of arant is to allew as much latitude as nnssible  ‘hile
the existine svstems pust actually e onerated and maintainad, treatment
Systoms rust have the resources that «ill enatle them to exnand to and

to adjust Lo new vator quatity conditions. Tneretore, the interrrctation
of these arants sheuld he flexible enough o peymit env type of nollution
control achivity nrecded by the system, e.a. construction of nhighor

Tevals of trratrent, intercentors, collection lines, numaing stations,
in-stroam acrators, charicals for chlorination and phosnhate rasovol,
systom (basin/State) plannina and operation, training of nersonnel.
Essoentially, the activitins warranted under these tvoes o7 grants
include any'activitv that ds nneded to sustain viable abatement systoms.

0f distrilution criteria for bleck brants, nonulation is the
most accurate simulator of wastes oroducnd. Panultation measurement
docs haya the bias that not all the nonulation is sewered, but this
bias 45 1nss nisrenresentative of wastes eroduced than ather bases
for 2110cation such as ner canita incame and/or Federal taxes collected.
Furtherrora, this bias cculd Lo adjusted by usina a combination of
populating ard ponulation seuctad, obtainiable en an annual basis frem
he FUDCA wnctn dnventepics. Irdustrinl wastes have less of an isomorehic
relationshin Latwsen nonulation and vastes. “hile industries co emdloy
and lator forces normally are identified with pepulation centers,
2 Lias §s created by nenwater usiag industries. towever, in the aggregate
there is no alternative available allocation criteria that provides a
more poalistic allocaticn., Usc ¢f vater using industrieas incorooratog
the Liases of aconcmies of scale and industry tochroloays and nonulatien
My be used as an apnrodriatae allocation basis for hoth municipal and

Industria) vastes.
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I essential eleront of the 3lock Crant s that the State have
c¢iscretionary use funds, Cost sharina ratios with comrunities are
not prespecifiad allevrine un to 170 percent corants in extrewe cases,
to attack preblems which mioht not yield to lesser levels because
of necative voter attitudes affecting bond issues or similar reasons.

Effectivennss. Dlock arants could be no less effective
than constructicn agrants, fer the simale reasen that thev could be
emnloyed in nrecisely the same fashion. It weuld be hoped, however,
that requlatory anencies within the States could in nany cases
improve the effoctiveness of thoir use of Federal funds of nreject
justification was ‘remcved. In this connection, it should be
noted that ceffectivonnss viould rest in same rieasure uncn the
scrutiny accorded hy FUPCA to the pronosed State proqgrar.

In desianina these arants, the nhilesonhy of the administration
should alsn be consicdered, The justification of this tvne of qrant
lies in the fact trat cermunities are hard nressed for furds; once
their systems are seni-adeauate thay are willinn to spend funds en
other nublic dorands, rather than on preventive. abatement neads vicere
the shert run parcinal return on dollars sront will te low. These'
grarts could ke considered as bleci grants ojven to States for the.
nurpose of alleviating some of the Tinancial nressures on Inci® com-
munitisas.

Since Rlnck arants are not desioned to provide directly any
reqional roimbursorents for externalitiss nor to encourzaz uniforn
behavior ¢n the nart of local level of qovernment, the need feor diract
Federal control on a nroject hasis is mininal., States vwould have
the nrerocative of establishing their oriorities according to whatever
criteria arc mest anvlicable te conditions. This would nermit fiexible
use of arant funds accordina to lccal needs and not uniforia naticnal
practices. A grant program such as this would move theo agency tovard
the pattern of “creative federalism” cutlined by President Hixon.

Faderal cortrol would be exerted thrcuah review of progress in
nollution abaiement and system ungrading and maintenance. Bread
review of concents, State nroaram emnhasis and nolicies should be
made through the mechanism of the State Program Plan submission under
the State Program Grants.

Equity. Satisfaction of the equity reaquirement would rest
largely unon the nerformance of tha several States. It might be
assured that Federal surveillance could be denanded unon to maintain
soime measure of equity in the conduct of Fecerally assisted State
nrocrams, thouch the evidence of similar arant mechanisme in other
kinds of Fedaral/State relations is net reasstring on this count,

One might, however, sav with 1ittle expectation of contravention that
it is unlikely that bleck grants would be less equitable than
construction arants.
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Efficiecncy. It is very probable that a scne over-all
qain in efficizrcy would result fron emnlovment of Clock qrants.

The diseconcmies inherent ir preject-oriented grants would no longer
be invariakle. The offective reaional asnoacts of State proarams could
be potentiated. FAnd rescurces coula flow to the placas where noed
existed, rather than to projects iritiated at lecal ontion. Again,
there is no assurarce that any of these desirable fratures weoulcd exist
-=but they would become npotentinlly aveilebde, To the coxtont that
States retain the current preicct oriented system of allocatineg funds
vithin the State and restrict the range of alternative quality manage-
ment tools eliaible for grants, the block grant approach will fail to
provide these imnroverents in officiency.

Practicahility. Srecial rurnose block aqrants that allov a high
measure of discreticn to the recinient are sanctiensd by use in a
nurber of apnlicatinrs. One vould assume that State grvernmants weuld
favor such a systcr of assistarce, thouah the ability to sunnly match-
ing funds piatt reduce anthusiasm in some instarces. The major
nroblem covld nrolably be exrccted in the Federal burzaucracy, which
would have to substitute ratier oxacting evaluation and noootiation
slkills for the rcutinc taslks now nerformed in processing annlications.

L desiral*le 3srect of ary new grant nrogran is that aner-y
imnlamentation of the new grant would not reouire ary major
oraanizaticnal channes. On a2 linited scale, many of the functions
are now bi2ing perferred by proorar arants. By extanding the amcunts
of these gqrants, by mavina the restrictions on the existina orogren
gronts ard by nepritting flexible nceae of the monev by *he States,

na Block grant nrearan could e easily imnlamented. Also, these
grants wvould reauirz a rinimal allocation mechanism, eliminating
any increase in agency staffing for the program,

Selective Abaterent Grants

Descrintion. Another asnect of existina nollution prol:lems is
extence of jscilated rockots of pollution. To eliminate these
problens a classification of "enforcement” arants is sugoested.
Their usza is corinensurata with fhe orioinal dintent of the arant
proaram viz., use of ontimizing grants to solve a narticular nrohlem.
The main difference batween the nronesed grant and the existing
program is the leocatien of the allecations. Today's nroblens
require funnelline aid to needs vhich are isolated and concentrated,
not diluting the allocation process vie some universal allocatien
method.

L celective akateoment qrent svstem is the pure form of optimiz-
ing qrant. Ootimizing qrants should nrovide cor encourane the sclution
the solution to a nreRlen in the most efficient mannar., 32eccause nrotlems
vary in each nocket of noclluticrn, the use of the funds should be different.
For example, the !levi England and ludson nroblems--dus to lack of
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treatment facilities--are intrinsically different frem the eutronhica-
tion problems of Lake Erie and the south San Francisco Zav. Therefore,
the granting anency sheuld insist upnon a scientific approach to the
prob:1em and not unon uniform solution for diverse nreblens Only by
doing this car the proaram adhere to the efficiency cr1ter1a of any
optimizina grant.

The justificaticn for these grants is the externalities that are
produced by pellution abatcoment systems. The main benefactors from
these systers are the residents of the reqion defined by the water
body, and not nccessarily the residents of the jurisdiction vho noy
the cost for the system. ilany, if not most, waterwavs are inter-

ate; thercfora, hennfits are multi-State. In an indirect way,

ner1bs are vab1oua1 s 0. There i1s, at tne Teast, an acsthetic
©psychic national oo [-ibuted to elimination of nellutien--there

may well be an ecolenicar amperative. In addition, if a watervay

is free frorm pellution. increased income, recreational use and arcwth
rasults, mrocducina benefits that will directly raise the reaional
stancard of living and indirectly raise the naticnal standard.

Sirnce tenefits are jmortant in justifving the aront
nroqrari, 2 critical view of these benofits is requisite. The qrant
manies aroe nq(1nna] maniec and the oonortunity cost of exranding noney
Coogpuens ary hnea Tt 1nﬁ«f1cwﬁnf vavs can he considored a
avtios tcss. Ty incr“"‘ v the efficiency of the grant program
‘through these arants, haciunal Lenefits can be gained,

Ontimizinn orants include an element of control. Since the hzne-
Fits are enjoyed by different levels of gevarmment, the rasnonsibility
for efficiant an? offective use of the funds should be shared by the
narticinating levels of noverrment. The final control should rest with
the level of neovernrent that is Lest able to cirect the allocation pre-
cess. I the nreblem is dinterstate, the best coordirator arnd centrelleor
is the Fedoral Covarnrent. This is not te imrly thet the Federal
Covernmer is:i%re canal le. Rather, control is basad strictly en the
‘fact ¢ the : eement is hest able to cecordinate and control
the attack on thn no1IUr on problems hecause of dts intersiate, inter-
reoicnal nature., The To7oral Covernment is in a better position
Lo prevent cormuniting on intarstate vater bodies from acting
solely according to their ovn self-interest: instead, through
Federal control, the soluticn may become vaterbocy oriented.

-

Allocatinn such arants would nresent some uniaue nroblems, The
first and most basic auesticn is, hov donc the Federal Govarnmant
determine the nechets or isolata arapas of pollutions? If cur obiective
is te climinato nolluticn Tron the vatervavs, then axemining the
vatnr--not the svsten of *ac1]1?103-—§10u]* nrovide the ansvers to

W

the question. The criteria te use in estahlishing high nead arcas
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are nprovider Ly the vater quality stendards, since the standards eare
derived with Federal and State annroval., The actual in-water data to

be comrared with the standards can be cLtained frem the STORET systen and
surveilloncr, Another method of identifying nciluticn neads is through
enforcerant conferences initiated at State request

AMlocation of funds to specific nrojocts niaght be based on a
schedule of deviations from accepted water quality critiera. Those
with the larnsst Jeviations will receive the highest nriorities.
Ideally, the deviations should be weighted Ly benefits, number of
peconle bLensTitted or sinilar indicator, but the construction ef a
quantitative indicator of this sort is difficult and is rerhans not
feasiblce at the timn.Standards cempliance costs, which could
vary from sourca to scurce, (net a uniforn fiat of activity costs,
e.q., secondary {reatrert) should serve as the basis for the percontace
of abateront grants.  Such a tasis would insure that the abaterent
grants nroduce the greatest marginal effectiveness nor qrant dollar.
If the Federal Coverneent is to exercise centrol over abaterent arants
because thic Teval of anvernrment is able to cocrdinate the allocatien
more efficiantly, the nrincinies of allocaticn should refloct this.
responsibility.

The arount anpronrizted bv Congrass coula vary from vear to
year., The Federal Covornment and States should survey the nellution
nceds throushout the country and rant noed oriorities. Sinultanzously,
the Faderal “cevernnont and Statzs could ceost out the solutisrs to iheso
neads ance could astalilish axrenditures levels Ffor 2 nraduated schodule
of nollutinn akatenent. Fron these ananditure Tevels Conaress could
decide on the nortincnce of indicated oxnaenditures in lioht of other
fiscal nceds,  Threuth such a mechapism Contress would nnt 90 on recerd
as over nromising: instead, the bedy could allocatlz thesa funds on
the tasis of nend.

The ouastion of imnlementine the nrearam without anency disruntien
sheuld alse Le censidered. F£s nraviously noted, STANCT, s*andards, :
and enforcemant are critical intuts in identifvina the needs., Pollution
surveillence vould have a nositive innut in ddentifvina needs and
priority. DBecausa of the incrzased resrensibility of the Faderal
Government, construction arants activitizs veuld censtitute a arimery
means of exercising all asjency responsitility.

In sum, such arants vould be allocated on tho basis of probiems.
It is impessible to sry what the actuval distribution ¢f grants weuld
he under such a formala; theuth their use would undeubtedly Le far
mare concontrated, and vould take nlace in those nortions of those
vatorshads in vhich strenm nellution had heen determined to exist as
2 result of a lcoal nroceadinag,

Effectiveness. There can Le no questien that the shert tern
effactiveness of such a strateqy would Le extremely nowerful., Federal
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monies would be allotted nrecisely vhern they were nezeoded, vhile
acherence to thn findinas of an enforcemont confererce or to the terms
of a court order could be depeondad unon to brine forth reauired local
matching funds. RAs in tha case of irnlementatior arants, hovever,
effectivonnss relative to the eneratiens of the tota] oublic weste
handlina svster vould denend on the w1111nqnnss ard abilitv of State
and local anvernitent to assume the full cost of replacerent, expansien,
and dmnrovement of systens not affected by Frdora1 orants.

Cauity. There is a serious inequity asscciated 1ith the enforce-
ment Forrula. Ay major occasions of damaaa vould reoceive Federal
assistence undeor cuch a schere, thus ability to reduce nollutier abate-
ment cnsts vionld ba directly related to the seriousnoss of nelluticon
encountared. Civen the sitiation, there weuld be an unouestionable
incentive to allow systems to coterinrate and teo creato pollution, that
becomirg the onlyv cause for Federal 2ssistance,

Efficioncy.  Shert run officicnciss attributable fo orecise
canital - STTncation and to veductinn of pend for Tunds could orly Lo
sustainsd cyar thoa lorn~ ron by 2ssurancs that canite]l ponndyomerts
for cvstam oaintenance conld Lo transTorrad to State and lecal angvérn-

ment. It vould annear, in view of tie ,nurcrs aveilalio o St(f“
and Toacal naoversoonts and in view of tho vhels histeory of trio ollulion
c“ntmo1 ~fforts, that tha 2ilecalional of Fficiencing of abatonant arants

vould b ton costly to nursus, uniess cenbined with sore hreader
systam of f1pwnc1n] assistance to tho sustaining rolluticn ceontrol
proavan of the States. 'lhere a auarantec of system maintenance could
be secured, thore is 1ittla cusstion that the ancunt of qrant assist-
ance veauired undoy the enfercenent stroteay vwould--thouqah it woulc
fluctuate from vear to ynar--nursue a steady downvard course as the
nunler of leaally definec pollution situations were reduced,

Practicalility. It is scarcely Tikely that the States would vieu
favor<l1y anv mothod of allocation that would in any vear exclude rmost
£ their comnpany. and .on2 wvhere receint of a arant wou]d invariahly

siqna1 a failure of their covn »ollution contrel proarams--failture
evidencad hy existence of certifiable nollution. It secms equally
unlikelv that ths Conaress weulcd faver any method cof allecaticn that
restricted Federal assistance to the viorst nolluters, nenalizing
cormunitics that hac accented the cnst of rroviding adequate controls
by requiring them to maintain controls entirely unaided.

A Possible Comlbination

Block arants zre notertially suncrior to the other techniques
of Federal assistarce to State and local aovernnents, in that thev are
notontially flexible and nartinent and in every case contribute
conditions that allow developnent of resconsible State programs of

poliution control.
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Participation Orants have the advantace of establishina fixad
and invariable conditions for cormunity decision, while providing an
incantive for Stats government to tabe an active, particirating rele in
decisions. Selectiva aiatenont cranis have the merit of hich potential
affectivennss and novtinence. [Lach has innate disadvantanss. Selective
combination of features would seam to offer the most reascnable course
of action

Tithout discussing relative weiahls to ke accordod each
dasidavatum, ona may pestulate that the cesireable allocaticn precadure
inciude:

1) A constanrt prorertien of Foderal assistance to any nmreject,
to redvce incontives fo drlay for the nurnose of obtaining additional
Federal revenurs as a result of chananes in conditicons and to avoid
renalizing cormunities and sanitory districts for any lack of action

by State aovernmont:

2} dncentives te State qeveranent to dirvect thedir nroaran
focus on situatisns that have a high nollutioral centent--i.e. to
cstallish muan1“;‘u1 rrioritics and to enforce them viqgorously:

3) distritution o’ Fedoral assistance in scrn fashiion that

reflects undnrlving need fer conital, for purroses of system main-
tenance as well os alaterment;

2Y dincentives to troader cost-sharing in the form of State
financial and Lechnical essistance to cormunities;

5)  reduction of cpnortunitics for inﬂf”wv1oncy, by connoctine
Fedoral ascistance in sown fashien to norral unit cost solutiens of
Tocal prollems.

Such a corbination of fratures rmicght Mlow Trem an intorstate
allocation farmyla that tool into account monuiaticn--the 'ndov!ying
ﬁctorm1n"nt cf nnn”s—-oV1¢t1n needs for abatoment anc system

2intenance, and nrovide! incromental Federal funds to States that
art1c1nntn financially in leocal nrojects and shiow an abxility to bring
an accoprtahln share of hinh nriority requirerrents to the constructicn
staae, (Ff.wcwﬁncv considerations could be servac Ly defining need
in torms of averana ¢ost sn’ub1n)°-—!o1ﬂ1tnd narkans, by regional
factor costs--to raduce thn nronansity o7 some areas to construct
engineering ronuments ratier than effactive vater orocessing works.)
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TASLE 41
PRIORITY SYSTEM CRITERIA

Priorities Assessed
POLLUTION ABATEMENT FINENCIAL PLANNING/READINESS Independent of

Tomp, Health Trimt,” Abatnt, Vater Vol.  Inter/ Firan. Inc-Const. fss. Fond, STte Encr. Plans  Finacng. Contract Impimntn, hrant Grant Appifcations
Plan Hazard WQ5 Pend. Heeds Uses Waste Intra  Status ome Cost Val. Debt Fop. Cther Acqd. Rent. Zpprvd. Arrangd. Awarded Plans  Apnl.for Yes No Unk.

Alabama X X X X X X
Alaska X
Arizona

Arkansas

California

Colorado

Connecticut )
Delaware X
District of Columbla(a)
Florida

Gecrgla X
Hawail X
Ideho
Ilinots
Indiana

Towa

Kansas
Kentucky
Loutsiana
Maine
“aryiand
Massachusetts
Michiaan
Mirnnesota
Mississippt X
Missourd X
Montana

Nebraska

Nevada

NHew Harmpshire

New Jersey X
New Mexico

New York X
Nerth Carolina

Kerth Cakota

Chio

OkJahoma X
Cregon X
Pennsylvania

Rhode Island

South Carclina X
South Dakota -
Tennessee X X
Texas X
Utah

Yervont

Yirginta

Washington ) .
Nest Virginia

Wisconsin b
Wyoming X

X X
X X X X X
X X X
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TABLE 42

Numerical Rank of Criteria by General Cateqories

Need Status of
Pollution  Financial Plans

3
1

Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut
Delaware .
District of Columbia
Florida
Georgia
Hawaii

Idaho
I1linois
Indiana

Towa

Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri (a)
Montana
Nebraska
Nevada

New Hampshire
New Jersey
New Mexico (b)
New York
North Carolina
Horth Dakota
Ohio

Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas

Utah

Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming
Puerto Rico
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Size of Place
-nager 2:JC
2,591- 5,000
5,001- 10,000
10,001~ 25,000
25,001~ 50,000
50,301-125,000
125,0301-250,000
250,001-500,000
500,001 and over

% Grants in each
time period

.aticnal Summary-

c 6 9
36.9 47.5 49.4
14.1 13.4 16.3
14.0 12.7 12.3
13.8 11.6 10.9
6.8 6.2 4.6
5.2 4.1 2.6
2.2 1.8 2.3
1.6 1.3 0.7
55 1.5 0.7

9.4 47.0 14.8

Q N ~n

7.7

- 15

5.3
3.3
1.0

0.5

4.3

= 2d Time (Mos.) Set -

18
51.1

14.7
10.4
11.4

a2

3.9

1.1
1.4

3.4

Source: FUWPCA Project Register, January 31, 1969.

ten)

TABLE

Mont-
21 2 27
48.8 55.7 2.0
15.3 12.3¢ 1.2

13.5 14.0 4.9

11.8 8.8 6.2
5.3 3.5 1.2
1.8 2.6 2.5
2.9 0.9 -
0.6 2.6 -
2.1 1.4 1.0
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0.7

“rant Offer and (

—
0] ~N
. .

(Yo} (92

0.7

‘uction Start

4, 48 54

52.1

25.0 25.7 4.5
9.4 21.4 13.6

6.2 7.1 4.5
6.2 - 4,5
- - 4.5
- - 4.5
- 7.1 -
0.4 0.2 0.3

28.6 59.1

60
53.0
10.0
1C.0
20.0

10.0

0.1

72 72
41.7 60.3
33.4 12.6
16.7 10.1

8.3 9.4

~ 3.2

- 3.4

- 0.2

- 0.9
0.1 5.7
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‘ .o TABLE 46
NATIONAL SimM v F:"TA GRANTS APPROVED AND STI. "N %S OF 12/31/68

TOTAL 1968 £ 1966 1965 34 1963 1962 261 1960 1959
L $ u $ $ L I 3 ! $ ¥ $ * $ ' $ ) ’ $ ’ 3

ALABAMA W T w2 T3 T i — — — . . &8s : - T = =

ALASKA 1 2.7 ) 1 2.7

ARIZONA 8 2.7 7 2.7 1 (2)

ARKANSAS 20 4.1 12 3.6 5 [ 2 0.1 1 0.2

CALIFGRNIA 16 6.8 15 6.4 1 0.4

COLORADO 15 1.8 14 1.4 1 0.4

CONXECTICUT 11 1.4 11 1.4 .

DELAWARE S 1.9 1 (a) 1 1.3 3 0.3 1 0.3

DISTRICT OF COLUMBIA 3 3.6 1 2.3 2 1.3

FLORIDA 18 3.8 15 3.0 3 0.8

GEORGIA 23 7.8 20 6.3 1 0.8 N 0.3 1 0.4

GUAM : 1 0.8 1 0.8 s

HAWAIL 1 0.7 1 0.7

1DAHO 15 1.5 4 0.2 3 0.5 S 0.2 1 (a) 1 0.2 1 0.3

ILLINOIS 18 5.9 15 4.6 2 0.1 1 1.2

INDIANA 19 6.2 16 5.3 1 0.2 2 0.7

I0WA 7 2.3 7 2.3

KANSAS 3 1.5 30 1.5 1 (a) e o

XENTUCKY 43 4.9 24 3.4 13 1.1 3. 0,27 -2 0 0.2 . 1 (a)

LOUISIANA 20 3.1 14 1.6 4 0.2 1 C.6 Tl c.” -

MAINE 10 2.4 4 1.2 4 0.1 1 0.5 1 0.6

MARYLAND 40 2.2 132 1.2 '3 0.5 1 (a) 1 0.2 1 0.1 1 0.2

MASSACHUSETTS 10 1.9 10 1.9

MICHIGAN 3 1.7 2 0.4 1 0.1 2 1.3

MINNESOTA 23 4.5 20 4.4 2 0.1 1 (a)

MISSISSIPPI 60 7.3 28 3.8 21 1.2 7 2.0 1 0.2 2 0.1 1 ()

MISSOURE : 21 2.0 1S 1.3 4 0.1 1 0.5 1 0.1

MONTANA 13 0.8 9 0.7 3 (a) 1 0.1

NEBRASKA 26 2.5 14 1.0 8 1.4 3 0.1 1 (a)

NEVADA 4 0.4 4 0.4 .

NEW HAMPSHIRE 9 1.8 6 1.1 1 0.3 1 0.1 1 0.3

NEW JERSEY 1 0.2 1 0.2

NEW MEX1CO 9 0.6 7 0.4 2 0.2

NEW YORK 61 6.6 45 3.4 9 2.0 3 0.3 2 0.3 1 0.1 1 0.5

NORTH CAROLINA 17 5.5 17 5.5

NORTH DAXOTA 17 0.3 3 0.2 6 0.1 3 (a)

OHIO 41 11.1 25 8.5 12 2.0 2 0.3 2 0.3

OXLAHOMA 50 3.8 26 2.7 10 0.5 14 0.6 .

OREGON S 1.8 4 1.7 1 0.1 .

PENNSYLVANIA 58 8.9 55 8.5 1 (2) 2 0.4

PUERTO RICO 17 5.2 5 1.5 7 . 2.4 1 0.2 4 1.1

RHODE ISLAND 5 4.1 3 1.1 1 2.3 1 0.7

SOUTH CAROLINA 34 4.8 19 2.6 5 0.3 1 (a) 5 1.1 1 0.1 2 0.1 1 0.6 .

SOUTH DAKOYA 15 0.4 10 0.2 3 0.2 2 (a)

TENNESSEE 25 5.0 17 4.0 6 0.3 1 0.2 1 0.5

TEXAS 40 6.2 28 3.9 S 1.9 6 0.4 1 (a)

uTaH 11 0.9 4 0.1 2 (2) [ 0.8

VERMONT 7 - 1.8 4 0.4 1 0.3 1 0.7 1 0.4

VIRGINIA 13 3.0 7 2.6 2 0.2 1 0.1 1 (a) 2 0.1

VIRGIN ISLANDS 1 1.8 1 1.8 -

WASHINGTON 18 1.8 15 1.5 1 0.2 2 0.1

WEST VIRGINIA 26 7.4 8 1.2 s 2.1 7 2.2 3 1.6 2 0.2 1 0.1

WISCONSIN 10 4.6 6 2.3 3 1.1 1 1.2

WYOMING 4 0.2 3 0.1 1 0.1

TOTALS 1009 190.1 684 129.2 170 23.4 93 21.0 32 10,2 35 3.6 8 0.8 4 1.1 1 0.1 1 0.2 1 0.5

(a) less than $50,000.

Sourco: FWPCA Project Register 12/31/68
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However, since State political leveraae on a community may
be presumed to be inversely related to cost effectiveness of
investrent, it is not diTficult to see why the small community
often builds its plant first. Then, because of inadequate improve-
ment in stream quality, its weight is adcded to pressures for action
bty the Targer comimunity or industrj doviever obivious the situation
the wayv to imnlementation of the most cost effective investments
first has not been so obvious.

Perhaps this insures--assuming the nattern s the same in
every State--that the majority of the anplicatiens received will
cormie from these communities whicn are ready to procced. They
renresent L‘n Ccpﬁun]LTOS who nave been worked over, so to sneak,
and vho have "cavad in." If this is the real world, the nced fer
a priority 5/s+”ﬂ u1tn an elaborate sct of criteria does not exist.
‘hat is needod s ¢1m1]v more direct anc irrmediate attenticn paid
to the benefits derived Trom the nroject, i.c., improved water
quality, or streem standards satisfied. Turtihermere, unless these
concitions or Lenefits are present, nie grant sheuld te anproved.

It vould anccar, as in Maryland, communities are net compct—

E
ing for grants to Ltuild sewage treatment werws. Tabtle 47 sh that
year by year there are urusod allotments of the ccns*ruction ar-nt
furids. \Lt, the total grant annlicatiens and Tunds requosted are
always greater than the ronics available fer grants.

Althounh the totral amounts may Lo small when compared {o
erntira allecentiens for each yoar, L is dinttresting tc ncte that
soveral of the States pave larg: deficioncizs as far as vaste
treatrent s ceoncerrad.  Tharg iy e weny rassens for tho rnenies
reraining umuscd, bubt an obwicus onc 1s that in host Slates,

Tunds made zvailabls to ther,

communitics are rot comneting For fun

In practinal ternz, tha cri*crin used to davelon pricrities

arong orcjr s obv1ous1y has worred and has allocatcd funds;

nC‘J”"“l“ 1 et be CJ“(JJL,(,J tuuu L']L S_/St;"?:y as CUY‘Y‘CH*]y

constituted cannot be made wertable with respecl o estallish-
ing prioritics on the Lasis of atatement necd Lecause of the
inhcrent bias toward

rcadiness to proceed as a deninant critericn.

Voot

A

raceiving

Lough desirveble, the State pricrily systens as a basis
LY9shinn orioritiss angng construction qraJC"‘s Tor
Cedopel assistance de net satisty any of the four test
usad to ovaluate thes. Thoy are neither affe c~1v(, erTicient,

equitable, ror opractical as far as the agency's vater pollution

contrel ohjcctive is concerned.

o
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TABLE 47
Federal Yater Pollution Control Administration
Division of Construction Grants
Analysis DGrancn

Unused Allotments Ly Fiscal Year

States 1957-58 1959 1960 1961 1962 1963 1964 1865 1966 1967
Alaska $0.85 $0.18 $0.30 $0.42 $ (a)* 9$0.39 $0.68 $0.75  § $
Delaware 0.25

Hawaii 0.26 . 0.90

Idaho 0.08 0.01 0.13 0.89 0.95 0.85 0.64
Haine 0.77 0.13 - 0.37 0.37

Mississippi 0.43 0.1 0.20 0.11 1.26

Hontana 0.27 . 0.88 0.99 0.48 0.98
levada 0.17 0.09

lew Hampshire 0.18

ilew Mexico : 0.10

North Dakota 0.42 0.58 0.80 1.28 0.80 0.77 0.91
Rhode Island 0.20 0.11 0.22 0.02 6.14 .
South Carolina 0.07 0.51 0.23

South Dakota 0.22 0.60 0.43 0.31 0.12 0.10 1.21 0.85 0.90 0.69
Utah 0.54 0.49 0.46

Vermont 0.11 0.41 - 0.89

Hyoming (a) 0.23 0.06 0.44 0.56 0.45 0.88 0.93 0.79 0.78
Guam (Mot eligible under program until FY 1963) 1.38 1.52 1.51 1.50 1.49
Puerto Rico 0.39 0.47 1.10 0.83 0.64 0,04 0.54 1.71 1.90

Virgin Islands 1.65 0.81 0.32 0.82 1.25 1.38 1.35 1.51 1.43 1.47

*{a) Less than $10,000



The overriding force which causes this failinqg is the "readi-
ness to proceed" concept. It must be concluded that in most
instances Federal construction grants have been awarded on a
"veadiness/willingness to nroceed" basis, and anparently no
systematic effort has been made to maximize tenefits from assisting
in the construction of municipal waste treatment facilitin-s,

On the other hand, it is equally true construction grant
funds should not be apnroved and set aside for a community to use
whenever it decided it was ready to proceed. From the agency's
point of view, the optimum condition requires that the monies be
put to use as quickly as possible to assist in solving or bringing
under control narticularly critical nollution nroblems not necrs-
sarily vithin one State but nerhars over a wider area. The Federal
agency should have the control or flexibility to effect the maximum
benefit possible with the limited funds available. It has been
suggested that the present method of oneration miqght be effective
in bringing pressure to bear on these initially unwilling to meet
their treatment requirements by those who have built nlants. This
is plausible but there are no data to evaluate the extent to which

it is effective.

It is interesting to note that in several State application
instructions the following statement appears:

"The final decision on the propriety of Federal grants for
sewage treatment works construction proiects and on the
amount of the grant to be awarded will be made by the Federal
Water Pollution Control Administration. It is possible for
a project application which has been awarded a high priority
by the State to be ruled ineligible for all or a part of

the grant requested.”

But this statement as it appears in the State plans applies
to eligible construction costs and eligible facilities. If the
existing grant program operated under the premise that FUPCA
does not have the power to deny a grant application, then lack-
ing such power it must accent and approve any and all grant requests
which receive a State certification and priority rating.

In view of the Mater Nuality Act of 1965 which imposes a
requirement that each State adopt water quality criteria for its
interstate and coastal waters, the above premise seems contrary to
the standards requirement. That is, it could conceivably be possible
for a grant to be approved which does not result in a plant which
will meet water quality standards. If indeed the agency vere
unable to deny applications then this annarent position must be
ameliorated to permit the Secretary to have areater discretionary
control in order to permit channeling of funds to the nation's
most critical pollution problems where the greatest public

benefits are possible.
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The following system or technique is pronosed in a very
generalized form which would in effect achieve or tend to nromote
greater control or flexibility in the use of Federal grant monies.

Assume for the moment that the only criteria to be applied at
any level, local, State or Federal, originate from the water quality
standards already approved--to look only to the stream benefits
which result from a project and to ignore all else. At the same
time it should be possible and certainly practical to identify the
critical pollution prohlem area on a national basis, i.e., Lake
Erie, Hudson Piver, Potomac River, etc. Similarly, it should be
possible and is also necessary to identify the critical pollution
problem area within each State. Once the total needs have been
identified within each State, the relative priority of each would
be set, focusing only on water pollution control needs. This done,
the ordered projects might be divided into, say, four equally sized
groups, providing a rough grading of classes of need. Those
projects in the first quartile viould provide a measure of performance
of the total State nrogram, and serve as the base for a honus. If,
for example, a State was successful in bringing to the apnlication °
stage a certain nercentage of those projects identified in the
first quartile, a bonus could be given over and above any amour*
otherwise established under vhatever allocation formula is in use.

The tabulation could be as follows:

% of Projects From

1st Quartile Under % Bonus Over
Application Hormal Allocation
_ Ranae
41-50 50%
31-40 40%
21-30 30%
11-20 20%
5-10 10%

Moreover, grant awards not used witﬁin a year could be
reduced from succeeding years' allocations, in order to avoid tying
up capital in low priority and long deferred projects.

It can be seen that if no projects from the first quartile
vere brought in by a marticular State during the fiscal vear, monies
availahle would in effect be channeled to another State which had
more success in solving its critical pollution problems. If no
bonuses were awarded in any State the funds could be carried over

to the next fiscal year and used in the same manner.

The effect of this technique is to place a premium on solving
critical pollution problems which from an agency point of view
represent those which should be attacked first and foremost., It
also requires that the criteria used to evaluate projects be oriented
to pollution control and abatement, FPCA's primary objective.
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Table 48
Pattern of Waste Discharges
To Public Sewers By Manufacturing
Plants Using 20 Million Gallons Or More In 1964

Discharges Percent For Comparison Domestic Manufacturer's

Billion Gallons To Public Wastes Billion Gallons Discharges as a
Region Total To Public Sewers Sewers @65G/Capita @100G/Capita Percent of Total
New England 488 49 10.1 157 242 24-17
Northeast 2439 204 8.4 653 1004 24-17
Ohio-Tenn. 2129 172 8.1 243 374 41-32
Great Lakes 2483 297 12.0 514 790 37-27
Middle Atlantic 986 39 4.0 158 243 20-14
Southeast 851 32 3.8 181 279 15-10
Gulf 2350 28 1.2 260 400 10-7
Plains 291 64 22.0 185 285 26-18
Southwest 96 22 22.9 89 137 20-14
Pacific Coast 1452 151 10.4 356 547 30-22
Total 13,5601/ 10581/ 7.8 2796 4301 27-20

1/ Exceeds reported U.S. total, apparently due to effects of rounding in the Census Bureau's reporting
of State figures.
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101-200
201-300
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601-700
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1501-1900
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TABLE 49

Distribution of Industrial
Loadings to a Sample Group of
Municipal Sewage Treatment Plants

Hydraulic Total Pounds
Total Volume Percent BODg of
in Million of Total Industrial
Gals./Day Volume Influents
6.70 8.1 2,770
28.36 34.3 39,190
6.05 7.3 12,700
4.61 5.6 13,590
9.37 11.3 33,510
1.88 2.3 10,530
6.27 7.6 38,340
2.76 3.3 19,550
10.27 12.4 91,310
4,40 5.3 63,830
2.04 2.5 41,460
.01 0.1 " 670
.01 0.1 1,560
82.73 374,010

Percent
of Total
BOD5 to
Plant
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TABLE 50
RELATIVE DOMESTIC AND INDUSTRIAL
LOADING OF MUNICIPAL WASTE TREATMENT PLANTS IN 1963

Million Gallons Per Day

Community Number Gross Domestic Component Industrial _
Population of Indicated Percent
Category Plants Loading @ 100 G/C/D @ 65 G/C/D Remainder Industrial
under-500 1400 64.0 49.0 32.0 5.0- 2.0 23-50
500-999 1600 156.0 120.0 78.0 36.0- 78.0 23-50
1,000-2499 2400 588.0 420.0 273.0 168.0-~ 315.0 29-54
2,500-4999 1300 682.5 487.5 317.0 185.0~ 366.0 29-54
5,000-9999 1000 1050.0 750.0 487.5 300.0- £62.5 29-54
10,000-24,999 800 2010.0 1400.0 910.0 610.0-1100.0 30-55
25,000-49,999 300 - 1687.5 1125.0 731.0 562.5- 956.2 33-57
50,000-99,999 160 2040.0 1200.0 780.0 840.0-1260.0 41-62
100,000-243,999 85 2677.5 1487.5 867.0 1190.0-1710.0 44-64
250,000-500,000 28 2100.0 1050.0 682.5 1050.0-1417.5 50-68
0 1800.0 1170.0 900.0-1530.0 33-57

over 500,000 24 2700.

TOTAL 9100 15,756.0 9890.0 6430.0 5870.0-9325.0 37-59
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for the cimnle pragon thot factories tend fto ke concortratad--taya
aceontnd tha cimnle *octninue of treatipa a110 or west, of tho vastes
cecurrinn withier their durisdiction, without renard to jfc scurce,
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The peraining noptinn of this cnction of nur study atiernte 0 cpalify
the aconerie dmnpets of nublic trantront of industrial vagtes in tores
nf cffpctivencse [nr contributions to vater nellutior cortynl). affi.
cisncy {araraach to raxivun outnut dopivad from antieinatod peseyrce
inouts). anyity, in its econeric sense of assessing cnsts on the tasis
nf kennfits poacajved and/or daraces incurred, and of technical snd

instituticnal nracticalility.

Fffactivoress

Puhlic treatrent of ind ial wastes is effactiva in insuring the
3 P eary, )

dust
gtility of the trestront of samitavy vastes, since it cusrartens that
the results of treatront fop the domestic nemulation vill not ke pulli-
fied by tha offects of untreated industrial vastes. It is effactive,

too, in that it lncates resv0n<1!1‘1*v for +Ho oneration ard rw1nt€n—
ance of the local wastz handling activitv vithin a sinnle authority
with a clearly defined rosnensibility for thr oncratior and maintenarce
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of the Jneal waste handlina activity that {s assiared to 2 areyn of
nrefossional posraters. o osubstanco, it nu*f tho =uniciral or cther
nublic anency inte o ~ublic utility status with resract to en industry
snomant (;!“ fI.Y‘(“:'JT‘ nf facterias--2 mnosture nat oag 211 unliks enn that
it nermally accernte on lehalf of 2 7roun of residential and cormercial
cugtnmors,'and aften foy other nublic jurisdictions rr acencies as vell,
An elarert that enters stronnlv 1nuo considaration of the effec-
tivenoss of thot rﬁ‘*fl(“°‘1“ but one wrich is diffienlt +e cuantify,
i the yeaknass of industrv's inc ""f’”°< tn treat vastes adeauatelv,
Waste tpratpopt is a cnllataral and orofitless activity frep the stand-
noint nf the fire., Subdcctive theunl 3% mav ke, the aeperal aninien of
nrofessicnals in thn Fiald of vator mnllutien contrel is that Tacteory
rananepent cften vinpe weste troatrent as oap irmesed pagnensithility h‘:*ﬂt
rav most conuanisntly he dischoraes for form's cplon !" constructing a
facilitv--vhieh mav then Le nnoeratard very 1Pﬁ1r.hr“"*1v his onriniern
aseires a critical imortance. in view of the industrial tendency to
reinct conital inteoncive vaste Lreatmant ratheds, oven vhers a con-
sidarable dncrense ir onevretina cocte is incurred tiheretv, (The Tow
canital, hinh enoratino cost Torrules is ratiopal frer the ctandroint of
tha Sipm. Leth baganen if fraes canital for altopnative and npefitalile
annlicatinrs. and because of the auite sonarata affecte of cornarate
bay npevicicn Tov arcrrting oxnanscs 2nd canital denreciation,)  Civan
that ont f conditions, there is relative assurarce of effactiv, waste
treatrant vhore industrial wastes are chanreled fhpounk a oyt lic cvetore,
“nShnn°1Fi11+w is massed fooan dnstrumentelity with 2 stranaly deyelernd
st ~f qngaptivas te enerato ard meintain “
Frelian, Fyen vihaps dhe goeh Te drdustry ds eoual oroar annunl lasic,
to adant tha pea of nublic Tacilities, loth because
proceysd Fpae e napyice and begauer $ha fpl0

the systor in an sceortalle

it tag an dneentive
enopaticpa] npeblanc aps
et oFf apy ennp chapen Bocomes
i “ha jntorrositicn of dofeypad danrcciztien peoyipsnonte,

a +ay r"n('h;(*'”i}-']'w AxYnongn w9 "}\'\ vany

incurped ettt o

i cinrey

That dc ~fficient in an ecconeric sence which dincreases the nutnut
nf nyroducts from a aiven input of resoureces, Efficiency, then, ig a
relativo and pot an abgnlute test,  2ut A7 the fasl of +ba wibTie adpin-
jotpatop dig *+r rvayinize o satisTactiers availatls frem the resources
availatle e Rim, afficicncy st aluavs be 2 orime enad,

Thewro is no auesticn that dn A maderity nf cacos nyblic fpenteans
of indyctrial vastes is rere efficicnt thon canarats freatrent of murd-
cirnl ard irdustrial vostas, dn thaf it cormonly costs less rer nallar

of vatnp mpecasses or novounit of maliuntant rorovad te treat vagte

free onyepal sources @t 2 single neint

Thare are tve veagers Tor thy anst advantans, 09 the gra hand,
ceenoning of scala are 2itainnd by constructicr ard utilirzation of
: . .
larqter nlante that ere required vhon a nurher of indenandent vaste
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c el lected ofoann nnint foy tyenteert:s o the othor,
: i anal $1i430e and cormlereptary choractorictics nf ogmmne and
intustrial vastes nften narit anevatinnal ooenemies,

Tha epdep 6f macnitude in vhich aconnming of scale ccour is indi-
catnd dpn Tatla 5] vhich lists cest te size rolatinpghing far the oyin-
cing] wacin fpapteept apecassec.  Thounh the cost ef the incparental
init nlaced irte eeppatien varies 2eccrding To tha tpoatrant nrecess

thn avipns that accrue throuck cerselidaticr and use of

ernlorat,
arr sulictantial in cvory cece.

larager rlants
Dophanc tha rpincinle mav Lost he nresentod fhrounh use of an
pvsrnle.  Cemgidar the cituatien n o comrunity that deyelons 1N millier
ratlere A oo of Tqauid vastes in sore covtination of serage and indus-
frial discharree ard--frp the cate nf illustratirn--assurs that it s
Ahyvaically crmyonicnt fr npnvida treatnant 1) threuah corstruction of
fep annally sized nlants, Tive crovated v peniciernlity for the use of
rosidentinl and ceryice industrY USeYS. five oneratad by individuz)
foctoring, 7) thrennh nea of o cruplly sized ~lants, ore onirated by
the eormmniiy and tha ether by the factarins in crrsertine, 3) throuvo!
uep oF a4 eipnle Tavao nlant copvinn tho noeds of 211 wasin Aradiucere in
the cormuniiyv. Fesumdna @ teenty-Tiva vear us~ful 1ife of riant, 2
five n~oreent roto T i]WerCSfZ an corial ampyrtization in oach case, ant
ratg, thn altarnative solutiome would onteil dif-

poyal transrissicn ©
thrse nresented in Finure 6.

Ferential cncts eon the arder of

Ayap tha 1ifF2 of the syshan, averane arnu2l cnsts would 2mount te
about 2504.000 4n tho cage of fhe fon olant selution, 771,770 dn the
cas~ of tpe two nlants, and e932, 000 for the sinrla plant selutien,

Lopafit of the commurity and its rosidents to

Ntyicuglv. it is to the
PEiTi7e he sinnlo nlapt celutien--1f the consequent cost saviras car
Lo shaped ennitably amend the various catenories of waste rreducars,

Lot eaually trins, is the fact that it is to the

to sock the sinale nlant kind of solu-
ny doing so, the Matien froas oy nthepr
otharise be vtilized for vaste treatment.

et oso ctviens,
Fopafit ~f the paticral cconory
tion vhenevor it is rassible.
npanges pasources thet nielt

In npactice, scalo ccoromies mav in menv--nerhans a maiority--cf
casns ke q”nq1pm§ntgd by onaraticnal neaprcriing deorived frem the char-
actarictice of wastes Trow Aieparate sources. Comslementary deily flov
cvclas of marufacturicrn and ¢f donastic activities can be utilized te
raciens depands fer moakind canacity. any industrial vastos are defi-
Cient in nitranen and/or ahesnherus thatoare renired te sustein offoc-
f£iyn Lactapin] actinn in sho tppatmant PECOSS, Such vastes must ba
Faptilizad Ly tha additien af thnss nutrients. Sowace, on tha othor
bane. ehapecteristically cortains Foth nitream arnd nhasnhorus In Ancoss
of Lacterial rects, NV prrtininn gavana and dnductyrial vasterg, the
nutyrient deficioncy characteristic of the Tatter mav be sunnlied, wvithk
an ateplute pefucticn and ofter alimination of qeﬁd for chemical a-ddi-
tivas. fnd tecause nitrosen and nhngrhorus residuals of sewaqe

153



val

TABLE 51
Generalized Cost To Size Relationships of
Basic Waste Treatment Processes

Construction Cost, $1000's for Plant of Given Size*
(Mi1l1ion Gallons Per Day Capacity)

PROCESS

.01 .10 1.00 10.0
Primary 58.7 308.6 1,247.7
Primary, Separate Sludge Digestion 85.2 305.1 1,092.2
Activated Sludge 11,7 70.8 417.3 2,458.9
Trickling Filter 101.8 288.9 1,374.4
Lagoons 6.2 23.4 88.0 330.3

Annual Operating & Maintenance Charges, $1000's**
Primary 4.5 19.7
Primary, Separate, Sludge Digestion 5.5 20.6
Activated Sludge 6.3 31.3 172.3
Trickling Filter 5.1 18.3 83.3
Lagoons 0.1 0.6 © 3.0
*Source:  Modern Sewage Treatment Plants, How Much Do They Cost and Sewage
Treatment Plant Cost Index for June, 1969.

**Source: R. L. Michels, et al "Operation and Maintenance of Municipal Waste

Treatment Plants,” Journal of the Water Pollution Control Federation,
March 1969. 1962-64 dollars raised to 1968-59 conditions by use of BLS
" Craftsmen's median earning, 1968 = craftsmen's median earnings 1963 X
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APPLICATION OF ECONOMIES OF
SCALE THROUGH CONSOLIDATION
OF WASTE SOURCES
PROBUCING  10MILLION GALLONS
PER DAY OF SEWAGE

1,000,000 o |
W
St
§— . 10 Plants

gt —typity.

2 Plants

Cost,1957-59 Dollars Per .
Million Gals. Per Day of Capacity

5700000 - 1 1 Plant
. i
' ; | -
100.000 Uny . | | i 2
Ly . : c
MLAH I | @
Mgl | ' i o
|
]
100,000 1,060,000 10,000,000
Capacity in Gallons Per Day
Construction Interest 25 Years Lifetime
Cost Charges Oneration Costs
10 plants 54,200,000 $2,600,000 $7,300,000 $14,600,000
2 plants $3,200,000 §2,n00,000 $6,000,000 $11,300,000

1 plants $2,500,000 $1,500,000 $4,300,000 $ 8,300,000



treatrant ape in thremealyes a sopicus sourc2 of nellutien, Yo drcre-
rental yoduction af those patricnts in the ultirets Sigcharae thot
orcirs vhan thev ars dincorncratod in slucacs darived Trem the dindustriag
s +hat tha wegta treatmont pay oftan ta meye cormlnte ond
effective than rﬁnvrnfvﬁr’1 secondarv. cevace treatrent, A final soures
of rolantial ecenory and anhanca” effrctivencss cpenld be poted, The
tomrepature of frdustrial vastes is often hiaher than the soracn,  In
fope tha yelumo ond Zameraters of vestes fror industrial
sourcos is sufficient fo incrarse reaninafully the temmoratyre of the
tatal volume of vacteg bojpa traated, the offect i to accclorate the
19fn nracresecs f the bactaris thoat offect ihe Jdecormrsition procosses,
That ratolelic rcenieration nreducns an officicncy inerement, in that
A niven dampes of vacte statilization can be attained vdth a podyction
in detention - and thus a yeducticn in canecity reauiraments--or
a hiarer dearce of reduction is achiaved vhere thars is no changr in

the neriod nf dntertion.

o 4
VASTnSs moans

thogn cncns o

It chnuld e noted that the indicated crerational officiencies are
anite anart fror, and additienal to, those derived from scale econeming,
Dacause the nppctical affoct of the fvo tiocherienl mochanismg--Yin-np
averaoe termepatyre offects and telaun of sevara nutrients bv indusirial
C]U(ﬂﬁq-m1r orn CF*n}ﬁ*n viactna 1rnakrnpn ﬂ?SO1HtQ ﬁﬂ}!ution ahatcmpnt
Fenefits as vall as relative cost raductions ars ant to flow frod runs -
cinal-industrial ioint wasts treatment arrancorents,

Technical © Institutional Practicability

It is nrobeble, 2s indicatesd earlier, that industrial vastes ape
ch r“nf]” the raior source of ]ﬁﬁﬂinds discharrad into “unlic vaste
troatrent nlants. (The staterent nrasumes apnlicatien of a correct
dafinition of 1r'1s+rv " tut it pay vell be true aven if the idiematic
substitution of “ipdustry” for “factorv® is rade}. The textheol stan-
Card that dates baclh to the 1”“F‘s snecities that ner-canita yaste
nraduyction is 100 aallens ner (av: Lot ayap *rn iticn2l sizing standards
reflact seme assuntion. of the existence of 2 "norral” dndustrial pe-
auirement above the caracity thet must be dnstalled tc handle nroduc-
tion of dompstic sevane,  In fact, nevever, 100 ("‘110"‘5 ney canita nar
day fails cemnletelv 10 measure Ehe inflev to modern sevans treatmoept
nlants. !ivdraulic demand rises consistantly with corrupity size: and
in oven the srollest size class, the redian loadire level is 110 aallone

ner canita rer dav.

Seme authorities have atternted to exnlain a hiqgher then norral Jeval
of 1nacings on the Lasis ©f incressad ner canita yes of vater that is
nresured +n heve accermanied risine Tivina stardards, Thore is npob-
ahly yalidity ir the ohservation: tut it cannot ba yse! to unget thq
conclusion that rublic treatrent of Ardustris] vactes accounts for
rore than kalf of canacity utilizaticn ir nrasent dav yacte chatnr
nlants. Doth the fact that relatively rocort studies ape respong i i

“

i
e

+
&

~

s
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aagrcgrinnt nf posideptial sevane nroduction ~F 4000 op1long

then fact thrt cne dn faup emran Epsatpiant nlante
napy conita rer dav oor Jess--ith no o annro-

Y‘""“Y"""" n“'"r?"""?r‘"‘ "nnnn (‘i’(‘y Hj-\n‘ -

for tha
ney canits nap cavoand
Pragentlv Yapdlag 70 anllons
ciatln dnewvease din ircidercs of

staterment that industpv and pot pising ipdividpa

tenda tn cunnort the
rost of the increorent=] raed for nutlic

ueo of vnrap g pagnenniple for

vaste trootrapt nlants,

This, thare js netidrn aithor nevel vy oxcitina a2heut the nractice
of acceptinn industrial ”astes in municipal treatment nlants. It is

!

sirnly a eantinnation of estaldlished nractice.  Ps ¢ities have inctal-
Jort crrape . thou have custerarily 2itechad cormapeial znd sarvien estebs
Tiskrents ko (he crunp notunarh,

r"r\.l'\j*v,"-r‘i‘r‘,f' AN ‘»"‘} i

At in reny caseg ranefactopirn o

‘hap, undor the npessinre ¢f ayep

Tietrean g v
“bn cruppnd vacts grpaorg care to ke collngtod and
alant, 211 racinierts nf the souey sorvice Lecars
custamors ¢F ﬁ%f fpprteont sevyice,  In neint of fact, thepe 5 1i441-
antiom Ty ooy Tirms.
Witkin A it fo ptilize nublic severs (o carry avav ite Jiouid vactag,

wesod thypoot A
vagtr typnnttn

Leeaticon ony crnehrain onv eodarlishrant Toagated

o ioa R, e - .
Hhat {e gianificart ds the frct thot o JaTinite charan in *“c

Y
copnecitiorn of induetrisg using nublic Pc*11 ies hrs occurrad. ']

;51P1’ “"‘JV“1” factapics thot rada Beavy U4se af wetar in thoair apra-
coorinn sepdad i tale advarians of watapsita Teestians to fischores
vestes v“ﬁ-]ﬂ. pathor than throuth the intoymndisru of rpblie crvars
Hhare tho srall nlant lecated within the Built-un aren of thn ity

the Tarne oizet Incatod on the norinkary
Tut the situatien ‘aﬁ been chanoine padicallv
viith +he fenacition of xnr” strinnent and mere breadlv enalied mellutior
abatermant peauirements, 'Hth incrcasing nrev=10ﬂr* Taras vator-vsing,
nerinherally Jecata! facteriss have atiemntod to satisfu mublicly

. thpouah the use of nv*11c .ac111t1os.

custemayrily usoed tho sovier.
dischayond dncenondently

[Sen}

irnased aneratina demands

ast nf the vactas of the oroun of food nrocessing industrics that
roceive traatront aet it ineoublic waste treatrment nlants, It is
hecomina pere and mere cormion for narar ills, and evop myln mills, 4o
discharan wastes into nublic sawars. Chemical, pharnac utical, nlastics,
taxtile. ~nd rubbor nlants wastes have bedn successfullv incopnppatad
into nublic treatment svstems., In six of elaven ”“’nr rarufacturinn
sectors, the nrevalence of treatment threough nublie svsterms ip 1224
“ﬁ'n]1hq ar exceednd nrcvalence of traatrent in industrv-nnerated
nlants. In gnite of the fact that the three ranvfacturina sectors that
make mest akuﬁﬂ2p+ wee of rracass vatar {nriwary metals, chemicals ard
31lied nroducts, and naner and allied croducts) are ¢ctnan npacludad
from use of nnblic treatment facilitias by reason of diccharas velume
or vaste cha rﬁcforiC*icq a fourth of the cress voluma of factory vaste
that vag treated cagsod threuah nublic focilities in that veap,
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(Sen Toklo 52.)  The nronortion is mrobablv nreater teday,  And it is
safo to ascume that in almast all cases, vastn treatpant nyeyided to
commercial and sopvice industries deponds unor use of nublic facilitins.

TAPLE

Pelative Prevalence nf
IPH”5+rV-PFQVide and Publiclv-Provided “Yaste
Treateert by aior flanufacturing Sector, 1004

PELCENT NF YASTE TPEATID
BY IMDUSTRY BY PUBLIC Snunces

Feod © Hindred Ddts, oh.0 e
Textila 1111 Pdts., 24 61.¢
Panar & MYiec PAte, a1.4 R
Chemical © A1)ie! Pdts. £0.0 12.0
Patroleum * Ceal €n.o .1
Fukber » Plastics en.n 5.0
Pripary Untale °h.7 2
Machinery 2n.¢ 0.8
Flectrinal "achirery 1n. R
Transnnrtation Tont. 2.0 6r.0
Ithor !, 580 i

INBEDE T 75.2 24,8

Conorally sreakipa, there ara ro technolonical dirnndimants to
cormon yse of treitment facilitios by manufacturers ard by heuschnlds,
Tro treatront nrocesses are Lasic and simnla, apalicanla to mnst kinds
of vasta. Thare are semc vastes that reauire nracessing other than, ep
additional *a. tha scrennina, sedimentatien, fletation apnd the binchem-
jcal stakilizatien ornloyad in conyonticnal munieinal viesto troatmant
gwqf(-v e, In such cases, '.”Jf"’cf"'“’ myst ~ither nrovide 2retreatment
measypres op ey=~nlv o ite ovn traatropt facilities,

P ovariety of instituticral and nracadural nracticss have heen
doyalennd to rxtend *roafw"n* te factory vastes, The nature of the
arrandemant betyeen nuhlic agency ana factorv tends to %o deciced on
a 1oeal level. thoush sore reaionally consistent 4rends mav ba netned

with pasnact ta Tinencina treoatront,

. - . _f‘ ﬂ--n- . .
UiEl paseagt S thysical Troilitiag, the ccrme rathor ig tn fpeat
heat!y govpan and iadustrinl vastes in 2 ¢innie plant iv erdar tn attain

the ocnncmins.nf sc&jo aret rﬂﬂﬂ]*r?nf“r7f1ﬁs avr11~'1° frem tha nractice.
qn - (“CCr"ﬂ””"w the npassurs nn canacity 1rﬁnnqrﬂ h‘/ Quph an ﬂ‘lwﬁr(v(\

mopt has craated @ need For m2isp nlant exnansicn or oven nlart penlace-

ment - and thera con be Tittle deubt that the availability of Fadapal
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canstyueiing arants bas padle such arvravcernants oy rops abityactive in
incustery, T4 de umoenal, tut Dhe Aaraztice of nroviling serorate
faciliting for t5» usa of intnstrie] custerers, ar ovorn 2 sinale custo-
rop, 35 ret urinern. Thounh curnad oand oneratad bvoa nablic arency,
such A Tacilitv act be rocardar asoan extencion of the factery in
neint F fart. Such oarrargerapts have beor yieved as oa syl tr iy tn
obtein nehldic funﬂs far the use of a nrivate interect, The annorali-
zaticn is. norhanc, ton sweenina. Each situation ¢hould nroserly be
ravisund dn the context of its Tirancint and its nlace in the tntp]
nubiic svstam, tut thare can fe no aunstien that the fau arrarnoments
of this sert--no ware than half a dozon wore uneovered in a sunarficial
review of Todepal cpapt aards--2re rosnonsitle For mich of the onrasi-
raisod to nroviding Federal aranrts foy consiructicn

tign #£hat hac bLeop
treatront facility that vill Le used te *reat

cf the nertien of 2
industrial wasies.
Finnncial machapises that have basn annlind 0 furd the canacity
rooniremants asscciatesd with wider nublic *rﬂl’““ﬂf of industrial uastes
Apetably hayn @ Taree =ffect an tha faver or distavor vith vhich tho
npactics ie rmancyallv oyaluatad, In 1ncr°P%1nﬂ1v Tovoyed method of
oh+airira r:VPPUDS i5 the usa nf the govop corvicr chapen, Tte “rﬂ-.
valence hazs oAayovye vith axnarsior of nublic treatrert of ’WCL“rV viagtog
and 1the ny]gthﬂ"ﬁ of gern ””r" cermlox charoe Torenlan tasord on velime
Strencrth, Aand chrracterictics of vastns arauns strenolv +hat ing higtrial
vagtes, pralther thanp dermastic sewante vith its heroaercus characteor, isg
5 Factey contritutine to tha ovtrnsion 6f sowpr charas svsteng,  User
charnns are net, Brvover, univarsal,  In sema cases, carticularly 9n
thopa i5 a tendency to cn“*wun to ralv on

the {'nrtheasteorr States,
vorks, Tt 95 often tho casa

nenepal taxetion te finance dyeatrent
that vhepn 150 Ch*rﬂp’ FXth thnw tend to yﬁ Jca]”“ to nrﬂV]hO fO”
“]“”i ane oeviop pnnr“*’FP “hﬂ M:]quqpncs vejth Cnﬂpr“] th nfFten
covarinn canital costs--thd. tvnically higher crunon r(to of lecal rove-
nun topds mav o aceount in naFE for this. "hera canital apd daht servic-
ing charres are Luilt dinte the scale of user foos, the nractice ic te
retyllich them at rates thet cover only local ﬁnr+1c1n tion in the
investrapt,  (Cases may exist where tha areunt of Federal assistance is
alse charged fack te users, but the analvsts are vravare of than,)

leap charaes, naneral taxes. Fadarel and State nrante ayn the
usual maane ke finance and anvjcp the A?hmhp+g nf 1pHnr1r ] vragta
tp~stmart that pee nublic facilities, but srecialized Linds of finan-
£inl velatinpshing have alsa benn davelerad an the Tecal 1svel.,  Thore
Nevn hasn instancns vhere the fiyms that cronnsa to share in the uce of
a runicinal treatment syster howe adysnced a prencrtien of the funds
reavived for censtruction, “ave coniributad land for tha rupnpsa, e

\H”ﬂ “qrﬂ,n’ﬁ” *“n ‘F’Hr 1¢r”»A +e f]p«qrn Cnpc+wpp1}hﬂ o ic‘fgc+nm"
‘ A

conatraction o7 ¢ Nich cwnacity ds oroviced fey s addpipine
comeunity anerovn, thouth tho Tt such situntiong that coro to rird anta-

dnte syailatility of Fedoral assistanc fer rlant conctyructieon

Slant 9n vy
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Nnepatinnal nracadapne vonle crnmoan #he taeqe of fho infarmation
2t

Flat G aunilarle, to tayn irvslyed maoandge npelleng, o Covdpars to 2

aenerally teld apaircerira oninien of a decace ano. when cormunities
acairat Lhe gnerating nreblams that industrial vagtng

vore caytinned
vonld drmaga, treatrert gaomg asnopally tootave olacs with Tt or one

[ SR AN
; “ L x| a2 '] . F : OO
a2 tl‘»’.\ AVeNAYTIon 07 16 geTyin VST i t“»"; 1 -"1i',' "1:

s .

anys ST Tjenltins
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raviow of the 1itorature syevidas fov eericns oxarnies of onora-
tianal Failupes. Yors cormnn s the sort of damane that yocults from
inartenuzts cocion arnliceticns or Toss of an industrial vaste scurces
ape a tpeateent rlant s o sinmad ip substaniial nart to 2cen mnidnts
tho wﬂq1ﬂf a7 a factory. and that Tacterv ctors jts enocraticn, a sinni-
ficanpt Yres of sun cani*al s
(( rrnrr arrviee crarees shat ambady
charaes throunh in-nlant podificatinns e on cccasion nroved oo
sreengsful,  Factories have sugeanded in rediucipn the velure or stranath
of thnrir digcharans to the ~oint that a sirnificant morticr of the
caracity af tha trenteent o nlan® is not vtilizad, vith the rosult that
custor nsars find therselvos in tae unfortunate nesition of raving for

a ceood (npal of unpocessary cenrcity.

incscoratla, Sicilarlv, the arniication

iw**‘*1VﬁP te yorfucs vaste dis-

Tauity

It wnu]ﬂ conm that the contral cifficulty that exists with resnect
tp *he npactica of freating industrial vastes in mublic svstors s the
athical nraller of the nronrinty ”f °”“”1”1T“ cut of rullic facilitios
ard nublic funds A CPYV]CF to ass1 o3 arivate T“tﬂrrq+ T nrot]mm
bacnmne napticularly nninted vhen F?Uer 1 constructicn arants are in-
valved., for the simnie r2asen that the Conarass has ovincod o Aisin-
clination ta nrovide cenaral subsicdiss Fer drdustrial vaste treatrent

lD

nUYrMesSes.

Yot thars §s somethinag snecious akout the ethical auastien and
tan frrrg in which it ig ohrased. The distinction betweer a municiral
actn and an inductrial vaste is an artificial cpae, thelly derandent on
dnfinition, The nrevailind oattarn of oninion has teen to accent all
commarcial ard service indus stries as lenitimate cortributors to the
rynicinal waste strears, and even £o accent small factaries or "drv
nprNcess industries as the "normal industrial cornorent" of umup,c1h\]u
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vastes, Clhera, then, does ane draw the 1inn?  Corvercial laundring and
restaurerts rav lenically ha considored te Lo only extensions of dopes-
tic activitine. ac mav hetols and motelc. But vhat of tha apaceapry store
apdt the Jongpirept store?  Unovarsionsss and marshalline varde qeperate
rnicinel vectos or industrial wactes?  'at atout the airnort, the
chanpire cnnt‘?r-, the 1),rrl1°tl"l ] rark?

These aunstiong mev bo valid, tut thev must be admitted to be somewhat
Fesidn tha nnint, The real distinction dinvelved is not one of source,
Eit nf pelative meanitude.  Cortair manufacturing industries charactep-
izad by vapy larea nlants and markad use of water ner unit of outout are
conaprally aceantnad Te Lo the exclusive seurce of "inductrisl" wvaste,
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fap ie tha anuitv ricsticn a sinnle pattar of the anparent injustice
¢f uysine nubklie funds ta renove the burden of vasie trestrent from g
apivate intorest te whor thal burdsn vill ranresent 1 sianificant in-
crarantal cost. If Tadoral mvanpts vere teobe vithheld or reduced to
cartain cormunitios that treat a sionificant ameunt of fndustris] vactns
then the cormunity that -n-rf 2 troad vimy of its anvireprertal orotec-
tion pronangitilitiec-~saatina in an eniiahtensd fachion to opsure

theip affactivercss and officiency cvar tire--vill ke =onalized, and

the crrmunity that tates 1“P ravrov viow of its T”°“G“°1“1]111“° will
achioyn a relative advantace. Cities aorerally vould ho napalizad by
cuch 3 nnlicy, since 2 lavae moriicn of a city's vasts come frem in-
Qustrial renrces that have ne other nlace of discharan than the mublic
cavare. 1Mila suturhon selttlepepts veuld receive an adyantace, Piven
npaveiline incere Jistributicn in metronaliton areas, the nelicy woulc
tend to Tavor the velatively alfluent and hurt the noar. “oracver,

the sitstantially arbitrary distinction bLatween municinel and industria]
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vastes vonld tend tn orecuce inter-scciteral dpeonitios.  Spne industrial
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REGICIAL VASTE JAIDLING SYSTE'S

The Water Pollution Control Act was frared to favor and suanopt
establismrent of rogional veste handling systems. The ostonsitle
values of regional cooperation and recionally divected proaramns undeyp-
lie a nuaber of provisions of the Federal ilater Polluticn Contrel Act--
including ones that 1) directed comprehensive rivar hasin studies,

2) required that Federel grents for constiruction of wasta treatnont
works adhere to thc conclusicns of comprencnsive procrers ceveloned
undar the fct, 2) provided a ten percent increncrtal grant averd for

at certified to be included in a matrenoliten or

construction tha _
recional plan, and 4) encourased interstate comnacts.

e
pr
is
L

It is preotadhly sicnificant that the same lay that raquires that
a counity ve includad in a comnrehensive nlan auguonts the amount
of crants te comnunities tant are cartified to Le includo! in sors
Kind of plan. Tha Tect that the incentive nostdates the requirerant
suggests either that the rate of plan devoloprent has ‘not atched
expectations, or that thera has been sore meaningfyl gap setaen the
plannirg nrocess ans its practical results, To a cortain extont, Loth
xplanations are true descrirtions of events. Plannipa hes Loen a
rocess. ore relevent to this discussion, howaver, s

painfully slow pro :
the fact thet river basin planning Qas fa11cd alrost entircly to
produce pellution centrol progrars founded on reqional fnsti*uziens.

Lased on the lack of resnonse te the 1aw's snonsorship of
regional systers, ve may concluce that there 15 semn woatiness  in
the concept. The inalility to produce a recionally stiuctuprad
pollution control nrovram {5 exariined here in full knovledas that
sone fundamental restructuring of the Federal nrocram may becora
necessery either to provide sunerior incentivas to aovalon sich
organizaticns, or, conversely, to tailor Fedoral activitias rore
pertinently to the Jccal dacisien-wakine that is wost oftop he
ultinate source of the activities and facilities requirsd to control

vatar pollution.

The arqument for the regional systom is wal] founded. A reniena
systom provides a2 means to adjust administrativa institutions Eir{ég]
investment, and aratenent practices to the ovor-ridipa nhvsic§7 R
inperatives of streenfler, temperature, and viater chonistry--and to
do so in 2 marner that effoctuates econonias of scale and é}]&wg
selective epplication of effort. To ohtain thess nrectical hane®its
it shifts the focus of ationticn fro- the sorics of srocific Q“GFCﬁ:’
of nollution, with thoir uneeval and intarlockine jrmzcts tn tha -
river hesin and to the nhysical conditions and chomical réac%io&;
that take nlace in the stream. In concept, it is the oSt effactiye
and the Teast costly means to insure wiater of given drsired qualite.
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Lut the river basin nellubion contrel system can nnt be founc in
the United Stotes; and it shevs no evidence of coming inte full scale
existence in the ncar future. There ars, Lovever, variants that
flourish with pore or less vigor and public acceptanco.

The protlers of irzplerenting regional pollution ahateront sysians,
then, scen to Tall under tha heading of practicebility. Their
potential effectivenzss, cfficiency and equity arc unguestionad: phut
there seers to be scuething in the idea that conflicts with ‘marican
vieus ol the vey that things should be done. Political realitiag and
institutionalized procedures collide poserfully with the concent at
a nuiber of rlacess end where a regional solution to a nrobler has
been adoptnd after a collision hes talien place, recioneliss has becs
suttly adertad to the neods of rre-existing institutions. The enhasis
of this discussion, then, will be not unon the theoratical Yenatiic
of roaionel systens, Lut unon tha difficulting of irpizeonting ther,
and on the nosifications that theory has exmeriencad as it has been
translatec into foct. If basin systars with all theoir presued
virtues are irconsisieat with other valuns that Americans profer, it
may he worthehile to censicer the cvelutions of thin concant that o

been consif2rod to be accepta™ln, and to devise incantivee o oraanizn

in forms thot procerve sorething of the efficioncy end of%sctivercss
of basin planning, but that adiere to pelitically accentatle nedng of

action.

To undertake that kind of comparison. it is nncassary to dictia.
quish hetween three cherecteristic forms of renional arsanizatien.,
Tho rivar hasin systen is the nurest form of the penians] polli-
tien control svster, It rlaces all sources of nollutants undar g
cormon rasulatory authority with an indenendent finaneia) hase, Tha
authority oy undartake remedial maasuras on the pesis 0f need and
natural rcquivenents iwnesed hy strcar conditicns. The field of
requlatory acticn is censiderably broadened to include neasures
other than vaste treatrment--streanflon avgneniztion, waste storage,
wvaste transnission, in-strean settling, artificial reacration,
zoning, assessient ov pgna]ties-~and'the intensity of treatnent
requirenents can be varied to take advantace of natural condi tions.,

The closcst anproach to this icealized syster is to be found 1in
Germany, 1hiere the Ruir and Enser Zennosenschafien have for aliost

a century adninistered a progran ¢f envivonrental contrels thet
includes arca-iide rezuletion gearcd to ratural conditiens, avtonor-cus
financing dzrived frow user and effluent cliargoes, strean classifica-
tion, and application of in-strearm as well as severace enginzerineg.
Scveral approacies to & basin system have been made in tho U.S. 5 but
these offorts heve beasn of the natvre of voluntary fodaretions hat
incluce an acministrative swperstructure substantially vithout
enforcement neers (otaer then those of the separato constituencies
entering into the agreeient) or the resources to engage in investieont

programs.
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Hote that this discussion is frarced in the contoxt of the short
run future, perhaps five years, for purpozas of this studv. ilistori-
cal develop~ents nertenc a nore distant future in vhich the basip-
wide authority w111 have the povers necded not only for water Guality
rnanageiment but total vater resource mananerant., The Delavara Com-

rission and others constructzd in it nattern ¢ive irsichts into
ce expected as a viztle mochaniem

tnat may evolve: hut this cannot Le

in most cases in the noriod of intarest. Il'ov such autrioriting evolve
1111 depand upen Fedoral policy, awong other factors, ant mast
significantly on Federal policy in the vater resovrce field ae a

wiole rather then in the field of vieter quality renercmont. The
Vater Resources Council hes given attantion to £995 natter, as i
the recently constituted National Vater Covissinn. Pollution
control activitics in tae shert run v3171 hast bo davoted +to basins.
tide mepagement through the VN0 and NMC rathor than attarnting te
stitulate single-ruroese woter ovality authoritias, ' ‘

The Metropelitan Sanitary Metrict is a % of tha roatienad
nollution centrol syctam ~hory the ororeticnal hasa is net fhae votop
hedy, bLut the secial and escenomic focus previdad by the upkan ap-a.
Mere the river hosin syrston hes hoen norlacted, the “rtranalitan
systom is b onne the nenerally acenniod annrnach to wpetn Aendlinn

Mrost withort eveertian, Yopea

in and around maior fmarijcan cities.
cities serva as the nolis of vast collection sysios that roach wall
')()L.'.1~'<1Y‘ICS ) ;')1";:".”:' ”'}f;'{"‘s 'Entﬁ one oy niora

' St IR P
sayond the city's lova

- . e e PO ES g Yem St N st P
vaste treationt p];:,]gs. 1t SHRNE, neraans, to tio N} Or'\')l."il(..;_}’ urian

]

¢y have rojzeved orcanizations Dased
on tie natural elerents oF the watarshod, but have alvost inst re.
tively created s2is of locnl systeus based wion cove cities. T4
ciaractar of such arrangerncnts varias to include iiloraal assocd
in vhich tha contral city accepts and treats the wasto of jis
satellites 7or a fee (Portland, Cregon), the county-uide or multd-
county sanitery district cupnosed of a group of contributing
coxaunitics (1lachony County, Ponnsylvania), soveral saparately
erganized and fundec collection systams lyins within op CUttiﬂﬂJacross
feaal beundaries to confor:s to pliysical confi uratione of a metronelitan
area {Los /nceles County, California), and hinhly concantrated mis
systors with independent funding and a hich deorse of racuiatory agd
operational autoncry (Chicace, ITlineis). The fon: of thc arrangeren
may be dictated Dy Tocal prefcrencgs, but the function of the
city as the founcation of metrepolitan wasto handlino s ganerally

accepted.

i
L} 4
SRR

ctions

V
2

The State-vide system is a recent develerrent {hat s founcec
upon scveral evolving influences--senie provisiens ot t'c Clean 'ator
Pestoraticn fct that provide strong Feleral incentives to Statnlp13n-
ning and firencial assistancez, vivalry bLotrzan State apd Tecal gevop.
nents, the entry of States inte finencial assistonce proqracs fér'” a

Tocal waste hancling, the grovwing bureaucratic strength of the
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tfcnr1c.ana wio adninistor State pellution contrel procre™s, and an

acva ﬂ' level of »nollution abateront caﬁ“*1]1t7r~ that in "o"t
atutnv s created a need for discinlinad an orderly sycfam msin.
tnnh“co postures in the concduct of environental control nolicies.
As with metrenclitan systens, the evnraing State- w14~ SY5Ers apnerp
to e taliing on sarerate confinurations thet reflact the nolitical
institutions and trotitions of Ctatss. a5 \"11 as the reculatopy
piflosonty of the frdividuels or grouns dasirning tho sygtam,
”anyT“PH oy York, and Chio have all nronr*ﬁ” te entor vith area
vicer into the conhnc+ of lecal ”a"tL hanA13 no nranrans, 0k+81n1n_
their canct1nh and effactivoncss fre th@ nse 0f Statn funds for
invnstaant nurnosoas and at lzast ﬁodﬁst oreyatine assistence o
communiting, Less formal or loss Tully foroad ssshams vonld annosn
to Le dzvelonins in an ehiwst o rglnfc lag,won in Levr darsns, inds
Island, and uv]fjar“ vhore the 1191 tod ”“OWP“n e rhach of the Stats
and nichly davalonad pell an

ution control canailitios craate a
situation r“quiriﬁ" stancd, coordinatad extensiens of polluticn
concrol activicios.

Effectiveness

Cxistence of an orjanized recional wasto hani]inq Syston provides
no asstrance of ¢ffective pollution control, hut cffccti@:nd°: F the
systenatic prococsses is their chief tJ:oret1Cﬂ1 merit. The cora of
the concept is reconniticn of the Tact that not all dischories 2o
equally po]iutin~~ relative haanitude of discharra, cheracioristics
et roceiving vaters, and naturs of dischier-e all ploy a port in

cotorrining the .qT}uL1n~ p’LL”LTQ] o7 an effluart., The reciong]

qfrﬁ 26y Tor nﬂ?:v‘ ich a ceent cerends wien a sirnle procoss of
reascnacie ¢liecaticn. ”’FU)C s gatherac frov all cleqents of the
syster arz apnlicd in the fasidon that reflects the ordinal Siqnif{u
cance of the eleents of argivan set of conditions. The s

‘nolluticnal influances arz’ coero11c? first in point §n 490:
more critical situations are nore closely controllnd,

Hindoun cond1v1ons for effactiveness, then, are comnrehens e
apnlicaticn of controls to source° of p011 ition, and Giscrininating
apniication of those controls.. tlass the functional noveps of e
systen ranagers include the ahility o drav resourcas fror all
constituents and to apply e selectively, the potential to o foct
desired water quality ﬂo:1s is dissinatad, Ff;Lct1vnnese, in t];
final analysis, @ww»””o unen an Cf\O‘a*TOu of SOVPP“1”ﬂtj by contri -
buters to the systen. They nust for“wo Tecal choicn as to victher
te what dograe thcy will treet their wostes, and they nust sunnly

be maca available to other eleents of e systen, )

N 1
anu

revenues that nay |

The effoctivensss of rogionalism cen not 2o divorcad froin politi
cal consicerations. To operate as a system, roaionalis, p requires tha
techinical decisions over- ride local no11tica1 distincticns. Either
voluntarily or throuzh statutory coercion, all significant scurces of

168



nellutants ~ust achere to and saere the costs of systzwatic conditions
if the orgenization is to be of more than ceraronial conseruonce,

Doth 1netropolitan system and propesad Stete systess divarae fres
the effzctiveness roouiresent in that each accents sorerat nore
limited a02ls. The intent of the metrorolitan syster is in most cases
to providc a meens to most cenveniently dispese of the Tiquid wastos
of an urban area. The prime purnose of the State syster is to extand
State coatrel over comunity actions in the sohere of vasie hendling,
and to insure the resnensitle use of Stato funds advencod o rameds
Tocal finzncinl doficiencics. FPallution control is almest a cellectaral
anal: end arca or recieonal coonaration is no nore than oraznizatinnal
tochnine utilizad to facilitate accornlishoent of another nurnese,

The voluntarv nature of the typicel motronelitan syston testifies to
the fact theot the npime concern is satisfuing an irnogsed--fram whate
evar diroctinn--rvenpirement for waste treatrert, Siven a volurtapy
situretion, nellution mav continua throurh failuvra of 2 sirnificant
wnste scurce to join the syster, wivich then does no wor: than satisT
the ferszl reculotory vequirverent depesed won particinants., ’
Sindlarly, the fact that State systars lercely exclude najor sources
o7 indusirial vaste, excepl as these are brought into the systan
through the instrumentality o a cownity, suggests that the prive
purpose is to arplify the extent of State centrol over local gevorne
sent in thie erca of weste handling.  These expedicnts mes bo extrerely
ecfoctive in terrs of their oun limited goals, bLut they are by no
nmcans Lo be censicered dirvectly efrective in reducine water pB]Iuticn,

nut if State and netropolitan arrangewents previde no direct
pronise of an increase in canpital effoetiveness, due to thair lach of
connrzhensive authority and inability to impose abatenent prioritios
related to streanflow and otucr natural conditions, both held the
proise or incresental oparat1ng.effectivancss. Ly imposing aporat-
ing standards and by supplying financial support, the State or the
metropclitan systen should inveriably result in an cverall increass
in the effectiveness with which waste treatrent plants arc onrerated
norcover, such systers becone large cnough to employ sheciclized
stills and to satisfy internally their need for trainad operators
through noral processes of apprenticeship and preouotion, sonething
that no swall-scale waste trecatment organization can do. )

The potential effectiveness of reqicral systems will becomz an
jnereasincly critical matter as the pellution contrsl effort matures:
end there is geed recason to precict that over the lonr run, attain-ent
of water auality standards will nct be possille in many pleces iy the
absence o7 basin-vide or State-uide requlatory and planning

institutions.

Authority for the conclusion may be found in those watershacs

whose water quality has been intensely studied--the willarette, the
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In toms of offoctivencss of natienal nromrams guer tha nesp
future noriod, it is epnarent that such precrams rust he palated to
existine, viahla nolitical croanizations. not frermed in torms of &
concent wa] arparatus which cen he arrancad only with cnng1gnr9u1p'
time and exrerse i1 at all. 0 kiv to a larsc pronortion of ths
patlution proi1ﬂ~f rests in the 1ar<b Lrien area. trﬁ”“a7s diroctsd
unit of governnent wight wall prove to Le the nost effs Lti;r,

to tiis
cfficiency

Sizeable efficiencics heve ’~'n attrituted to. P“’TCHG] pellutior
contrel sycstens; put ihese ted on the assupiion of I]Uni‘lb“
vatershicd-lhased ag;licct1cn :i urc to trenslets tha Lipgnqb]fl1 ’
organizeticnal rettern into practice hes 1tr<~1y stiort-circui tod
attainiont of the p:rb1cu1ar cfiiciencies thet arc thought te pe

peculiar to regicnal systens,
‘i

s
]
o
i

Lfficiency consideratibns, aciever, must bhe t4 icught LO uncerlie
the most vicorcus fon: of r'rionai po11UL1c control orvenization t
bo feund in the United States. c”(.O".an of metronelitan V"’*” ’
handling precedures nas starmed larcely from the econonies of scala
that the practice affords. Larcer plunbs 1nvolva Tover unit ’cos s“ $
high ratio of transaission faciTities to trroatment ‘hc111t1fs pr5v1 s
a longer average life for the bedy of plysical carital employed, s
Systeir size pernits greater lalor specialization, noro cornletn
worker utilization, and continuity of staffips, 2 broader financi
base reduces Twpiness in capital allocation and tends to aWLf;;r i
irpacts of roney 1ar<o» end other financial core raints. A1 o: L cee
scale advantages ac! here in u.cory to uny bread-tasad reaional AR o
Eut L.cy are Tost c10°€xy asscciated with metroreliten arecs bac 3o
of the goegrepaic and adtinistrative colicrenca of s ichi a *“ch;.gb

Economics of scale are net, however, the kind of savings that
are distinctive to regional sys fers. The unrcalized acononies g
d 2 r
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Flexilility and nertinance are the onns thet nrenenents 02 such
systeis systais nad nepad would dowvelon from application of Foaional
princinles.

Such ecconoies had Lzen expected to flor from attzntion to
undarlying physical inperatives and from application of least cost
solutions. The formulatfon tocininuzs are straichtforard and
relatively undemanding.,  Development of comnuizp technoleny has
enhancad their readth anc flexibility enorously, thouch the
teciinical concents were applicd on a lirited basis well beforo t
general availability of computer techniques,

U
a2

UnTertunately, all such scluticns hove tio things in comeon.
Tacy require sere waste sources to tr2at to a nuch highey deorae
than others--and usually such vaste sourcas are factorins. And ey
includz soue in~strean meesures Tor wiich no comunidy can Le assessed
responsil 111ty undar existing raouletory procedures, hequal rnosd-
tien of controls, itk no direct fncrease in Lanafits ol taine- Ly
those whose costs arz Tncrcasad therzby, would Crzota sueh oLvicus -
problens of adninistration tiat 1t is not at all dirficult ta szo
Viy opticizing systans have not been utilized, In the alsence o
2 method for sharing t@g saglhg§q§r9§9_a11 coronencs of the syster,
the propiseo efficiencies of rivey Lasin pollution contie) Prosrais
1

arz vniitely to be obtat:
Cqui ty

Equity considerations ers, in thecry, served mopa cornletely Ly
a full-fleshed river Lasin system of pellution control thet inc]?des
precertional user cuerges than by any othier approach that hos Yooy
daevised.  The broadaning of the financial Lasz to include all fnphati-
tants of a vatershed is consistent with the unassirna-1a netups of
benefits conferred and with the inter-relatad nmatyps of daracne
occasinned., (In larce necasura, tho sare Judnarant annlics to Stata-
wide systors, and for the seme reasons.) Dy assirnine costs on tha
basis of Teast cost solutions, the hasin'systan comes s close 25 o
hunanly pessil 1z to estatlistine an ecuitable cogt o< nellution
centrol. Py distrituvtine lecational and scale advantanae 2s wall ae
by raducine the charces (D0-75% of the tetal, judainm by tvppn rrﬂﬁf
studics) atritutable to institutional ard croonizatianal resistarca
the hasin systam is intendnd to balanco actia) nellutien contral
costs vith remodial charces, and so to reduca the inenvities accasion-
e hy wnacooenic hehavior of those interoste gepkina to avert orﬁékéft
costs, as vrll as hv the discconnnies incirpad he the self-interasaag
behavior of nolluticn control groups seering to ircroase thedyr o
pertion of national incocac.
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Practicability

We are presented with the anomalous situation of a means to
organize for pollution control that is apparently superior to any
existing procedure in terms of equity, efficiency, and effectiveness,

and yet one that is used only on a very limited scale and with
modi fications that seem to detract from, rather than add to its

virtues.

There are no technological constraints. Limitations on applica-
tion that trace to deficient knowledge of physical conditions in
waterbodies can be remedied. The method is wholly consistent with
Federal policies, as contained in the Federal Vater Pollution Control

Act.

Yet Americans have shown no inclination to pursue the policies
required to develop river basin pollution control systems. To the
contrary, the main thrust of State policy, and of Federal policy as.
outlined in the guidelines for adoption of interstate water quality
standards, has been to go down the line of uniform waste treatment
requirements, local rather than regional responsibility, State requ-
lation, and adversary enforcement proceedings rather than cooperation:
and acceptance of technically induced courses of action.

The operative element in determining public acceptance of river
basin pollution control systems would seem to be the fact that such
systems relate to few, if any, of the existing procedures of
American governments. They represent a foreian accretion, a perhaps
functional but isolated additional layer in the structure of inter- -
governmental relations. And when it si considered that independent
financial status is one of the prime essentials for effective opera-
tion of such systems, it becomes clear that their implementation
would take pollution control out of reach of normal local government
decisions, and set it apart from discussion of the hierarchy of
total public needs for resources.

American State and local government is generally strong, attuned
to public demand, and §anct1oned by tradition. Quite reasonably--
since they have a workina, well understood, and reasonably efficient
method of doing things--citizens and established powers tend to
resent the interposition of independant authorities that reduce
citizen participation in public processes, and that receive funds
that local preference might wish to consign to schools or hospitals
or roads or police powers. In the nation's value system, citizen
participation and citizen contro] would appear to offer satisfactions
well worth the price of some minor technological diseconomies.
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Similar political and cultural value mechanisms impede industrial
participation in regional systems. It has been demonstrated again and
again in water quality studies that industrial waste discharges are of
pivotal importance, so that the effectiveness of any pellution control
scheme must hinge unon industrial participation. Indeed, the success
of the Ruhrverbaende may be ascribed entirely to industrialists, who
devised and initiated the system in the nineteenth century and have
adhered to its requirements ever since. The behavioral mode was--
and is--quite consistent with the cooperative, cartelized organization
of German industrial activity, (Just as German municipal adherence
to the system conforms to a pattern of routine acceptance of centra-

lized, technical administration.)

American industrial behavior, on the other hand, is conducted
with a considerable degree of competitive activity--and its ritual
code of values places a premium on competition that is even greater
than the degree of real competition would suggest. Rather than
cooperating to reduce the impact of external diseconemies, the
American business. manager will attempt to evade the consequences of
such actions on his costs or-failing that, to insure that his
competitors will bear at least an equal cost. Regulation, negotiation,
the competitive interposition of public interest and private interest
that marks the American system of countervailing powers--these nrevail
in the conduct of water pollution control activities. They are not
conducive to establishment of rationalized regional systems; but it
would be rash to contend that the total and long run productivity
that results from the opposition of countervailing powers is not well
worth the intermediate diseconomies that the system generates.

Perhaps it is an indication of Fhe innate flexibility generated
by our political and industrial practices that the regional systems
concept has been adapted--or is in the process of adaptation--to
fit American conditions. The central function of the city and the
established pattern of local public utility services have accepted the
general outline of reaionalism in developing the metropolitan sanitary
district. State control and the interpenetration of State and local
government activities are apparent in the develonment of State-wide
systems, as in Maryland or New York, where cost-sharing, planning,
and efficiency standards are evolving from processes that a decade
ago were directed exclusively to the obvious and Iimited ends of
control of contagion and adoption of "good practice".

On the face of it, it would seem that regionalism and systems
engineering based on watershed conditions are not practicable in the
United States at this time. The institutional mechanisms to implement
them generally do not exist, and may even be inimical to some very
strong social preferences. On the other hand, existing institutions
are evolving to incorporate many of the desirable features of water-
shed systems. The major forms of regionalism that are emeraing are,
at this time, perhaps less efficient than the river basin system. But
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they are not only more comfortable in terms of compatability with
existing institutions, they exhibit a rich variety that tends to
conform to local conditions. Over the long pull, the flexibility of
interrelated State-wide and metropolitan systems may prove to have an

effectiveness of a high order.

Economies of Scale

One of the principal inducements to regional waste-handling
systems--particularly when viewed in the context of the Metropolitan
system rather than. the broader terms of the river basin or State-wide
system--is their presumed ability to activate substantial economies

of scale.

Analysis of recorded investments since 1962 raises the possibility
that the particular advantage is not a constant virtue. There appear
to be sianificant discontinuities in application of economies of
scale, at least as these relate to investment. The dimensions and
findings of that analysis are presented here, but it must be emphasiz-
ed that it would be premature to base policy decisions upon those
findings. They are incomplete, in that they deal only with initial
construction costs and are not timg—phased. Interpretation of the °
interplay of investment and operating costs, the lona run implications
of the difference in effective life of treatment and transmission
components of a system, and cons1derat]on of the effects of interest
rates may indicate that the inferred discontinuities of scale
economies in initial investment may be reduced, eliminated, or rein-
forced by more comprehensive consideration of cost factors.

In theory, the unit costs of waste handlina should decline as
size of the system increases. A generally accepted economic concept
holds that each incremental unit of product spreads fixed costs over
a larger base, so that unit costs invariably decline with size; and--
also in theory--there is no point at which increasing size should
result in an upward shift 1n.un1t costs: at the point at which
returns to size become negative, the rgtiona] manacer will begin to
replicate a system rather than expand it. .(The logic of the latter
argument is somewthat debatable. If there is some physical or other
limit to effective optimum size that dictates replication rather
than expansion, the second and succeeding units may be viewed as
subsystems of a multi-unit system; in which case, unit costs might
properly be calculated on the basis of costs and output of the

aggregated components.)

The theory rests on physical as well as financial and orqaniza-
tional aspects of cost. The general temms of the physical relation-
ship are expressed by the engineering rule of thumb called the six-
tenths-power rule, a convention that holds that in the desion of a
system the cost of an incremental unit of capacity is equal to
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approximately sixty percent of the cost of an anterior unit of the
same dimensions. (H8rg precisely: 1if X capacity costs Y dollars,
then 3X will cost 3YY-°): Both the economist's and the engineer's ex-
pression of the concept of economies to scale imply a continuous
assertion of those economies. The economist will usually have at the
back of his mind a general view of marginally diminishing returns to
size, while the six-tenths-power rule suggests a constant rate of
continuous accretion of such returns; but the principle is a fixed
feature of either practitioner's view of the world,

Investigation of the cost of incremental waste handling services
provided through investments made between 1962 and 1963 suggests
very strongly, however, that there is a significant discontinuity in
the expression of waste handling economies to scale. Figure 7,
presents the results of the analysis, which related unit investment

to size of place.

The procedure followed in developing the relationship was an
exercise in aggregation. Total expenditures that were made for
sewers by communities of a given size class were divided by additional
population reported to be connected to sewers in communities of the
same size class (line A). Total expenditures for waste handling
investments in all categories other than sewers vere divided b; a
factor equal to 80% of all persons added to secondary waste treatment
systems plus 30% of all persons added to primary waste treatment
systems in each size class during the period (line B). (The factor
is intended to provide a measurement of incremental waste reduction
based on a rough measure of waste strength--one person equal to one
population equivalent of biochemical oxyaen demand--and a broad
estimate of the average efficiency of the basic waste treatment
processes.) Finally, the mean contribution to municipal waste dis-
charges imposed by industrial effluents in towns of each size class
was taken into account by mu]tip!yinq increased population served by
a loading factor proper to the s1ze_of Fhe community and then by the
appropriate treatment factors and dividing investments other than
tﬁose for sewers in each size class by the products (line C). (The
multipliers, which even and extepd the observed pattern of the
relationship of waste concentrations to persons served in places of
a given size were: 0.85 for towns equal to or less than 1000, 0.95 for
towns of 1000 to 2500, 1.15 for towns of 5000 to 10,000, 1.40 for
towns of 10,000 to 25,000, 1.67 for towns of 25,000 to 50,000, 1.9 for
towns of 50,000 to 100,000, and 2.05 for towns of 100,000-250,000.
These were determined by an analysis of operating records for treatment
plants built with the aid of Federal grants. c.f, R. Michel et al
“Plant Operation and Maintenance," Journal of the Water Pollution

Control Federation, March 1969.)

Subject to the ye]igbi]jty of'thg data and the uncertainties of
cost and population d1§tr1but1ons within population size classes--
the lines connect the juncture of population class midpoints with
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the Fiqure may be thought to provide a fairly good
t to connect one more person to a sewer
system (line A), to treat the wastes of one more person to the average
level provided by a conmunity of the size in which he lives (line B),
and the cost to provide that same averagé dearee of treatment to an
additional population equivalent of wastes from either domestic or
industrial sources {line C). There may be significant divergences
between actual unit costs and the indicated costs at any point along
the curves, but their general shape must be considered to be accurate

if the data is accurate.

unit investments--
estimate of what it has cos

The graphed lines indicate clearly, if somewhat imprecisely,
that unit investment requirements drop off initially as size of place
increases; but as population reaches about 10,000, a rather sharp
increase in unit waste handling costs may be anticipated.

f discontinuous application of economies
of scale may seem to conflict with theory, there is no reason to
doubt that the phenomenon exists. Mith respect to waste treatment,
there are well defined explanations for the increase in unit costs
for larger towns and for cities. (These are discussed below.) For
sewers, however, we can only conjecture about the influences that

press costs upward for towns of a given size.

Although the pattern o

Possible explanations for risipg incremental sewer costs in
larger places include higher excavation gosts and other disruption
1t up areas, greater likelihood of the interposition of

charges in bui ) )
terrain problems as area expands with population, more complex systems
in larger areas, lower population density in outlying areas that may

be served by larger towns, and nged to include within the system
substantial areas that are Tocations for commercial or industrial
development and so provide 11m1ted additions to the body of users
relative to the area of addit1opa1 service. Should such factors,
indeed, be responsible for the increase in unit sewer investments for
towns of ten to twenty-five thousand, it is ' not unreasonable to

infer a second discontinuity 1n expression of economies of scale that
may occur in very large c1t1es,Awhere the same complexities of size
exist in an enlarged fashion as compared to cities in the upper size
classes considered in the analysis. (khile the additional discontin-
uities may be inferred, it has proved impossible to document them.
Reporting procedures are such'that it is not possible to distinquish
between investments made by cities and those made by large consolidated
sanitary districts--the basic reason that unit investment calculations
were not made for places of more than 250,000 population.)

Reasons for the apparent intermediate diseconomies of scale are
far easier to assign with some authority in the case of waste treat-
ment. One very significant factor--the relative rise of industrial
wasteloads with increasing size of place--has been considered in the
analysis by assigning multipliers to account for the indicated
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prevalence of industrial wastes at each population size class. The
effect of the adjustment is to sharply reduce dimensions of indicated
diseconomies., It is obvious that to assign costs entirely on a
per-capita basis is to exaggerate unit costs when a significant
portion of capacity is utilized for industrial wastes. Because the
proportion of industrial wastes handled by a system typically
increases with population, the exaggeration becomes increasingly
operative as population increases.

Also significant to the pattern of unit costs is distribution of
treatment processes by size of place. As hydraulic loading increases,
a shift in the factors of production occurs from land-intensive treat-
ment processes to capital-intensive methods. Because construction
costs alone enter into the calculation, the interaction of land and
construction costs is not reflected in the curves of Fiqure 4 ,

(Land costs are highly variable, but tend to rise with population
concentration; so it is unlikely that consideration of land costs would
make any significant change in the shape of the cost to size curves.

If land prices did not characteristically increase at multiples

greater than demand for land for waste treatment needs, then the shift
to facilities-intensive treatment methods would be unlikely to occur.)

The manner in which increased demand for waste treatment capacity
influences preferences among treatment methods is indicated very
clearly in Table 53, which lists the relative prevalence of treat-
ment processes in 1968 by size of plant. In some cases, the "normal"
construction cost for a 1 million gallon per day plant as presented
in Modern Sevage Treatment Plants, How Much Do They Cost? 1is indicated
in the table. 1In other cases, statistical analyses of the correlation
of plant size and construction costs are not available. The general
ranking of costs, however, is known to follow the pattern presented in

Figure 8.

(The figure is not calibrated for relative unit costs and removals
except in the most elementary sense. The position of a process
simply indicates that under normal conditions it costs more per unit
of capacity than processes that appear below it in the figure and less
than processes that appear above it. Degree of waste removal, too, is
presented only in a "more than" or "less than" sense. It should be
understood, too, that the indicated relationships are by no means
invariable. The less costly "post-secondary" processes may sometimes
conveniently be substituted for secondary treatment by small towns,
in which case they might be little, if any, more costly than bioloqical
filters. The basic principle that capital replaces land as size of
place increases definitely 1imits the application of septic tanks,
lagoons, and land disposal, to relatively small communities.)

The relationships embodied in Figure 8 help to explain the

discontinuities that have been found to exist in application of
economies to scale in waste treatment. Table 53 indicates that the
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TABLE 53
Distribution of Waste Treatment
Processes by Size of Plant

Percent of P]ants of Size (Class by'Tyne of Treatment

Design Flow, Million Gallons Per Dav

Exnectable

Cost Per MGD of
Capacity 1/

.25- .50- 1.0~ 5.0- 1n.0- 30.0- 50.0- 100.0- Percent of

Tyoe of Treatment .25 .499 .999 4,999 9.999 29.999 49.999 99,959 199.959 200.000 A1 Plants

61

Imhoff & Septic Tanks 13.3 7.2 4.8 2.1 - 0.7 4.3 4.0 9.3 $237,000
Primary Trcatment 4.3 10,1 14.8 20.3 28.6 34.7 30.4 34.5 28.0 33.3 9.9 235,000
Chemical Treatment 0.1 0.3 0.6 1.7 1.7 4.2 2.2 13.8 0.6 235,900
Siological Filters 22.0 41.5 43.1 45,7 35.0 23.5 17.4 6.9 12.0 30.6 288,000
Activated Sludge 6.2 11.9 13.3 17.5 25.5 31.5 32.6 41.4 36.0 50.0 10.€ 321,000
Lagoons 39.5 20.4 15.4 8.0 4.1 1.4 2.2 27.9 68,000
Extended Aeration 8.8 5.6 4.5 1.8 1.7 0.9 2.2 3.4 4.0 6.6 NA
Other Secondary 1.2 1.5 2.1 1.6 1.7 2.3 6.5 16.0 16.6 1.5 NA
Land Disposal 1.4 0.4 0.6 N.4 1.0 0.5 1.0 NA
Intmt. Sand Filters 3.0 1.0 0.7 0.4 0.5 2.0 MA
fertiary Treatment (a) (@) (a) 0.4 0.5 2.2 0.1 NA
Number of Plants 6973 1677 1279 1832 294 213 46 29 25 6 12374

Percent of Total 56,3 13.6 10.3 14.8 2.4 1.7 0.4 0.2 0.2 0.1 100.0

(a) = Less than 0.1%
NA = Not available
1/ 1957-59 Dollars



Figure 8

GENERALIZED RANKING OF
UNIT COST AND REMOVAL
EFFICIENCIES OF CONVENTIONAL
WASTE TREATMENT PROCESSES

REMOVAL
-
PRIARY T REATVENT TERTIARY
PROCESSES SECONDARY TREATMENT PROCESSES TREATMENT PROCESSES
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Tikelihood that a high construction cost treatment method will be
applied increases directly with size of plant.

Time, as well as land availability and required treatment effec-
tiveness, plays a part in the mix of treatment methods. Imhoff tanks
and septic tanks represent hangovers of an obsolescent technology; it
is seldom that a community would install either of them today.
Similarly, it is extremely unlikely that any small community west of
the Mississippi or south of the Mason-Dixon line would install a
primary treatment plant of any description. The much higher removal
efficiencies and much lower costs available with the use of lagoons
have made them standard technology for small communities in most of
the nation during the last ten years. Indeed, the point at which the
investment cost to size function for treatment plants and ancillary
works turns upward in Figure 7 corresponds very closely with what
has generally served as the effective limit of application of lagoons--
that is, a town of about ten thousand persons, or an hydraulic capacity

of a million gallons per day.
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