~ )

z N - ’ F 3 )
oYY R R o o
AL S U DR SN

89th Congress

od Session JOINT COMMITTEE PRINT

STATE AND LOCAL PUBLIC FACILITY
NEEDS AND FINANCING

STUDY PREPARED FOR THE
SUBCOMMITTEE ON ECONOMIC PROGRESS
OF THE

JOINT ECONOMIC COMMITTEE
CONGRESS OF THE UNITED STATES

Volume 1
PUBLIC FACILITY NEEDS

DECEMBER 1966

Printed for the use of the Joint Economic Committee

U.S. GOVERNMENT PRINTING OFFICE
70-182 WASHINGTON : 1966

For sale by the Superintendent of Documents, U.S. Government Printing Office
‘Washington, D.C. 20402 - Price $2.00.

O~ 2%




JOINT ECONOMIC COMMITTEE
(Created pursuant to sec. 5(2) of Public Law 304, 79th Cong.)

WRIGHT PATMAN, Texas, Chairman
PAUL H. DOUGLAS, lllinois, Vice Chairman

HOUSE OF REPRESENTATIVES SENATE
RICHARD BOLLIN G, Missouri JOHN SPARKMAN, Alabama
HALE BOGGS, Louisiana J. W. FULBRIGHT, Arkansas
HENRY 8. REUSS, Wisconsin WILLIAM PROXMIRE, Wisconsin
MARTHA W. GRIFFITHS, Michigan HERMAN E. TALMADGE, Georgia
THOMAS B. CURTIS, Missouri JACOB K. JAVITS, New York
WILLIAM B. WIDNALL, New Jersey JACK MILLER, Iowa
ROBERT F. ELLSWORTH, Kansas LEN B.JORDAN, Idaho

JAMES W. KNOWLES, Ezecutive Director
JouN R. STARK, Deputy Director

———, Financial Clerk

HAMILTON D. GEWEHR, Administrative Clerk

EcoNOMISTS
WiLLiAM H. MOORE NELsSON D. McCLUNG
JouN B. HENDERSON 'GEORGE R. IDEN
DoONALD A. WEBSTER (Minority)

SuBCcOMMITTEE ON EcoNoMic PROGRESS
WRIGHT PATMAN, Texas, Chairman

HOUSE OF REPRESENTATIVES SENATE
HENRY 8. REUSS, Wisconsin . WILLIAM PROXMIRE, Wisconsin
MARTHA W. GRIFFITHS, Michigan  ~ HERMAN E. TALMADGE, Georgia
WILLIAM B, WIDNALL, New Jersey JACOB K. JAVITS, New York

LEN B.JORDAN, Idaho
ARNOLD H, D1AMOND, Consulting Economist



LETTERS OF TRANSMITTAL

DecemsER 14, 1966.
To Members of the Joint Economic Committee:

Transmitted herewith for the use of the Joint Economic Committee
and other Members of Congress is a study of State and local publie
facility needs and financing over the next 10 years. It is a staff
study prepared for the Subcommittee on Economic Progress with the
assistance of a number of experts.

The study projects estimated capital requirements over the next
decade for such essential public facilities as water and sewer installa-
tions, electric and gas supply, transportation, schools, hospital and
health facilities, and other public buildings. These structures repre-
sent an investment that is fundamental to our growth and which
must increase substantially in the years ahead.

A companion volume which will be available very shortly will
analyze sources of credit funds to finance construction of these

facilities. Together it is expected that the two studies will prove
valuable to public administrators, policymakers and urban planners,
as well as economists.

The committee is grateful to the many experts who gave generously
of their time to help us in this important work, and, in particular,
to Dr. Arnold H. Diamond, Assistant Director, Office of Economic
and Market Analysis, Department of Housing and Urban Develop-
ment, who, as consulting economist to the committee, undertook the
major responsibility for preparing and assembling this study. We
are also grateful to the Department of Housing and Urban Develop-
ment for making him available to the committee.

The views expressed in these materials are those of the contributors
and do not necessarily represent the views of the committee, or
individual members thereof.

WriGHT PATMAN,
Chairman, Joint Economic Committee.

DzcEMBER 12, 1966.
Hon. WricaT PaTMAN,
Chagrman, Joint Economic Committee,
Congress of the United States,
- Washington, D.C.

DEar MR. Parman: Transmitted herewith is a projection of public
facility needs in the United States over the next decade. gublic
services have grown rapidly in the past 20 years with attendant
increase in the facilities supplying them. This has been an important
factor in raising expenditures at all levels of government, and, from
time to time, has given rise to proposals for reallocating fiscal resources
among the three levels of government to reflect burdens for these
services. These estimates of future requirements, it is hoped, will

x



v LETTERS OF TRANSMITTAL

offer valuable aid to public administrators, fiscal officials, program
planners, economists, and financial analysts. _

The study examines the provision of State and local public facilities
and the availability of credit resources to help finance them. This
study is concerned with existing capital plant and the expected growth
in requirements over the next 10 years. The second volume, which
will be released shortly, will deal with the credit financing of State and
local facilities, with particular reference to the municipal bond market.

The estimates are based on the separate assessment of each impor-
tant category of public facilities, e.g., roads, schools, sewers, airports,
-ete., prepared by a number of specialists. While the estimates repre-
.sent their best judgment of the facilities needed to provide adequately
for the growing needs of our society, on the basis of a general economic
projection for the period covered, it can be expected that some were
more moderate than others in projecting increases. g

‘One mildly surprising aspect of the results is that they are closely
in line with three other recent studies, each based on a completely
different methodology. One is a projection of capital outlays, pre-
‘sented in chapter I of this study, based on extrapolation from past
trends and correlations—in short, ‘“a mathematical projection”—de-
rived from past relationships. The second is based on a recent survey
“of the 50 States and derived from an economic model prepared by the
Federal interagency study of economic growth and employment
opportunities. A third study was prepared by the Center for Priority
‘Analysis of the National Planning Association. .

1t might normally be expected that the projection presented here-

-with, reflecting the so-called ‘‘aspiration standards,” might indi-
_cate greater expenditures than those based on projections of previous
relationships or expectations of public officials. But the fact that
/it is not higher does not necessarily reveal a downward bias. In the
‘recent past, our rate of growth in the public facility sector has been
-brisk; and it may be that a continuation of this pace would bring us
closer to realistic aspiration standards than one might expect. In

any case, comparison of our study with the others will in itself offer a
.stimulating and productive undertaking for the people who are looking
-ahead in this field of economic activity. :

The professional experts who prepared this study in response to the
committee’s request have given generously of therr time and energy.
The committee is grateful to them and to their organizations for so
graciously making available their time and talents. The participating
experts are identified at the beginning of each chapter and in the table
of contents: - -

The committee is particularly grateful to Dr. Arnold H. Diamond,
Assistant Director, Office of Economic and Market Analysis, Depart-
ment of Housing and Urban Development, who, as consulting econo-
mist to the committee, undertook the major responsibility for plan-

- ning the-scope-of research, editing and coordinating this study. Elea-
- nor Aeschliman assisted with the editing. The study was under the
general supervision of John R. Stark, Deputy Director.

James W. KnowLEs.
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STATE AND LOCAL PUBLIC FACILITY NEEDS AND FINANCING
Volume 1. PUBLIC FACILITY NEEDS

Introduction and Summary*
INTRODUCTION

In our highly developed economy, we in the United States tend to
take for granted that the public services ordinarily provided by State
and local agencies will in some way continue to be furnished in increas-
ing amounts that keep pace with population growth. By and large,
these public services are furnished by State and local public agencies,
but significant portions are supplied by (@) private, nonprofit organi-
zations, (b) proprietary or profitmaking companies, and (¢) sometimes
the Federal Government.

A large part of these public services involve utilization of buildings,
structures, and other public facilities, which may be characterized as
the Nation’s public facilities capital plant. Financing of this capital
plant, or what may be termed “capital outlays,” will depend upon
the type of institution involved, e.g., the financial resources available
to public bodies and to private organizations.

As part of its inquiry into the basic economic aspects of human
resource investment, the Subcommittee on Economic Progress of the
Joint' Economic Committee has undertaken an examination of the pro-
vision of State and local public facilities by public and private agencies
and the availability of credit and other resources to help finance them.
The study comprises 2 volumes: The first volume, which is presented
herein, is concerned with the existing public facilities capital plant
and the growth in requirements that can be expected over the next
decade. The second part, presented in a volume to be issued shortly,
is concerned with the credit financing of State and local public facili-
ties, with particular reference to the municipal bond market.. It will
undertake to show prospective increases in such borrowing require-
ments and probable sources of credit to finance them.

StaTE AND Locan PusLic Facinity NEEDS
A. NEED FOR AND USES OF STUDY

1. Need for the Study

During the past two decades there has been increasing concern
regarding the adequacy of the Nation’s public facility capital plant.
The Congress has authorized a number of Federal assistance programs
to help finance the development of basic community facilities (water
supply, sewage disposal, power supply), transportation facilities, edu-
cational facilities, health facilities, recreational facilities, and other
public facilities. - In each instance the legislative committees having

*By Dr. Arnold H. Diamond, consulting economist, Joint Economic Committee.
1



2 STATE AND LOCAL PUBLIC FACILITY NEEDS

jurisdiction over the functional area have held hearings or conducted
studies, which in time were followed by legislation to authorize a
particular Federal assistance program.

The assistance is usually in the form of a grant-in-aid, but at times
it has been in the form of direct loans or advances, and sometimes in
the form of a loan guarantee.! - Inasmuch as most of our public fa-
cilities are owned and operated by State or local public bodies, the
bulk of the Federal assistance has gone to these public agencies, but a
substantial amount is made to private, nonprofit organizations. With
the passage of years, new unmet public facility needs are delineated, or
existing needs are expanded, and the volume of Federal financial
assistance has grown. Federal expenditures for public works grants
to State and local governments rose from $1,735 million in fiscal year
1958 to an estimated $4,854 million in fiscal year 1967.2 In fiscal year
1967, Federal expenditures for construction by cooperative and other
nonprofit groups is estimated at $390 million.®

By definition, the Federal assistance programs are designed to aid
in the provision of needed public facilities, which means that the
Federal assistance under each program is but a partial source of fi-
nancing for the particular facility. It is of interest therefore to exam-
ine the other sources; and to ascertain what proportion of the total
financing is accounted for by the Federal assistance. Equally im-
portant in terms of understanding a Federal assistance program
would be the knowledge of how many of the facilities, to be aided by a
particular program, are already in existence—as well as their value,
location, and age. It is obviously important to have some notion
as to what these facilities now cost to construct and to operate and
what charges, if any, are collected for their use. Finally, evaluation
of public facility assistance programs could be materially enhanced
by periodic assessment of the capital requirements flowing from antici-
pated needs, which could be compared with the volume being con-
structed.

One might expect that each of the Federal departments or agencies
responsible for the administration of a particular Federal assistance
program would have reasonably good information regarding the
relative importance of the Federal aid to the financing otherwise
available for the type of facility for which the Federal aid is provided.
Unfortunately, heretofore, this has not been the case, as evidenced by
the Federal agency replies to a questionnaire sent out in 1963 by the
House Banking and Currency Committee. Relatively few of the
Federal agencies were able to answer the question: “To.what extent
is the type of facility or applicant aided by the program being financed
by private credit without involvement of Federal credit assistance?’”” *

Thus, there is a need to develop quantitative information regarding
the “universes” in which the Federal assistance programs operate in
terms of inventories of existing capital plant, recent trends of capital
outlays, and future capital requirements for the facility. If such data
could be developed for each category of public facilities, it would
then be possible to array them in comprehensive tables that would

1 Soil and water loans insured by the Farmers Home Administration.
. : ‘I‘g defcigl 7Asnalyses of the-Budget of the United States for Fiscal Year 1967,” p. 67.
4 Repﬁes'of the Federal credit agencies administering the 74 credit programs in existence at June 30, 1963,

are published in vol. II of A Study of Federal Credit Programs (issued by the Subcommittee on Domestic
Finance, House Banking and Currency Committee, 88th Cong., Feb. 28, 1964). .
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permit comparisons to be made among the major groups of public
facilities and among the component categories.

In essence, the chapters contained in this volume represent an
effort to provide in a systematic way information on the infrastructure
of State and local public facilities in the Nation. It answers such
questions as: What are public facilities? What services do they
render? How many are there and where are they located? What has
been the trend of capital outlays and indicated sources of financing?
How many more are needed? To some extent, one can obtain part
of this information from the statistical compilations prepared by the
Bureau of the Census. Similarly, one can obtain some of the informa-
tion from reports and studies issued by individual Federal agencies on
their program accomplishments or by some of the trade associations.

But up to now there is no single source to which one can turn in
order to obtain a comprehensive picture of the Nation’s public facilities
ordinarily provided by State andlocal public bodies and to some extent
by private, nonprofit organizations. The study contained in this
volume endeavors to fill this void by presenting a series of chapters
on the significant categories of public facilities, each prepared uni-
formly in accordance with a standard chapter outline.

2. Uses of the Study

The vast array of information presented in this volume, much of it
available for the first time, is adaptable to many uses, depending
upon the needs of the reader. However, several intended uses were
envisaged when the study project was inaugurated such as (a) pro-
viding a quantification of the Great Society capital requirements
insofar as they relate to public facilities, (b)) measuring the apparent
gap between these requirements and prospective private credit re-
sources, (¢) providing basic “universe’” data inputs to be used in
connection with the planning-programing-budgeting system estab-
lished by the executive branch, and (d) providing new dimensions
for the “shelf” of unmet public facility needs. These uses are ampli-
fied as follows:

() Great Society Capital Requirements. In his Message on the
“Problems and Future of the Central City and Its Suburbs,” ¢ the
President declared:

The city is not an assembly of shops and buildings. It is not a collection of
goods and services. It is a community for the enrichment of the life of man.

It is a place for the satisfaction of man’s most urgent wants and his highest
aspirations. It is an instrument for the advance of civilization.

In prescribing some of the blueprints for the Great Society, the
President further declared:

By 1975 we will need over 2 million new homes a year. We will need schools
for 10 million additional children, welfare and health facilities for 5 million more
people over the age of 60, transportation facilities for the daily movement of 200
million people * * * ~Among the most vital needs of our metropolitan areas
is the requirement for basic community facilities—for water and sewerage.
Many existing systems are obsolete or need major rehabilitation. And population
growth will require a vastly increased effort in years ahead * * *, A community
must offer added dimensions to the possibilities of daily life. It must meet the
individual’s most pressing needs and provide places for recreation and for meeting
with neighbors.

5 Cf. Governmental Finances (issued annually by the Governments Division, Bureau of the Census)
and Construction Review (issued monthly by the Business and Defense Services Administration and which
includes data on permits issued for public and private construction, as compiled by the Construction
Statistics Division, Bureau of the Census).

¢ H. Doc. No. 99, 89th Cong., 1st sess. (Mar. 2, 1965).



4 STATE AND LOCAL PUBLIC FACILITY NEEDS

While the public services flowing from the public facilities described
in this volume are not the sum total of the goals and objectives of the
Great Society, they form an important component. Consequently,
these projections of future capital requirements for the different cate-
gories of public facilities provide a reasonable approximation of our
public service needs for specified levels of service.

(b) Capital Requirements and Available Resources. Enumeration
of a series of capital requirements for different categories of public
facilities carries no assurance that these facilities will, in fact, actually
be provided. Whether such facilities will be produced depends upon
(1) an assessment by appropriate authorities of the prospective needs
for such facilities, (2) a comparison of the relative urgency of such
needs with the needs stemming from alternative public and private
objectives, and (3) the availability of financial and ‘“real”” resources.

A statement of needs for public services represents a series of
qualitative judgments as to what would be ‘“needed,” if certain
standards of performance are to be met for a given population, with
due allowance for the existing capital plant. Generally such judg-
ments are rendered by experts or professionals in the particular field
who necessarily regard their sphere of interest as more important
than others. Assessment of these “needs” by like-minded experts or
professionals can result in considerable refinements and reevaluation
of the needs; but the winnowing out process (translating ‘needs”
into actual undertakings) does not become very effective until the
“needs” for one purpose are compared to equally meritorious needs
for other purposes.

Within the constraints of available labor and material resources,
the final arbiter is, of course, the availability of financial resources, be
they tax receipts, intergovernmental revenues, borrowing, fees, gifts,
or donations. All such resources are limited and must be employed
for current operations of the spending units as well as for capital out-
lays. Conceivably a gap could exist between the capital require-
ments reflecting prospective needs and the financial resources available
to meet them.

The size of this gap could only be determined by first ascertaining
what our public facility needs are and then comparing the aggregate
of such needs with anticipated financial resources. To bridge such a
~ gap, it would be necessary to make more financial resources available

or reduce the dimensions of the purported needs by modification of
the standards of performance. A necessary first step in this alloca-
tion—budgetary process—would be to find out what our public facil-
ity needs are and what criteria were used to estimate these needs.

(c) Planwing-Programing-Budgeting System. On August 24, 1965,
the President announced to members of his Cabinet and heads of
major agencies his intention to establish a new planning-programing-
budgeting system in the executive branch of the Federal Government.
This new system—which had been developing in broad outline in the
Department of Defense for several preceding years—was formally
established within the executive branch by Bureau of the Budget
Bulletin No. 66-3 of October 12, 1965. It has since been adopted
by all Federal agencies as one of the more important tools of man-
agement.’

7 See 1058 recommendations of Joint Economic Committee study on Federal Policy for Economic Growth
and Stability, pp. 6-14. See also, 1963 Joint Economic Committee report, The Federal Budget as an Economic
Document, pp. 8-11.
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Essential to the new system are: (1) an output oriented program
structure which presents data on all of the operations and activities
of the agency in categories which reflect the agency’s attainment of
end purposes or objectives, and (2) analysis of possible alternative
objectives of the agency and of alternative programs for meeting these
objectives. Such analyses would include comparison of these alterna-
tive programs with respect to costs and benefits. As noted in the
Budget Bureau Bulletin, the program objectives and planned accom-
plishments are to be expressed, wherever possible, in quantitative
nonfinancial terms. Where relevant, the physical description of the
Federal programs is to be related to the entire universe to be served.

In other words, under this new system Federal agencies are required
to ascertain the dimensions of the universe in which a particular
Federal program operates and to determine the relative proportion
accounted for by the Federal aid program. To do so, they will need,
in the case of the programs aiding the provision of public facilities,
data showing (1) the existing capital plant of the public facility
category, for which the aid is provided, (2) the recent trend of capital
outlays, and (3) estimated capital requirements for specified levels. of
performance.

In analyzing alternative programs to meet indicated objectives, the
Federal agencies will eventually have to determine (1) whether the
program ‘‘needs’’ can be financed by loans or whether they require
some form of grant subsidy; (2) the extent to which funds are being,
are likely to be, or could be provided from non-Federal sources;
(3) the range of capital and operating costs of the public facility;
and (4) the extent to which the prospective users can afford to pay
these costs.! By and large, such mformation has not been assembled
in any systematic manner heretofore. Yet without these ‘“‘universe’”
data and related cost and financing information, the comparative
analyses and program memoranda called for by the new system may
prove to be difficult to prepare.

(d) Shelf of Public Facility Needs. Since the 1930’s the view has
been expressed by certain analysts ® that there is a need for a shelf or
reserve of planned public works, the construction of which can be
started promptly when economic conditions make such action desir-
able. They look to the employment and income generative effects of
public works construction as one of the means of counteracting reces-
sion tendencies within the economy. Before such a shelf of public
works can be developed, the respective ‘“public works” needs have to
be identified and quantified.

While one may question the economic merits of the public works
reserve thesis, given the problems associated with the timing of
stepped-up public works expenditures, there is no doubt that “public
facility” expenditures (by private as well as public agencies) contribute
importantly to a growing economy. In fact, a slowdown or curtail-
ment of such expenditures could help initiate a general economic

8 Much of these remarks is based on the writer’s conclusions set forth in vol. I of A Study of Federal Credit
Programs (issued by the Subcommittee on Domestic Finance of the House Committee on Banking and
Currency, 88th Cong., Feb. 28, 1964), especially pp. 179-180.

% Cf. National Resources Planning Board, Economic Effects of Federal Public Works Expenditures, 1933-38
(Washington: Government Printing Office, 1940); Special Assistant to the President for Public Works
Planning, Planning for Public Works (July 1957); Economic Report of the President (January 1955), p. 57;
Robinson Newcomb “Public Works and Economic Stabilization’ in Problems in Anti-Recession Policy

* (issued by the Committee for Economic Development, September 1954); and more recently, ¢ America’s

Need: Social Services and Jobs,” AFL-CIO American Federationist (August 1963). See also, Report of the
Joint Co ittee om the E ic Report on the January 1954 Economic Report of the President. Pp. 13-15.
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downturn. Before public facilities can be constructed, they must
first be planned, and this planning should be related to some assess-
ment of needs. A periodic assessment of aggregate public facility
needs provides, then, a comprehensive picture of the growth poten-
tial of an important sector of the U.S. economy, useful to those who
‘have to chart the future course of the economy.

B. PLAN OF THE STUDY

1. Qeneral Considerations

Tnitially, assembling the requisite mass of data on the public
facilities capital plant in the Nation appeared a formidable, if not
impossible, assignment, considering the diversity of ownership
patterns and the variety of public facility categories. To confine
the study of public facilities to those owned and operated by State
and local public bodies would overlook the facilities owned by private,
nonprofit organizations, including most of the Nation’s hospitals,
colleges, and neighborhood centers, and significant amounts of recre-
ational or cultural facilities. On the other hand, the major alternative
to State or local public ownership for such public facilities as electric
power, gas distribution, airports, marine ports, or parking facilities
is ownership and operation by a private, investor-owned company.

To obtain a comprehensive picture of all public facilities, irrespec-
tive of ownership, it seemed advisable to develop the study along
functional lines; that is, to assemble a series of chapters, each dealing
with a specific category of public facilities. Within the chapter ap-
propriate delineations could be made regarding the ownership distribu-
tion of the existing capital plant, trend of capital outlays, and prospec-
tive capital requirements. The component data by ownership
patterns, as well as the totals for each category of public facilities,
could then be aggregated, such as is done in the next section of this
chapter, or they could be cross-tabulated according to other needs
of the user.

The decision to base the study on a series of chapters, each dealing
with a specific category of public facilities, mat.eriaﬁy eased the prob-
lem of data assembly. For each public facility category there are
oroups, generally a Federal agency or a private trade association, that
can avail themselves of a substantial amount of knowledge regarding
the services rendered, the existing capital plant, costs and user
charges, trends of capital outlays, and they are likely to be the most
informed as to prospective needs and capital requirements. As
evidenced by the chapters in this volume, such materials can be
developed by these groups from reports already published, unpublished
data in their files, from special surveys, or by informed estimates.

2. Procedure

Accordingly, arrangements were made with private associations or
Tederal agencies, which were believed to be best qualified, to prepare
authoritative chapters on designated public facility categories. To
assure uniform coverage, and to permit the tabulation of comparative
data, each chapter writer was requested to follow a standard outline,
set forth in questionnaire form, that was enclosed with the letter of
request transmitted by the Chairman of the Joint Economic Com-
mittee. (See Supplementary data, pp. 20-21.)
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The chapter writers were advised to add such qualifying information
and remarks as might be necessary to provide a comprehensive picture
of the subject matter. They were given a list of economic assumptions
for the years 196675 (See Supplementary data, p. 22) as a guide for
any projections that may be made for these years. The committee’s
letter of request prescribed that the requested chapter “should be
limited to a factual account of the prevailing or historical situation,
supplemented by appropriate estimates and projections. It should
omit recommendations, suggestions for changes, or comments on
existing or prospective legislation.”

The chapters prepared under these instructions were then reviewed
and edited by committee staff to delete extraneous materials, Also
deleted were recommendations for new or enlarged Federal assistance
programs or for other Federal legislation, statements that reflected
unfavorably upon other public facility industries and reproductions
of Federal statutes or agency regulations.

This editing was deemed necessary to assure that the intended
factual presentation did not become a vehicle for promoting the
interests of special groups, be they trade associations or Federal
agencies. Aside from these changes, the materials presented in the
various chapters represent the viewpoints of the respective chapter
writers, identified on the first page of the chapter. Because of their
expertise in the specialized areas in which they are active, it is pre-
sumed that the materials they present fully reflect the information
available on the subject.

3. Identification of Public Facilities

In setting the ground rules for the individual chapters, it became
necessary to clarify what was intended by the term ‘‘public facilities.”
It is recognized that the term public works ordinarily applies to under-
takings by public agencies 1° and therefore could not be used to describe
the physical facilities owned by groups other than public agencies.
On the other hand, the term public facilities can be interpreted to
mean facilities from which public services can be rendered, irrespective
of ownership of the facilities. Accordingly, the scope of the study
has been defined in terms of public facilitres.!t

It is further intended the study be confined to State and local public
Ffacilities; that is, (@) public facilities ordinarily provided by State or
local public agencies, or (b) public facilities that are to a significant
extent provided by State and local public agencies or by private, non-
profit organizations. In this way, full recognition would be accorded
to the public facilities owned and operated by private, nonprofit orga-
nizations, which account for a significant portion of the Nation’s public
services. Under this definition, facilities entirely owned by the Fed-
eral Government (defense installations, post offices, other Federal
buildings, space and atomic energy facilities or multipurpose dams)
would be excluded from the purview of the study. Similarly excluded
would be the capital plant of investor owned private business.
med housing is not construed as part of the “public facilities” sector in the economy, In-
stead, it is regarded as part of the ““housing’ sector, a sector that also includes housing owned by private,
or nonprofit organizations. In a sense, ‘‘public facilities’”” are ‘‘nonresidential” structures. However,
group housing, such as college dormitories and nursing homes, are regarded by the Census Bureau as “‘non-
residential,”” and they are, therefore, construed as part of the Nation’s “public facilities.”

11 Urban renewal expenditures to acquire and clear properties are not regarded as public facilities expend-
itures. Cleared land, in itself, does not yield a public service.
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However, it is recognized that there are categories of “State and
local public facilities” where a large part of the facilities are owned and
operated by the Federal Government (national parks, regional and
river basin water supply systems) or by private investor owned com-
panies (electric power, gas distribution, urban mass transit, airports,
parking facilities, nursing homes). These categories of public facilities
are included in the study in order to provide a perspective for the
facilities within these categories that are owned by State and local

ublic agencies or by private, nonprofit organizations. Moreover,
inasmuch as ownership patterns are not immutable, it seems more
meaningful to provide the capital requirements over the next decade
for, say, the entire electric power industry, rather than the require-
ments of the small segment of the industry accounted for by State and
local public agencies, plus private, nonprofit organizations.

With these definitions in mind, arrangements were made for the
preparation of 42 chapters, each covering a designated public facility
category. By and large, the public facility categories are those that
reflect commonly used identifications; but at times, owing to the
nature of the industry or to the availability of data, it became ad-
visable to split an industry into several parts, each with a separate
chapter, or sometimes to combine in a single chapter similarly con-
stituted activities. A

Under the grouping Basic Community Facilities there are three
chapters dealing with water supply facilities—regional and river
basin water supply systems (including watersheds), public water
systems (mainly urban) and rural-agricultural water supply systems
(essentially irrigation systems). There are four chapters dealing with
sewage collection and disposal—sanitary sewer collection systems,
storm sewer systems, water waste treatment plants, and solid wastes
collection and disposal facilities. There is one chapter on electric
power systems and one on gas distribution systems.'?

Under the grouping Transportation Facilities there are separate
chapters on highways, roads and streets (covering rural and urban
highways, roads and streets), toll bridges, tunnels and turnpikes,
urban mass transit facilities, parking facilities, airports, and marine
port facilities.”® Under the grouping Education Facilities there are
chapters covering public elementary and secondary schools, non-
public (private) elementary and secondary schools, area vocational
schools, academic facilities for higher education institutions (includ-
ing community and junior colleges), college housing and related service
facilities and educational television.

Under the grouping Health Facilities there are separate chapters on
hospitals (mainly general hospitals), clinics, and other outpatient
facilities (hospital outpatient departments, hospital adjunct services,
and freestanding specialized facilities), long-term care facilities (nurs-
ing homes, chronic disease hospitals), community mental health
centers,* facilities for the mentally retarded (community facilities

12 The possibility of a separate chapter on telephone facilities was explored with the National Telephone

Cooperative Association and it was concluded that the negligible amount of publicly owned telephone
service did not warrant a separate chapter. In the case of street lighting, it was found that information on
the subject was virtually nonexistent, perhaps due to the fact that street lighting is considered in many
localities as part of the highway or street capital plant.
13 The possibility of a chapter on terminal facilities for trucks, buses, and trains operating on interurban
routes, was explored with the Department of Comimerce and the respective trade associations. All con-
cluded that the prospects of obtaining information for such publicly owned facilities, outside of New York,
were slim, and hence no chapter seemed advisable.

14 As detailed in ch. 25, community mental health centers are expected to be the new type of facility for
the mentally ill, and, in time, are expected to displace the traditional State mental institution.
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and university affiliated facilities), health research facilities (usually
located at universities or hospitals), and medical and other health
schools (schools for dentistry, nursing, optometry, osteopathy, phar-
macy, podiatry, and public health).

Under the heading Recreational and Cultural Facilities there are
three chapters on outdoor recreational facilities, one dealing with
State and Federal facilities, one with urban local outdoor facilities,
and one with rural outdoor facilities. There is a chapter on neighbor-
hood centers for recreation, health and social services (covering the
activities of such groups as the Boy Scouts, Boys Clubs, Girl Scouts,
“Y’s” and other privately operated settlements and neighborhood
centers). Other chapters deal with stadiums, arenas, and exhibition
halls, theaters and community art centers (cultural centers), museums
(including planetariums, zoos, botanical gardens) and public libraries.

Under the heading Other Public Bwildings are such chapters as
residential group care for children (detention homes, institutions for
delinquent children, other child welfare facilities), armories, jails and
prisons, fire stations, public office and court buildings, and industrial
plants financed and owned by local governments.'® _

Owing to the programatic viewpoint of some of the Federal agencies
that prepared several of the chapters and the limited detail available
on certain of the data, there are several chapters where the infor-
mation presented overlaps, in part, material contained in other chap-
ters. 'Thus, there is some overlap between the chapters on (@) high-
ways, roads, and streets on the one hand and toll bridges, tunnels, and
turnpikes on the other; (b) area vocational school facilities, on the
one hand, and public elementary and secondary schools and academic
facilities for higher education, on the other; (c) health research facili-
ties, on the one hand, and hospitals and academic facilities for higher
education, on the other; and (d) medical and other health schools
and academic facilities for higher education. For the first two where
the overlap is reported to be near 100 percent, appropriate adjustments
are made in the summary compilations. For the latter two, the
respective chapter writers advise that the overlap is minimal, and
therefore the summary compilations have not been adjusted.

4. Chapter Content

Each of the chapters presented in the second part of this volume
consists of four sections: (A) nature and composition of public work or
facility (B) costs and user charges (C) trend of capital outlays, and
(D) needs and prospective capital outlays. The first section is de-
signed to describe the particular public facility in terms of physical

characteristics, services rendered and standards of performance. It

also provides an inventory of the existing capital plant in terms of
number of facilities, location by State and size of city, age distribution,,
ownership pattern and estimated current value.

The second section is intended to show the current range of con-

struction and operating costs for the particular facility. It also
indicates the extent to which user charges are employed to pay for
the use of the facilities and the relationship of user charges to capital
and operating costs. Section (C) depicts the postwar trend of capital

15 A parallel chapter on police stations was envisaged, but the International Association of Chiefs of Police-

found that the available data did not permit the preparation of a useful chapter.

16 One may question whether a municipally owned industrial plant that is leased for private use is a.
“public facility.” Because of the controversy on this subject, data are presented on municipally owned

industrial plants, but excluded from the summary tabulations.
70-182—66—vol, 1——2
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outlays, delineating the ownership patterns for these outlays and their
sources of financing. Section (D) presents projections of capital
requirements for the facilities over the next decade, with appropriate
explanation of the “need” considerations taken into account. To the
extent possible, expected ownership patterns and sources of financing
for the anticipated capital requirements are also shown. (The stand-
ard chapter outline used by the chapter writers is reprinted in the
section ‘“‘Supplementary data,” pp. 20-21.) ,

The purpose of each chapter is to present a factual description of
the particular public facility to the extent data are available. In a
number of instances such data are sufficient to permit the authors
to comply fully with the prescribed chapter outline. In other cases,
as evidenced in various chapters, there is a paucity of information
available and the authors had to condense accordingly.

Public service needs reflect a series of subjective judgments regarding
quantitative and qualitative standards of performance, which may not
be acceptable to all. Hence, each author was requested to state
explicitly the standards of performance deemed appropriate for the
particular facility. Moreover, in projecting capital requirements to
reflect future needs, the author was requested to describe the factors
taken into account in making the projections. In most chapters
these subjective judgments are clearly delineated so that users of the
study may make adjustments, if they deem it desirable, in the under-
lying assumptions. In other chapters, however, the authors presented
their considered opinions, without identifying the assumptions and
judgments.

5. General Chapters

Three general chapters are presented in the first section of this
volume to provide a frame of reference for the specific public facility
category chapters that follow. The first chapter describes the rela-
tive importance of State and local public works expenditures to gross
national product during the years 1946—-65 and provides “best judg-
ment” projections of the volume of such expenditures that may be
expected during 1966-75. '

The second and third chapters describe, respectively, the material
and labor requirements for State and local public works during the
years 1946-75. These two chapters, at least with respect to the
projections for 1966-75, are tied to the projections contained in the
first chapter.’” In addition, the chapters examine the importance
of State and local public works construction to-the material supply,
industries and construction employment, trace for the years 1946-65
changes in the capacity of the building materials and construction
industries and in the volume of construction employment, automa-
tion trends in these industries, cost-price developments, and the
adequacy of technically skilled labor to administer the intended
public services so as to avoid underutilization of the public facilities
capital plant. .

17 These three chapters have been interrelated to assure consistency as to projection assumptions. How-
ever, since the writers of these three chapters did not have access to the “‘capital requirements” projections,
that were being prepared simultaneously by those writing the chapters on the specific public facility cate-
gories, they could not take them into account. The reader, having all these materials at hand, can deter-

mine, as appropriate, whether the future supply of construction labor or materials might constrain meeting
the various needs, assuming financial resources are available,
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'C.:SUMMARY OF FINDINGS
1. General Forces

As explained above, three general chapters are presented in the
first part of this volume to provide an overview of the State and local
“public works”* sector of the economy. The first analyzes and
projects State and local public works expenditures in relation to GNP;
the second examines the material requirements for such expenditures,
and the third examines their labor requirements.

Since 1958 the ratio of real State and local government expenditures
for structures and equipment to real GNP has fluctuated within a
relatively narrow range—between 2.8 and a little over 2.9 percent.
Assuming an average annual growth rate in real GNP of a little over
4 percent from 1965 to 1975, a 4 percent unemployment rate and a
1.5 percent increase per year in the GNP price deflator, coupled with
various other factors detailed in chapter 1, GNP is projected (in
current prices) to rise from $676 billion in 1965 to $905 billion in 1970,
and to $1,180 billion in 1975 (assumption B). If one assumes the
average annual growth rate in real GNP at nearly 4% percent from
1965 to 1975, the unemployment rate at 3 percent, and a 2-percent
increase per year in the GNP price deflator, and taking into account
account other described factors, GNP is projected at $940 billion in
1970 and at $1,275 billion in 1975 (assumption A).

From these GNP projections, it is further projected that State and
local government purchases of structures and equipment (net of resi-
dential buildings), which amounted to $19.5 billion in 1965, would rise
to $28.5 billion in 1970 and to $39.1 billion in 1975 under assump-
tion B. Under assumption A, such purchases would rise to $29.9
billion in 1970 and to $44.2 billion in 1975.

After surveying the components of the construction and building
materials industries, the authors of chapter 2 conclude that—

To meet future increases in construction demand in both the private and public
sectors it is expected that the construction and building materials industries will
increase their productive capacities. Prefabrication and prefinishing have been
and will continue to be important sources of promoting innovation and labor-
saving devices on construction sites # % * When one considers all the factors, it
is difficult to avoid the conelusion that the construction materials industries should
be able to meet the needs of future construction—as they have in the past—
through innovation, product development, and increased productive capacity.

After reviewing labor market prospects, the authors of chapter 3
conclude that— ;

Employment in the building trades is expected to increase moderately through
the mid-1970’s, assuming relatively full employment nationally and the high levels
of economic activity needed to achieve this goal.

Turning to the OBE projections for 1975, the authors estimate that,
allowing for increased productivity, 2,802,000 full-time workers will be
needed in 1975 for the $41.7 billion of construction projected under

18 Owing to the definitions and concepts employed in national income accounting, the three chapters
necessarily deal only with State and local government “public works,” as distinguished from the “public
facilities” concept used throughout this volume. The latter includes expenditures by other owners. More-
over, under national income and product accounting, public works expenditures relate only to construction
(or equipment purchase) expenditures, but omit expenditures for land. In contrast, “capital outlays” (or
“capital requirements’’) embrace expenditures for Jand as well as for construction or equipment purchase,

19 In July 1966, subsequent to the time when these calculations were made, the estimates in the national
income and product accounts were revised for the years 1963-65. 'The Office of Business Economics adyises

that the efiect of these changes on the above projections is relatively small; the projections of State and local
capital expenditures would be raised by about $.5 billion in 1970 and 1975.
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assumption A and 2,744,000 for the $36.6 billion * of construction
projected under assumption B— '
Thirty-eight percent of these (1,070,000 and 1,048,000, respectively) would be

needed in the construction industry and the balance in sectors supplying the
necessary materials and service.

2. Capital Requirements 196675

Each of the chapter writers in the second part of this volume * was
requested to present, in part D of the chapter, estimates of capital
requirements for the particular public facility category for each of the
years during the period 1966-75. The projections were to take into
account the current backlog of unmet needs, accommodations of
expected population growth, replacement of obsolete facilities, quanti-
tative and qualitative standards of performance. As will be noted,
some of the chapter writers distinguished between the current backlog
of unmet needs and future requirements, while others combined the
two elements. Some of the chapter writers provided projections for
each year, as requested; others provided only an estimate for the
entire 10-year period.

Table 1 compares the estimated capital requirements for all public
facility categories by all spending units during 1966-75 with actual
outlays for such facilities in 1965 (to the extent data are available).
To facilitate comparisons on an annual basis, estimates are also pro-

_vided for the capital requirements in 1970 and in 1975.%* The es-
timates are grouped under six headings: A. Basic Community Facil-
ities (water and sewer, electric and gas); B. Transportation; C. Educa-
tion; D. Health; E. Recreational and Cultural; and F. Other Public
Buildings.

Estimated capital requirements for public facilities by all spending
units during 1966-75 total $499 billion. For 1970 the estimated
requirements total $49 billion and for 1975 they aggregate $62 billion,
or double the volume estimated for 1965. The largest capital needs
are for basic community facilities and for transportation facilities.
The following table provides a summary comparison of the estimated
requirements with actual 1965 capital outlays, broken down by major
groups of facilities.

20 Projected construction figures include $0.5 billion of residential construction. They differ further

tromtthe figures cited above ($44.2 hillion or $39.1 billion) by the amounts projected for purchases of equip-
ment.

21 With the exception of chapter 42 desling with publicly owned industrial plants.

22 T'o assure uniformity in the estimates, the following procedures have been employed: (@) the figures for
1966-75 are (1) as provided, or (2) the sum of the unmet backlog plus future requirements, or (3) the sum of
annual estimates with interpolations for intervening years; (b) the estimates for 1970 and 1975 are (1) as pro-
vided, or (2) 9.6 percent and 12.6 percent of the 1966-75 projection, the percentages reflecting an annual rate of
increase in requirements of 5.5 percent; and (¢) all estimates are rounded to the nearest $10 million (except
‘when they are under $10million), Further explanations are shown in the footnotes to the table.
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Summary comparison of total capital outlays for public facilities in 1965 with esti-
mated capital requirements during 196675, all spending units

[Dollars in billions}
Estimated
Group of facilities Actual
1965 1
1970 1975 1966-75
Water and sewer. - $3.9 $7.3 $9.2 $76.2
Electricand gas oo ooommmamamanemoos - 6.5 8.8 10.2 84.9
Transportation 9.2 14.6 19.0 151.7
Education_._.. - 5.9 7.8 10.2 82.2
Health___.. 2.5 4.2 5.5 43.5
Recreational and cultural. o .o coooooaiieaeel 2.5 5.2 6.6 53.1
Other public buildings. o oo ooammcreaeees 25 3.7 3.9 37.5
Total.-. 31.0 48.6 61.6 499.1

1 Adjusted to reflect facility categories where data are not available.
2 Excludes publicly owned industrial plants.
3 Includes police stations with estimated capital requirements assumed to be $1,000,000,000 during 1966~75.

As will be noted, these capital requirements relate to all spending
units—State and local public agencies, private, nonprofit organiza-
tions, private investor-owned companies, and, where appropriate,
the Federal Government. Since each of these ownership groups
finance their activities in different sectors of the capital market, it is
useful to provide estimated capital requirements for each of these
ownership  classifications. Accordingly, table 2 compares the esti-
mated capital requirements for public facilities during 1966-75 with
actual capital outlays in 1965 for State and local public agencies.
Table 3 provides a similar comparison for private nonprofit organiza-
tions and table 4 presents the information for private, investor-owned
companies.” :

State and local public agency capital requirements for public
facilities are estimated at $328 billion for the decade 1966-75. For
1970 these capital requirements are estimated at $32 billion and for
1975 they are estimated at $41 billion, which compares to the $20
billion of capital outlays expended by State and local public bodies in
1065. As shown in the following table, over 40 percent of the antici-
pated capital requirements are for transportation facilities and nearly
20 percent each are accounted for by education and water and sewer
facilities.

2 Each of the requirement estimates for the organizational sectors is related to the estimates presented in
table 1 for all spending units. The distribution patterns are either denoted in the respective chapter in
absolute amounts or in percentages of total requirements. Where the distribution is not clearly discernible
from the respective chapter, the distribution percentages employed for the estimates are described in the
footnotes to the respective tables. Where the chapter does not provide data on the distribution pattern of

the estimated capital requirements, the patterns are ‘‘assumed,’” on t he basis of such information as seemed
approptiate (identified in the footnotes). No separate table has been prepared on federally owned facilities.
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Summary comparison of public facility capital outlays of State and local public
agencies in 1966 with estimated capital requirements during 1966-75

[Dolars in billions]

Estimated
Group of facilities Actual
19651
1970 1975 1966-75
‘Water and sewer $2.7 $5.5 $6.8 $56. 5
Electric and gas. ;8 1.3 1.4 12.8
Transportation 8.9 13.5 17.7 141.1
Edueation . o oo o 4.9 5.9 7.8 62.0
Health .8 - 1.3 1.7 13.1
Recreational and cultural. .. 15 3.4 4.4 35.0
Other public buildings.___ 25 .7 3.9 37.8
Total- 20.1 3L6 40.7 327.8

1 Adjusted to reflect facility categories where data are not available.
2 Excludes publicly owned industrial plants. -
3 Includes police stations with estimated capital requirements assumed to be $1,000,000,000 during 1966-75.

Public facility capital requirements of private, nonprofit organiza-
tions for the decade 1966-75 total $54 billion, or over 10 percent of the
total capital requirements of all spending units. Capital requirements
for these organizations total $5 billion in 1970 and almost $7 billion
in 1975, which compare with capital outlays of somewhat over $2
billion in 1965. As detailed in table 3, the largest segments of these
private, nonprofit capital requirements are for college facilities
(academic and housing) and for hospitals.

For private, proprietary or investor owned companies the capital
requirements for public facilities during 1966-75 are estimated at
$105 billion, or over 20 percent of the estimated total requirements.
These capital requirements are estimated at $10 billion in 1970 and
$12 billion in 1975, as compared to capital outlays of some $6 to $8
billion in 1965. As shown in table 4, over half of the estimated
capital requirements of the proprietary companies are for electric
power facilities, with sizable amounts for gas distribution systems
and storm sewer systems. For Federal agencies the capital require-
ients for public facilities during 1966-75 are estimated at about
$13 billion, mainly for outdoor recreation and electric power facilities.

3. Euisting Capital Plant

Underlying most projections of prospective needs and capital re-
quirements are assumptions, generally unstated, regarding the exist-
ing capital plant for the particular category of public facilities. Such
assumptions relate to the existing number of facilities, their age or
physical condition, and their degree of utilization. Some of these
assumptions can be quantified; others involve qualitative judgments
or are susceptible of flexibility.

As evidenced by the data presented in table 5, there is usually
very good information as to the number of facilities (or where more
meaningful, the volume of public service output) for each of the
public facility categories. Moreover, as shown in the table, in most
instances the number or volume, according to type of ownership, is
also ascertainable. In a majority of the chapters, data are presented
regarding the distribution of these facilities by States and by popu-
lation size of city.

Unlike the situation for many of our durable consumer goods,
where style changes, built-in obsolescence, and annual improvements
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stemming from technological advances make periodic replacement
necessary, most of the Nation’s public facility capital plant is con-
structed with long-time use in mind. To a surprising degree, many
public facilities or structures built 25 to 30 years ago are still very
usable today, especially if there have been proper repairs and mainte-
nance. On the other hand, when the age of a structure reaches 45
to 50 years or more, it is frequently no longer suitable for use and
needs to be replaced.

Significant portions of the Nation’s public facility capital plant are
still being used, even though they were constructed before 1920. For
example, 14 percent of the elementary and secondary schools, and 21
percent of the private elementary and secondary schools, were built
before 1920. About 15 percent of the public libraries, and 20 percent
of State prisons were built before 1900. Given the limited fiscal
resources and the higher priorities for other public expenditures of
the communities in which they are located, many of these aged
facilities may be expected to continue in use for & number of additional
years.

Not only is there use of public facilities for time periods beyond
their anticipated lifespan, but in many instances facilities are utilized
more intensively than was originally contemplated. Additional
schoolchildren are frequently handled by installing more desks in
classrooms; hospital .overflows are accommodated by placing addi-
tional beds in rooms, or even in corridors; and college facilities are
more intensively used by afternoon or evening classes and through
trimester and four semester school years. Crowded highways are
manifested by slow moving, bumper-to-bumper traffic; overtaxed
bridges and tunnels are evidenced by long waiting lines for use;
overcrowded airports are mirrored by the stacking of airplanes waiting
to land; and during rush hours subway passengers are ‘‘packed like
sardines.” '

Continued use of over-aged facilities and more intensive use than
originally contemplated, are sometimes the practical alternatives to
increased capital outlays for public facilities to meet expanding needs.
Staggered use of commuter mass transit facilities may help to relieve
overcrowding as will double sessions of schools. Popular museumns,
libraries, or parks are likely to attract large attendances, even though
they may be overcrowded; and sports or theatrical events frequently
play in “packed” arenas or theaters.

Any assessment of future capital requirements for the various public
facilify categories, as detailed in the previous section, must in some
way take into account existing facilities and the extent and duration
of their possible use.

The last column of table 5 shows the current estimated value of the
existing capital plant for each of the public facility categories. Al-
lowing for the categories where estimated current values are not
available, the estimated value of the existing capital plant of all
State and local public facilities is in excess of $450 billion, perhaps as
much as $500 billion. This sum is the approximate size of the esti-
mated capital requirements for such public facilities during the decade
1966-75. -

4. Costs and User Charges

To the extent that data are available, each of the chapters present
statistics on capital and operating costs for the respective categories
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of public facilities and information on user charges. The cost data
provide some basis for judging relative construction costs or, to put
1t another way, an indication of what $1 million of capital outlay is
likely to purchase for different categories of public facilities.

Table 6 analyzes the extent to which user charges are employed for
each of the public facility categories. As will be noted, of the 42
public facility categories listed, user charges are employed. .either
substantially or moderately in 33. For this purpose, ‘“‘substantial”’
means that user charges are employed in all or most instances or,
where they are employed, cover all or a substantial part (over 50
percent) of capital and operating costs. “Moderate’” means that user
charges are infrequently employed or that they cover only a small
part (under 50 percent) of capital and operating costs.

User charges are employed for all categories of public facilities
classified as basic community facilities and transportation facilities and
for all but one of the categories within the groups classified as health
facilities and recreational or cultural facilities. On the other hand,
there are no user charges for public elementary and secondary schools,
health research facilities, public libraries, and the facilities relating
to public safety and administration [armories, jails and prisons, fire
(and police) stations, residential group care for children, and public
office and court buildings]. ,

Inasmuch as most of the public facilities described in this volume
have user charges that cover all or part of capital and operating costs,
they are amenable to financing through long-term borrowing, so that
the capital costs of the facilities can be prorated over several genera-
tions of users, each of which can pay all or part of the apportioned
capital costs.*® Financing through borrowing against future revenues,
of course, enlarges the volume of capital outlays that can be accom-
plished during any specified period, as compared to capital outlays
financed entirely out of current receipts.

_ D. EVALUATION OF DATA
1. Data Quality :

Essentially, this volume is a data source book, full of facts, figures,
and expert projections. Many of the chapters contain & wealth of
information, sufficient to satisfy most users. However, in some
chapters the information is scanty; and upon reading them, one
might be inclined to question whether they reflect the ultimate possi-
bility in conveying information about the subject.

Checking with other sources, one finds that in a number of instances
the contents. of these chapters are just about all we do know with
respect to the kinds of data called for in the committee questionnaire.
The paucity of information on capital outlays in the various chapters
on health facilities, to cite one area, may be attributed to (a) the
“programmatic”’ viewpoint of the Federal agencies concerned with
such matters as health, which results in minimal interest in related
activities carried.on outside Federal assistance programs, (b) a lack
of detail in the construction statistics compiled by the Bureau of the
Census, and (¢) limited efforts by the executive branch to take the

24 The increasing concern reearding the adequacy of hospital charges paid by public welfare agencies on

behalf of indigent patients and by private group medical plans on behalf of their members suggests that
future hospital user charges may cover a larger proportion of hospital capital and operating costs.
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necessary steps to see that such data are compiled so that the budget
presentations would be more meaningful.

To overcome these data deficiencies, it would be helpful to analysts
and policymakers to strengthen the data collection resources of such
basic fact gathering agencies as the Bureau of the Census, especially
the Construction Statistics Division. This Division is currently
responsible for compiling statistics on permits authorized and con-
struction put in place for various groups of public and private con-
struction. If these data are to be useful in delineating the “universes”
in which Federal assistance programs operate, they must be broken
down in sufficient detail and supplemented by statistics for outlays
on land and equipment to permit appropriate comparisons to be made.

2. Other Projections

It should be noted that several other studies have been made in
recent years dealing in part with public facility needs. One is a study
on national goals prepared by the Center for Priority Analysis of the
National Planning Association. Based on a series of research memo-
randa, the study presents a number of projected expenditures (in-
cluding capital outlays) in 1970 and 1975, taking into account certain
“aspiration standards.” ® As detailed in table 7 (which lists the
public facility categories in line with the classifications employed
n this volume), public and private capital outlays for public facilities
are projected to rise from $29.0 billion in 1962 to $51.5 billion in 1970,
and to $60.8 billion in 1975. These figures compare with the estimates
presented above for all spending units of actual capital outlays of
$31.0 billion in 1965 and estimated requirements of $48.6 billion in
1970 and $61.5 billion in 1975.

The second, known as “Project ’70", is a study of the State and
local government sector involving projections of expenditures and
revenues in 1970 of State and local governments for each of the 50
States and the District of Columbia. The projections were made on
the basis of a set of economic and demographic assumptions generated
by a macroeconomic growth model, chosen from several developed
for the Federal Interagency Study of Economic Growth and Employ-
ment Opportunities. For 1970, this study projects State and local
government capital outlays at $30 billion.?® This compares with the
$31.6 billion of public faciity capital requirements for 1970 estimated
in this volume for State and local public agencies.

3. Appraisal

A priori, one might expect that estimates of public facility capital
requirements based on separate assessment of over 50 % different
categories of need would result in figures considerably larger than
_ projections of past trends. As noted above, the aggregate of the
separate estimates by functional category of public facilities (that

2 Teonard A. Lecht, Goals, Priorities and Dollars (New York: The Free Press, 1966.)

2% 8. Mushkin and G. Lupo, State and Local Government Capital Outlays: Projections to 1970 (note, dated
August 1966). Detailed projections are presented in S. Mushkin and E. McLoone, Public Spending for
Higher Education in 1970 (The Council of State Governments, Research Memorandum 374); 8. Mushkin
and R. Harris, Transportation Qutlays of States and Cities: 1970 Projections (RM 375); S. Mushkin and E.
MeLoone, Local School Expenditures: 1970 Projections (RM 382); R. Rafuse, Jr., Water-Supply and Sanita-
tion Expenditures of State and Local Governments: Projections to 1970 (RM 389); and 8. Mushkin, Health and
Hospital Expenditures in State and Local Governments: 1970 Projections (RM 390).

21 In somet of the chapters there were several parts, each of which contained a separate estimate of capital
requirements.
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are presented in the chapters in this volume) are in line with projected
capital outlays reflecting certain ‘‘aspiration standards’”; and the
public agency component of public facility capital requirements in
1970 are close to those projected on the basis of a survey of 50 States.

Moreover, the aggregate 1970 and 1975 estimates for public agencies
are in line with the capital outlays projected in the growth models of
GNP on the basis of past trends. (The latter are presented in the
first chapter.) The GNP growth models project corresponding rises
in State and local taxes from Federal financial assistance and from
other resources. Consequently, it would appear that the State and
local government portion of estimated public facility needs would "
not require any major alteration of State and local government fiscal
resources.

Such a conclusion would appear to be at odds with predictions
that growing demands on State and local governments for public
services will require some reallocation of fiscal resources. Conse-
quently, one must consider the possibility that (¢) our estimates of
public facility requirements are too conservative or (b) that the avail-
ability of future fiscal resources of State and local governments may
be underestimated by those who suggest reallocation of resources, or
(¢) that public facility capital expenditures is only one element in a
growing pattern of required public services, and that services, rather
than facilities, will make the biggest demands in the future.

(@) It is conceivable that many of the chapter authors preferred
to employ conservative judgments, especially since they were asked
to state their underlying assumptions. Moreover, while backlogs of
current unmet needs can be reasonably described, future needs may
be more difficult to perceive, since the economic horizon of many
analysts tends to be appreciably shorter than the 10-year period
called for in the study. These factors, coupled with the arbitrary
allocations among ownership patterns made in this study (when they
were nct provided in the particular chapters) may have contributed
to a downward bias in the capital requirements estimates. But if
this is so, it would have to be assumed that there were similar ‘‘down-
ward biases” in the estimates made in the aforementioned NPA and
“Project 70" studies, which would be a striking coincidence.

(5) Recent experience with Federal tax revenues has found that
actual receipts exceed estimated revenues by considerable amounts.
To some extent this underestimation may be due to lack of familiar-
ity with the fiscal aspects of the “New Economics”; and to some extent
it may be due to conservative methods of tax revenue estimation.
The GNP growth model projections assume a continuation of the accel-
erated growth of the economy experienced during the past 5% years,
which suggests that our State and local tax resources will grow faster
than the rate our ‘“‘conventional wisdom” would cause us to expect.

(¢) The present study is concerned with the Nation’s public facility
capital plant and its prospective growth. Hitherto, capital outlays
have accounted for about one-fourth of State and local government
expenditures. Most of the remaining State and local government
expenditures represent outlays for public services. While a large part
of these public services involve utilization of public facilities, it does
not necessarily follow that future capital requirements for public
facilities fully measure public service needs and possible expenditures.
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It may be that an increasing proportion of public funds should be
spent on health and educational services, welfare payments, public
safety, transportation, recreational and cultural services, manpower
training, and the entire range of other activities that have been, or are
likely to be, supported by Federal aid under the Economic Oppor-
tunity Act or the model cities legislation. Many more nurses, hospital
attendants, health, transportation, and utility technicians and operat-
ing staff, or park and recreation supervisors, may be needed than
the additional personnel called for by the expansion of the public
facilities capital plant. Or it may be that public expenditures for
such purposes should not be proportionately increased, but rather
the additional fiscal resources required at the Federal, State, and
local government levels should instead be decreased through tax
reductions (if there are fiscal surpluses) or deferment of tax increases
(if there are to be fiscal deficits).

It remains to be seen which of the foregoing explanations, or the
estimates themselves, accurately describe what is likely to occur
during the next decade. Be that as it may, it is hoped that the study
presented in this volume provides sufficient data on an often neglected
sector to aid those who are responsible for making the economic de-
cisions that will largely shape the future course of the American
economy.

Supplementary and supporting data are set forth on the following

pages.
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PUBLIC FACILITY NEEDS

CHAPTER OUTLINE®
A. NATURE AND COMPOSITION OF PUBLIC WORK OR FACILITY

1. Describe the particular public work or facility in terms of:

(a) General physical characteristics—structures and equipment. :

(b) Services rendered—to residential areas, commercial areas, industrizl
areas, agricultural areas. :

(¢) Standards of performance—capacity or quantity of output per capita or
equivalent concept, e.g., per capita water consumption, schoolroom facilities
per capita, hospital space or library space per capita.

(d) Qualitative standards of performance, e.g., primary, secondary,
tertiary treatment of sewage, levels of quality of road surfacing, traffic
densities, and speed, durability of structures and equipment, frequency cf
repairs, ordinary replacement cycle.

2. Existing capital plant in the United States: .

(a) As of mid-1965, how many of these facilities or structures were in
existence or operation?

(b) What was the distribution of such facilities or structures by States?

(¢c) What was the distribution of such facilities or structures by population
size of city—500,000 or more; 100,000 to 499,999; 50,000 to 99,999; 10,000
t049,999; 2,500 to 9,999; and under 2,500?

(d) What is the age distribution of such facilities or structures, i.e., built
(1) before 1900, (2) during 190120, (3) 1921-40, (4) 1941-60, (5) since 19617

(e) Of these facilities and structures now in operation, what proportion is
owned by:

(1) State governments or State agencies;

(2) Cities, counties, towns, special districts, public authorities, or
other local public bodies;

(3) Private, nonprofit organizations, and cooperatives;

(4) Proprietary or profitmaking organizations;

(5) Federal Government, if appropriate.

(f) What is the estimated current value (as of end of 1965) of these facilities
and structures?

B. COSTS AND USER CHARGES

et

. Construction costs and operating costs:

(a) On the basis of some standard unit of measure (cost per square foot,
cost per mile, cost per connection, etc.), indicate the current (as of 1965)
range of typical construction costs for different size facilities or structures of
longtime durability;

(b) On the same basis, indicate the current range of typical annual mainte-
nance and operation expenses (includes repairs and replacements) for different
size facilities or structures.

2. User Charges:

(@) To what extent are user charges (utility charges, tolls, fees, admissions,
lease payments, rentals, assessments, or specific taxes) employed to pay for
all or part of the services, occupancy or use of the facilities or structures?

(b) To what extent are such user charges sufficient to cover annual mainte-
nance and operation expenses plus annual debt service payments on the
indebtedness incurred to finance the capital costs of the facilities or struc-
tures? Are there situations where user charges exceed the sum of prorated
operating and capital costs?

*To be followed to the extent feasible.

20
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(c) To what extent are the costs of such facilities and structures met out of
the general tax resources and general obligation borrowings of State and local
government units?

C. TREND OF CAPITAL OUTLAYS

1. What has been the trend of annual capital outlays (expenditures, construc-
tion put in place, or contract awards) for these facilities or structures during the
20-year period 1946-65 in terms of number of units and dollar value (in millions
of dollars)? Explain the trend.

9. Of these annual capital outlays, how much or what proportions were ac-
counted for by (A) State governments or State agencies, (B) cities, counties,
towns, special districts, public authorities, or other local public bodies, (C) pri-
vate, nonprofit organizations and cooperatives, (D) proprietary or profitmaking
organizations, and (E) Federal Government, if appropriate?

3 What have been the sources of financing for these capital outlays (show
dollar amounts or percentage distribution)? From:

(a) Appropriations from tax resources;

(b) Gifts, bequests, donations, fund-raising drives;

(¢) Federal Government grant assistance (identify programs);

(d) State grants-in-aid (in how many States);

(¢) Tax exempt municipal bond market (for public bodies); :

(f) Capital flotations in other security markets (for private corporations
and private, nonprofit organizations);

() Borrowing from the Federal Government.

D. NEEDS AND PROSPECTIVE CAPITAL OUTLAYS

1. In terms of the Great Society, what are the capital requirements (in millions
of dollars) for these facilities or structures during the decade 1966-75?

(a) Describe the factors taken into account in making this projection (cur-
rent backlog of unmet needs, accommodating expected population growth,
replacing obsolete facilities, quantitative and qualitative standards of per-
formance). : )

(b) If possible, show these estimated capital needs on a per year basis.

(¢) To the extent feasible, indicate the proportions of these estimated
needs that you would ascribe to (1) cities with populations of 50,000 or more,
(2) cities and towns with populations of 2,500 to 50,000, and (3) agricultural-
rural areas, cities and towns with populations under 2,500.

(d) To the extent feasible, indicate the proportions of these estimated
capital outlays that you would expect to be expended by:

1. State governments or State agencies;

2. Cities, counties, towns, special districts, public authorities, or other
local public bodies;

3. Private, nonprofit organizations and cooperatives;

4. Proprietary or profitmaking organizations;

5. Federal Government, if appropriate.

2. On the basis of past experiences, projected trends and emerging develop-
ments, what are the expected sources of financing for these prospective capital
outlays (in millions of dollars or percentage distribution)? From:

b Eia) )]3orrowing in the tax-exempt municipal bond market (for public
odies) ;

(b) Capital flotations in other security markets (for private corporations
and nonprofit organizations);

(¢) Borrowing from the Federal Government;

(d) Federal Government grant assistance (existing or new programs) ;

(¢) State grants-in-aid (existing or new programs);

(f) Appropriations from tax resources;

(9) Gifts, bequests, donations, fund-raising drives.

3. If your estimated capital requirements exceed the amounts you estimate will
be s?upplied by the above identified sources of funds, how would you bridge the
gap?



Basic assumptions for State and local public facility needs and financing

study

Factor

Actual
1961-65
(percent)

Assumed
1966-75
(percent)

A. Annual

rates of increase:

1. Population___________________.________
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10.
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B. Annual
12.
13.

Gross national produet_.___._____________
Personal income. - - - _______________
Gross private domestic fixed investment__
Employed civilian labor force__.____.____

. Gross national product deflator_ ___._____
. Wholesale price index._ .. ______________

Boeckh construction cost index._ ________

. Index of industrial produetion__________

Money supply - - - - oo
Selected liquid assets held by public..___
rates of:

Civilian unemployment________________
Savings as a percent of disposable income.

C. Other parameters:
14. Capacity utilization of industry____.____

15.

Average Federal budgetary deficit:
National income budget (billion).____
Cash budget (billion) _____________.
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TasLe 1.—Comparisons of total capital outlays for public facilities in 1965 with

estimated capital requirements during 1966-75, all spending units

[Dollars in millions]

Estimated
Chapter number and type of facility Aféé’?‘
1970 1975 1966-75
A. BASIC COMMUNITY FACILITIES
1. Regional and river basin water supply systems 1. .. $67 $100 $110 $1, 060
2. Public water supply systems. .. cooooeeeen 1, 300 2,380 2,810 24, 300
3. Rural-agriculture water supply systems...._. [©) 3260 3 350 2,750
4, Sanitary sewer collection systems... 513 930 1,450 10, 340
5. Storm sewer systems...... 1,140 2,450 2,850 5, 000
6. Water waste treatment pla 625 3940 31,240 9, 830
7. Solid wastes collection and disposal fac 170 3280 3 360 42,890
Subtotal, water and sewer facilities_......._.. - 3,815 7,340 9,170 76,170
8. Electric POWer oo 5,700 7,800 9, 000 75,000
9. Gas distribution system - 809 990 1, 200 59,930
Subtotal, other utilities .. ocooomocammocieo 6, 509 8,790 10, 200 84,930
B. TRANSPORTATION FACILITIES
10. Highways, roads, and streets. .. . oooocoeeoooo 8,170 312,060 315,830 6 125, 650
11. Toll bridges, tunnels and turnpikes 7. - 8 388 3380 3 500 9 4,000
12, Offstreet parking facilities. ... - () 3760 31,000 7,900
-13. Urban mass transit facilities......------- - [©)] 1, 050 1,370 10, 900
14, Airport facilities 1" - 313 580 630 5,970
15. Marine port facilities. - <o eeee 11160 130 150 1, 280
Subtotal, transportation. ... oooooameaas 8,643 14, 580 18,980 151, 00
C. EDUCATIONAL FACILITIES

16. Public elementary and secondary schools_. ... 12 3,650 34,010 35,270 41, 800
17. Nonpublic elementary and secondary schools....... 13 260 3 570 37 1 5 960
18. Area vocational school facilities 15 ... ¢ 3 600 3790 15 6, 300
19. Academic facilities for higher education.. 121,525 32,250 32,960 23, 500
20. College housing and related service facilities. ...~ 16 483 930 1,220 10, 620

21. Educational television. oo 18 30 40 3
Subtotal, educational facilities.-.-----oooo-_-- 5,926 7,790 10, 240 82, 380

D. HEALTH FACILITIES
22. General hospital facilities .. _ ... 31,510 31,980 15,710
23. Clinics and other outpatient facilities_.____ 181926 3310 3410 3,240
24, Long-term care facilities_ . ......____ d 3600 3780 6,230
25. Community mental health centers. 280 450 2,930
26. Facilities for the mentally retarded @) 330 400 3,340
27. Health research facilities 20_ . __ (2) 3 460 3 600 4,800
28. Medical and other health schools. ® 3690 3910 27,210
Subtotal, health facilities .. ..o oo @) 4,180 5,530 43,460
E. RECREATION AND CULTURAL FACILITIES

29. State and Federal outdoor recreation facilities . 743 1,190 1,420 11,800
30. Urban local outdoor recreation facilities.... 22 360 31,700 32,200 17,600
31. Rural outdoor recreational facilities. ... ® 3 460 3600 23 4 800
32. Neighborhood centers for recreation, etc- 43 380 3100 780
33. Arenas, auditoriums, exhibition halls.___ 667 3770 31,010 8, 000
34, Theaters and community art centers 2 [©)] 700 910 7,230
25 390 3120 950
103 190 240 1,910
1,941 5,180 6, 600 53,070
® 380 3110 840
15 15 145
- ®) 390 3120 920
40. Fire stations - - - oo 26191 3130 3170 1,370
41, Public office and court buildings_.... .- 21218 320 400 3,250
42, Publicly owned industrial plants. ... .o ooo-o- D3 S [ S
Subtotal, other public buildings.-._---cooooo oo 410 635 815 6, 525

23
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! Combined figures for water supply capital outlays by Corps of Engineers, Bureau of Reclamation, and
Soil Conservation Service. :

2 Not available.

3 Annual figures derived from 10-year estimated capital requirements.

4 $2,420,000,000 in constant prices, adjusted to current prices at assumed price increase at rate of 2 percent
per year.

5 Annual rate of increase interpolated during 1971-73 at 3.8 percent per year.

¢ Capital requirements, rather than capital outlays, per chapter table G.

7 Shown separately, although included in “Highways, roads.and streets’’; however, excluded from sub-
total for “Transportation.”

8 Annual average for years 1946-65.

h’ $2t,282, 000,000 reported in survey; expanded to $4,000,000,000 on the basis of other materials in the
chapter.

10 All figures estimated at 120 percent of figures for publicly owned facilities.

11 Average during 1960-62.

12 Average of estimates for fiscal years 1965 and 1966.

13 Average 1960-66.

14 149,000 classrooms at $40,000 per classroom.

- 15 Shown separately, although included in ‘“Public elementary and secondary schools and academic facili-
ties for higher education’’; however, excluded from subtotal for “Education.”

16 For 1963-64.

17 15 stations at $540,000 each. )

18 Includes general and mental hospitals, clinics, nursing homes, related facilities.

1 Combination of community facilities and university affiliated facilities for the mentally retarded.

% Some of these capital requirements are probably included within the figures shown for ‘“‘Academic
facilities for higher education and hospitals’’; but degree of overlap is not ascertainable.

2t Broken down as follows (in millions of dollars): (a) medical schools, $4,259; (b) dental schools, $590;
(c) schools of nursing, $1,641; (d) optometry schools, $58; (e) osteopathic schools, $191; (f) pharmacy schools,
$307; (g) podiatry schools, $48; and (h) public health schools, $112. To some extent, these capital require-
gnent}g overlap with the capital requirements for higher education academic facilities, but the proportion
is unknown.

22 For fiscal year 1964-65.

2 Average of high-level estimate of $5,300,000,000 and low-level estimate of $4,200,000,000.

24 Based on discussion with informed sources.

2 Data on detention homes and institutions for delinquent children in the chapter. Data on other child
welfare institutions obtained from Children’s Bureau, as follows: Maternity homes, $17,000,000, homes for
nezgel%ctedgand disburbed children, $264,000,000.

or 1966. .

27 For 1964, May include in part “police stations.”

TaBLE 2.—Comparison of public facility capital outlays of State and local public
agencies in 1965 with estimated capital requirements during 1966—75

[Dollars in millions]
) Estimated
Chapter number and type of facility z}ctu?l
965
1970 1975 1966~75
A. BASIC COMMUNITY FACILITIES

1. Regional and river basin water supply systems 2_____ $2 $20 $30 $170
2. Public water supply systems3_________________ 1,040 1,900 2,250 19, 440
3. Rural-agriculture water supply systems 4 ® 110 140 1,100
4. Sanitary sewer collection system 385 4700 41,090 47,750
5. Storm sewer systems.___ 417 61,570 61,820 616, 000
6. Water waste treatment plants 625 940 1,240 . 9,830
7. Solid wastes collection and disposal facilities 7...._.__ 130 210 270 2,170

Subtotal, water and sewer facilities..____..___.___ 2, 599 5,450 6,840 56, 460
8. Electric power 8__ 1766 1,200 1,350 2
9. Gas distribution systems o 44 "“60 70 12, 223

Subtotal, other utilities. . ..._____________________ 810 1,260 1,420 -12, 800

B. TRANSPORTATION FACILITIES

10. Highways, roads, and streets....___________________ 8,170 12, 060 15,830 125,650
11. Toll bridges, tunnels, and turnpikes .. .7 77 " 388 " 380 " 500 £0
12. Offstreet parking facilities. 11102 230 300 " 2,400
13. Urban mass transit facilities. 1942 730 960 127 600
14, Airport facilities 261 480 530 2080
15. Marine port facilities = 1159 13 40 13 50 s430

Subtotal, transportation . 8,934 13, 540 17,670 141, 060
) €. EDUCATION FACILITIES
16. Public elementary and secondary schools. 3, 650 4,010 5,270 41, 800
17. Nonpublic elementary and secondary schools. . - o ’
18. Area vocational school facilities 14.___ ) 600 790 6, 300
19, Academic facilities for higher education. 915 1,330 1, 750 13,870
20. College housing and related service facili 15 301 520 720 6,080
21. Educational television 16, -5 20 30 " 930

Subtotal, education facilities . __.________________ 4,871 5,880 7,770 61, 980

See footnotes at end of table, p. 25.
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TaBLE 2.—Comparison of public facilily capital outlays of State and loéal public .
agencies in 1966 with ‘estimated capital requirements during 1966-76+—Con.

’ . ; Estimated ™
Chapter number and type of facility Afgtgsal
- 1970 1975 1966-75
) D. HEALTH FACILITIES :

22, Hospitals 7 $380 174480 | 17.$3,930
23, Clinics and other outpatient facilities 8. e oo 15494 18 80 18100 . 18810
24, Long-term care facilities 19 1 100 1130 141, 060:
25, Community mental health centers2... 140 220 1,470:
26. Facilities for the mentally retarded.... 34 2110 21130 211,070
27. Health research facilities 22. N (%) 180 24 1,920
28, Medicsal and other health schools 23 ..o omomocnuns ® 280 360 2, 880

Subtotal, health facilities. oo o cccomemoociaaaan 528 1,270 1,660 ©.13,140"

E. RECREATIONAL AND CULTURAL FACILITIES s : .
29, State and Federal outdoor recreation fagilities. .- 313 | 430 530 4,400
30. Urban local outdoor recreation facilities..ao.ocoacnac 360 1,700 2,200 17,600 -
31, Rural outdoor recreational facilities . -
32. Neighborhood centers for recreation, ete..
33. Arenas, auditoriums, exhibition halls 24.. 600 690 910 7,200
34, Theaters and community art centers 2. .o cacen- ®) 350 460 3,620
35, Museums. 14 | 230 %40 28270,
36. Public libraries. ... 103 190 246 1,910

Subtotal, recreation and cultural oo ooooeeeeeee 1,390 3,390 4,380 35,000

¥. OTHER PUBLIC BUILDINGS

37. Residential group care facilities for children 27__...__ Q] 250 270
38, Armories _— 1 15 15
39, Jails and prison X ® 90 120
40, Fire stations 191 130 170
41, Public office and court.bujldings. .- 218 320 400 g
42, Publicly owned industrial plants. 214 ) ® L

Subtotal, other public buildings. - <oeleeeeen-- 410 605 776 6,250,

1 Where data suppiied in chapter seér;iéd uh:ealistic, eépital outlay figures for 1964-65, as reported by the’

Bureau of the Census, have been used.

2 For capital outlays financed by Soil- Conservation Service; in the case of the Corps of Engineers and
Bureau of Reclamation projects, the capital outlays are made by the Federal Government.

3 80 percent of estimated capital requirements, per chapter.
4 Assumed to be 40 percent of estimated total capital requir:

5 Not available.

¢ 64 percent of estirnated total capital requirements, per chapter.
775 percent of estimated total capital requirements, per 1965 experience.
8 Municipal plus one-half of “State,.cooperative and other.”

9 5.5 percent of estimated total capital requirements (or 1965 outlays)
19 Shown separately, although included in “Highways, roads and stre

total for transportation.” X . .
‘11 Capital outlay in 1964,

12 Assumed to be 70 percent of estimated total capital requirements, b:
13 Calculated at 33.6 percent of estimated total capital requirements, per chapter.

ements, per 1959 Census of Agricultﬁm. o

ets;" however, excludéd from. *Siib-

ased on informed judgment.

14 Shown separately, although included in “Public elementary and secondary schools” and ‘“‘Academic

facilities for higher education’; however, excluded from “Subtotal for education.”

15 Capital outlay in 1964.

18 Calculated at 66 percent of estimated total capital requirements, per chapter.

put in place, net of direct Federal construction,

18 Assumned to be 25 percent of estimated total capital requirements, based on 1964 distribution of owner-
ship of organized outpatient departments, emergency departments and rehabilitation facilities (last, 1963

data).

19 Assumed to be 17 percent of estimated total capital requirements, based on distribution of ownership

of nursing home beds in 1964.

20 Caleulated at 50 percent of estimated total capital requirements,

per chapter.
ts for community centers, based on

21 Assumed to be 30 percent of estimated total capital requiremen
distribution of ownership of existing mental retardation facilities according to State plans of 46 States;
assumed to be 50 percent of total requirements for university affiliated facilities.

22 Caleulated at 40 percent of estimated total capital requirements, p

23 Assumed to be 40 percent of estimated total capital requirements,

er chapter.
“best judgment.”
24 Caleulated at 90 percent of estimated total capitel requirements, per chapter.

2 Assumed to be 50 percent of estimated total capital requirements, ‘‘best judgment,””

28 Caleulated at 28 percent of estimated total capital requirements, per chapter.

|
|
|
|
17 Assumed to be 26 percent of estimated total capital requirements, per 1965 distribution of construction

27 Tn addition to data in chapter, Children’s Bureau estimates—homes for neglected and disturbed chil-

dren—$40,000,000.
28 Calculated at 9.6 and 12.6 percent of $520,000,000.

70-132—66—vol, 1——3
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TasLe 3.—Comparison of public facility capital outlays of private, nonprofit:
organizations in 1966 with estimated capital requirements during 1966-76

{Dollars in millions]
. : : - : . Estimated
. Chapter number and type of facility Actual
. : 1965
i 1970 1975 1966-75
3. Rural-agricultural water supply systems ... .. - . $130 $170 |- $1,370
8. Electricpower3___._______________ $300 -300 350 3,150 -
17, Nonpublic elementary and secondary schools....___ 260 - 670 750 b, 960 -
19, 'Academic facilities for higher education$ __.__.____. 625 930 = 1,210{ - 9,630
20: College housing and related service facilities_ _....... - 5.182 400 500 4, 540
21;* Educational television 6. 3 10 20 120°
22, Hospitals 7. .___._ 1,070 1,360 - 11,190
23. Clinics and other outpatient facilities .. ... 8410 190 250 1,940
24. Long-term care facilitiesto____________________ - 80 110 870
25."Community mental health' centerst______ 140 220 1,470
26. Facilities for the mentally retarded 13_______ ® 170 - 200 1,670
27. Health research facllities® _ ________________ [©)] 230 300 2,400
28, Medical and other health schools 4. __________ (3 420 550 4,330
31. Rural outdoor recreational facilitiests_ ___ @ 90 120 960 -
32. Neighborhood centers for recreation .. _.. 43 80 100 780
33. - Arenas, auditoriums, exhibition halls 16 _ ®) - 10 10
34. Theaters and community art centers 17 ________...__ [©)] 210 280 - 2,160
35, Museums. R 10 18 60 18 80 18 620
87. ‘Residential group care facilities for children......__ @ 30 40 1 280
. Subtotal." ) 5,120 6, 620 . 53,520

1 50 percent of estimated capital requirements, per 1959 Census of Agriculture.
2 Not available.
8 One-half of “States, cooperatives and other.” ’
' : Fallcs%?—%id at 41 percent of estimated total capital requirements. -
n .
¢ Calculated at 34 percent of estimated total capital requirements.
7-Assumed to be 95 percent of estimated capital requirements for privately owned hospitals, per ownership
of hospital beds in 1964, 3 L X
8 Includes general and mental hospitals, clinics, nursing homes, related facilities; construction put in place

ata.

% Assumed to be 60 percent of estimated total capital requirements, based on 1964 distribution of ownership
of organized outpatient departments, emergeney departments and rehabilitation facilities (last, 1963 data).
b !:] A.ss%nﬁid to be 14 percent of estimated total capital requirements, based on distribution of nursing home

eds in .

1t Caleulated at 50 percent of estimated total capital requirements, per chapter.

12 Assumed to be 50 percent of estimated total capital requirements, based on distribution of ownership of
existing mental retardation facilities.

13 Calculated at 50 percent of estimated total capital requirements, per chapter.

14 Assumed to be 60 percent of estimated total capital requirements, “best judgment.’” 3

15 Calenlated at 20 percent of estimated total capital requirements, per ownership distribution in chapter.

18 Calculated at 1 percent of estimated total capital requirements, per chapter.

17 Assume to be 60 vercent of estimated capital requirements for privately owned facilities (theaters and
community art centers). .

18 Caleulated at 35 pe-cent of estimated capital requirements for museums, per chapter. .

19 Includes $17 million for maternity homes and $224 million for homes for neglected and disturbed childreny
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TaBLE 4.—Comparison of public facility capital outlays of private investor-owned
companies in 1965 with estimated capital requirements during 196676

[Dollars in millions]

Estimated
Chapter number and type of facility Alcg:ual
65
1970 1975 1966-75
2. Public water supply systems *._____________________ $260 $480 $560 $4, 860
3. Rural-agricultural water supply systems 2. - 6 10 80
4, Sanitary sewer collection systems ¢___ - 128 230 360 2, 580
5. Storm sewer systems o_______.________ - 720 880 1,030 9,000
7. Solid wastes collection and disposal facilities 6......- 40 70 9 720
8. Electric power. - o - 4,100 5, 500 6, 300 7 56, 000
9. Gas distribution systems 8 ._________._ - 770 940 1,130 9, 380
12. Offstreet parking facilities. ... - ®) 9 530 9690 5, 500
13. Urban mass transit facilities 10.. - ® 320 410 3,300
14. Airport facilities 1__________ - 50 100 110 990
15. Marine port facilities 12.. - 100 80 90 820
22. Hospitals B___________________ - ®) 60 70 590
23. Clinies andjother outpatient facilities 4. - ®) 30 40 320
24, Long-term care facilities 15____________ - ®) 410 540 4,300
26. Facilities for the mentally retarded 1. - [Q] 60 70 600
31. Rural outdoor recreational facilities 17. - ® 370 480 3,840
33. Arenas, auditoriums, exhibition halls 50 70 90 720
34, Theaters and community art centers 19_ ®) 140 180 1,450
35, Museums 20 ___ oo @) 5 6 50
Total.._ @ 10, 281 12, 256 105, 100

1 Calculated at 20 percent of estimated total capital requirements, per chapter

2 Assumed to be 3 percent of estimated total capital requirements, per 1

3 Not available.

4 Assumed to be 25 percent of estimated total capital requirements, per 1965 experience.

s Calculated at 36 percent of estimated total capital requirements, per chapter.

¢ Calculated at 25 percent of estimated total capital requirements, per chapter.

7 Estimated on basis of data furnished for 1966, 1970, and 1975.

8 Calculated at 94.5 percent of estimated total capital requirements, per chapter.

9 Calculated at 9.6 and 12.6 percent, respectively, of estimated requirements for 1966-75.
10 Assumed to be 30 percent of estimated total capital requirements, based on informed judgment.
u Calculated at 20 percent of estimated capital requirements for State and local public agencies, per

chapter.

12 Calculated at 64 percent of estimated total capital requirements, per chapter.

959 Census of Agriculture.

13 Assumed to be 5 percent of estimated capital requirements for private institutions, per 1964 distribution

of hospital beds in 1964.

14 Assumed to be 10 percent of estimated total capital requirements, based on 1964 distribution of owner-
ship of organized outpatient departments, emergency departments and rehabilitation facilities (last, 1963

data).

15 Assumed to be 69 percent of estimated total capital requirements, based on distribution of ownership

of nursing home beds in 1964.

186 Assumed to be 20 percent of estimated total capital requirements for community centers, based on

ownership distribution of existing facilities.

17 Assumed to be 80 percent of estimated total capital requirements, per ownership distribution of existing

facilities.

18 Caleulated at 9 percent of estimated total capital requirements, per chapter.

19 Assumed to be 40 percent of estimated capital requirements for privately owned facilities.

20 Calculated at 5 percent of estimated total capital requirements, per chapter.
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TABLE 6.— User charges for State and local public facilities

' User charges
Chapter number and type of facility

None Moderate ! | Substantial 2

A. BASIC COMMUNITY FACILITIES

1. Regional and river basin water supply systems.... ...~
2. Public water supply systems.__.___._.____ -

3. Rural-agricultural water supply systems.___._ -
4. Sanitary sewer collection systems....._ - - S
5. Storm sewer systems. — . G I,
(;. ‘Water waste treatment plants. X
9

MM

. Solid wastes collection and disposal facilities.
8. Electric power. ..
. Gas distribution systems......_. - O

ale

B, TRANSPORTATION FACILITIES

10. Highways, roads, and streets. emm - - -
11. Toll bridges, tunnels, and turnpikes. - . ——
12. Offstreet parking facilities, k - -
13. Urban mass transit facilities....-_ -
14. Airport facilities B
15. Marine port facilities

bbb bbb

C. EDUCATION FACILITIES

16. Public elementary and secondary schoolS .. o coeero- X |--- 2
17. Nonpublic elementary and secondary SChOOIS e oo - - X
18. Area vocational school facilities. . - X

19. Academic facilities for higher education. o ooooomo]eeoleiaaaan
20. College housing and related service facilities..

21. Educational television -
D. HEALTH FACILITIES

27. Health research facilities. D G FU
28. Medical and other health school SO PO X

"' E. RECREATION AND CULTURAL FACILITIES

29. State and Federal outdoor recreation facilities. ... ...--|--—-- . -
30. Urban local outdoor recreation facilities........ -
31. Rural outdoor recreational facilities. - -
32. Neighborhood centers for recreation, ete. - - -ooooooooomomlomsmaammoaoeme
33. Arenas, auditoriums, exhibition halls o -
34. Theaters and community art centers-.._ -

35. Museums._ ... - I O
36. Public librarie X

F. OTHER PUBLIC BUILDINGS

37. Residential group care facilities for children. .. _..-.—o—-—-
38, Armories .. oooooen
39. Jails and prisons. -
40, Fire stations. ... __._.___-
41. Public office and court buildings. - - oocococmmemmeeeee =
42, Publicly owned industrial plants.. ..o occoeoooomeeomonfemooo oo %

Total.. 3 9 12 21

1 User charges are infrequently employed or, when employed, they cover only a small part (under £0

percent) of capital and operating costs.
2 User charges are employed in all or most instances, or where they are employed, they cover all or a

substantial part (over 50 percent) of capital and operating costs.
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TaBLE 7.—Estimated public and private capital outlays for selected public facilities,
1962, 1970, and 1975

[Dollars in billions}]
Projected expenditures
Category Actual
1962
1970 1975
1. Basic community facilities:
(a) Sewer and water systems___________________________ $1.7 $2.7 $3.1
(b) Public utilities. _.__________________________________ 4.8 7.0 7.7
Subtotal 6.5 9.7 10.8
2. Transportation capital expenditures:
(a) Highways (excluding urban streets). .______________ 8.8 13.9 18.8
(b) Urban streets and highways..________ 2.9 5.8 7.0
(¢) Railroad and transit construction .1 1.1 1.1
(d) Airports - .3 .6 .8
(¢) Inland waterways ! .3 .4 .5
Subtotal .. e 12.4 21.8 28.2
3. Educational facilities capital outlays:
(a) Elementary and secondary schools_ _.._____________ 3.4 4.4 4.0
(b) Colleges and universities...________________________ 1.2 2.6 2.1
Subtotal 4.6 7.0 6.1
4. Medical facilities construction:
(a) Private expenditures. . .8 1.8 2.8
(b) Public expenditures. .6 4.0 4.8
Subtotal 1.4 5.8 7.6
5. Recreational and cultural:
(a) Recreational facilities 2.. 1.6 2.8 3.3
(b) Public libraries - .3 .8 1.0
Subtotal 1.9 3.6 4.3
6. Other public buildings 3, 2.2 3.6 3.8
Total, all categories. 29.0 51.5 60.8

1 Presumably includes port facilities.
2In urban areas only.

Source: Leonard A. Lecht, Qoals, Priorities and Dollars (New York: The Free Press, 1966), pp. 103,
139, 161, and 185.
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CuaPTER 1

State and Local Government Capital Expenditures in Relation to
National Economic Activity With Projections for 1975*

INTRODUCTION

In this chapter it is proposed to examine the relation of capital
goods purchases by State and local governments to the course of
national economic activity and other relevant factors. Projections
for 1975 of State and local government purchases of structures and
equipment are also prepared, making use of alternative assumptions
with respect to future rates of national economic growth, rates of
unemployment, prices, and other factors provided by the stafl of the
Joint Economic Committee. No attempt is made to analyze or
quantify existing or future Federal programs designed to provide aid
to State and local governments in order to meet the needs of their
changing economies and of the growing population. Rather, reliance
is placed on extrapolating the fairly stable relations which have
persisted in the postwar period among the national economic and
other variables and those of State and local governments. Therefore,
a basic assumption is that these relationships will continue to hold in
the future to substantially the same extent as they have in the past.
Should any marked departures develop from the historical patterns
of these relations, a reexamination of the projections herein set forth
would be required.

Outlays of State and local governments for structures and equip-
ment;?! that is, their capital expenditures, have risen sharply over the
postwar period in both current and constant dollars. In 1947 such
purchases ‘amounted to $2.7 billion, and in 1965 they were about
$20 billion—nearly 7% times as much. (See chart 1.) This expan-
sioni compares with a tripling in nonresidential structures and equip-
ment expenditures by private business. Also, in contrast to the
private sector where outlays for nonresidential structures in 1965
comprised about one-third of total expenditures for nonresidential
structures and equipment, State and local government spending
for structures constituted nearly 90 percent of their total capital out-
lays.? This emphasis of State and local governments on structures
reflects their efforts to meet the pressing needs of the population for
nonresidential buildings, such as schools and hospitals, for highways,
sewer and water systems, and for other public facilities.

-# By Louis J. Paradiso and Mabel A. Smith, Office of Business Economics, U.S.
Department of Commerce, with minor editing by committee staff. Mrs. Irene
M. Mattia of the OBE staff assisted in the computations, in developing regressions,
and in making charts.

1 These include State and local new construction plus purchases of existing structures less construction
force account compensation, and net purchases of equipment (purchases less sales). The definitions and
measurement conform with those used in the national income and product accounts.

2 State and local government structures include residential buildings which, in 1965, amounted to $500,-
000,000. Nonresidential structures in 1965 would also comprise 90 percent of capital outlays excluding
residential building.

35
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CHART 1.—STATE AND LOCAL GOVERNMENT EXPENDITURES FOR STRUCTURES AND
EQUIPMENT

Billion Dollars '

24

161

1947 49 51 53 55 57 59 61 63 65

U.S. Department of Commerce, Office of Business Economics

~ In the early postwar years, 1947 to 1949, State and local govern-
ment capital outlays nearly doubled, reflecting a surge in -demand
arising from the deficits in capital acquisitions incurred during World
War II. After 1949, however, while the capital expansion programs
still continued strong, the increases were considerably more moderate
than in the earlier period. Also, it may be noted that capital outlays
rose at a faster pace than did total expenditures of State and local
governments up to 1956. From 1957 to 1960 the relative increase
was less, and since then the rise has about matched the growth of total
expenditures.



STATE AND LOCAL PUBLIC FACILITY NEEDS 37

The following table shows for selected years a breakdown of total
State and local government expenditures on a national income and
product accounts basis and the relative proportions:

Expenditures (billions of dollars) Percent distribution
Strue- Other Strue- Other 0o
tures |purchases| Other Total tures |purchases| Other Total
and of goods | expendi- | expendi-~ and of goods | expendi- | expendi-
equip- and tures tures equip- and tures tures
ment services ment services
5.6 13.8 2.8 22.3 25 62 13 100
9.8 20.3 2.6 32.7 30 62 8 - 100
13.6 32.5 3.5 49.6 27 66 7 100
19.9 48.3 4.4 72.6 27 67 6 100

Source: U.S. Department of Commerce.

Purchases of goods and services other than structures and equip-
ment consist mostly of compensation of employees and spending for
nondurable goods. The “other” expenditures consist of transfer
payments plus net interest less the current surplus of government
enterprises; the ratio of these to total expenditures has been declining
since 1950, due to the large expansion in the operations of government
enterprises resulting in a sharp increase in their current surplus.

State and local government expenditures for structures and equip-
ment have differed substantially from GNP, both with respect to trend
and to general contour, whether compared in current or constant
dollars. Since differential price movements affect dollar values, a
comparison in constant dollars may be more useful. Chart 2 shows
the movements of the two series, State and local government, capital
purchases and real GNP over the postwar period.

Appropriate price indexes have been compiled for a number of
detail groups of structures and equipment purchases, and overall
implicit prices derived for the two major aggregates of these outlays.
For each of these major groups—structures and equipment—the
the implicit price has moved about in line with that for the respec-
tive group in the private sector. In the more recent years, however,
the implicit price for structures purchased by State and local govern-
ments has increased at a somewhat faster pace than that for the cor-
responding group in the private sector, mainly due to a different
composition and relative importance of the subgroups within the
major category.

As previously indicated, real capital purchases by State and local
governments moved sharply upward in the early postwar years.
However, after 1950, the rate of increase moderated considerably,
averaging 5.9 percent per year through 1965—still considerably
larger than the average growth rate of real GNP of 3.2 percent per
year over the same period. The growth rates show further disparities
when the period is split into parts. From 1950 to 1957 real purchases
of structures and equipment rose at a rate of 7.2 percent per year,
but after 1957 the rate was reduced to 4.7 percent per year. In
contrast, real GNP increased at 3.3 percent per year in the 1950-57
period but has expanded at an average rate of 4 percent per year
since 1957. In both periods the growth rates of State and local
government capital purchases exceeded those of real GNP,
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CHART 2—STATE AND LOCAL GOVERNMENT PURCHASES OF STRUCTURES AND
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Another important dissimilarity between the two series is their
movement in recession periods. In contrast to the downturn in resl
GNP in each of the four postwar recessions—the decline in 1961 is
not evident in the annual data—State and local government public
works continued to rise by as much as, or more than, in the immedi-
ately preceding years. It appears that in recessionary periods, total
revenues of State and local governments move contracyclically, and
their public works outlays also expand. Continuous vigorous State
and local government capital programs, financed by increasing tax
revenues and borrowing and by rising Federal grants-in-aid, have thus
helped in cushioning recessions and have contributed to the growth of
the economy. In contrast, investment in structures and equipment
by private business has fluctuated widely and has been an important
factor in shaping the patterns of the postwar business cycles.

It may be noted that business expenditures for plant and equipment
is a lagging indicator, turning down at about the time or shortly after
general business activity begins to decline and rising about 6 months
after the turnaround in general business. State and local government
expenditures for plant and equipment, on the other hand, cannot be
considered an indicator in relation to the general economy since it has
tended to show a continual growth throughout the postwar period.

The lower ‘panel of chart 2 shows the ratio of real State and local
government expenditures for structures and equipment to real GNP:
"The ratio rose sharply, from 1% percent of real GNP in 1947 to nearly
3 percent in 1958. Since then the proportion has fluctuated within a
relatively narrow range—between 2.8 and a little over 2.9 percent..

Nonresidential buildings, which include the important categories of
public schools and hospitals, and highway construction account for
roughly two-thirds of total capital outlays. Most of the major cate-
gories of public works grew rapidly in the early fifties, but since then
the advances have been more moderate; even so, the expansions have
continued at relatively high rates—certainly larger than the rate of
growth of the economy as a whole.

The following table shows State and local government expenditures
for the major categories of structures and equipment for selected
years:

New construction 2 (billions of current dollars) Pur-
Struc- chases of | Net pur-
tures and existing | chascs of
equip- Nonresi- | High- Sewer | Allother| struc- equip-
ment ! Total dential ways and construc- tures ment
buildings| water tion 3

1950 o ceeeee 5.65 5.24 1.89 2.09 0.66 0.61 0.14 0.39
1955 oo 9.82 8.95 3.39 3.78 1.08 .68 .33 .76
1960 oo 13.61 12.24 4.06 5.30 1.49 1.39 .41 1.26
1965 o oeoeeeaee 19.91 17.83 5.74 7.23 2.42 2.44 .68 1.78

1 Includes new construction and purchases of existing structures less construction force account compensa-
tion, and net purchases of equipment.

2 Includes construction force account compensation.

3 Includes residential buildings, public service enterprises, conservation and development, and other
construction not elsewhere shown.

Source: U.S. Department of Commerce.
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" Much of the impetus to the State and local government construc-
tion programs has come from the channeling of Federal funds through
grants-in-aid to these governments. These grants have increased
steadily throughout the postwar period—from $1% billion in 1947 to
about $11% billion in 1965. Considered by function, Federal grants-
in-aid allocated to highways are by far the largest, with public assist-
ance and relief, second. In 1964 these two functions absorbed two-
thirds of the total grants-in-aid. However, allocations to other
functions may be expected to expand rapidly in the coming years as
programs such as Federal assistance for health, and the modernization
of existing hospitals and construction of new ones get fully underway.
Also, the large needs for new educational facilities plus expanding
community redevelopment programs and housing development and
improvement in urban areas will result in rising Federal assistance for
these purposes. o

EXPENDITURES OF STATE AND LOCAL GOVERNMENTS

With the rising tempo of economic activity, State and local govern-
ment receipts have correspondingly expanded and have thus permitted
constantly rising expenditures for capital goods and for other pur-
poses. Chart 3 shows that, on a national income basis, expenditures
and receipts in the postwar period have been fairly close together
with the resulting surpluses and deficits relatively small. The largest
deficit—$2.3 billion—occurred in 1958, and the largest surplus—
$1.7 billion—in 1965. In the past 9 years, the aggregate deficit has
been just about equal to the aggregate surplus on the national income
account basis. However, the deficit or surplus in these accounts
does not indicate the change in the outstanding debt of these govern-
ments, mainly because their receipts and expenditures do not include
changes in financial assets and land transactions. Also, because the
accounts are on a consolidated basis, they include the operations of
the pension trust funds, which have been running a surplus in recent
years. Moreover, these governments need a larger volume of funds
in liquid form to support their expanding obligations.

Throughout the postwar period IS)ta’ce and local authorities have been
borrowing sizable sums with the result that there has been a steady
increase in the net debt. In the past 3 years this increase has averaged
over $6 billion a year, bringing the outstanding debt as of mid-1965
to $92.8 billion. This represents a ratio to their total 1965 expendi-
tures of 1.28. While this ratio has been maintained over the past 3
years, it is higher than in 1955, when it was 1.17, and much higher
than in 1950, when it was only 0.93.

If we assume that pension trust fund transactions, net borrowing,
and holdings of liquid assets will continue to bear about the same
relationship to-economic growth as in recent past years, then we may
use for purposes of longer-term projection total State and local
government receipts as a “proxy”’ measure of their expenditures.
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CHART 83.—STATE AND LOCAL GOVERNMENT RECEIPTS AND EXPENDITURES
(0N NATIONAL INCOME ACCOUNTS BASIS)
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ProiectioN or STATE AND LocAL GovERNMENT CapiTaL QUTLAYS
N 1975 '

State and local government purchases of structures and equipment
are dependent principally on their tax receipts, borrowing, Federal
aid received, and the needs of the growing population. Apart from
the Federal grants, the expenditures of these governments are pri-
marily dependent upon receipts from their own sources, and these
receipts are basically a function of the level of economic activity and,
particularly, personal income. Thus, the first requirement in pro-
jecting State and local government expenditures is to develop projec-
tions of these two overall measures of the national economy on the
basis of certain specific assumptions.

1. Projection of GNP

The pattern of economic activity and, more specifically, the require-
ments of State and local governments are influenced by the growth
and mobility of the population, and, of course, by many other factors.
Shifts in population—from agriculture to industry and from central
cities to suburbs—have greatly affected the rates of growth and the
types of needs of different industries and regions.

Following the end of World War II, the rate of population growth
accelerated markedly to 1.7 percent per year, compared with 1.2
percent during the war period and a much lower rate during the great
depression years. The Bureau of the Census has projected the 1975
population ® at nearly 223 million persons (series B). This implies an
average annual growth rate from 1965 to 1975 of 1.4 percent—some-
what less than that in the years since the end of World War II; in
absolute terms, however, the average increase is 2.8 million per year
in the next 10 years, only slightly less than the average in the postwar

eriod. :
P The age composition of the population in 1975 is expected to differ
from that in 1965, primarily due to a decline in the number of 5- to
9-year-olds. In 1965 the school-age group, 5 to 21 years old, com-
prised 31.9 percent of the total population;in 1975 the ratio is expected
to be somewhat smaller—31.2 percent. While the school-age group
will continue to increase in the period ahead, the rate of advance is
ﬁrojected to be considerably less than that of the past decade. This

as important implications on the expansion required for new school
buildings, teachers, and other requirements for education resulting
from the pressure of increases in the school-age group.

The population rise is eventually reflected in the growth of the labor
force, and this, in turn, is one of the basic factors in the expansion of
our potential production and economic activity. In the decade prior
to 1963, the labor force increased at an annual rate of 1.2 percent.
Since that year, the increase has accelerated to 1.7 percent per year,
reflecting, in large part, the relatively high birth rate in the early
postwar years. According to projections of the Department of Labor,
the labor force will expand to 93.6 million by 1975 *—indicating an

3 U.S. Department of Commerce, Bureau of the Census, “Population Estimates,” series P-25, No. 329,
M?r]f)elz%ai?;g?'ent of Labor, Bureau of Labor Statistics, ‘ Projections of the Labor Force,” 1970-80, Special
Labor Force Report, No. 49. The expansion of the labor force is to some extent a function of the rate of

economic growth. The 1975 labor force estimate assumes high levels of employment and might be con-
servative under the assumption of a prolonged high rate of economic activity.
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average annual rate of growth of 1.8 percent from the 1965 total of
78.4 million.

Tt appears that the economy would have to provide about 1% million
new jobs per year over the next 10 years if a low rate of unemploy-
ment is to be maintained. In 1965, the rate of unemployment im-
proved considerably, averaging 4.6 percent for the year as a whole,
and in early 1966, the rate was reduced to below 4 percent. As the
economy continues to grow, as more of our people become better
educated and more highly skilled, and as workers are trained to fit
the jobs which become available, unemployment may well be reduced
below present rates. For projection purposes, an unemployment rate
of 3 percent in 1975 is assumed—this with the other associated factors
discussed below is designated as assumption A. However, in order to
gage the differences if a 3-percent rate should not be achieved, an
alternative set of projections has been made on the assumption of a
4-pe1i(3:ent rate of unemployment in 1975—this is designated as assump-
tion B.

Another ingredient of production is the number of hours worked
per week. Average factory hours reached a postwar low of 39.1 hours
in 1949 and a high of 41.1 hours in 1965. Although hours worked
tend to rise in & cyclical upswing, a modest decline in the work-year
is assumed over the next decade.

The final major component of output is productivity, commonly
measured as production per man-hour. Productivity changes have
varied considerably year by year in the postwar period. Productivity
rises sharply in a year following a recession, and subsequently tends
to fall back to the longer term average. In the past decade, the
average annual rate of increase in productivity for the total private
economy has been 2.8 percent (on the labor force basis).

With continued large expenditures by business on new plant and
equipment, much of which is for the purpose of increasing efficiency,
the gain in private productivity in the next 10 years is assumed to
average 3.2 percent per year, somewhat higher than the average of
the past 10 years. This productivity increase is used in conjunction
with the 3-percent rate of unemployment (assumption A). A some-
what smaller gain in productivity is used with the assumed 4-percent
unemployment rate (assumption B) since investment in more efficient
productive facilities may be somewhat less than under assumption A.

B ased on the foregoing assumptions and consistent with the 3-percent
rate of unemployment (assumption A), the 1975 projection of the
GNP would be $940 billion in 1958 prices. This is equivalent to an
average growth rate in real GNP of nearly 4% percent per year from
1965 to 1975. If we assume a relatively stable price movement—a
2-percent increase per year in the GNP price deflator—associated
with the foregoing growth in real GNP, then the GNP in 1975, in the
prices of that year, would be $1,275 billion, an increase of more than
seven-eighths over the 1965 total of $676 billion.

The alternative projection of GNP in 1975 (assumption B) would
be $910 billion in 1958 prices, implying an average growth rate of a
little more than 4 percent per year from 1965 to 1975. Using a
somewhat smaller price increase—1.5 percent per year—associated
with the lower growth rate for GNP, would result in a projected GNP
of $1,180 billion in prices of 1975.
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2. Projection of Personal Income

As already indicated, personal income is another major determinant
of receipts of State and local governments. Since 1953 the ratio of
personal income to GNP has varied from a low of 78.1 percent in 1955
to a high of 80.8 percent in 1958. The ratio rises sharply in a recession
period and declines abruptly in the first year of recovery; thereafter,
the changes tend to be relatively small. Fluctuations in this ratio
are to a large extent a reflection of changes in corporate retained earn-
ings (these are excluded from personal income but are included in
GNP), which fall sharply during a recession and thereafter rebound,
particularly in the early phase of the recovery. In 1965 the ratio of
personal income to GNP was 78.5 percent—a moderate decline from’
the 79 percent in the first year following the 1961 recession.

The 1975 projection of personal income is derived by utilizing a
regression relating personal income to GNP in current dollars for the
period 1953-65, excluding the recession years 1954, 1958, and 1961.
The regression equation expressed in billions of current dollars is:

(1) Personal income=3.752+.7827 GNP %=.999. ~

Using the projected 1975 GNP of $1,275 billion, this relation yields
a corresponding personal income of $1,000 billion in 1975 under
assumption A. The ratio of personal income to GNP in 1975 is
78.4 percent, only fractionally lower than the 1965 ratio. On the
alternative GNP projection of $1,180 billion in 1975 (assumption B),
personal income, as set forth by the staff of the Joint Economic
Committee, is $895 billion. This implies a significantly lower ratio
to GNP than for assumption A.

3. Projection of State and Local Government Receipts

Having projected the GNP and personal income, we are now in a
position to estimate State and local government receipts. The major
sources of these receipts and their amounts in 1965 are given below.

[Billions of dollars]
Personal tax and nontax receipts._ _ - . . ___________________ 11. 5
Property taxes._ - e 23.0
All other taxes 1 _ e 28 4
Federal grants-in-aid- - .. 11. 4
Total receipts._ o oo oo oo e 74. 3

1Includes corporate profits taxes, contributions to social insurance, and all indirect business taxes other
than property taxes. )

a. Personal tax and nontax receipts. Over the postwar period an
increasing number of States have inaugurated taxing of personal
incomes or have increased their existing rates as a means of obtaining
additional revenues. As a result, the ratio of State and local govern-
ment personal taxes to national personal income has risen steadily
over t]la)e past deeade, from 1.3 percent in 1955 to 2.2 percent in 1965,
with the rise in the ratio slowing somewhat since 1960. The share
of personal income taken by State and local governments is likely
to continue to increase in the years ahead.
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A closer relationship between State and local personal taxes and
personal income is given by the following regression (in billions of
dollars) derived from the more recent period 1960 to 1965:

(2) log (State and local personal taxes) =—3.507-+1.679 log (personal

income) %=. 992.

This equation yields a more conservative projection of personal tax
receipts over the next decade than that based on the period 1955-65.
The relationship indicates that on the basis of the experience of the
past 6 years a 10-percent rise in personal income, for example, would
yield on the average a 16.8 percent increase in these personal taxes.
The equation provides a 1975 estimate of State and local personal tax
and nontax receipts of $33.9 billion under assumption A. This pro-
jection is equivalent to 3.4 percent of the projected personal income in
that year. Under assumption B, the projected personal tax receipts
in 1975 would be $28.2 billion. c I

b. Property tazes. State and local governments, particularly local
governments, have used property taxes, for the most part, to finance
current public school requirements. In response to the rapidly
increasing school enrollment throughout the postwar period, these
taxes have risen sharply—from $5.3 billion in 1947 to $23.0 billion in
1965, or an average rate.-of growth- of 8.5 percent-per year: = Despite
this large rise, however, the ratio of property taxes to total receipts of
State and local governments has been drifting downward over the
postwar period. _In 1947 the ratio was 35 percent and in 1965 it was
down to 31 percent. ’

Property taxes follow very closely the movement of State and local
government wages and salaries for public education as chart 4 shows.
The following equation describes the relationship for the period 1950—
65, in billions of dollars: ‘ :

3) log (Property taxes)=.353+.793 log (State and local wages and

salaries for education) §=.9995.

This relation implies that, over the past 15 years, an increase of 10
percent in these wages and salaries, for example, has been associated
on the average with an increase of nearly 8 percent in property tax
receipts.

Property tax collections in 1975 may be obtained from equation (3)
and a projection of wages and salaries for education. The latter
has shown a remarkably steady rate of growth over the past 15 years
when expressed as a ratio per person in the school-age group 5 to 21
years old. In 1950 the average wage and salary for education per
school-age person was $108; in 1965 it rose to $306. The average
rate of increase over this period was 7.2 percent per year; however, it
should be noted that the rate of increase in the number in this age
group has been decreasing in recent years.

The most recent projections of the Bureau of the Census show
that the number of 5 to 21 years olds would total 69.5 million in
1975 compared with 62.1 million in 1965, an average rate of growth
of 1.1 percent per year—much lower than the 3.2 percent annual
growth rate of the past 10 years. Wages and salaries for public
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CHART 4.—STATE AND LOCAL PROPERTY 'TAXES RELATED TO STATE AND LOCAL
WAGES AND SALARIES FOR PUBLIC EDUCATION
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education per 5 to 21 year olds for 1975 are obtained by extrapolating
the 1956-65 trend (in terms of logarithms). The 1975 projection
averages $600 per person in the school-age group. This average is
then multiplied by the projection of the school-age group, 69.5
million persons, to yield a 1975 projection of wages and salaries of
$41.7 billion. This total implies a lesser rate of increase in the next
10 years than in the past decade.

The projection of wages and salaries for education, when applied
in equation (4), yields an estimated property tax for 1975 of $43.5
billion compared with $23.0 billion in 1965—or a rate of increase of
6.6 percent per year, a considerable reduction from the average rate
of gain of 8.2 percent per year in the past 10 years. This projection
is the same for both the A and B assumptions.

c. Tax receipts other than property and personal. These include
State and local sales taxes, corporate profits tax accruals, contribu-
tions for social insurance, and other taxes not considered above. In
1965 these taxes amounted to $28.4 billion; they have risen steadily
over the postwar period from the total of $6.4 billion in 1947. In the
aggregate, changes in these “other’” taxes are dependent on long-term
developments in economic activity. With the exception of corporate
tax accurals, which comprise a relatively small proportion of these
taxes, they are not strongly affected by recessionary influences;
indeed, in every postwar recession, when the GNP dropped or halted
its advance, they have risen in the aggregate. However, the overall
relationship of these taxes to GNP since 1951 has been quite close
with the only marked deviation from a linear regression occurring in
1961. The regression, in billions of dollars, for the period 1951-65 is:

(4) Taxes other than personal and property =—7.18+.0533 GNP
r?2=.996. - ‘

This relation indicates that increases in these taxes have on the
average conformed with about 5.3 percent of the increase in GNP over
the period 1951-65. Assuming that this relation will hold over the
next 10 years, the projection of these taxes in 1975 is $60.8 billion,
corresponding to the GNP of $1,275 billion projected in that year under
assumption A. This reflects an average growth rate of 7.9 percent
per year over the next 10 years—a rate somewhat higher than that
of the past decade. TFor assumption B these taxes are projected at
$55.7 billion in 1975. ’

d. Federal grants-in-aid. The role of the Federal Government in
relation to_the needs of State and local governments is changing
rapidly. Not only are the public works needs of our population
expanding, but also the costs of the projects are rising—for both labor
and materials. State and local bodies are constantly striving to raise
their revenues by imposing new taxes or upping existing tax rates,
but even so the additional revenues fall short of the necessary required
funds. The Federal Government has assumed a larger share of the
burden of financing many of the requirements of State and local bodies,
and through its new or expanded programs for improving health and
education, and through a host of other measures designed to better the
standard of all Americans, it will provide increasing aid to State and
local governments.

No definitive projections of Federal grants-in-aid to State and local
governments can be made at this time because the Federal programs
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are in a state of flux. 'The expanded operations in Vietnam are now a
factor in limiting the Federal funds allotted to State and local bodies.
When the activity there quiesces or stops entirely, the Government
will proceed to implement fully its domestic programs.

Private sources ° estimate that existing programs would call for arise
in Federal grants-in-aid to $30 billion or more in 1975. Relative to
assumption A, a large expansion in Federal receipts is indicated, since
GNP and income would grow at a faster pace than during the average
of the postwar period. This would permit the implementing of
existing Federal aid programs for State and local governments and also
would provide for some additional future Federal aids to these bodies.
Thus, a large growth in Federal grants-in-aid may be envisaged under
this assumption, but the amount of increase can only be surmised at
this time. For the purpose of calculations associated with assumption
A, the Federal grants total in 1975 is placed at $35 billion—derived
by applying the same average percentage rate of increase per year over
the next 10 years as that which occurred over the period 1960-65;
i.e., 12 percent per year. B R

" In conjunction with assumption B (the 4-percent rate of unemploy-
ment) it is assumed that the average annual absolute increase 1n
Federal grants would be somewhat larger than the average absolute
increase of $1.1 billion per year experienced since 1962, when annual
increases were larger than the average in the earlier postwar years.
The assumed total grants for 1975 is $25 billion compared with $11.4
billion in 1965. LT Do S :
* The above estimates yield ‘the total State and local government
feceipts from all sources under assumptions A’ and B. “‘These ‘are
summarized in the accompanying table which includes the projections
of the major national variables and of State and local government
receipts. 4

Projection, 1970 Projection, 1975 -
1965
actual :
Al B? Al B?

GNP (billion current dollars) . cecocoooooocmacmaaaaan 676.0 940.0 905.0 | 1,275.0 1,180.0
GNP (billion 1958 dollars) 610.0 760.0 750.0 940.0 910.0
Implicit GNP price (1958=100) 111.0 123.0 121.0 136.0 130.0
Personal income (billion dollars) . - - 531.0 740.0 700.0 | 1,000.0 895.0
Population (millions) _ .. 194.6 207.0 | - 207.0 223.0 223.0

School-age population, 5 to 21 years of age
(millions) —— 62.1 67.4 67.4 69.5 €69.5

State and local government receipts—total (billion
dollars).-.- - — 74.3 115.8 109.7 173.2 162.4
Personal tax and nontax receipts. ..o 1.5 20.4 18.6 33.9 28.2
Property taxes - 23.0 32.5 32.5 43.5 43.5
All other taxes. - 28.4 42.9 41.1 60.8 55.7
Federal grants-in-aid - 11.4 20.0 17.5 35.0 25.0

1 Based on assumption of 3-percent rate of unemployment.
2 Based on assumption of 4-percent rate of unemployment.

NoTE.—See text for sources and methods and assumptions used in deriving the projections.
Source: U.8. Department of Commerce.

Assuming that State and local government expenditures would
equal receipts in 1975, on the national income and product basis, the
projected expenditures under assumptions A and B would be about

s The National Planning Association has estimated a range in Federal grants-in-aid of between $31 and $43
billion in 1975 in their national-regionaleconomic projectionsseries, Report No. 66-J-1.



STATE AND LOCAL PUBLIC FACILITY NEEDS 49

$173 billion and $152 billion, respectively. In 1965 total expendi-
tures were $7214 billion, so that these projections represent an average
annual rate of increase over the next 10 years of 9.1 percent and 7.7
percent, respectively; these rates compare with 8.1 percent per year
from 1955 to 1965.

4. Projection of Structures and Equipment Expenditures

To project State and local government capital outlays realistically
would involve an examination of the various types of construction
programs and other needs for the period ahead, an appraisal of re-
gional and local requirements, and of the ability of State and local
authorities to finance the projects. Also, the scope and nature of
Federal Government aids to State and local governments would need
to be considered. But even projections based on such thorough con-
siderations would still involve making conjectures and judgments at
many points. No long-term programs or plans are available for the
major categories of capital outlays by State and local governments.
In addition to many other unknowns, there is the question as to
how fully existing programs and legislation of the Federal Govern-
ment affecting State and local government public works will be imple-
mented over the coming years and what new programs and legislation
might be forthcoming.®

In view of the aforementioned uncertainties, the only other approach
to projecting over the longer term is by developing meaningful rela-
tions which portray the historical experience, particularly if they have

roved to be stable under varying political and economic conditions.

uture events can alter the past pattern, but this is the risk involved
in any attempt to look ahead, whether short run or long run. This
approach, which has been used in making the foregoing projections,
is also utilized to project capital outlays.

As already indicated, State and local government expenditures for
structures and equipment comprise a fairly large part of their total
expenditures. Since the latter are largely dependent upon the re-
ceipts of these bodies, the volume of capital outlays, together with the
borrowing required to finance them, tend to move with receipts or
expenditures. Chart 5 shows that real capital outlays moved up
rather sharply relative to real total expenditures’ up to 1954. ‘Since
then the relative movement has been more moderate. A linear re-
gression for the period 1954-65, in billions of 1958 dollars, is:

(5) Capital outlays=.414-.287 (total expenditures) % =.994.

The relationship is very close over this period and implies that the
change in real capital outlays has on the average reflected nearly 30
percent of the change in real total expenditures.

To project real capital outlays it is necessary to estimate real
State and local government expenditures; this requires a projection
of their implicit price. These prices have moved in a close relation

6 A detailed analysis for the year 1970 using the foregoing considerations is available in an unpublished
manuscript, ‘“‘State and Local Finances, Project 1970,” prepared for the Federal Interagency Committee
on Economic Growth by thé Council of State Governments.

7 Since purchases of goods and services comprise the bulk of total State and local expenditures, the latter

were converted to real terms by the use of the implicit prices for goods and services—see table 1 in the ap-
pendix.
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CHART 5.—STATE AND LOCAL GOVERNMENT CAPITAL OUTLAYS RELATED TO TOTAL
EXPENDITURES '

[In constant prices]
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with the total GNP implicit prices over the past 15 years—a 1-percent
increase in the latter prices have been accompanied on the average
by a 1.7-percent increase in those for State and local government ex-
penditures. This larger relative advance is attributable to the way
prices of services (measured by wages and salaries) are treated in the
government sector of the GNP;i.e., no productivity gain is imputed
-in_measuring real government GNP. In the government sector real
GNP moves proportionately to the man-hours, whereas in the private
economy real GNP reflects the productivity times man-hours. Thus,
the implicit price movements in the private sector reflect the effects of
productivity changes whereas in the government sector they do not.

The relationship of State and local government expenditures implicit
prices with those for ‘GNP for the period 1950-65, with each price
index on a 1958 base, is as follows:

(6) log (State and local government expenditures implicit price)=
—1.4194-1.714 log (GNP implicit price) %=.985.

Equation (6) produces an implicit price index for 1975 of State and
local government expenditures of 174 (1958=100) for assumption A
(which involves an average rate of increase in the GNP implicit price
of 2 percent per year), and an index of 160 (1958=100) for assumption
B (which involves a rate of increase in the GNP implicit price of 1.5
percent per year). Using these deflators gives a 1975 projection of
real State and local government expenditures of $99.5 billion under
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3ssllllmpti0n A and $95.2 billion under assumption B, both in 1958
ollars.

Thus, applying these estimates of real total expenditures in equation
(5) results in projections of real purchases of structures and equipment
by State and local governments in 1975 of $29.0 billion (1958 dollars)
under assumption A and $27.7 billion (1958 dollars) under assump-
tion B; these projected real capital outlays imply an expansion over
the next 10 years of 65 percent and 57 percent under assumptions
A and B, respectively. The increase over the decade 1955-65 was
58 percent.

Of especial interest is the projection of real new construction ex-
penditures by State and local governments which, except for construc-
tion force account compensation, are included in expenditures for
structures. As indicated earlier, these expenditures in 1965 repre-
sented 90 percent of total purchases of structures and equipment.
The projection of new construction is derived by subtracting from the
projection of structures and equipment those of equipment and
“other” structures.

Equipment purchases in constant dollars have risen along a well-
defined upward trend since 1958, averaging $110 million per year. An
extrapolation of this trend results in a 1975 projection of equipment
purchases of $2.8 billion (in 1958 dollars); in 1965 such ‘purchases
smounted to $1.7 billion. Subtracting the projections of equipment
from those of structures and equipment combined, results in projec-
tions of structures of $26.2 billion and $24.9 billion (in 1958 prices)
under assumptions A and B, respectively. ‘ o

Expenditures for structures excluding new construction & (in ‘con-

stant dollars) have risen moderately since 1955. On the basis of an
extrapolation of the 10-year trend, these purchases are projected at
$0.4 billion (in 1958 dollars) for both the A and B assumptions; the
1965 figure was $0.3 billion. ,
- As a result, new construction of State and local governments is
projected in 1975 at $25.8- billion for the A assumption and $24.5
billion for the B assumption, in terms of 1958 dollars. These projec-
tions imply a growth over 1965 of 65 percent and 57 percent, respec-
tively, for the A and B assumptions.

For certain purposes total capital outlays, excluding residential
building construction, are desired, since the latter is affected by special
factors. State and local government residential building construction
has shown erratic movements over the past 15 years, with no discern-
ible trend either in constant or current dollars. With this pattern in
mind and in the absence of a detailed analysis of the factors underlying
the movements of residential building construction, the 1975 projection
was placed at $0.5 billion in both current and constant dollars—equal
to the average of each series for the years 1950-65. This yields pro-
jections of new construction excluding residential building of $25.3
billion and $24.0 billion (1958 dollars) for assumptions A and B,
respectively.

The foregoing projections have been derived in constant dollars.
The current dollar projections are derived from these by the use of
the assumed GNP implicit prices and derived relations of the implicit
prices of structures and of equipment to the GNP implicit prices in
recent years. Since 1959 the implicit prices of State and local govern-

. A—
8 Consists of net purchases of existing structures less construction force account compensation,
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ment structures have risen sharply relative to the implicit GNP prices—
a 1-percent rise in the implicit GNP price has on the average been
accompanied by a 1.6-percent rise in the implicit price of structures—
mainly reflecting the relatively faster pace of construction prices
generally. On t%e other hand, in this same period the implicit prices
of equipment purchases by State and local governments have shown
only a slight rise relative to the movement of the implicit GNP prices.
Applying these price adjustments to the constant dollar State and
local government capital outlays converts the projections to current
dollars. The following table summarizes the 1975 projections in both
constant and current dollars:

Projections of structures and equipment purchases of State and local government,
1970 and 1976 :

Projection, 1970 | Projection, 1975
Actual,
1965 . .

Assump- | Assump- | Assump- | Assump-

tion A tion B tion A tion B
Structures and equipment (billion 1958 dollars)...... 17.6 23.2 22.6 29.0 27.7
- Structures_____.______ 15.9 20.9 20.3 26.2 24.9
. New construction__ 15.6 20.6 20.0 25.8 24.5
ddendum: ‘Residential building. .. .... .3 .5 .5 .5 )
Other 1. .3 .3 .3 .4 .4
Equipment. . 1.7 2.3 2.3 2.8 2.8
8tructures and equipment (billion current dollars). . 19.9 30.4 29.0 44.7 39.6
Structures 18.1 28.0 26.6 41.7 36.6
New construction_ ... __.__.._.._ 17.8 27.6 26.2 41.2 36.1
Addendum: Residential building..._... .4 .5 .5 .5 .5
Other 1. .3 .4 .4 .5 .5
Equipment. ... : 18 2.4 2.4 3.0 3.0

1 Includes net purchases of existlng structures less construction force account compensation.. The latter
item is deducted here because it is included in compensation of employees of State and local governments in
the national income and product-accounts. . B

NortE.—In July 1966—subsequent to the time when the calculations above were made—the estimates in
the national income and product accounts were revised for the years 1963-65. While the upward revisions
of GNP and personal income in 1965 amounted to $5,000,000,000 and $4,000,000,000, respectively, the effect
of these changes on the above projections is relatively small; for example, projections of State and local
capital expenditures would be raised by about $500,000,000 in 1970 and 1975, - :

‘Source: U.S. Department of Cornmerce.
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APPENDIX

Regression Equations and Basic Data Used in Deriving the 1975
Projections of State and Local Government Expenditures for
Structures and Equipment

The following model was used as the basis for the projections, with
all data on a national income and product accounts basis:

R? Period:

E=R+U.
R=PT+PrT+OT+FG. . O

log PT'=—3.507+1.679 log PT. 0.992 60°65
log PrT=.353+.793 log WSE._ - - . 9995 50-65

WSg=WSEp,

XP. S SR A

log WSEp=2.341+.029¢ (¢=0 for 1960)._____ ——- - . 998 56-65
OT=—7184+.0533 GNP__.______________ . 996 51-65

log FG=.911+4.0499t (¢=0 for 1962) for Assumption A
FG=9.15+41.15t (t=0 for 1963) for Assumption B_
SEQc=Sc+EQc-. -

SEQc=.414+.287Ec — . 994 54-65

Ec=E+Ig_ .. RS I .

log Ig=—1.419+41.714]og IgNp- . - . 985 53-65
Qc=1.458+4-.115¢ (¢=0 for 1961) ___ e . 991 58-65

E

Se=8SEc—EQc S
NCe=8Sc—0c .

Oc=.168-+-.018t (¢=0for 1960) . ________
log Is=—1.267+41.624 log Ignp. -
log 1r@=1.6324-.185 log Ignp.
S=8¢X
EQ=EQcXIra. R

S+E

SE=
Ni

=8—0.._
0=.165--.019t (¢=0 for 1960) .

Is

('Zg‘herx:lotations used in the above equations follow:
1 5
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(2 PT
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State and local government expenditures, in billions of current-dollars.

State and local government receipts, in billions of current dollars.

State and local government surplus or deficit, in billions of current dollars.

State and local government personal taxes, in billions of dollars.

State and local government property taxes, in billions of dollars.

State and local government taxes other than personal and property, in billions of dollars.

Federal grants-in-aid to State and local governments, in billions of dollars.

National personal income, in billions of dollars.

State and local government wages and salaries for education, in billions of dollars.

Si;atel and lg)cal government wages and salaries for education per schoolage person (ages 5-21,
inclusive).

Schoolage population (ages 5-21, inclusive).

Gross national product, in billions of dollars.

State and local government purchases of structures and equipment, in billions of 1958 dollars

State and local government purchases of structures, in billions of 1958 dollars. i

State and local government purchases of equipment, in billions of 1958 dollars. .

Implicit price deflator for State and local government expenditures, represented by the
implicit price deflator for goods and services purchased by these governments (1958=100).

Implicit GNP price deflator (1958=100). E

State and local government purchases of new construction, in billions of 1958 dollars. o

Statye gsrgddlo!(l:al government purchases of “‘other’’ structures than new construction, in billions
of 1! ollars. :

Implicit price deflator for State and local government expenditures for structures (1958=100). -

Implicit price deflator for State and local government expenditures for equipment (1958=100).

State and local government expenditures for structures, in billions of current dollars. ’

State and local government expenditures for equipment, in billions of current dollars. :

Stgtﬁland local government expenditures for structures and equipment, in billions of current

ollars. '

‘State and local government expenditures for new construction, in billions of current dollars.

State and local government expenditures for ‘“‘other’ structures than new construction, in
billions of current dollars.
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TxsLE 1—GNP and State and local government expenditures, 1947-65 and
projected 1976

GNP State and local government
expenditures
Billions | Implicit | Billions.| Billions | Implicit | Billions
of price! of 1958 of pricel of 1958
current | (1958= | dollars | current |° (1958= | dollars
dollars 100) dollars 100)
231.3 74.6 309.9 14.3 60. 4 23.7
257.6 79.6 323.7 17.4 66.4 26.3 .
256. 5 79.1 324.1 20.0 68.9 20.1
284.8 80.2 355.3 22.3 70.8 31.6
328.4 85.6 383.4 23.7 76.9 30.8
345.5 87.5 395.1 25.3 80.6 37.3
364.6 88.3 412.8 27.0 82.8 32.6
1954 - —— — 364.8 89.6 407.0 29.7 85.3 35.0
1955 B - 388.0 90.9 438.0 32.7 87.5 37.3
1956~ 419.2 94.0 446.1 35.6 92.7 38.4
1957 ——io 441.1 97.5 452.5 39. 97.3 40.6
1958 ..__ 447.3 100.0 447.3 44.0 100.0 44.0
1959 - 483.6 101. 6 475.9 46.8 102.6 45.6
1960 . eaee - 503.8 103.3 487.8 49.6 <105.9 46.9
1961 520.1 104.6 497.3 54.1 109. 4 49.5
1962 560.3 105.7 530.0 57.6 113.2 50.9
1963 580.2 107.1 550.0 62.2 116.5 53.4
1964..__ 628.7 108.9 577.6 67.2 119.3 56. 4
1 676.3 110.9 609.6 72.6 122.8 50.1
1975 projected: 2 -
Assumption A. 1,275 135.9 940 173.2 174 98.5
Assumption B_ 1,182 130.0 910 152.4 160 95.2

1 Implicit price for State and local government purchases of goods and services.
2 See foregoing text for details of these assumptions.

Source: U.S. Department of Commerce.

TaBLE 2.—»State and local government expenditures for structures and equipment,
1947-66 and projected 1976

Billions of current dollars Billions of 1958 dollars
Struc- . New Struc- New
tures Struc- con- Equip- tures Struc- con- Equip-
and tures? struc- ment and tures strue- ment
equip- tion equip- tion
ment ment
2.7 2.5 2.5 0.3 3.8 3.5 3.5 0.4
3.8 3.5 3.5 .3 5.0 4.5 4.6 .4
5.1 4.8 4.8 .3 6.7 6.2 6.4 ]
5.6 5.3 5.2 .4 7.5 7.0 7.0 .5
6.8 6.3 6.3 .5 8.0 7.4 7.5 .6
7.2 6.5 6.6 .6 8.2 7.4 7.6 .8
7.8 7.1 7.1 .7 8.8 8.0 8.1 .8
9.0 8.3 8.3 W7 10.3 9.4 9.5 .9
9.8 9.1 8.9 .8 11.2 10.3 10.2 .9
11.0 10.1 10.0 .9 11.5 10.6 10.5 .9
12.2 11.2 11.1 1.0 12.2 11.2 11.2 1.0
13.2 12.2 12.1 1.0 13.2 12.2 12.1 1.0
13.7 12.6 12.3 1.1 13.7 12.6 12.4 1.1
13.6 12.4 12.2 1.3 13.6 12.3 12.2 1.2
14.7 13.4 13.3 1.3 14.5 13.2 13.1 1.3
15.5 14.1 14.0 1.4 14.9 13.5 13.3 1.4
16.7 15.1 14.9 1.6 15.6 14.1 13.9 1.5
18.1 16.4 16.1 1.7 16.6 14.9 14.6 1.7
- 19.9 18.1 17.8 1.8 17.6 15.9 15.6 1.7
1975 projected:
Assumption A__. 44.7 41.7 41.2 3.0 29.0 26.2 25.8 2.8
Assumption B_.. 39.6 36.6 36.1 3.0 27.7 24.9 24.5 2.8

1 Includes new construction less force account compensation, plus net purchase of existing structures.
2 See foregoing text for details of these assumptions.

Source: U.S. Department of Commerce.



CHAPTER 2 )
Material Requirements for State and Local Public Works, 1946-75*
I. New CONSTRUCTION AND MATERIALS REQUIREMENTS '

The value of building materials consumed in State and local con-
struction rose ninefold. between 1946 and 1965. Over this period, the
value of new State and local construction increased only sixfold.! But,
the significant factor in the upsurge of total consumption was the
physical volume (constant dollar) increase in State and local construc-
tion of 300 percent.

Viewed in terms of the proportion of total State and local construc-
tion expenditures involved, building materials usage rose from 35 to
50 percent in these years. This increase in the relative importance of
materials expenditures reflects advances in laborsaving technology,
reductions in onsite labor requirements due to the increased use of
prefabricated materials, and the faster growth of the more material
irllltensive types of construction. It is not merely a reflection of price
changes.

The backlog of postponed construction projects in the immediate
post-World War IT period set the stage for an upsurge in both private
and publicly owned construction. During the war, new construction
had almost come to a standstill, but maintenance and repair work of
necessity continued to be strong. This work, however, while provid-
ing a limited market for building materials products, at the same time
provided a base for maintaining capacity which was instrumental in
fulfilling the materials requirements for new construction immediately
after the war. Full capacity production levels were reached very
quickly in the postwar period in most building materials industries.
Significant price increases for many products were the inevitable result,
especially for materials which were heavily dependent upon the boom-
ing residential market. Capacity-price pressures prevailed for some
industries until the end of the Korean conflict in 1953, but since that
time materials production has generally not been pressing capacity
and price movements have not been primarily associated with this
factor.

A. COMPONENTS OF NEW CONSTRUCTION GROWTH

In the first post-World War II year, 1946, the physical volume of
new construction, both private and public, was more than double that
of each of the preceeding 2 war years. Federal, State, and local con-

*Prepared in the Business and Defense Services Administration, U.S. Depart-
ment of Commerce under the direction of Aaron Sabghir, Chief Economist, Build-
ing Materials and Construction Industries Division, by John R. Cambern and
Phyllis A. Scott, staff economists, with minor editing by committee staff.

1 For purposes of this study, State and local construction does not include public housing, which, because

of many special factors, lends itself to separate analysis. The State and local construction discussed in this
chapter includes, however, federally aided as well as nonfederally aided work,
55
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struction constant dollar outlays in 1946 were about 15 percent of
total new construction. Federal Government construction, however,
dropped off somewhat with demobilization, but State and local outlays
followed the pattern of private construction and many categories
showed an enormous spurt between 1945 and 1946. For example, the
value of public educational construction activity in constant dollars
jumped by almost 50 percent, highways by 75 percent, and sewer and
water by more than 75 percent, in only 1 year’s time. All of these
are primarily owned by State and local governments. One category
which not only failed to show a construction spurt but actually dropped
in real activity was hospitals where many projects appear to have
encountered difficulties.

By 1953, the first post-Korean year, the public sector had grown to
almost 30 percent of total new construction. Although dropping
slightly in the next few years, since 1958 the public sector proportion
remained relatively steady at 30 percent. The physical volume of all
new public construction by 1965, was about 250 percent above that
of 1947. State and local construction activity, up by about 300 per-
cent was mainly responsible. In general, in the first few years after.
World War II, the most rapid period of growth for most types of
State and local construction expenditures reflected a large backlog
of unmet public works needs. This was an inheritance from ‘the.
prewar depression years as well as from the restrictions of World War
II. The stimulus due to the introduction of new programs of Federal
aid was taking effect while State and local governments were showing
major improvements in their financial condition. . Between 1946 and
1949 Federal aid about doubled. Thus, Hill-Burton hospital construc-
tion assistance funds, which became available beginning in 1947,
stimulated hospital construction to become one of the fastest growing
categories of State and local public facilities. State and local hospitals
showed an estimated fivefold increase between 1947 and 1949.

Educational construction, even without a comparable stimulus from
Tederal aid, increased fourfold between 1947 and 1949 and then began
to slow down as the wartime backlog was partially eliminated. How-
ever, the growing school population as well as a high rate of population
mobility, and housing development in suburban areas continued to
stimulate school building. By the midfifties expenditures reached a
physical volume peak (not surpassed until 1965) which was more than
double the 1949 rate of outlays. Average annual growth over the
20-year period for new public educational facilities was the highest
among all State and local construction categories (table 1).
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TaBLE 1.—State and local construction activity, 1947-65 1

Activity (millions 0f1957-59| Average

dollars) annual rate

of increase

(percent)

1947 1965

‘Total State and loeal . ______ . ___.__________ $3,279 $13, 396 8.2
Nonresidential building - 635 4,351 11.3
Educational ... _.__ 363 3, 042 12,5
Hospital and institutional 75 397 9.6
Administrative and service. - 57 414 1.6
Other nonresidential - 140 498 7.3
Nonbuilding construction 2, 644 9,106 7.1
Sewer. 329 954 6.1
Water.... 286 699 5.1
Highways_ 1,631 6, 543 8.0
All other 398 910 4.7

1 The statistics for 1947 and 1965 are prepared by Business and Defense Services Administration on a com-
Pparable basis by using the ‘“old”’ Bureau of the Census series which terminated with 1965.

The growth of highway construction, traditionally a large expendi-
ture item for State and local governments, was stimulated in the
first decade after the war by the ABC Federal-aid program under
which the Federal Government contributed 50 percent of funds.
But, this growth tapered off by the midfifties, setting the stage for
the new. Iederal Interstate Highway program under which the
Federal Government provided 90 percent of funds. The influence
of the new 41,000 mile program was not clearly evident until 1958,
when constant dollar expenditures for highways rose 15 percent above
1957.

For other types of State and local construction there was also sub-
stantial growth from 1946 to 1949 as immediate postwar needs were
dealt with. Dips in physical activity took place in the early 1950’s,
when State and local governments were facing difficulties getting
voter approval for financing many projects. In the early 1960’s,
a new Federal-aid program to aid waste treatment plant construction
resulted in a resurgence of growth for this category. The relative
affluence of State and local governments as compared to pre-World
War II years had a favorable influence on the growth rate for adminis-
trative and service buildings.?

B. CHANGING MATERIAL REQUIREMEN'TS OVER TWO DECADES

Between 1947 and 1965 the proportion of total State and local
construction expenditures spent for materials increased from 35 to
50 percent (table 2). Seven of the eight major State and local
construction categories showed a rising proportion of materials outlays.
The eighth category, administrative and service buildings, for reasons
not entirely clear, showed a slight decline.?

2 This category includes general office buildings, courthouses, State capitals and city halls, jails and peni
tentiaries, police stations and firehouses,

2 The information on materials usage for this State and local category is based on Federal office building
construction which may not be typical.

70-132—66—vol. 1——5
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TaBLE 2.—Relationship of selected materials to State and local construction in 1947

and 1965 :
Percent of State .and local
construction outlays !
1947 1965
Total materials 2. - e - 35.0 50. 0
Metal products 2..... - e 10.0 17. 0
Fabricated structural steel....____. e 1.8 3.2
Plumbing_____._.__ R W7 1.3
Heating and cooling_________ 1.0 1.9
Metal doors, windows and tr: R .9
- Reinforcing steel 2.3 3.3
Tumber products .o R - JR— 2.7 2.0
MiNWOrK oo oo . 7 .9
Stone, clay, and glass products. - . 14.0 17. &
Cement..___._ 3.7 2.1
Concrete 2.8 6.4
Structural clay produects.. 1.4 1.3
Aggregates (rock product 5.3 5.1
Bitumen (in highWays) oo oo oo 2.2 .9
Asphalt (ready-mix)_.._.. - S .9 2.0
P o e e e e e e e mmm e mmmmmm e .1 .2
ROOANE - - oo o oo .3 .3
Electrical equipment, fixtures, and wiring devices W7 2.5
JR— - 4.0 5.4
- 1.5 1.3
.7 1.1
- 1.0 1.8
.4 .4
.3 .6

1 Based on the valie of construction materials consumed in all State and local construction measured in
current dollar values. ) :

2 Also includes materials not listed in this table. Pipe categories are duplicative of other categories.

3 Total pipe and the component types of pipe listed below are those used in nonbuilding construction
only. This usage accounts for the overwhelming majority of pipe in State and local construction.

Source: Prepared by Business and Defense Services Administration.

- Highway construction, which accounted for half the volume of all
State and local construction in both 1947 and 1965, is the dominant
factor in the increasing overall importance of materials in State and
local construction expenditures. For highways the materials share
increased from 27 percent in 1947 to 47 percent in 1965. This sub-
stantial shift reflects primarily a decline in the importance of on-site
wages. Significantly, highway construction in the past two decades
had very large increases in labor productivity due mainly to the impact
of new road building and earth moving equipment. Higher standards
in highway design and construction, which call for more overpasses
and better quality pavement, have also strongly influenced materials
consumption. Steel usage was particularly affected. Thus, over the
span of about 20 years, the use of steel products rose from 5 percent
of total costs of highway construction to 13 percent. Similarly, the
share of stone, clay, and glass products rose from 14 to 20 percent.
A second major factor in the increase from 35 to 50 percent of the
materials share in State and local construction is the higher growth
rates since 1947 experienced by the more material intensive nonresi-
dential buildings category. The materials share in recent years was
about 55 percent of total costs for that category as compared to 48
percent, for nonbuilding construction. The more materials intensive
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construction had annual growth rates varying from 7 to 13 percent,
whereas the nonbuilding categories had growth rates varying from 5
to 8 percent.

A third element boosting the share of material costs for construction
in general over the two decades is the increasing use of off-site fab-
ricated materials which in effect shifts labor costs from the construc-
tion site to the factory. For example, concrete products rose con-
siderably in importance in State and local construction while its raw
materials, cement and rock products, declined in importance. In
highway construction specifically, there was a relative increase in the
use of ready-mix asphalt, and a decline in the share of bitumens which
are mixed on site. Another example involves metal doors, windows
and_trim, whose share of total State and local construction outlays
tripled between 1947 and 1965, as increasing substitution for lumber
products took place.

Finally, as in the case of highways, the trend toward higher stand-
ards and improved design in other types of construction has also been
partly responsible for the increasing relative importance of building
materials. Expenditures on electrical equipment, fixtures and wiring
devices have been particularly affected. The share of total ex-
penditures for these products has increased more than three times
since 1947, rising from 0.7 percent to 2.5 percent. Similarly, the share
of plumbing materials almost doubled during the postwar period,
reflecting the inclusion of more laboratories and drinking fountains,
and the increasing pipe requirements of new buildings resulting from
more one-story spreadout designs in such fast growing buildings
types as schools and hospitals.

While on an overall basis materials expenditures were increasing
their relative importance, some major building materials and products
could not maintain their competitive positions during the past 20
years. Thus, in the case of lumber products, usage declined from
about 3 to 2 percent of total construction outlays. For education,
the largest building category of public construction, lumber usage
declined since 1947 from 8§ to about 5 percent. This shift was mainly
associated with new trends in the design of schools. New designs
also explain another important shift, from brick to concrete products
in expenditures for schools. Brick usage declined from 5 to 2 percent
of school outlays. The greater popularity of concrete products, more
than doubling in usage over the years for all types of facilities is
associated with the decline in brick and lumber usage. Finally, a
slight decline in materials outlays occurred in iron pipe. This reflects
a shift to other types of pipe particularly for water facilities
construction.

C. FUTURE MATERIAL NEEDS OF PUBLIC WORKS

The projected increase of from 57 to 65 percent in the physical
volume of State and local construction in 1975 over 1965 * does not
involve the same disparity in growth trends between more material
and less material intensive types of construction as during the 1947-65
period. The overall materials share in State and local construction
of 50 percent will probably not increase by more than a few percentage

4 This range relates to the alternate projections of constant dollar State and local construction activity
presented in ch, 1.
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points in the next decade. This relatively small increase will result
mainly from design changes and a continuation of the trend toward
off-site prefabrication. These developments as well as the change in
the mix of the various types of construction involving the somewhat
lesser importance of highway construction, will produce varied effects
on the consumption pattern of individual materials. Among the
various building materials, fabricated structural steel, lumber prod-
qcts, bitumen, and rock products should decline from 1965 proportions
(table 2). Metal doors, windows and trim, concrete products, elec-
trical equipment, and pipe (particularly concrete) should rise. Other
materials should remain relatively stable.

With regard to changes in the mix of construction, the greatest rate
of increase will probably be in hospital and insitutional construction,
spurred by the demands of medicare and other health programs.
‘Administrative and service building construction will also have a
higher than average growth rate as expenditures continue to expand
for office, fire, police, park, and recreational buildings. While the
orowth rate of new educational facilities is likely to be considerably
below that of the 1947-65 period when the backlog of needs was
particularly large, it is still expected to exceed the average growth
rate for State and local construction as a whole. The growth of these
building types of construction will particularly increase the proportion
of total construction expenditures devoted to plumbing, heating,
electrical equipment, and metal doors and trim since they are heavy
users of these materials. The relative share of expenditures for
fabricated structural steel products will be particularly influenced by
the growth of administrative and service buildings construction which
because of the office building component has a considerably higher
usage factor for this material than does other construction. Some
types of materials, such as cement, concrete products, pipe and
aggregates will be unfavorably affected by the higher growth rate in
nonresidential building construction since for these meterials they are
inherently comparatively low users.

The growth of sewer construction is expected to be second only to
hospitals. This growth is related to the increasing concern for the
need for greater control of waste disposal and involving the expansion
of Federal aid programs to State and localities for sewer construction.
The rapid growth of sewer construction will tend to offset the effects
of the lower usage of concrete in nonresidential buildings, since such
usage in sewer is double that of the average for all State and local
construction. Water construction is also expected to show an above
average rate of growth, and like the sewer category will benefit from
increased Federal aid. The major implication for materials use is in
pipe, since sewer and water construction require from four to five times
as much pipe per dollar of total expenditures as in all State and local
construction.

Highways is the only category of State and local construction which
is expected to have a lower than average growth rate. It will con-
stitute a lower proportion of State and local construction expendi-
tures. The average annual rate of increase for highways in the next
decade may drop to less than half of the 8-percent average rate of
growth for 1947-65. The stimulus of extensive Federal aid for high-
ways will probably continue as in the past decade, but the satisfaction
of other public works needs will receive greater priority. Nevertheless,
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in 1975, highway construction will still account for the largest single
share of State and local construction outlays, about two-fifths of the
total in constant dollars. The rapid rise from 27 to 47 percent in the
materials portion of highway expenditures experienced in the past
two decades is expected to level off. A rapid rise will, therefore, not be
a strong factor in shaping the overall material consumption pattern
for State and local construction as in the past. In the next decade,
increases in construction productivity due to advances in equipment
technology are not likely to be as significant as in the past 20 years.
The use of reinforcing bars, cement, aggregates, asphalt, and bitumen,
those materials heavily used by highways, will reflect the relatively
slower growth of highway construction by accounting for lower shares
of total costs than at present.

D. THE DEPENDENCE OF BUILDING MATERIALS INDUSTRIES ON STATE
AND LOCAL CONSTRUCTION

New construction activity by State and local governments in 1964 ®
accounted for about one-fourth of all new construction activity.
However, for some building materials there was considerably more
than one-fourth dependence by supplying industries on State and
local construction (table 3). Furthermore, during the past 20 years,
many industries became increasingly dependent on State and local
construction, because of its above average growth rate.

TaBLE 3.—Share of shipments for new State and local construction, 20 selected
materials in 1964

[Percent of total shipments]

50-percent or more 30 to 49 percent
. . Bitumens
Vitrified clay pipe Cast iron pipe and fittings
Concret'e pipe Portland cement
Steel reinforcing bars
Aggregates (rock products) 5 to 14 percent
15 to 29 percent Metal doors, windows, and trim
. Millwork
Fabricated structural steel Tron and steel products
Heating equipment Steel pipe
Concrete products
Structural clay products Less than & percent

Stone, clay, and glass products
Electrical equipment, fixtures and wiring
devices
Lumber products
Paints

1 Based on the value of shipments (f.0.b. plant) for new State and local construction, related to the value
of total shipments, except for some materials used in highways which are based on physical ratios (cement,
reinforcing steel, aggregates, and bitumens).

Source: Prepared by Business and Defense Services Administration.

The four materials for which State and local construction in 1964
consumed more than half of the output, are all primarily related to
nonbuilding construction. The needs of highway and sewer construc-
tion accounted for more than half of the shipments of concrete pipe,
and with water construction accounted for more than three-fifths of all
shipments. Sewer construction alone provided the market for about
two-thirds of vitrified clay pipe shipments. Nearly half of all aggre-

5 At the time this analysis was made, 1964 was the latest year for which building materials industries data
were available,
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gates and reinforcing steel was consumed for pavement, bridges,
drainage structures, and pipe in highway construction. In addition,
aggregates were also extensively used for highway subbase.

Available statistical data do not make possible the determination
of the proportion of shipments consumed in 1947 by State and local
construction for most materials. Among the cases where comparisons
between 1947 and 1964 could be made, there is only one instance where
the proportion of total shipments was lower in 1964—steel pipe. This
decline reflects a shift to concrete pipe for State and local use while a
greater use of steel pipe materialized in private pipeline construction
and in other private uses.

Cement, bitumens, reinforcing and structural steel are products
which became increasingly dependent on State and local construction
during the past two decades. This trend was particularly influenced
by highway construction which has accounted for ome-half of the
constant dollar value of all nonfederally owned public works, except
housing. Whereas highways consumed about 10 percent of all cement
shipments in 1947, in more recent years about one-fourth of all ship-
ments went to highways. Reinforcing steel for highway construction
represented about one-fifth of all shipments of this product in 1947,
but approached one-half of all shipments by the 1960’s. Not only
has there been a steady trend toward the use of more reinforced concrete
in highways but higher standards have called for more use of rein-
forcing steel per unit of concrete. The use of more bridges and
overpasses for highways since 1947 also nearly doubled the 15 percent
of total shipments of fabricated structural steel. The dependence of
bitumen on new highways is not only due to the influence of higher
standards but also reflects a decline in highway maintenance and
repair work relative to new construction. Thus, whereas in 1947
new highways accounted for about a fifth of bitumen shipments, by
1964 this proportion almost doubled.

The dependence of materials industries on State and local construc-
tion by 1975 is not likely to change markedly from the present. Since
the rate of growth in expenditures for State and local construction is
expected to be within the range of expectations for all construction,
it will continue to account for about one-fourth of total new construc-
tion expenditures as it has for the past 8 years. Furthermore,
technological and productivity changes in State and local public
works will probably be similar to those in the private and Federal
sectors so that shifts toward certain materials will be similar in all
sectors. One area where -the dependence pattern might change
because of factors outside the construction industry is iron and steel
for which demand depends more on industries other than construction.
Assuming no significant shifts in other uses, it is possible that a smaller
portion of steel output will be used for construction, particularly in
the State and local sector.

II. Buiping MATERIALS AND CoNsTRUCTION CosTs
A. CAPACITY AND PRICE TRENDS
In the immediate postwar period the lifting of price controls and the

rush to fill the backlog of unmet construction needs of all types, private
and public, sparked a rapid increase in the prices of building materials.
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On an overall basis building material prices increased by more than
one-third between 1946 and 1947. This was a major factor in the
upward spiral of construction costs. Plants producing building
materials were operating at or very near capacity. KEven these addi-
tions to capacity could not keep up with the sizable new construction
growth taking place. The Korean conflict of the early 1950’s put a
temporary damper on capacity expansion and prices of many materials
continued to rise even during the period of price controls.

The midfifties saw an upsurge in plant expansion which greatly
increased capacity for most building materials industries, still operat-
ing at capacity levels. At about the same time some of the newer
materials such as aluminum and prestressed concrete began to make
inroads into the market of traditional products like lumber and brick.
These factors contributed to halting upward price movements.

In the early 1960’s many building materials industries were oper-
ating well below optimum capacity levels despite the continued growth
of new construction. The roofing industry, for example, was operating
only a little above half capacity. The cement industry which had
tooled up in response to the soaring prospects of the new interstate
highway program, expanded very rapidly in the late 1950’s and
early 1960’s. This response seems to have been somewhat greater
than was warranted by demand considerations although the need for
cost cutting through modernization was an important aspect of plant
expansion. Consequently, in recent years cement plants have been
generally operating at a level of about three-fourths capacity (chart

Its price movements effectively depict the imbalance between
output and capacity.

CHART I. CAPACITY UTILIZATION AND AVERAGE PRICE OF PORTLAND CEMENT,
1947-1964
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B. EFFECTS OF PRICE CHANGES ON CONSUMPTION PATTERNS AND
CONSTRUCTION COSTS

Price trends for individual building materials, varied greatly during
the 20-year period, but because of the dominance of private construc-
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tion in affecting total demand, tkey cannot generally be directly re-
lated to changing use patterns in State and local construction. But
the substitution of more highly fabricated materials for the purpose
of minimizing onsite labor costs and the use of new, inherently less
costly materials in all types of construction were factors which in-
fluenced price trends. '

The average wholesale price rise for all construction materials during:
1947-65 was just over 40 percent. However, it should be noted that.
those materials which are predominantly dependent on the State and
local construction sector (table 3) did show above average price
changes during the period (table 4), reflecting the more rapid growth
of this sector.

Only in the case of structural steel did price rises probably have an
impact on its consumption pattern. During the postwar period the
prices of structural shapes more than doubled. This contrasts sharp-
ly with the price movement of a competitive material, concrete, the:
price of which increased by only about one-third. Although the value
of structural steel increased as a share of State and local construction
expenditures (table 2), the steel tonnage consumed per constant dollar
of construction activity was less in 1965 than in 1947.

In order to put construction cost developments in the State and
local area in perspective it is necessary to sharply distinguish between
the 1élivergent cost trends of highways, and those of all other public
works.

Because of the precipitous drop-off in unit costs of highway con-
struction between 1948 and 1950, the overall average construction cost.
for State and local facilities declined. This differed sharply from the:
cost experience for all new construction in this 2-year period. Cost
decreases from 1948 to 1949 reflected the effects of the initial postwar
recession. In the 1949 to 1950 recovery period the cost decrease for
highways was probably associated with increases in productivity
rather than with a decline in the price of materials. Unlike other
types of construction, between 1950 and 1959, highway costs were
subject to sharp cyclical movements, possible due to the changing
mix within highway construction. Since 1960, however, highway
cost trends have not differed from overall construction costs (chart
IT). Prices of materials used for highway construction were stable
until 1965, as were the prices of most other types of building materials.

During the early 1960’s materials prices going into other than
highway construction were not of primary importance in the increase
in construction costs which reflected mostly rising wages. The prices.
of all construction materials from 1961-64 were slightly below the
1957-59 level. This was a period of more than adequate capacity,
rising productivity, and strong competition from new products and
materials. Actually the prices of some materials such as plywood,
aluminum, insulation materials and asphalt roofing dropped markedly
and helped to counterbalance the strong forces which were pushing
construction costs upward.

The cost of educational and hospital building saw a rapid, almost 90
percent, increase over the 20-year span, but this cannot be primarily
ascribed to material price changes. The only cost stable years over
this period were 1948-50, during which building materials prices,
except for steel and concrete, dropped. These products, which ac-
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count for about 20 percent of total expenditures for building construc-
tion help explain why overall costs did not drop. Another important
material in school and hospital construction, lumber, which accounts
for 5 to 10 percent of total construction costs had, aside from the early
postwar years, relatively stable prices during the whole 20-year period.

TaBLE 4—Construction material price changes, 1947-651

RAPIDLY RISING PRICES 2

Total percent

change 1947-65

‘Structural steel shapes. - - - +143
Wire nails . e +115
Reinforeing bars_ e +107
Asbestos cement shingles_ _ L ______ +102
‘Galvanized sheets. - - _ oo +94
“Clay SeWer PIPe - o - o o e 477
‘Steam and hot water heating equipment_____ _________________________ +75

ABOVE-AVERAGE PRICE INCREASES 3
Window glass . e +72
Portland eement .. . - - - +66
Plaster, base coat._ . e +65
Building briek_ . _ e +62
Brass plumbing fittings_ .. . +62
MillwWork _ _ o e +61
{Conerete PIPE . - o o o o e +60
Building wire 4 oo +56
‘Conerete ingredients_ . _ . . o +54
Selected hardwood lumber. . _ . _______ + 46
‘Building paper and board._ - _______ +44
‘Gypsum produets 4_ _ _ . +44
Sand, gravel, and crushed stone (rock produets) .. _________________ +43
BELOW=AVERAGE PRICE INCREASES 3
Plumbing fixtures and brass fittings 4 _________ +41
Gypsum lath. o +41
Clay tile_ . _ e +40
Gypsum wallboard. - - . . +38
Insulation board._ . _ . +38
Paint . - . e +37
‘Conerete products 4. e +35
Metal doors, sash and trim_ _ ________ ... +33
Enameled iron fixtures. - __ oo +30
Douglas fir lumber____ o ____ +29
Vitreous china fixtures_ - - _ . +25
‘Concrete building bloek . - _ . ______._ +25
Plate glass 4 e +24
Heating equipment _ _ _ __ . +17
Prepared asphalt roofing. . _ . +16
Southern pine lumber_ __ oo +15
Warm air furnaces. - _ - - . e +11
Asphalt floor tile_ . - _ - +9
DECLINING PRICES

Plywood 4 e -5
Insulation materials_ . oo —6
Softwood plywood . - e —8
Nonmetallic sheathed cable__ _ __ . —8

1 Based on Bureau of Labor Statistics, Wholesale Price Indexes.

2 The prices of these materials advanced more rapidly during the period than average construction costs
-which were up 73 percent. .

3 The average increase for all construction materials was 42 percent. . .

4 This is a group index. Some of the component materials are also given in this table.
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CHART II. CONSTRUCTION CoST INDEXES, 1946-1965.
[1957-59=100]
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Source: Bureau of Public Roads, Bureau of the Census, and Business and Defense
Services Administration.

Sewer and water facilities showed a similar 90 percent increase in
construction. By far the most important materials for this type of
construction, produced by the stone, clay, and glass industry groups,
are concrete and clay pipe. Their prices soared by 61 percent and 77
percent, respectively. Large increases in the price of steel products,
which account for about 8 percent of total expenditures for these
facilities, was also an important aspect of rising construction costs.

II1. SianiFicaNT TRENDS IN BuiLpiNng MATERIALS INDUSTRIES

Output of most building materials industries over the past 20 years
has been primarily geared to the needs of private construction. How-
ever, the major suppliers of rock products and some types of pipe

. depend mostly on publicly owned nonbuilding types of construction.
The overall growth patterns of building products industries have
reflected the substitution of new products for traditional materials
as well as the growth and mix changes of construction activity. The
impact on a large group of materials differs widely, varying from gains
of over 10 percent to declines of 10 percent in average annual change
in output (table 5). An example of product substitution is the dis-
placement of radiators and convectors in favor of warm air furnaces.
In the case of brick, an average growth rate of 1.7 percent a year
occurred despite the substitution of other products such as concrete
for traditional brick uses, mainly because of the overall increase in
construction activity during the 20 years.

Technological change in construction as a whole since World War 11
may be characterized best as a wave of change which has been dubbed
the “industrialization of building.” As a craft-based and geographi-
cally fragmented industry, changes in construction technology have
in general been initiated from scientifically based external industries,
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in many cases the construction materials producing industries. In
this connection, perhaps the most striking trend is the relative de-
emphasis of on-site craft activities in favor of off-site fabrication in
industrial plants. Many new factory-based power tools now produce
prefabricated building products and components which formerly were
made and put in place with the use of hand tools directly at the con-
struction site. Prefinishing has increased markedly. In the case
of aluminum alone, prefinishing was estimated to have tripled between
1957 and 1961. Thus major changes in construction productivity
both off and on the site have taken place.

TaBLE 5.—Average annual rates of change in production of selected construction
materials 1 (1948-63)

. . Production Average
Material Unit of measure annual
percent
1948 1963 | change
FAST GROWTH (5 PERCENT OR MORE)
Douglas fir (softwood) plywood. . ..._.| Millions of square feet. . ._._._._.__ 1,871 9,923 | +11.8
Air-conditioning systems, commereial | Thousands. .o . . . _.____ 284 152 | 34-9.7
(excluding heat pumps).
Sand and gravel . . .. ... Millions of short tons_.....___.____ 319 831 +6.6
Flolor gnd wall tile, glazed and un- | Millions of square feet._._._._.___. 102 266 +6.6
glazed.
Galvanized sheets Thousands of short tons_.__._._.__ 1,643 3,922 +6.0
Asphalt___._._. Millions of barrels_ ... ._.__ 51 i +5.3
MODERATE GROWTH (0-4.9 PERCENT)
Warm air farnaces._ . ... ... Thousands.._._._. kel 1,414 +4.1
Concrete reinforeing har: Thousands of s 1, 542 2,683 +3.8
Cement -] Millions of barrels._ - 353 +3.7
Gypsum, wallboard, including lath. Millions of square feet - 5,035 8, 658 +3.7
Water heaters, gas. - -| Thousands. 1, 513 2,602 +3.7
Water closets P PN S do_._._ 3,408 5,653 +3.4
Insulating board and hardboard. _._._. Thousands of short tons._ 1,270 2,102 +3.4
Lavatories, total _..____. Thousands. 3,303 5,111 +3.0
Flushtanks, vitreous china.... ..o ... ]-._.. 0 e e mccccmcammaam 3,082 4,809 +4+3.0
Fabricated structural steel . - Thousands of short tons.. 2,718 4,097 +2.8
Calecined gypPSUM - o cameo oo cmacamena] e [ (o TS, 6, 249 9,182 +3.6
C%siiC iiron soil and pressure pipe and |..._. (s s 1,809 2, 590 +2.4
ttings.
Paint, varnish and laquer.........._._. Millions of gallons. - oo oo 272 379 +2.2
Constraction paper and board. .| Thousands of short tons.. - 2, 592 3,558 421
Bathtubs, total ... .____ —-{ Thousands._._.._...___ 1,948 2,600 “+1.9
Asphalt shingles______ _{ Thousands of squares._. -] 30,026 39, 521 +1.8
Brick, common and face -| Millions of standard briek. ________ 5,707 7,398 +1.7
Glass, sheet (Window) .oooeoeoaoooo o Tt[nottl;sands of boxes of 50 square | 418, 947 24,968 +1.7
eet.
Clay sewer pipe and fittings, vitrified..| Thousands of short tons_...__..__._ 1,433 1,750 +1.3
Steel line pipe.. . 1,888 2,260 “+1.2
Facing tile, glazed and unglazed 322 366 +.9
(hollow).
Oak flooring 832 832 0.0
DECLINE
Lumber, total.. . e Billions of board feet .. ooooo___ 37 35 -4
Water heaters, electric.. Thousands_. -oeooee. 1, 040 950 -6
Asphalt roll roofing. - Thousands of squares .. 29, 913 23,610 —-1.6
Gas-fired direct heating equipment.__ Thousands...._.__ 2,084 1,218 -~3.5
Ponderosa pine doors. oo eeccmwe|eme e [ () T 4,001 1, 986 -~4.7
Insulated sidings, all types.. Thousands of squares . _ - 2, 560 852 ~7.1
Structural clay tile._.___ Thousands of short tons.. 1,271 377 —7.8
Asphalt siding . ..._.____ .| Thousands of squares.. 3, 280 794 —~9.0
Radiators and conveetors ... Millions of square feet ..o __.__ 60 12| ~10.2

1 Source: “Patterns of Output Growth,” Survey of Current Business, September 1954, Measured in
pl;ylsgggl units.

31057-63,
41947,
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Iron and Steel. The basic iron and steel industry is characterized
by a high degree of economic concentration. In 1947, 45 percent of
the output of the industry was produced by four major companies,
and by the midfifties these companies accounted for more than half
of the output. But in terms of fabricated products including most
building products, only from one-fifth to one-fourth of the industry’s
output 1s concentrated in four companies.

In the basic steel industry there is a long leadtime between the
planning stage and effective utilization of new capacity, generally
more than 5 years, whereas for all manufacturing the period is shorter.
Thus, the steel industry has not been able to respond quickly to
capacity pressures. The long leadtime was felt in the immediate
postwar years. Production from expanded plant capacity which
came in the late forties was not really available until the midfifties
when there was a significant increase in output.

However, the lag in increasing capacity has diminished somewhat in
the last few years with the development of oxygen injection which
reduces the time required for individual heats and increases open-
hearth capacity by as much as 30 percent. An increase in capacity
in existing plants can be obtained from capital outlays of approxi-
mately 20 percent of the cost of equivalent capacity in new plant. It
has been estimated that by 1970 about two-fifths of the Nation’s
capacity may be basic oxygen and this may reach one-half by 1975.
The implications for steel construction products are quite favorable
from a cost standpoint. In addition, new welding techniques which
permit production of a wider range of structural shapes also promises
to reduce production costs.

. Steel. Tron and steel products will continue to be important in
State and local construction although less steel may be used propor-
tionately for structural shapes. The supply of structural steel should
be adequate to meet projected construction needs, and domestic pro-
duction will probably be increasingly supplemented by foreign supply
which also may provide considerab%e price competition for the domestic
industry. Another factor pointing toward an_increase in steel im-
ports, from the present 10 percent of total supply, is the rising impor-
tance of reinforced concrete. The types of steel used in this product
are particularly heavy import items.

For State and local construction the growth in aggregate demand for
steel will approximate 3 million tons by 1975 (chart I1Ta).

Lumber Products. Since the end of World War IT substitutions for
lumber products have been increasingly made by a variety of other
building materials, especially for structural uses (table 2). The pro-
duction rate of the industry showed an average annual decline of 0.4
percent between 1948 and 1963. In nonresidential buildings the
emphasis on fireproof and low-maintenance materials has also resulted
in a declining use of many wood products. Although the tendency
toward continued substitutions away from lumber will continue, some
expansion in the use of wood in nonresidential buildings and the greater
use of fire-retardant lumber may reverse this trend. Many building
codes and insurance provisions have been revised to allow more use of
wood. ‘

While the consumption level of structural lumber used in State and
local construction may hold up, it will continue to become a smaller
proportion of total lumber used, with concrete particularly gaining
more of the market for structurals (chart TITb).
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Cuart IIL.—Estimated total consumption of five major malerials for State and
local construction, 1965 and 1975

a. Steel b. Lumber
5,500 8,500 3,000 4,500
1965 1975 1965 1975
(thousands of short tons) (million board fect)
c. Cement d. Aluminum
130,000 210,000 105,000 180,000
1965 1975 1965 1975

(thousands of barrels)

(short tons)

c. Window glass

240,000

385,000

1965

1975

(thousands of square feet)

Source: Estimated by Business and Defense Services Administration.
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Plywood shipments doubled in the 10-year period of 1947-57, and
subsequent to 1957 increased at a faster rate than did construction
activity. Plywood’s growth has been at the expense of less fabricated
wood products in applications such as sheathing and subflooring.

Improvements in sawing techniques have resulted in the effective
use of much formerly wasted lumber. Leftover material from sawmill
operations is used for particleboard, hardboard, and other products.
New processes which mold wood by compression into complex forms
formerly confined to metals and plastics may also result in some new
markets.

Cement. The cement industry, despite a major growth of demand
for its products, which forced output to rise 5 percent annually in the
postwar period has been encountering serious problems associated
with overcapacity. At the end of World II, the industry found that
it was somewhat hard pressed to meet the upsurge in demand. Its
subsequent major expansion programs, spurred in some measure by
highway construction prospects, left the industry by 1960 with much
unused capacity which led to falling price levels. Import competi-
tion in some areas has also contributed to downward price movements.
At the same time, intense competition was developing due partly to
the technical changes which took place after the war, and to marketing
changes which greatly expanded the geographical scope of the market
which could be covered by an individual plant.

The modernization of existing plants and the installation of new,

highly efficient equipment in new plants, greatly increased the output
capability for a producing unit. Centralized control of instrumenta-
tion and the increased use of measurement devices has given the ce-
ment iudustry one of the fastest productivity growth rates of all the
building materials industries. At the same time, new distribution
concepts involving the utilization of low-cost water transportation,
along with a system of local distribution facilities made it possible for
an individual plant to serve a radius of more than a thousand rather
than hundreds of miles.
- Expenditures for capital investment are relatively high in_the
cement industry, but from a technological standpoint, entry has been
relatively easy. A very important factor in encouraging entry has
been the prospects of high profit to sales ratios.

There is a strong likelihood that cement demand for State and local
markets will increase by 1975 by-80 million barrels (chart ITIc).

Concrete Products. The rise in demand for concrete products
has grown much more rapidly than construction activity over the
past two decades. This rise has been associated with an improvement
in the quality of concrete over the years. Improvements have been
made in cement, but a major factor has been improved aggregate
selection as well as better control of mixing and placement. High
strength concrete has been a large factor in high rise buildings in the
postwar period. Prior to World War II 16 stories seemed to be the
economic and structural limit for the use of concrete but in recent
vears its use in higher storied buildings is quite feasible. The increased
use of concrete products also has been a factor in the average annual
growth rate in the production of sand and gravel of almost 7 percent.

An important development in the industry has been the introduction
of prestressed concrete. This was used extensively in Europe, but
did not make much of an appearance in the United States until
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the 1950’s. Even bv 1959, 78 percent of prestressed concrete pro-
ducing plants in the United States were less than 5 vears old. This
growth was generated by a trend toward replacement of steel with
concrete, but it is also related to the rise in prefabrication. The
rise in demand for concrete products in general seems destined to far
outdistance the rise in State and local construcsion by 1975.

Aluminum. Aluminum construection products have grown quite
rapidly during the last few years because of their substitution for
wood and other metals. Since 1948 primary aluminum has had an
average anuual growth rate of over 9 percent a year Its rapidly
increasing usage in such items as windows, doors, and trim has
been dus to its low maintenance requirements, and increasingly
important factor in the material demand picture throughout the post-
war period.

Growth in aluminum demand stimulated a rapid expansion in
plants in the late 1950’s. Some new processes, now being developed,
promise capital savings of up to 50 percent. The standard reduction
process, however, is still expected to produce 90 nercent of the primary
output in 1975. New metal to metal and metal to nonmetal bonding
methods may continue to stimulate new aluminum products for use
in construction. An increase in aggregate aluminum consumption
of 70,000 tons is in prosp=ct by 1975 (chart IT1d).

Other Building Materials and Products. 'The products of the
chemical industry, aside from paints and lacquers, have come into.
prominent notice as construction materials since World War IL.
Particularly involved are plastic products. Over most of the postwar.
period plastics producing industries have grown at an average annual
rate of almost 13 percent a year, making them the fastest growing
among industries producing building materials. It has been estimated
that in recent years about 18 percent of plastics output was for prod-
ucts used in construction. By the mid-1950’s about 40 percent of
these plastics were in paints, 20 percent in laminates and floor cover-
ings, and another 20 percent in wire coatings and electrical devices.
Most of the plastic products are used as substitutes for traditional
materials. For example, the use of plastic flooring increased markedly
at the expense of oak and maple hardwood flooring, and more recently,
plastic pipe and plumbing fixtures have been competing for the markets
which have been held by traditional materials.

Advances in insulation have allowed the use of thinner walls in
building ‘construction. Foamed materials, especially in glass and
plastics for insulation have made possible the rise of curtain wall
exteriors and prefabrication.

One of the problems in the expansion of these as well as other new
products are the restrictions of local building codes. Current efforts
to achieve more unified, flexible and up-to-date codes which put
stress on performance rather than enumerating specific materials is
a hopeful portent for the next decade.

IV. Furure ProspecTs

The tripling in the volume of new State and local construction over
the past 20 years reflects a greater emphasis in the postwar period on
satisfying growing public needs rather than viewing construction
primarily as an economic stimulus. Public construction volume has
been dominated by two types of facilities—highway and educational.
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Highway construction alone accounted for about half of State and local
construction in the 1947-65 period. The predominance of materials
and the development of new laborsaving equipment, which has resulted
in higher productivity in this type of construction, has been a dominant.
factor in the increase of the materials share of public construction
outlays from 35 to 50 percent over the past 20 years. In educational
construction there have also been new matérial applications such as
increasing use of prestressed concrete in place of brick.

In the next decade it is expected that there will be a further shift in
the mix of State and local public works expenditures—with hospital,
institutional, sewer, and water construction having the highest growth
rates. Highway construction is the only major type which is expected
to decrease in relative importance, although in absolute volume it will
remain significantly large. These shifts will produce differing growth
rates in materials usage. There will be increased emphasis on metal
doors, windows, and trim, electrical equipment, pipe, and concrete
products with less relative material consumption of fabricated struc-
tural steel, lumber products, bitumen, and rock products. Never-
theless, it is expected that the overall materials share of total outlays for
construction will remain at about 50 percent.

In the past a steadily growing private market for building materials
has been an important factor in stimulating the productive capacity
which could also supply the vast volume of public works. Thus,
shortages of building materials for State and local construction in the
period 1947-65 have not been particularly frequent. Most of the:
shortages which have taken place have been the result of special
factors not directly related to insufficient productive capacity. For
example, shortages of structural steel were aggravated by the 1956
steel strike. Shortages of nickel in 1955 contributed to a shortage of
stainless steel building sheets. Transportation problems have occa-
sionally caused difficulties for lumbermen in supplying the easterm
markets. _

During the Korean conflict insufficient productive capacity did
finally result in the rationing of such metals as steel and copper.
Yet with some product substitution, building materials were available
to support a high level of construction activity. In 1955 and 1956
at the height of the economy’s investment boom, shortages in a number
of building materials occurred. Structural steel and aluminum were
in short supply as were gypsum products. From 1954 through early
1957 the cement industry, although expanding rapidly in response to:
heavy highway construction requirements, was still under pressure to
meet demand. Generally, after 1956, few shortages of a:serious
nature seemed to exist. In 1959, during the extended steel strike,
inventories were adequate to supply construction needs throughout
the strike period. Construction during the first half of the 1960’s
seems to have been unhindered by any significant materials short-
ages.

To meet future increases in construction demand in both the private
and public sectors it is expected that the construction and building
materials industries will increase their productive capacities. Pre-
fabrication and prefinishing have been and will continue to be impor-
tant sources of promoting innovation and labor-saving devices on
construction sites. This will be particularly true in the lumber and
concrete products industries. The trend for prestressed concrete and
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softwood plywood to be more heavily used in the place of less fabri-
cated materials will continue. Similarly, aluminum, glass, and plastics
sh(lmld continue to make inroads in the market for traditional mate-
rials.

Not to be overlooked is the important role which numerous Federal
Government programs will play in stimulating private as well as
public construction. Furthermore, actions through appropriate fiscal

- and monetary policies are likely to avoid sharp swings in the economy.
These factors diminish the possibility of shortage or oversupply in
the steel industry which requires by its very nature, long leadtimes
for the planning and building of new facilities. Since the steel in-
dustry must make expansion decisions well in advance of demand
itself, it can be expected to respond to a steady growth pattern to
which current and future government policy is undoubtedly pointed.

Perhaps one of the big question marks is the effects of inflationary
conditions on construction. Prices of building materials have risen
about 40 percent over the past 20 years. In the next decade it would
not be unreasonable to expect at least a 10~15 percent aggregate rise.
Such a rise could, however, reflect mainly general price movements
and result from cost-push type of pressures rather than the effects of
inadequate capacity.

When one considers all the factors, it is difficult to avoid the con-
clusion that the construction materials industries should be able to
meet the needs of future construction—as they have in the past—
through innovation, product development, and increased productive
capacity.

APPENDIX

Data for chart I: Capacity and price of portland cement, 194764

Year Capacity Price Year Capacity Price
195759 =100 1957-59 =100

78 60.9 99 93.2
84 68.7 84 98. 0
70.6 81 100.5

87 72.1 83 10L 5
91 77.7 75 103.5
89 7.7 74 103.3
93 81.5 75 103.1
94 84.4 74 101. 5
100 87.7 76 101.0

Source: “Business Statistics, 1965,”” Office of Business Economics, and Wholesale Price Index, Bureau
of Labor Statistics,

T0~182—66—vol. 1—6
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Data for chart II: Construction cost indexes for State and local, highway, and all
construction, 1946—-656

Year BPR State and | Composite Year BPR State and | Composite
local local
70.7 (O] 56 98.8 95.3 95
80.3 69.8 67 103.1 99.5 99
89.8 77.2 75 100.5 100.2 100
86.7 76 .4 74 96.4 99.9 102
78.3 74.6 77 94.1 100.7 103
96.1 83.7 84 95.0 102.2 104
98.9 87.4 86 98.5 104.7 107
95.3 88.6 88 101.0 107.7 109
89.9 87.8 88 102.0 110.9 112
87.3 87.9 90 105.9 114.4 116

1 Not available,

¢ Source: Bureau of Public Roads, Bureau of the Census, and Business and Defense Services Adminis-
ration.

Data for chart I11: Estimated total consumption of 6 major materials for State and
local construction, 1965 and 1975

1965 1975
A. Steel (thousand short tons) ... _..... 5, 500 8, 500
B. Lumber (million board feet)._. - 3, 000 4, 500
C. Cement (thousands of barrels)... - 130, 000 210, 000
D. Aluminum (short tons)._.______ 105, 000 180, 000
E. Window glass (thousands of square fect) 246, 000 . 385,000

Source: Estimated by Business and Defense Services Administration.



CHAPTER 3
Labor Requirements for State and Local Public Works, 1946-75*

This chapter presents estimated construction employment require-
ments for State and local construction activity. These estimates
have been derived in the course of work done in the Bureau of Labor
Statistics concerning labor and material requirements for various
segments of the construction industry based on contractor’s records.

To provide perspective, employment and related data for the total
construction industry are also presented in this chapter. It should
be noted that employment requirements for State and local govern-
ment construction activity are estimates for man-years' while esti-
mates for the construction industry as a whole are estimates of the
number of persons employed (monthly report on the labor force) or
number of persons on the payrolls of construction contractors (Bureau
of Labor Statistics establishment data).

1. EmproyMENT GENERATING EFFECTS OF STATE AND liocAaLn PusLic
Works CONSTRUCTION

In 1947, State and local public works construction amounted to a
little more than $2.5 billion and resulted in the employment equiva-
lent of 625,000 full-time workers (man-years of employment). Cur-
rently nearly $18 billion is being expended, utilizing the equivalent of
over 1,800,000 full-time workers (table 1).

TaBLE 1.—Volume of State and local public works construction and estimated man-
years of employment, selected years, 1947-65

Man-years of employment (thousands)
Value of
construc-
Year tion (in Construction
millions Total Other !
of dollars)
Total On site Off site

2, 598 625 279 ® (0] 346

5, 494 1, 047 451 404 47 596

9,375 1,377 585 518 67 792

12,829 1, 570 656 586 70 914

17, 864 1, 862 752 670 82 1,110

1 Including workers in architectural and engineering establishments.
2 Not available.

While dollar volume has increased about 600 percent, employment
requirements have risen less than 200 percent. The lower labor
requirements per million dollars for the later periods result from two

";TPrepared by the Department of Labor, with minor editing by committee
staff.

1 A man-year in the construction trades was considered to be 1,800 man-hours. In other industries, it
was considered to be 2,000 hours.

(6]



76 STATE AND LOCAL PUBLIC FACILITY NEEDS

major factors: (1) price increase, which makes the increase in dollar
volume overstate the actual increase in physical volume and (2) the
increased productivity which has greatly reduced both the on-site and
off-site labor requirements.

In 1947 a little less than half (45 percent) of the employment
required was in the construction industry. In 1965 the construction
industry proportion had dropped to 40 percent, largely reflecting the
increased use of prefabrication. It is estimated that a little over half
of the employment outside of the construction industry is engaged in
making, selling, and transporting the material used to the construction
site. 'The balance of the other employment is utilized in all other
sectors of the economy in supplying the raw materials and services
reguired by the construction materials and equipment manufacturing
industries.” The figures do not include any estimate of resulting
government employment or employment generated by the respending
of wages and profits which is generally called the “‘multiplier effect.”

In general, the total employment effect of various types of con-
struction do not vary to any great degree. At present, $1 million
of almost any type of construction expenditure gives 1 year of em-
ployment to approximately 100 men. The only substantial differences
in employment effect of various types of construction are in the
industries and occupations affected. (See table 2.)

The construction industry gets the majority of the employment
only in a few types of construction such as dredging and public
housing. In most types of construction the employment created by
the manufacture and distribution of the materials is greater, generally
by about 25 percent or more. :

The principal differences in the employment effect of various types
of construction are in the manufacturing industries affected. The
lumber industry, for example, is affected twice as much by school
construction as for hospital construction. The three manufacturing
industry groups most greatly affected by construction are: stone,
clay, and glass products; primary metal industries; and fabricated
metal products.

Construction trade occupations are also affected in varying degrees
by type of construction. For example, three times as many plumbers
are used in hospital construction as in an equal amount of home

construction.
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I1. ConsTrUcTIiON INDUSTRY EMPLOYMENT AND ITs CHARACTERISTICS
EMPLOYMENT TRENDS

Employment in the construction industry ? increased from 3.6
million workers in 1950 to 4.6 million workers in 1965, an increase
of 28 percent. However, most of this gain occurred between 1950
and 1952 when employment rose to 4.2 million persons. Employ-
ment fell to 3.8 million in 1955 and, since then, employment has been
increasing gradually, except for a few years in the early 1960’s. By
1965 employment in the construction industry had reached an all-
time high, and indications in early 1966 were that employment would
¢o even higher. Increased State and local public works construction
has been an important factor in the 1950-65 increase in construction
employment. Construction labor requirements for State and local
public works increased from 1950 to 1965 by about 300,000 man-
years (table 1). However, the proportion of the total increase in
construction employment attributable to State and local construction
activity would be even greater than implied by the 300,000 increase
in man-year requirements because the average construction worker
did not work a full man-year.

The proportion that wage and salary workers make up of all workers
in the construction industry between 1950 and 1965 has been rela-
tively constant at about 70 percent. On the other hand, there was
some reduction in the proportion of self-employed and unpaid family
workers and an increase in the proportion of government workers.

SKILL DISTRIBUTION

Between 1958 and 1965, total blue-collar workers—craftsmen,
operatives, and laborers—accounted for about four-fifths of construc-
tion industry employment during the period. Construction craftsmen.
alone maintained a relatively consistent 50 percent of employment in
the construction industry.® (See table 3.) Operatives increased
slightly and construction laborers declined slightly as a proportion of
construction employment. In the white-collar group, clerical workers
increased their share slightly. Professional, managerial, and sales.
workers had relatively stable shares up to 1965 when professional
workers increased as a percent of construction employment and
managerial workers decreased somewhat.

SELECTED SKILLED OCCUPATIONS

Because of the changing mix of construction activity and because
of changing construction techniques, some construction craft occupa-
tions between 1950 and 1965 grew faster than others and some even
declined. Employment of carpenters in the construction industry

2 The construction industry includes establishments engaged in contract construction and governmen t
agencies engaged in construction and related activities such as highway maintenance and land reclamation .
The contract construction industry on the other hand includes wage and salary workers in private estab-
lishments ;l))eriorming construction activities, including new construction and maintenance and repair, on
a contract basis.

3 The 1950 and 1960 Censuses of Population indicate that the proportion of craftsmen in the construction
industry declined somewhat between these years. However, these census data are not directly comparable
with the BLS data (Monthly Report on the Labor Force) because the Census of Population data are for
April only, a seasonaily low month for construction. Also, there are some conceptual differences between
the two Sources, The census data are also nob comparable with data based on establishment surveys.
See footnote on table 2.
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was significantly lower—by 175,000. Employment of painters, paper-
hangers, and plasterers was also lower. On the other hand, employ-
ment of excavating, grading, and road machinery operators was more
than twice as high in 1965 as in 1950. Other significant employment
increases were experienced by cement and concrete finishers, elec-
tricians, and plumbers.

TaBLe 3.—Employed persons, by major occupalion group, in the construction
industry, 1968-651

[Percent distribution]

Year
1965 1964 1963 1962 1961 1960 1959 1958
All ‘occupations, 100.9 | 100.0 | 100.0 | 100.0 { 100.0 | 100.0 | 100.0 | 100.0

Professional, technical, and kindred

WOTKETS. - o oo mceemcmeccecem e 51 4.5 4.5 4.4 4.9 4.7 4.4 4.5
Managers, officials, and proprietors,

extept farm.______ 1.1 12.4 12.9 13.2 12.3 12.2 11.9 12,1
Clerical and kindre 53 4.9 4.9 5.3 4.7 4.6 4.5 4.3
Salesworkers._..._. .2 .2 .2 .2 .2 .3 .4 .3
Craftsmen, foremen, and kindred. 50.4 50.0 50.8 49.7 51.0 50.4 50.3 49.8
Operatives and kindred_.._..__.._.__._ 9.9 9.9 9.3 9.2 8.5 8.7 8.7 8.9
Service workers. - .5 .5 .5 .5 .4 .5 .4 .5
Laborers 17.5 17.6 16.9 17.4 17.9 18.7 19.4 19.4

1 The data in this table are based on household surveys. A distribution of employment by occupation
based on establishment surveys indicates a somewhat smaller proportion of employed persons in the white-
folljlar occupations and a somewhat larger proportion in blue-collar occupations, especially construction

aborers.

Note.—Because of rounding, sums of individual items may not equal totals.
Source: Bureau of the Census and Bureau of Labor Statistics.

CONSTRUCTION EMPLOYMENT BY TYPE OF CONTRACTOR

In viewing employment trends in the construction industry,
valuable insight can be gained from examining employment shifts by
broad type of construction activity. The Bureau of Labor Statistics
collects data for private wage and salary employees on the payrolls of
general building, heavy construction, and special trades contractors.
However, these data are not directly comparable with the construction
employment data (from ‘the Monthly Report on the Labor Force)
discussed earlier, which are for all employees (wage and salary, self-
employed, government, and unpaid family workers). Also, unlike
the labor force data an employee may be counted more than once if he
appears on more than one payroll.

In 1965, almost half of the workers in the contract construction
division were employed by special trades contractors; about 30 percent
were employed by building construction general contractors; and the
relgllain(%er worked for heavy construction general contractors. (See
table 4.

Employment increased by about 80 percent in the special trades
contractors major industry group between 1947 and 1965, mainly
because of the increasing importance of electrical, plumbing, air
conditioning, and other work usually performed by special trades
contractors. Employment grew by about three-fourths in the heavy
construction contractors major industry group—spurred by a fourfold
increase in highway construction (in constant dollar terms), as well as
increases in éle construction of sewer and water systems, airports,
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bridges, dams, and similar projects. Employment by building con-
struction general contractors increased by about 35 percent between
1947 and 1965—Iess than half as rapidly as in the other two segments;
however, employment was 5 percent lower in 1965 than in 1956,
reflecting in part, a slowdown in the rate of increase in residential
construction activity. ’ -

TABLE 4—Wage and salary employees in the coniract construction indusiry and
magor subgroups, annual averages, 194766

[In thousands]
Contract construc- | General building: {Heavy - construction Special trade-
tion contractors contractors
Year
All em- Con- All em- Con- All em- Con- All em- Con-
ployees | struction| ployees |struction| plovees |struction| ployees |struction
workers workers workers workers

1,982 1,759 762.0 689. 0 363.0 321.0 857.0 749.0
2,169 1,024 837.0 756. 0 389.0 343.0 944, 0 825.0
2,165 1,919 809.0 7310 401.0 354.0 955.0 834.0
2,333 2, 069 875.0 791.0 419.0 370.0 | 1,039.0 908.0
2,603 2,308 901.4 895.8 461.6 407.0 | 1,149.6 1,005.2
2, 634 2,324 983.2 882.3 481.4 423.6 | 1,168.8 1,018.2
2,6 2,305 969. 2 863.3 480.1 426.7 | 11,1740 1,015.2
2,612 2, 281 937.1 832.0 471.0 418.7 | 1,203.5 1,030.5
2, 802 2,440 997.2 830.1 483.8 429.7 | 1,320.8 1,130.1
2,999 2,613 | 1,074.6 950. 4 556.7 493.4 | 1,367.6 1,168.8
2,923 2,537 986.8 866. 2 576.0 512.9 | 1,360.6 1,158.2
2,77 2,384 893.6 [ 775.2 564.6 498.1 | 1,320.2 1,110.3
2,960 2,538 959. 0 834.4 586.5 516.8.1 1,414.1 1,186.9
2,885 2,459 908. 4 785.4 £85.7 511.5 | 1,390.7 1,162.3
2,816 2,390 874.9 752.6 £83.3 505.7 | 1,357.9 1,13L3
2,902 2,462 882.1 755.8 593.1 514.8 | 1,426.6 1,19..8
2,963 2,523 914.1 787.0 599.2 522.5 | 1,449.3 1,213.9
3, 056 2,602 956.6 823.9 610. 5 526.5 | 1,488.4 1,251.2
3,211 2,731 | 1,024.9 880.6 634.1 547.6 | 1,552.3 1,302.9

Source: Bureau of Labor Statistics.

EMPLOYMENT OUTLOOK FOR BUILDING TRADES WORKERS IN THE
CONSTRUCTION INDUSTRY

Employment in the building trades is expected to increase mod-
erately through the mid-1970’s, assuming relatively full employment
nationally and the high levels of economic activity needed to achieve
this goal. (If the high levels of economic activity are not achieved,
employment in the building trades will increase at a slower rate than
that projected.) In addition to employment growth, tens of thousands
of job openings will result from the need to replace experienced workers
who transfer to other fields of work, retire, or die.

The moderate increase in total employment in the building trades is
expected to result primarily from the rapid rise in the level of construec-
tion activity. The factors that will stimulate construction activity
include anticipated large increases in population and in the number of
households; a continuing shift of families from the cities to the suburbs;
increases in government expenditures for highways and schools; a rise
in expenditures for new industrial plant capacity; and higher levels of
personal and corporate income. In addition, there will be a growing
demand for alteration, modernization, and maintenance work on
existing structures. :

The increase in building trades employment will not be as great
as the total expansion in construction activity, because continued
technological developments in construction methods, tools and equip-
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ment, and materials will permit increasing output per construction
worker.

The rates of employment growth will differ among the various
building trades. Employment growth is expected to be most rapid
for structural metal workers; excavating, grading, and road machinery
operators; and cement masons. Among the trades that will have a
much slower growth are bricklayers, stonemasons, and marble and tile
setters; painters; and carpenters.

TaBLE 5.—Estimaied opening for selected crafi occupations in the construction
industry resulting from growth of employment requirements and from retirements
and deaths, 19656-756!

[In thousands]
Employ- Openings, 1965-75
| ment
Occupation Employ- require-
ment 1965 ments Total Net Deaths
1975 openings growth | and retire-
ments

Carpenters. . . 665 670 165 5 160

Bricklayers, stonemasons, and tile and
marble setters - 180 200 50 20 30
Cement and concrete finishers2.________.__. 55 75 30 20 8
Electrieians. oo ooooooocooooooo 166 200 65 35 30

Excavating, grading, and road machinery
operators. 190 265 105 75 30
. Painters 285 305 95 20 75
Paperhangers. ..o ooooooooooo 10 13 6 3 3
Plasterers_.._. 50 55 15 5 10
Plumbers and pipefitters 220 265 90 45 45
Roofers and slaters.___._.____ 55 65 20 10 8
Structural metal workers 40 60 30 20 8

1 These projections were developed by the Bureau of Labor Statistics in the course of its continuing
occupational outlook research program, especially its work for the 1966-67 edition of the Occupational
Outlook Handbook.

2 Includes terrazzo workers.

UNEMPLOYMENT IN THE CONSTRUCTION INDUSTRY

Since the end of World War II, unemployment in the construction
industry has averaged more than twice that of all workers. Two
major reasons for the higher than average rate of unemployment in
the construction industry are: (1) Construction activity is affected
by weather and is a very seasonal industry, especially in the less tem-
perate parts of the country where the winter months are a slow
season; and (2) construction workers have to spend time finding new
jobs as individual construction projects are completed. (Construc-
tion workers may work for a dozen or more employers in a calendar
year.) Over the 1948-65 period, the unemployment rate for experi-
ienced workers in the construction industry has been between 2 and
2% times the unemployment rate for all experienced workers, except
in 1953 when it was 2.7.

SHORTAGES OF CONSTRUCTION WORKERS

Because construction is cyclical as well as seasonal, the demand for
construction workers rises and falls significantly over the course of
the business cycle. The construction labor force is fairly flexible,
with considerable movement of building trades workers between con-
struction and other industries.* But, despite this flexibility, the con-

¢ See Special Labor Force Report No. 35—Job Mobility in 1961, Bureau of Labor Statistics, U.S. Depart-
ment of Labor.
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struction industry sometimes is not able to attract sufficient skilled
workers during peak periods of demand. Short-term deficiences of
skilled building trades workers are not readily alleviated through in-
creased training activity because of the long period generally required
to train skilled building trades workers. (In fact, training of ap-
prentices may be reduced during a period of high demand to the ex-
tent that some apprentices prematurely terminate their training
program because of the ease of obtaining work at the journeyman.
level.)

Because of the local nature of much of the construction industry,
there may be shortages of skilled building trades workers reported in
one region—while at the same time unemployment is higher than
normal in another region. 'This, in combination with the ordinarily
high level of frictional unemployment associated with the industry,
means that shortages for building trades workers can exist even when
unemployment rates for these workers are high relative to the na-
tional rates for all workers in the labor force.

Current employment data indicate growing pressures on the supply
of trained conmstruction manpower during the remainder of 1966.
Employment in the construction industry in 1965 averaged 4.6
million, 2.9 percent above 1964. Conversely, unemployment for
experienced workers in the industry during 1965 averaged 9.0 percent
compared with 9.9 percent in 1964. The current employment rate in -
construction is the lowest (for comparable months) since Korea.
In March 1966, the unemployment rate for experienced workers in
the construction industry was 8.8 percent, considerably below the
12.3 percent in March 1965." For carpenters, the rate had fallen
from 11.8 percent to 8.1 percent. For other construction craftsmen
the rate had fallen from 10.3 percent to 7.8 percent. For laborers
the rate fell from 22.7 percent to 15.6 percent. The most recent data
indicate that laborers made up approximately one-third of total
unemployed construction workers.

Currently, shortages of some building trades workers are being
reported, especially in the North Central States. Trades most often
mentioned as being in short supply are electrical workers, plumbers and
pipefitters, ironworkers, carpenters, bricklayers, and sheet metal
- workers.

AGE DISTRIBUTION OF EMPLOYEES IN THE CONSTRUCTION INDUSTRY

In 1960 the median age of male employees in the construction
industry was approximately the same as for all employed male workers
in the American economy. One major difference was a relatively
smaller proportion of construction workers employed in the very
young group, 14 to 19 years of age. (See table 6.)

This lower proportion of young workers in the construction indus-
try is probably due to regulations prohibiting employment of extremely
young workers in many of these occupations in many States.

Data are not available on the age distribution of building trades
workers in the construction industry; however, they are available
for selected building trades in all industries. (Approximately 70 per-
cent of all building trades workers are employed in the construction
industry.) The following table presents these data plus the propor-
tion of workers in each occupation 45 and over—a key factor in
determining future replacement needs.
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TaBLE 6.—Age distribution and median age of all employed males and males
employed in the construction industry, 1950 and 1960 (14 years old and over)

[Percentage distribution]

1960 1950
Years of age
) All Employed All Employed
employed | in construc- | employed | in construc-
males tion males tion
Total___ 100.0 100.0 100.0 100.0
14 to 19 5.7 3.2 4.9 2.9
20 to 24 8.4 8.4 9.7 9.3
25 to 29 10.4 10.5 12.2 12.3
30 to 34 12.0 12.7 12.2 12.2
35 to 44 : 24.2 26.2 23.5 24.6
45 to 54 - 20.7 21.7 18.8 20.1
b5 to 64 - 13.8 13.4 13.0 13.5
65 and over... . 4.8 3.9 5.6 5.1
Median age (years) 40.6 40.8 39.7 40.4

Source: Bureau of the Census.

TaBLE 7.—Median age and proportion 46 years of age or more for selected building
trades, 1950 and 1960 (males, 14 years of age or more)

Median age Change in | Proportion 45 and over
years
Occupation 1950 and
1960
1950 1960 1950 1960
Brickmasons, stonemasons, and tile setters. 40.4 37.7 —2.7 39.8 30.4
Carpenters. ..o .___._._._ - 43.4 43.3 —.1 46.1 45.5
Cement and concrete finishers 41.7 40.0 -1.7 41.6 35.0
Electricians_ . ____ 39.2 40.8 +1.6 34.2 37.8
Excavating, gradi
operators. o ... .._._. 37.8 39.8 +42.0 25.6 34.3
Painters._ 43.6 45.4 +1.8 46.4 50.9
Paperhangers_ - ... _._ 49.2 50.9 +1.7 57.6 65. 5
Plasterers . .o 41.0 40.1 —.9 41.1 36. 4
Plumbers and pipefitters__ - 40.9 42.2 +1.3 38.6 41.8
Roofers and slaters__ ... - 36.3 37.0 +.7 28.3 30.1
Structural metal workers. ... ... 39.2 41.0 +1.8 33.8 37.0

Source: U.S. Bureau of the Census.

Seven of the eleven selected building trades shown in table 7
experienced an increase in median age between 1950 and 1960. Only
two had a change of 2 or more years.

In general, the median age was highest in occupations growing
slowest, or even declining, reflecting the relatively slight influx of
young workers. For example, the three occupations with the highest
median age in both 1950 and 1960—paperhangers, painters, car-
penters—recorded employment declines during the 10-year period.

POPULATION AND CONSTRUCTION EMPLOYMENT

Trends in the contract construction industry are closely related to
population growth. A growing population requires additional housing
units, schools, hospitals, commercial buildings, factories, and highways.
Logically, the relationship between population and construction em-

loyment would seem to be particularly close for housing, schools, and
ﬁospitals. In addition, population growth increases the need for
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conitruction workers to perform remodeling, maintenance, and repair
work. :

In spite of the importance of population as a longrun determinant
of changes in contract construction by State, other factors also play
a significant role. Expenditures for national defense, natural re-
sources development, highway construction, and other government
programs, as well as shifts in industrial distribution, can obscure the
relationship between population and contract construction employ-
ment. North Dakota, for example, ranked 3d in contract construction
employment growth between 1947 and 1965, although it ranked 45th
in population growth increase. Apparently the increase in construc-
tion employment was a result in large part of the increase in military
pfime contract awards and expenditures for construction of new

ants. :

P Employment in heavy construction firms (who build highways,
dams, pipelines, refineries, etc.), is not as dependent upon population
as employment by general and special trade contractors, who are
more likely to work on schools, homes, medical facilities, and perform
necessary maintenance and repair.

UTILIZATION OF PUBLIC WORKS FACILITIES

Information gathered from various parts of the Nation revealed
that, in the main, public facilities are being fully utilized, although
there are a few instances, particularly in medical services, where utili-
zation of facilities is below capacity because of shortages of skilled
personnel, especially in the nursing profession.

Several hospitals were found to have delayed opening of additional
facilities or new wings because of a shortage of nurses. The informa-
tion gathered may indicate that in some instances construction of
additional facilities may be delayed somewhat because hospital ad-
ministrators find it difficult to staff additional facilities. However,
most hospitals are required to operate and serve the community in
spite of all difficulties. If necessary, this may sometimes mean lower-
ing personnel requirements. But in hospitals, which deal with human
lives, the possibility of lowering standards for doctors, nurses, etc.,
is extremely limited. Through the greater use of practical nurses,
nurses aids, medical technologists, etc., manpower shortages have
been lowered to some extent. In some States, an accelerated 2-year
training program has been utilized to train associate nurses, who sub-
sequently qualify as registered nurses. ,

In general, school systems seem to have much more leeway than
hospitals in adjusting to personnel shortages by lowering standards.
A school district faced with a pressing school population may be re-
quired to utilize all available classroom space with insufficiently accred-
ited teachers. There is no widespread evidence that the education
structures of this Nation are not being fully utilized. On the con-
trary, school construction expands each year throughout the Nation
to meet the challenge of a growing population. In New York City,
for example, the public school system has had a general shortage of
accredited teachers. To solve this problem, the board of education
has recruited out-of-city teachers and noneducation degree college
graduates as qualified instructors.



STATE AND LOCAL PUBLIC FACILITY NEEDS 85

TRAINING CONSTRUCTION WORKERS

Workers who entered the construction industry between 1946 and
1965 acquired their skills in a variety of ways. Workers whose skills
are not unique to the construction industry, such as accountants,
draftsmen, bookkeepers, office machine workers, and secretaries
received their training in much the same way as these workers in other
industries; for example, through training in high schools, colleges,
business schools, correspondence schools, and on-the-job instruction.
Although construction craftsmen are employed in nearly every indus-
try, more than 70 percent are employed in the construction industry
and their training is more specifically oriented to that industry than
the training of the workers referred to above.

Table 8, based on a BLS survey for the Office of Manpower Training
and Automation,® shows the ways in which construction craftsmen
(as of April 1963) learned their skills and what ways they thought
most helpful. Formal methods included technical school training,
apprenticeship, and training in the Armed Forces. On-the-job
learning included instruction by supervisors and fellow workers.
Casual methods included learning from friends or relatives or ‘“‘just
picking it up.” The study showed that construction craftsmen
believed casual methods most important in learning their skills, on-
the-job training next important, and formal methods least important.
About one in nine construction craftsmen believed that apprenticeship
was the most helpful way. However, the contribution of apprentice-
ship is probably more significant than indicated by this ratio. Most
training authorities recommend formal apprenticeship training as the
best way to acquire the all-round proficiency of craftsmen in the build-
ing trades. This type of training provides the apprentice with a
balanced knowledge of his field of work and enables him to perform
his operations completely. In large part, apprenticeship provides the
highest skilled workers (who provide guidance to others) and a signifi-
cant proportion of future foremen. A study of apprentices who
completed their programs in 1950 found that by 1956 about 20 per-
cent were employed as supervisors, and another 10 percent as con-
tractors.® Table 9 shows the average number of apprentices per 100
active journeymen during the 1950-64 period, and provides some
indication of the extent of apprenticeship training in the construction
trades between 1950 and 1964.

Table 10 shows the number of apprentice registrations,completions,
and cancellations for construction craftsmen in Bureau of Apprentice-
ship and Training registered programs; however, not all apprentices
are covered in these data.’

Cancellations represent a loss of potentially highly trained workers,
but this loss is not as significant as it appears since many apprentice
dropouts secure some training and eventually become skilled journey-
men through less formal means. Indeed, many apprentices may drop
their apprenticeship because of opportunity for employment at the
journeyman level. The proportion of apprentices who complete
their apprenticeship varies significantly by occupation. (See table 10.)

5 U.S. Department of Labor, Formal Occupational Training of Adult Workers, Manpower/Automation
Research Monograph No. 2, December 1964, Table 11, p. 43, . .

6 Bureau of Apprenticeship and Training, Career Patterns of Former Apprentices, Bulletin T-147, 1959.

7 éTraining of Workers in American Industry,” U.S. Department of Labor, Bureau of Apprenticeship
and Training,
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TaBLE 9.—Average ratio of apprentices per 100 active journeymen for selected
occupations 1950-1964 1

Average
Occupation 1950-64

Bricklayers . e 7.4
Carpenters . . oo o e 4.3
Electricians. - - o o e e 13. 2
Tron Workers_ _ . e 5.0
Painters, paperhangers, and glaziers________ . ___________ 3.3
Plasterers and cement masoNnS__ - - _ - . 6.8
Plumbers and pipefitters. - o 10. 2
Roofers _ - - e 12. 3
Sheet metal workers _ - _ - oo 12. 7

1 Based on the number of journeymen working or available for work, to the number of persons working
under apprenticeship agreements.

Source: Bureau of Apprenticeship and Training, based on data collected by the Bureau of Labor Sta-
tistics from building trades unions in 52 cities with 1950 populations of 100,000 or more.

TaBLE 10.—Registered apprentices in training, new regisitrations, completions, and
cancellations, 1952-64

Year In training | New regis- | Completions| Cancella- In training
on Jan. 1— trations ! tions 2 on Dec. 31—
77,920 33,316 15, 679 18, 756 76, 801
76, 801 37,102 13, 523 18,393 81, 987
81,987 34,238 15, 537 18,951 81,737
81,737 47,238 13,444 14, 632 100, 899
100, 899 42, 873 14, 588 16, 565 112, 619
114, 166 38, 506 17, 344 24, 466 110, 862
110, 862 34,485 20, 255 16, 278 103, 814
108, 814 37,894 21, 067 18, 942 106, 699
106, 699 33,939 16, 656 21,019 102, 963
102, 963 33,446 17,251 18, 407 100, 751
100, 751 36,994 16,477 18,222 103, 046
103, 046 36,763 15, 559 17,337 106, 913
106, 913 38, 556 16, 286 19, 347 109, 836
109, 836 |- oo | mmcmmm | e e

1 Includes reinstatements.

2 Cancellations are not synonymous with ‘‘dropouts,” since they included layoffs, discharges, out-of-
‘Sltatgt trz’msfers, upgrading within certain trades, and suspensions for military service, as well as voluntary

uits.”

3 Lathers included for the 1st time, no prior reports for this trade.

Source: U.S. Department of Labor, Bureau of Apprenticeship and Training.

TaBLE 11.—Apprenticeship completions and cancellations in selected buzlding
trades, 1964

Occupations Completions | Cancellations !

Construction trades.... 16, 286 19, 347
Brick, stone, and tile workers. 1,369 1, 692
Carpenters___... ——— 2, 882 6, 255
Cement masons 222 276
Electricians oo 3, 887 2, 526

Glaziers. . : 266 182

732 755
240 502
770 1,711
267 2
3,101 1,697
82 1, 500
1,742 1,340
526 688

1 Cancellations are not synonymous with “dropouts,” since they include layofTs, discharges, out-of-State
transfers, upgrading within certain trades, and suspensions for military service, as well as voluntary “quits.”
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The Manpower Development and Training Act of 1962 provides
institutional and on-the-job training programs for unemployed, em-
ployed but underskilled, and partly employed workers. MDTA train-
ing in the building trades occupations, cumulative to December 1965,
has provided training and/or retraining to nearly 11,000 construction
workers (see table 12). Training is at the entry level (preapprentice-
ship) or represents an upgrading of skills. For example, 400 journey-
men operating engineers and 120 carpenters in California were up-
graded in new skill requirements of their trades during 1965. Ap-
prentice-entry bricklayer training programs were started to prepare
300 workers in Georgia and 160 workers in the District of Columbia as
apprentice-entry bricklayers.

TABLE 12.—MDTA {raining in the building and construction trades occupations,
1962 through 1965

Institutional On-the-job
Occupation
Projects Trainees Projects Trainees
B 017 ) 289 9,045 84 1,674
Bricklayer 41 1,069 12 588
Bulldozer operato: 2 48 e
Cabinetmaker.. 24 596 16 139
Carpenter.._._.._ 90 2,333 20 462
Cement finisher.______ . 11 341 2 20
Concrete mixer operator- ... .____ . 1 2
Electrician________._____ 29 694
Glazier. .. __________________ 2 2
Heavy equipment operator- .|| 2 8
Structural steelworker 4 172
- R 8 132
12 320 5 36
13 1,613 3 180
17 341 | e
Power shovel operator, 1 16
Sheet metal worker..__ 41 1,446 13 105
Tile setter...__._.__... 3 41 -
Truck crane operator.-.. 1 15

1 Includes pipefitters trained in ship and boat industry.
Source: U.S. Department of Labor.

The most obvious point that emerges for data on training of con-
struction craftsmen is that it takes place on the job. Even formal
apprenticeship combines on-the-job instruction with classroom work.
Obviously, construction contractors and unions play a key role in
training the future supply of skilled workers, even when through
informal means.

III. TEcHNOLOGICAL DEVELOPMENTS IN THE CONSTRUCTION
INDUSTRY

The Bureau of Labor Statistics has recently prepared a report on
the technological developments in 40 important industries.® Included
in the report are the following statements of technological trends in
the construction industry.

“Continuing increases in the size, capacity, power, speed, and durability of
earthmoving equipment, such as trucks, tractors, scrapers, and shovels are re-
Sulti’%gl il,l’ the moving of many times the amount of material than was previously
possible.

8 “Techological Trends in Major American Industries,” Bureau of Labor Statistics, Bulletin 1474,
issued 1966.
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“New portable construction equipment and handiools are increasingly being
introduced.—This equipment, used in all types of building construction to reduce
unit labor requirements, job costs, and completion time, includes power trowels,
paint and plaster spraying guns, power nailing and stapling machines, and
motorized wheelbarrows.”

“Improvements in forklift trucks, conveyor belt systems, motorized wheel-
barrows, pneumatic pipe systems, and conventional cranes are facilitating the
moving and handling of construction materials.”

“Another important development in material handling is the tower crane.
Especially useful in the construction of tall buildings, tower cranes can be used to
deliver material to any part of the top of a tall building-—not just near the edge as
do conventional crawler cranes—and to hoist material to greater heights. Be-
cause tower cranes can be used to deliver material where it is required, labor
crews normally needed to shift material about when using conventional cranes
are significantly reduced.”

“Significant advances continue to be made in paving.—Major advances in both
asphalt and concrete paving, which are improving the quality of highways and
reducing unit labor requirements, construction costs, and completion time of
construction jobs, include more portable and automatically controlled mixing
plants; larger capacity and higher speed transit mix trucks; and more automatic,
electronically controlled grading and paving machines.”

“Still another significant advance in concrete paving is the slipform method
which eliminates the fixed side forms used in conventional paving. Instead,
forms are a part of the paving machine (slip-form paver) and slide forward with
it leaving the concrete slab edges unsupported. This method of paving reduces
costs by eliminating the need for crews to erect and remove forms.”

“Standardization of dimensions of construction materials and in design (modular
coordination) decreases labor and material requirements.”

“This system, utilizing a standard unit of measurement of 4 inches and its
multiples, also is gaining in use in commercial construction.”

“The trend toward prefabrication (preassembly of building components in manu-
facturing plants) will accelerate.”

“Prestressed concrete structural elements used for larger buildings and heavy
construction, such as beams, roof and floor slabs, columns, and pilings, may in-
crease by 150 percent between 1964 and 1970.”

‘“‘Among the major factors contributing to this advancing trend toward pre-
fabrication are the significant savings possible in time, materials, and onsite
labor requirements, the higher degree of quality control possible in factories, and
the greater opportunities fof economies of large-scale production and mass-
production techniques in construction. For example, a carpenter can install a
complete prefabricated door (prehung in its frame with hardware attached) in
about one-tenth to one-sixth of the time usually required to hang a door in the
conventional manner.”

“New and improved materials continue to reduce significantly material and labor
costs.—By 1970, new products introduced during the decade of the 1960’s are
expected to account for a substantial portion of all building products sold in this
country, reflecting the continuing advances in plastics, steel, concrete, paints,
and other materials.”

“Prestressed concrete products, expected to double in sales by 1970 offer con-
siderable labor and other cost savings in many uses. Developments in structural
design using high strength steel products can reduce the frame weight of buildings
by as much as one-half in some instances, thereby resulting in significant material
and labor cost savings.”

“New paints require less on-site preparation, flow more smoothly, go on in
fewer coats, and last longer, thus reducing costs and substantially reducing main-
tenance requirements. Adhesives are being more widely used to save time and
reduce costs in floor bonding, exterior wall section fabrication, and in drywall
erection.”

“Improvements in design are continually being made—New concepts of archi-
tectural and engineering design make possible cost savings and productivity
increases. More than a dozen new structural design concepts—all directed
toward the economical utilization of space, materials, and the lowering of costs—
have emerged since 1945.” .

“New systematic scheduling techniques are gaining acceptance among large con-
tractors on complez projects.—Techniques such as the program evaluation and re-
view technique (PERT) and the critical path method (CPM), particularly when
used in conjunction with electronic computers, significantly improve management’s

70-132—66—vol. 1——T7
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capability to plan, schedule, coordinate, and monitor all steps involved in the com-
pletion of a complicated construction project. Basically, PERT and CPM are
systems for charting the work flow of an entire construction project in detail.”

The greatly expanded expenditures for construction by State and
local authorities have more than offset the increased productivity result-
ing in a steady rise in employment in this sector of the construction
industry.

Since increased efficiency in the production of any material is fre-
quently accompanied by a greater use of that material, the net effect
is to offset the disemployment effect of the increased efficiency. For
example, the technological changes in the preparation and use of con-
crete has actually created an increased demand for concrete workers.

Tt is important to note that the decreased use of certain materials
does not always mean a reduction in the number of workers tradi-
tionally employed with that material. For example, carpenters
frequently install materials which have replaced wood in the modern

structures.

IV. OuTLook FOR LABOR REQUIREMENTS FOR STATE AND LoOCAL
PusLic Works, 1966—75

Projections of construction volume for 1975 have been prepared by
the Department of Commerce based on two different unemployment
rate assumptions. Projection A assumes a 3-percent and projection B
a 4-percent unemployment rate for the total labor force. Both of
~ these projections are also dependent on specific assumptions of GNP,
" personal Income, government expenditure, and other factors discussed
elsewhere in this analysis.

Projection A assumes a 133-percent increase in current dollar value
~ of such construction reaching $41.7 billion in 1975. Projection B
. anticipates $36.6 billion of State and local construction, more than
double the current rates. The constant dollar estimates for the two
projections are $26.3 billion and $25.0 billion.

Allowing for increased productivity, it is estimated that 2,802,000
full-time workers will be needed in 1975 for this work under projection
A, and 2,744,000 under projection B.® Thirty-eight percent of these
(1,070,000 and 1,048,000, respectively), would be needed in the con-
- struetion industry and the balance in sectors supplying the necessary
_ materials and service.

" For on-site construction workers, the estimated man-year require-
ments for State and local construction are shown in table 13.

[ —
9 The ratio of constant dollar value for A over B is higher than that ratio for employment since the increased
. growth of A would presumably increase productivity.
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TABLE 13.—On-site employment requirements for State and local public consiruction,
selected occupations, 1950-75

Thousands of man-years

Occupation
1950 1960 1975A 1975B

Carpenters._.. R 46 55 73 72
Plumbers. e meamae - 15 20 33 32
MasonS. e 13 20 32 31
Eleetrieians. e mman 9 16 32 31
Steel workers...___._.__ - 9 13 22 22
Cement finishers. - 5 10 21 21
Sheet metal Workers. . oo ie e mc——emaae 5 7 11 11
Painters. — - 5 6 8 8
Plasterers.. - - 4 4 8 6
Lathers_.____ 3 4 6 6
Operating engineers..._....... 66 109 165 162
Unskilled. - 157 206 307 301
L0717 L N 4 68 156 153

Total... 378 537 874 856
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CHAPTER 1
Regional and River Basin Water Supply Systems ™
INTRODUCTION

This chapter describes the present situation of storage for municipal
and industrial water supply purposes in reservoirs constructed by
the Corps of Engineers of the Department of the Army, the Bureau
of Reclamation of the Department of the Interior, and the Soil
Conservation Service of the Department of Agriculture. In each
instance, the reservoirs are the result of dams built for multiple-
purpose control of the waters of river basins or other significant
drainace areas. Therefore, the dams may involve flood control,
hydroelectric power, flow regulation for navigation and pollution
control, irrigation, recreation, and fish and wildlife habitat as well as
municipal and industrial water supply and other purposes.

Only storage is usually provided for the water supply purpose.
Pumps, transmission lines, and treatment works must usually be
furnished by municipalities or firms using the water. The storage
is authorized by several Federal acts as noted below. In a few cases
transmission works and pumps have been provided; but treatment
works, like for the District of Columbia, are very exceptional.

Until recently there has been no call for a systematic effort by the
Federal Government to appraise the total national status and need
for municipal and industrial water supplies. Present Federal legis-
lation, generally, is designed only to assure that municipal and
industrial water supply is considered when Federal agencies plan
dams for river basin development. However, the Water Resources
Planning Act of 1965 now calls for a unified and systematic effort among
the Federal agencies and the States to meet all water needs, including
water supply. The act requires a_biennial appraisal of the demand
and supply situation for water for all purposes on a regional and drain-
age-area basis. Furthermore, the act provides financial assistance
to the States to improve their water resources planning including
that of municipal water supply. In addition, the Water Resources
Council coordinates the efforts of the Federal agencies concerned, and
will cooperate with Federal-State river basin commissions authorized
by the act in the preparation of comprehensive plans for water
resource development by river basins and major regions. The present
schedule for the preparations of comprehensive water and related
%)and resource river basin plans calls for the entire Nation to be covered

y 1972.

These efforts of the Water Resources Council, related Federal
agencies, and the States are designed to produce a systematic ap-
praisal of the municipal water supply situation for the Nation to the
year 2000. TUutil that task is further along, the following informa-
tion indicates the situation as it is known today as regards the pro-
vision of municipal and industrial water supplies in Teservoirs con-

*Prepared by the Corps of Engineers, Department of the Army; Bureau of

Reclamation, Department of the Interior; and the Soil Conservation Service,
Department of Agriculture, with minor editing by committee staff.
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structed under the programs of the Corps of Engineers, Bureau of
Reclamation, and the Soil Conservation Service.

Department of the Army: Corps of Engineers

A. Narure anp ComposiTioN oF PuBLic Work or FaciniTy

In 1948, the Corps of Engineers initiated a program of providing
municipal and industrial water supply storage in reservoir projects.
The water so stored is made available to States, municipalities,
private concerns or individuals in accordance with specific legislation.

For the existing capital plant in the United States, provided by the
Corps of Engineers, see table I, “Water supply storage as of June 30,

1965.”

TaBLE I.—Water supply storage as of June 30, 1965

- Project in operation

Storage
(acre-feet)

Local agency served

Allatoona, Ga_ ... - 13, 140
Baldhill, N. Dak. (1) 69, 500
Beaver, Ark 108, 000
Belton, TeX. - oo oo 12, 000
Do.._ 113,700
Do._. 247, 000
Berlin, Ohio - 19, 400
Canton, Okla..... 90, 000
Canyon, Tex_ 366,400
Clark Hill, Ga. and 8.C lgg
0.
Council Grove, Kans 24, 400
Dam B, Tex 94, 200
East Brimfield, Mass 1,140
Fort Supply, Okla. 400
Ferrells Bridge, Tex 251,100
Gra%evine, Tex 85, 000
o. 50, 600
Do. 1,250
Heyburn, Okla 1, 000
Do.. 300
Homme, N. Dak. (1) 3,650
Hords Creek, Tex. . 5,780
Hulah, Okla 15,400
Do.._ 2, 000
John Redmond, Kans. ..o oo 34, 900
Lake Texoma, Okla. and Tex-._____.____._____ 21, 300
Do.. 16, 400
Do.. 1, 150
Lavon, Tex 100, 000
Lewisville, Tex 415, 000
Do... 1, 00!
Littleville, Mass 9, 400
Monroe, Ind.._ 159, 900
Mosquito Creek, Ohio. oo oo 11, 000
Navarro Mills, Tex. 53, 200
Oologah; Okla_.__._._ 38, 000
Do.. 500
Do.. 5, 000
Do.. 2, 500
Do._. 100
Pomona, Kans.__ 230
0... 160
Proctor, Tex. 31, 400
San Angelo, Tex... 80, 400
Sam Rayburn, TeX. (2)eeemmammecammcamvancna- 1, 383, 500
Tenkiller Ferry, Okla__...__._ 300
Texarkana, Ark. and Tex. (1) 13,400
Tom Jenkins, Ohio... - 5,800
Toronto, Kans. 265
Waco, Tex e 91, 074
Do. (3)-. 13, 026
W. Kerr Scott, N.C -33, 000
Wister, OKkla 1, 600
Total 4,118, 520
Total (rounded) 4,119, 000

Cob County-Marietta Water Authority.

Eastern North Dakota, Water Develop-
ment Association. -

Beaver Water District, Ark,

Fort Hood, Tex.

Brazos River Authority, Tex.

Brazos River Authority, Tex.

Mahoning Valley Sanitray District.

Oklahoma City, Okla.

Guadalupe-Blanco River Authority, Tex.

MeCormick, S8.C,

Lincolnton, Ga.

Council Grove and Emporia, Kans.

Lower Neches Valley Authority.

Amerijcan Optical Co., Mass,

Oklahoma State Board of Public Affairs.

Ngritheast Texas Municipal Water Dis-

Tict.

Dallas, Tex.

Park Cities, Tex.

Grapevine, Tex,

Keifer, Okla.

Rurﬁil Water District No. 1, Creek County,

a.
Grafton and Park River, N. Dak.
Coleman, Tex. .
Bartlesville, Okla.

0il Recovery Corp., Oklahoma.

State of Kansas.

Denison, Tex.

Texas Power & Light Co.

Sinclair Oil & Gas Co.

North Texas Municipal Water District.
Dallas, Tex.

Denton, Tex.

Springfield, Mass.

State of Indiana.

Warren, Ohio.

Trinity River Authority, Texas.

Tulsa, Okla.

Collingville, Okla.

Public Service Co. of Oklahoma.
Claremore, Inc., Claremore, Okla.

R\gﬁ] District’ No. 1, Nowata County,

a.
Rural Water District No. 3, Kans.
Pomona Reservoir Water Co., Kansas.
Brazos River Authority.

Upper Colorado River Authority.

Lower Neches Valley Authority.

East Central Water Authority, Oklahoma.
Cities of Texarkana, Ark. and Tex.

State of Ohio.

City of Toronto, Kans.

Brazos River Authority, Tex.

Waco, Tex.

Winsfon-Salem and Wilkes County, N.C.
Heavener Utilities Authority.
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B. Costs Anp UsErR CHARGES

The Corps of Engineers provides space in multipurpose reservoirs
for water supply storage. Where necessary, facilities are incorporated
in project structures to provide for the release or withdrawal of stored
water for water supply purposes. This water supply storage space is
sold to States, municipalities, private concerns, or individuals, who,
in turn, may sell water withdrawn from the storage space to others.

The purchase price of the storage space consists of the total invest-
ment cost of specific water supply facilities, plus an allocated share of
the investment cost of the joint-use facilities. Since the cost of water
supply storage space varies with the cost of the structure, it is not
practicable to develop a standard unit of cost. The present trend is for
costs allocated to water supply storage space to be in the range of $30
to $100 per acre-foot. The Corps has no information concerning the
extent to which tax resources or borrowings are used to cover the cost
of purchasing water supply storage space, or the user charges for the
sale of water to the consumer.

C. TreEND oF Carrtal OuTLAYS

Between January 1948 and July 1958 about 3.4 million acre-feet
of water supply, worth about $41.3 million, were placed under acree-
ment and included in Corps of Engineers reservoirs. The Water
Supply Act of 1958 (title III of Public Law 87-88) greatly expanded
the authority to include water supply and, subsequent to passage of
that act, agreements have been completed covering water supply
storage of about 1.8 million acre-feet of storage worth approximately
$87.2 million. In addition, 800,000 acre-feet of storage for which
contracts have not been signed are included in projects now under
cons%’luc},iIon. The trend of water supply storage contracts is shown
in table II.

TaBLE II
Water supply| Storage space Water supply| Storage space
Fiscal year acre-feet agreements Fiscal year acre-feet agreements
dollar value dollar value
$572, 030 637, 600 $10, 931, 473
755, 000 42, 000 3,489, 021
785, 000 86, 200 3,241,749
1,671, 420 696, 400 20, 030, 515
443,100 19, 307, 638
o 45, 540 4, 004, 970
6, 756, 360 16, 782 1, 415,323
4,705, 791 395, 755 29, 983, 349
2, 150, 000 90, 781 5, 745, 575
13, 900, 000 :

Construction of these projects was and is being financed with ap-
propriated funds. The cost of water supply storage is reimbursed by
the users in accordance with section 301 of the Water Supply Act of
1958.

D. Neeps anDp ProspEcTIVE Caritarn OuTLAYs

It is estimated that approximately 75 million acre-feet of storage
will be needed by the year 2000 to assure adequate supplies of water
for municipal and industrial use. This projected need is based on
expected population growth, anticipated increase in the per capita
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consumption of water, and urbanization and industrialization of vari-
ous sections of the country. The most critical areas of municipal and
industrial water supply shortages over the next 35 years are considered
to be in the Texas Gulf area and the southern California area.

It is estimated that approximately 8 million acre-feet of municipal
and industrial water storage in projects could be constructed by the
year 1975, assuming no budgetary or appropriation restrictions. Pro-
vision of 8 million acre-feet of water supply storage in Corps of Engi-
neers projects by the year 1975 would require the construction of
multiple-purpose projects, including projects currently under con-
struction, having a total cost of approximately $3 billion. Of this
amount, it is estimated that approximately $400 million would be
chargeable to municipal and industrial water supply. If budget and
appropriation actions permit full funding of the above projects and
these projects are selected for construction in the order now considered
optimum, the estimated portion of future expenditures allocable to
municipal and industrial water supply follows:

Millions of
Fiscal year dollars
1968 (PIHOT $0) — - e oo o e e 117.5
1968 e e emmmmmmmmmmmmmmm e —ae 34. 4
1060 o e cm e e —mmemmmmmmm——m e 36. 7
1970 e immmmmmmmmm— e e — e 341
107 o e e m e ——— 33.9
197 o e e ccmm i mmmmmm———mm e mmm 39. 2
1978 e e em e e mmc e emmmmmm—————m————— e 36. 8
1974 e mimmemmmm e mmmc— e 37. 4
1075 e e e mmm e tmmc cmceccmccecesmememmmmm———— e 30.0

Department of the Interior: Bureau of Reclamation
A. Narure anp CowmpositioN oF PusLic Work or Facinity

The role of the Bureau of Reclamation is one of planning and con-
structing multiple-purpose water resource developments involving
such functions as irrigation, hydroelectric power, municipal and in-
dustrial water, flood control, navigation, fish and wildlife, recreation,
and water quality control. These relate, generally within the Western
States, to the construction of multipurpose dams and reservoirs to
regulate riverflows and of the necessary conveyance facilities. Munic-
ipal and industrial water supplies are usually developed as a part of a
multipurpose project, but a few projects where municipal and indus-
trial water was by far the greatest purpose have been constructed.

The water so produced by the investment of funds appropriated by
the Congress is sold to the communities on an acre-foot basis. Needs
and requirements for such water are determined after close cooperation
with the local entities. Such items as population growth, per capita
use, water quality, future industrial growth, and alternative sources
of supply are considered. '

Because of the nature of large multipurpose dams and reservoirs,
it is obvious that they have long economic lives, generally well in
excess of 100 years. In the case of conveyance canals and associated
features, their lives are somewhat less but still usually in excess of
50 years. .

As of June 30, 1965, the Bureau of Reclamation had 44 projects,
either authorized, under construction, or constructed, that included
the function of municipal and industrial water supply. Table III
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indicates the distribution of these projects by States. Except for a
few isolated instances, all of these projects were built after 1941.
Because of the great variation in the size and types of projects con-
structed, the sale of water to cities, based on a ranking of population
size, varies from a few hundred people to several million.

In cases of relatively simple projects, operation and mainte-
nance of the structures are many times a local responsibility. In
those instances where large, complex, multipurpose developments are
involved, particularly those including hydroelectric power, the opera-
tion and maintenance are performed by the Federal Government.
The Bureau of Reclamation, however, maintains title to these projects
and, therefore, the ownership remains with the Federal Government.

As of June 30, 1965, the total Federal investment (costs allocated
to the municipal and industrial function) was in excess of $400 million.

B. Cosrs axp UseEr CHARGES

Again because of the highly variable nature of these projects, the
range of typical construction costs allocated to municipal and in-
dustrial water varies from a few thousand dollars to many millions
of dollars. Likewise, the range in operation and maintenance ex-
penses is highly variable, depending upon such things as economic
and physical desirability of the damsite, whether only storage is
involved, or whether both storage and conveyance are provided.

The construction and operating costs of these multiple-purpose
water resource projects are allocated to the several functions served
by the project, using an interdepartmentally approved method of cost
allocation. Current reimbursement policy requires that the invest-
ment costs allocated to municipal and industrial water supply be
returned by the water users to the Federal Treasury with interest
within 50 years. Under certain conditions, interest may be waived
for a period up to 10 years on a portion of the storage investment
costs alloeated to municipal and industrial water supply. The water
users are also required to pay the annual operating costs allocated
to municipal and mdustrial water supply. Under current policy exe-
cution of a repayment contract with the water users for repayment of
costs allocated to municipal and industrial water supply is required
before construction of the multiple-purpose project is initiated. As
a minimum, water rates are set at a level which insures the return of
the allocated investment costs with appropriate interest within 50
years and covers the annual operating costs. Water rates may be
set at a higher level if such revenues are required to assist in the
repayment of project costs allocated to irrigation. However, under
no circumstances would the rate be set at a level that would exceed
the cost of water if that water were developed by the most likely
alternative which would be constructed in the absence of the Federal
multiple-purpose project.

C. Trexp oF CaritarL OuTLAYS

Capital outlays for municipal and industrial water supply facilities
made by the Bureau of Reclamation have increased from about
$5 million in 1946 to over $35 million in 1965. The annual amounts
are shown in table IV. These annual outlays are the proportion of
annual construction expenditures for multipurpose projects which are
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properly allocable to the furnishing of municipal and industrial water.
After 1961 the amounts shown in table IV contain appropriations for
operation, maintenance, and replacement costs associated with
Federal operation. The pattern of expenditures has not been in
response to any overall program to meet municipal and industrial
water needs as such but rather to meeting the municipal and industrial
water demands of particular service areas of projects authorized to
serve as many purposes as can economically be accommodated.

D. NEeps axp ProspecTiviE Caritar OuTLAYS

That municipal and industrial water needs will increase in nearly
all areas in the future is a foregone conclusion. That there will be an
increasing amount of municipal and industrial water in connection
with multiple-purpose project development seems equally certain.
In special cases it may become necessary to build single-purpose
projects to provide municipal and industrial water supplies. Table V
shows the expected future expenditures for capital outlays which may
be allocable to municipal and industrial water service. These esti-
mates are based upon presently authorized or planned projects and
expected construction schedules over the next 10 years.

TaBLE III.—Number of projects containing municipal and industrial water service

features
Number Number
0, 0
State: projects | State—Continued projects
Washington_ - .. _________ 1 Nevada_ . _________ 1
Oregon.___ . ____.___ 1 North Dakota____________ 1
California_ . ______________ 8 South Dakota__________.__. 5
Arizona__________________ 1 Kansas_ . ___________ 4
New Mexico_ . __.______ 1 Texas. oo 2
Wyoming_ . ___________ 2 Oklahoma________________ 4
Montana_________________ 4 Idaho__________________.__ 1
Colorado._ - .. ________ 1
Utah._ . ___ 7 Total . . ____ 44
TasLe IV.—Portion of annual expendilures allocable to municipal and industrial
‘ waler service
Millions Millions
0 0,
Fiscal year: dollars | Tiscal year—Continued dollars
1946 o 5.5 1956 58
1947 .. 2.0 1957 - e 6.8
1948 . 2.0 1958 o 11. 4
1949 _ o ___ 4.9 1959 .. 12. 6
1950 . 9.1 1960 9.1
1951 o __ 8.6 1961 _ . 10. 3
1952 .. 8.1 1962 _ . 15. 1
1953 o 6.0 1963 . ©22.6
1954 .. 4.6 1964 . 37.6
1955 6. 4 1965 . 35.3

TaBre V.—Estimated portton of fulure

expenditures allocable to municipal and

industrial water service

Millions Millfions
0, 0,
Fiscal year. doll{lrs Fiscal year—Continued dollars

1966 . 34. 1 971 e 78.5
1967 . 33.5 1972 . 65. 3
1968 o 24. 7 1973 61.0
1969 o~ 36. 7 1974 o~ 57.0
1970 . 50. 3 1975 e 53.0
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Department of Agriculture: Soil Conservation Service

Pursuant to the Flood Control Act of 1944, as amended and supple-
mented, and the Watershed Protection and Flood Prevention Act (Pub-
lic Law 566—83d Cong.), as amended, the Department of Agriculture
cooperates with the States and their political subdivisions in a program
to prevent erosion, floodwater, and sediment damages in the water-
sheds of rivers and streams and to further the conservation, develop-
ment, utilization and disposal of water. Although watershed protec-
tion and flood prevention are basic objectives in watershed projects,
other purposes, essential to meeting the watershed community needs,
are included in the work plan whenever they can be justified and the
local sponsors decide they should be included. These other purposes
are improved agricultural drainage, irrigation, public recreational or
fish and wildlife developments, water quality centrol, and municipal
or industrial water supply.

The work under the Flood Control Act is carried out in 11 authorized

watersheds embracing some 31 million acres in 12 States, whereas

authority under Public Law 566 is nationwide. The Soil Conserva-
tion Service has general responsibility for administering these pro-
erams, except for loans and the repayment of advances. Administra-
tion of these provisions is the responsibility of the Farmers Home
Administration.

Specific authority to include provisions for municipal or industrial
water supply in watershed projects is contained in Public Law 1018,
84th Congress. Included in that legislation also were provisions
authorizing the Secretary of Agriculture to make loans or advance-
ments to local organizations to finance the local share of costs of
carrying out works of improvement included in watershed projects.

Public Law 87-703, September 27, 1962, amending the Watershed
Protection and Flood Prevention Act, authorized the Secretary of
Agriculture to advance funds to local organizations for developing
water supply for future use in watershed projects. This authority is
the same as the Secretary of the Army and the Secretary of the
Interior has under the Water Supply Act of 1958 (Public Law 85-500).

A. Narure axp ComposiTioN OF PuBrLic Work orR FaciLity
1. DESCRIPTION OF FACILITIES

(¢) Works of improvement in small watershed projects include
multiple-purpose reservoirs for flood prevention, municipal or indus-
trial water supply, irrigation, and fish and wildlife or recreational use.
Additional features that may be included as project measures for
municipal or industrial water supply are limited to intake and outlet
works which are an integral part of the reservoir structure and raw
water supply lines leading to a treatment plant. Water treatment
plants and distribution systems are not eligible for assistance.

(b) Water supply is provided for rural and urban communities for
residential, commercial, and industrial use.

(¢) Water supply needs for municipal or industrial use are deter-
mined by the sponsoring organization’s staff or private consultant
and are based on an evaluation of present and foreseeable needs,
adequacy of yield from the watershed drainage area, water quality,
and cost comparisons with alternative sources.
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(d) Multiple-purpose water supply reservoirs normally have a
design life of 50 to 100 years based upon the expected sediment
accumulation in the reservoir.

2. EXISTING CAPITAL PLANT IN THE UNITED STATES

(@) As of June 30, 1965, a total of 31 reservoirs, incorporating
nearly 112,000 acre-feet of water supply storage for municipal or
industrial use, had been constructed in watershed projects under
authority of Public Law 566 or the Flood Control Act of 1944. Thir-
teen additional reservoirs, having an aggregate municipal and in-
dustrial storage capacity of 36,455 acre-feet, were under construction
on that date. Watershed work plans had been completed which
provide for 79 more reservoirs having a combined municipal and
industrial storage allocation of 131,255 acre-feet.

(b)) Reservoirs completed and in operation on June 30, 1965, are
distributed in 12 States as shown in table VI. Reservoirs under
construction are located in 10 States. The 79 structures for which
plans have been made but not yet under construction represent
projects in 24 States.

(¢) The distribution of these facilities by size of community served
is shown in the following tabulation:

Size of community served

Status as of Jan. 30, 1965

50,000 to 10,000 to 2,500 to Under Total
999,999 49,999 9,999 2,500
Completed (in operation) _...--|-cceoecaaoaoo- 7 12 12 31
Under construction. .. ... 1 2 7 6 16
Planned 13 21 45 79

(d) Of the 31 reservoirs in operation, 5 were completed in the late
1950’s and the balance since 1960.

(¢) Water supply facilities installed as integral parts of small water-
shed projects are owned, operated and maintained by cities, counties,
towns, special districts, public authorities or other local public bodies.

(f) The estimated current value (end of 1965) of the municipal or
industrial water supply storage in the 31 completed reservoirs is ap-
proximately $6,500,000.

B. Costs AnD UseEr CHARGES
1. CONSTRUCTION COSTS AND OPERATING COSTS

(@) Construction costs.—A cost analysis of the 126 reservoirs
planned to date under the watershed program shows that the cost per
acre-foot varies widely. This is due to differences in site conditions
and size of reservoir. ~As might be expected, the unit cost generally is
greatest for the smaller reservoirs. The following tabulation illus-
trates this relationship:

Size, acre-foot Cost per
acre-foot

$141. 20
114. 86
55.30

79 reservoirs
47 reservoirs. .
7 reservoirs.




STATE AND LOCAL PUBLIC FACILITY NEEDS 103

(b) Local sponsoring organizations, qualified by State law, assume
full Tesponsibility for operation and maintenance of municipal and
industrial water supply facilities installed under the watershed
program. Consequently, only limited information is readily available
upon which to determine annual maintenance and operating expenses.
From a limited sample of the projects, for which some information
is available, estimated operation and maintenance costs range from
less than $10,000 to about $50,000 yearly depending upon the size and
complexity of the facility.

2. USER CHARGES

As in the case of operation and maintenance costs, only limited
data are available on user charges. Therefore, we are not in a position
to state the extent to which user charges cover services, operation and
maintenance costs, or liquidation of the indebtedness.

C. Trenp ofF CaritarL OUTLAYS

1. The following tabulation shows the annual accomplishments
since provisions for municipal or industrial water supply were included
in the watershed program:

Number of
Teservoirs
with
municipal Capital
Year and investment
industrial |[(non-Federal)
water
supply
completed
1957-59_ - - 6 $2, 084, 658
1960. - - 1 3,880
1961. - 4 1,335,847
1962. - 4 162,
1963 .. - 5 587,029
964 __ T, - 8 1,706, 856
1965 (to June 30, 1965) - oo ceoo-- - 3 409,152

2. All of the capital outlays listed above were accounted for by
cities, counties, towns, special districts, public authorities, or other
local public bodies.

3. The source of financing for these capital outlays was distributed

as follows:
Percent

Appropriations from tax resources and borrowing in municipal bond market__ 59
Federal Government grant assistance (ARA)_._ o ____. 5
Borrowing from the Federal Government (Farmers Home Administration). - 36

D. NeeEps aND ProspECTIVE CapPITAL OUTLAYS

1. () In projecting the needs and prospective capital outlays
during the decade 1966-75, consideration was given to such factors as
the current backlog of unmet needs, expanding population and in-
creasing per capita consumption, greater industrial needs, and recog-
nition by a growing number of communities of the opportunities
afforded by participation in the watershed program.

(b) The estimated capital requirements to be met by sponsoring
organizations for municpal or industrial water supply facilities installed
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in watershed projects are as follows: 1966 fiscal year, $3.2 million;
1967 fiscal year, $11 million; 1968 fiscal year, $12.7 million; 1969
fiscal year, $14.3 million; 1970 fiscal year, $16 million; 1971 fiscal year,
$17.8 million; 1972 fiscal year, $19.7 million; 1973 fiscal year, $21.5
mj]ﬁ@on; 1974 fiscal year, $23.5 million; and 1975 fiscal year, $25.5
million. ‘

(¢) Tt is expected that these facilities will be provided to different
size communities in the following proportions:

Percent
Over 50,000 _ . . . e 1
10,000 to 50,000_ I 17
2,500 t0 10,000 - e 32
Under 2,500 . - e 50

(d) Based upon past experience it is expected that cities, towns,
counties, special districts, public authorities, or other local public
bodies will assume full responsibility for the capital outlays involved.

2. Contingent upon the availability of appropriated funds, it is
anticipated that the percentage of capital outlays to be financed
through Farmer’s Home Administration loans will increase to ap-
proximately 50 percent. The balance would be derived from tax
revenue, operating income, or sale of bonds in established municipal
bond markets. ‘ :

TaBLE VI.—Municipal and industrial storage reservoirs in existence or operalion
June 30, 1965 {constructed under authority of Public Law 566 or Flood Control
Act of 1944]

Storage allo- | Non-Federal
cated to  |cost allocated|{Population
State Community served municipal (to municipall served
and indus- and indus-
trial trial
. Acre-feet Dollars
1. Alabama__ .. ______ ... 500 21, 01 5,288
2. 1,500 218, 000 820
3. 2,100 316, 600 1,619
4, 150 , 062 2,963
5. 72 3,880 7!
6. 445 23,712 3,450
7. 1,200 01, 084 5, 556
8. 0 40, 693 17,868
9, 4,391 223, 552 3,772
10. 660 41, 600 1,677
11. 93 13,577
12, 1,757 218, 350 19,465
13, isi - 0 79, 095 1,357
14, Oklahoma.__. - 3, 000 352,721 1
15. Oklahoma.... - 3,000 249, 547 1,772
16, Oklahoma... .. - 3,000 470,402 3,351
17. Oklahoma__.. _ 2,125 59, 010 5,210
18, Oklahoma.. __ - 31,700 1, 500, 000 14, 866
19, Oklahoma.. .. - 10, 681 340,396 20, 009
20. Oklahoma.. - 14,600 323,315 A
21, Oklahoma.. .. - 505 97, 050 4,027
22, South Carolina._ - 120 15, 000 2, 876
23, Texas........ - 24, 000 1,012,183 5,338
24, Texas_ ... R 1,346 17,728 3,037
25, Virginia._._ - 1, 600 67,873 30,969
26, Virginia. . - 500 38,400 2,412
27, Virginia__ . 200 15,823 733
28, Virginia_ . - 304 116, 686 37,363
29. West Virg . 241 105, 000 600’
30, West Virgin: - 129 71,448 1,700
31, West Virginia. 960 167,415 6,192
12 States, total. ... ___ Total 30 communities. 111,989 6, 290, 050 207,328




CHAPTER 2
Public Water Supply Systems*
INTRODUCTION

The public water supply utility industry is one of the Nation’s
oldest industries. Its history can be traced back to colonial times to
the system built in Boston in 1652 consisting of wooden pipe and
conduits used to convey water from wells and springs to a wooden
tank from which people could fill their water buckets. Almost a
century later, in 1746, a farmer named Schaeffer piped water from
his Pennsylvania farm to the community now called Schaefferstown.
This was the first water supply in the United States built to serve an
entire town.

Despite these early examples, public water service did not enjoy
immediate acceptance. People preferred to take water from their
own wells and springs. There were, for example, only 16 public
water systems in 1800, and 83 in 1850. The situation changed rapidly,
however, during the second half of the 19th century, so that by 1890
there were 1,878 public water supply systems serving 22,500,000
people. Today water utilities constitute one of the Nation’s largest
and most essential industries, serving almost 160 million people. The
industry has established a record for safety, reliability, and service
unmatched elsewhere in the world.

A. Nature AND ComPoOSITION OF THE WATER UTiLiTY INDUSTRY
1. DESCRIPTION OF FACILITIES

(a) General Physical Characteristics

The main components of a public water system are:

1. Source of water supply. Surface water sources are lakes, ponds,
and streams. Water may be taken directly from a stream on a
continuous basis, or a dam may be built, creating a reservoir to hold
flood waters. QGround water sources are wells, springs, and infiltration
galleries, wells being most commonly used for public supply.

2. Collection works and transmisstion mains. Collection and trans-
mission works comprise intakes, pumping stations, and pipelines as
necessary to collect and transport the water to the treatment plant
or distribution system.

3. Treatment plants. Minimum treatment for sources of excellent
natural quality usually consists of disinfection as a safeguard. Treat-
ment may be much more extensive in order to produce a safe and
palatable water and may include application of various chemicals
together with mixing, flocculation, settling, and filtration. Other
processes are employed as needed to soften the water and remove
objectionable amounts of iron and manganese.

*Prepared by the American Waterworks Association, with minor editing by
committee staff.
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4. Distribution works. Distribution works include pumping and
storage facilities, water mains and their appurtenances—such as
valves, hydrants, service connections, and meters—all of which are
needed to transport the water to the consumer, measure it for billing,
and afford fire protection.

(b) Services Rendered

Water utilities traditionally provide water service to residential,
commereial, and industrial customers, as well as for general municipal
purposes. Residential uses include drinking, cooking, bathing, toilet
flushing, air conditioning, laundering, and sprinkling. Commercial
service is furnished to a variety of businesses, including restaurants,
hotels, motels, laundries, and florists, for the same general purposes.
A prime factor in attracting and keeping industry is an adequate
water supply to meet such varied industrial needs as water for cooling,
process use, and cleaning. General municipal service consists of
public uses like street sprinkling, swimming pools, fountains, public
buildings, and—most important—firefighting. Provisions for the
latter represent a substantial portion of the investment in water
works facilities, especially for the smaller utilities.

Depending on the type of utility organization and State and local
requirements, water utilities render these services both within and out-
side corporate limits and on both a retail and a wholesale basis _An
example of wholesale basis would be the sale of water to another utility
or community, which then distributes the water to its own retail
customers.

An approximate allocation of water to the various categories of
users is shown in table 1.

Water production ~

The water industry uses average daily per capita water production
as a measure of output. Thisis calculated by dividing the total gallons
of water produced or purchased by the utility (or both) during the
year by 365 and then again by the total population served. This
gives a figure in gallons per capita per day (gped).

Per capita water production is lowest for small utilities and
progresses upward with increasing size of utility, as shown in table 2.

Per capita water production varies among utilities. It also varies
regionally, as shown in table 3, which includes data for cities of more
than 10,000 population only for the years 1950, 1955, and 1960.

(¢c) Standards of Performance

The following general standard of performance for public water
supply systems is taken from a policy statement of the American
Water Works Association:

Delivered water should as a minimum meet U.S. Public Health Service Drinking
Water Standards. In addition, it should be as free of objectionable taste and odor,
color, turbidity and staining elements, and as noncorrosive as practicable. It
should be adequate in quantity for all sanitation and other domestic uses; safe
and desirable for industrial and commercial use; adequate for fire protection
service, and available on an uninterrupted basis with a minimum of fluctuations in
pressure.

The 1962 Drinking Water Standards of the U.S. Public Health
Service prescribe requirements for drinking water and water supply
systems used by carriers and others subject to Federal quarantine
regulations. Most States have adopted these standards as minimum
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requirements for public water supplies generally. Because the
USPHS standards relate primarily to the health aspects of water,
many water utilities have adopted their own higher standards to
reflect the improved performance that they are able to attain in their
operations. A similar step is being taken by AWWA, which is pre-
paring goals or objectives for water utilities generally to emphasize such
consumer aspects of water quality as color, taste, odor, clarity, soft-
ness, corrosivity, and staining.

TasLE 1.—Public waler supply use by category !

Use;
percent
Type of use: of total
Residential . . e 45
Commereial . . o ____ 18
Industrial - _ _ o oli_o___= e 32
Munieipal - e 5
Total - o o e 100

t Mirshleifer, J.; DeHaven, J. C.; Milliman, J. W. ‘Water Supply Economics, Technology, and Policy.”
University of Chicago Press (1960), p. 25.

TaBLE 2.—Mean per capita production of water utilities of varying size!

. Number of Mean
Population served (thousands) cities production

gped
1405, s 97 121
B0 10 e 261 123
10 to 25. e e mam e cmmmmemm————— 308 124
25 to 50, .- 184 137
50 60 100 . e eeeae - 109 129
10080 250 e oo iaeioleee 80 137
250 to 500, - - 28 131
Over 500 O - 37 147

1 Seidel, H. F., and Cleasby, J. L. “A Statistical Analysis of Water Works Data for 1960.” (Un-
published.)

TaBLE 3.—Regional trends in mean per capita production of water utilities 1

Mean production—gped
Geographic region
1950 1955 1960
New England 111 123 108
Middle Atlantic. ..o ooeoaooo 145 139 118
Northeast central 132 130 116
Northwest central. . ——- 127 127 124
South _ 115 109 119
Mountait . oo e mme—————— 226 220 205
Pacific 189 193 202

1 For cities of more than 10,000 population only, from Seidel, H. F., and Cleasby, J. L. “A Statistical
Analysis of Water Works Data for 1960.”” (Unpublished.)

In addition to meeting domestic, commercial, and industrial water
needs, the water industry has important responsibilities for fire pro-
tection. In this regard, the “Standard Schedule for Grading Cities
and Towns of the United States With Reference to Their Fire De-
fenses and Physical Conditions” of the American Insurance Associa-
tion (formerly the National Board of Fire Underwriters) prescribes
standards for grading the fire defenses of cities, guides insurance com-
panies in their underwriting procedures, and serves as the basis for
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recommendations for improvement of fire protection. Although the
ATA standards are voluntary, they are widely applied throughout
the industry.

2. EXISTING CAPITAL PLANT

Table 4 shows the growth in number of water utilities from 1800
to 1963 and gives the populations served in selected years. There
were 19,236 utilities as of January 1963, more than 10 times as many
as in 1890. The population served in 1963 was 150 million, almost
seven times as many as in 1890. Water utilities have amost doubled
in number since the 1930’s, and the population served today is
considerably more than twice what it was in the 1903’s. ‘

The distribution of water utilities by State is given in table 5.
Table 6 gives a breakdown of utilities according to size of city. It
shows that 87 percent of all the utilities serve populations of 10,000
or less. The remaining 13 percent in the over-10,000 population class
serve 81 percent of the total population served by public water systems.

TasLe 4.—U.S. water utility growth, 1800-1963 1

Number of Estimated Number of | Estimated
Year utilities population Year utilities population
served served

12,760 | 81,243, 430
16,439 | 93,455,135
17,808 | 133,126,310
19,236 | 150,602, 164

1,878 | 23,678, 350

1 Statistical summary of municipal water facilities in the United States, Jan. 1,1963. U.S. Public Health
Service, U.S. Department of Health, Education, and Welfare, Washington, D.C. (1965).

TaBLE 5.—U.S. water utilities and populations served, by States !

State Number of | Population State Number of | Population
utilities served utilities served

Alabama. .. __________... 297 2,230,935 || Nevada.ooeoooo oo 57 287,345
Alaska.__ ——- 39 86, 685 || New Hampshire.. 117 488, 230
Arizona.. . 224 1,382,815 || New Jersey..._- 413 5,604, 460
Arkansas. R 232 1, 065,300 || New Mexico.. 252 713,830
California__ - 1,690 | 17,508,320 |} New York....__ 1,014 | 15 653,155
Colorado. .. e 314 1, 655,225 || North Carolina 367 | - 2,292,380
Connecticut... - 155 2,193,805 || North Dakota._...______. 178 370,760
Delaware. . _____.____._._ 41 409,845 (| Ohio. ... _____________ 546 7,798, 245
District of Columbia_..__ 2 1,092,870 || Oklahoma. ... __..______ 397 1,865,160
TFlorida. 467 3,890,990 || Oregon .. _____.__._ 353 1,373,120
Georgia 419 2,796,250 || Pennsylvania.__....._____ 959 9, 856, 291
Hawaii.. 83 594, 075 || Puerto Rico. ..o 70 1; 643, 555
Tdaho. o oo . 192 450,069 || RhodeIstand._._.._______ 47 816,130
Illinois. 913 8,867,430 || South Carolina_..__..____ 215 1, 420, 835
Indiana. .ooocoveicaeaaoo . 394 3,196,060 || South Dakota._.__._____ 252 416, €80
TOWa. ool 708 1,896,720 || Tennessee.. ... 277 2, 423, 290
Kansas . coeeomuecnacemn 488 1,627,985 || T€XASw ccmmcmccmcmacaaae 1,160 8, 619, 510
KentucKy o e oveeeiee 273 1,806,993 || Utah. oo 1, 00L, 550
Louisiana - - coveeoewenan. 280 2,539,795 || Vermont_ .. __________.__._ 185 255, 659
Maine oo 159 | . 769,620 || Virginia. .. oooooocaaooo 508 2, 590, 670
Margland. ... _.. ... 169 2, 574,085 || Virgin Islands._._.________ 3 23, 390
Massachusetts... 275 5,061,435 {| Washington_.._....._...__ 463 2, 427, 992
Michigan..ue e coeneaae. 506 6,442,370 {| West Virginia. ...._._____ 394 1,171, 305
Minnesota - 603 2,432,330 || Wisconsin 426 2,750,140
Mississippi- 234 981, 595 {| Wyoming. . 102 249, 075
Missouri- 430 3, 530, 365
Montana. 165 474, 505 Total 19, 236 | 150, 602, 164
Nebraska e ocooocaeoweas 431 1,040, 735

1 Statistical summary of municipal water facilities in the United States, Jan, 1, 1963. U.S, Public Health
Service, U.8. Department of Health, Education, and Welfare, Washington, D.C. (1965).
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Table 7 shows the distribution of water utilities by type of owner-
ship. The breakdown gives the number of municipally owned and
investor-owned utilities by class size and total population served.
Seventy-one percent of the water utilities are municipally owned; 29
percent are investor owned. Municipally owned utilities serve 85
percent and investor owned 15 percent of the population served by
public water systems. The examples of dual ownership are so few
that they may be safely omitted from the analysis.

Investor-owned water utilities include individual, partnership, and
corporate enterprises. This type of utility comes under the regulation
of public service commissions in all but two States.

TaBLE 6.—Classification of water utilities according to population size !

Population group Number of | Population
utilities served
Under 500. . . e e e mmmammmmm e 5,433 1,724,981
500 t0 1,000___ . 3,751 2,901, 512
1,000 to 5,000 6, 054 14,269, 131
5,000 to 10,000 1,503 10,150, 890

10,000 to 25,000-
25,000 to 50,000.-.- s
50,000 to 100,000 298 12,900, 250
Over 100,000. ... 399 77,156,210

Total. e 19, 236 150, 602, 164

! Statistical Summary of Municipal Water Facilities in the United States, Jan. 1, 1963. U.S. Public
Health Service, U.S. Department of Health, Education, and Welfare, Washington, D.C. (1965).

TaBLE 7.~—Distribution of U.S. waler utilities by type of ownership !

Municipally owned utilities | Investor-owned utilities
Population group
Number Population Number Population
served served
Under 500. R 3,245 1,127, 491 2, 078 564, 720
60060 1,000 - - oo m e m e 2,762 2, 195, 468 922 644, 004
1,000 to 5,000_ i —- 4,692 11, 636, 921 1,315 2, 545, 255
5,000 £0 10,000 — - oo oo 1,113 8, 595, 635 372 1, 471, 450
10,000 to 25,000. I R 876 13,768, 010 340 2,812, 050
25,000 to 50,000 e 362 12,283,770 204 2,384,570
50,000 t0 100,000.. - - - mcammeean 173 10, 405, 000 123 2,411, 750
Over 100,000. - 245 67, 843, 060 147 8, 646, 280
Total_ . 13,468 | 127,855, 355 5,501 21, 480, 079

1 Statistical Summary of Municipal Water Facilities in the United States, Jan. 1,1963. U.S. Public Health
Service, Department of Health, Education, and Welfare, Washington, D.C. (1965).

Municipally owned utilities include those owned by municipalities,
water districts, counties, and other forms of government organization.
In all but a few States—notably Indiana, Maine, Montana, Nevada,
West Virginia, Wisconsin, and Wyoming—they are not regulated by
public service commissions.

At the end of 1965, it is estimated that there were more than 20,000
water utilities serving 157 million people in the United States.
Assuming that today’s cost to provide water works facilities averages
$300 per capita, the current replacement value of the water industry
is more than $47 billion.
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- B. Costs anp User CHARGES
1. CONSTRUCTION COSTS

Table 8 shows the incremental costs of waterworks for varying
periods in the development of the water industry. It is interesting
to note that the investment for the last decade almost equals the
amount spent during the previous 35 years, and that the expenditure
since the end of World War II is more than three times the amount
spent during the entire previous history of the industry. Average
per capita investment in water facilities has risen accordingly and for
1956—65 it averaged $275. It continues to grow as the result of
rising costs and the necessity for utilities to go further for new water
sources. Figure 1 illustrates water utility cost indexes for two
typicls)a,ll types of systems, the weighted components of which are shown
in table 9.

TABLE 8.—Incremental costs of water facilities !

New invest- | Growth in | Per capita
Period ments population | investment
(millions) served
(millions)

Before 1896 . $450 22.7 $20. 00
1896 to 1910. 510 15.3 33.30
1910 to 1920 640 12.0 53.00
1920 to 1946. 3, 350 40.0 83.75
1946 to 1955. : — 7,050 30.0 233. 00
1956 to 1965 2 10, 200 37. 275.70

5 16]gigogson, 1I§§Q)R" “50 Years' Experience With Water Utility Costs and Revenues.” Journal AWWA,
1 une .

2 Pigures for 1956-65 have been added to Howson’s original table. Population growth is based on data of
the U.S. Public Health Service and the U.S. Department of Commerce.

TABLE 9.—Weighted components for two typical plants !

[In percent]
Component Plant A ?1ant B

Land — 1 13
Reservoirs .. 5 17
Buildings . - oo e mmmmmm e mm————mm e 10 25
Pumps, motors, and soon...._ - - 5 5
Mains. - 60 32
SOV ICeS o oo e ———— 10 2
Meters.. .. 7 4
Other equipment.______. —— 2 2

Total - 100 100

1 Fick, H. H,, * Cost Indexes for Water Utility Property.”” Journal AWWA, 56:1021 (August 1964).
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Construction costs vary considerably, depending on size of utility,
type and proximity of source of supply, type of treatment, and other
factors. This is illustrated in figure 2, which shows the total invest-
ment in waterworks expressed in dollars per million gallons of average
daily capacity for each of six water systems, the general features of
which are given in figure 3. Plant investment costs range from
$700,000 per million gallons daily to more than $1,700,000 per
million gallons daily. Portions of the totals are allocated to various
categories: source of supply, pumping station and treatment, trans-
mission and distribution system, fire hydrants, and a miscellaneous
category including such things as offices, laboratory, and other
equipment. It should be added that the graphs in figure 2 are
based upon the historical cost of the works, which are much less than
the reproduction cost at current prices.

The annual operations and maintenance expenses for the six
utilities, expressed in dollars per million gallons of water produced,
are shown in figure 4. Expenses range from $100 to $250 per million
gallons, and are broken down into the following categories: source of
supply, pumping, treatment, transmission and distribution, customer
accounting, and general expenses.
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FI1GURE 1, TYPICAL WATER UTILITY COST INDEXES

The cost indexes for two existing water plants are shown for the period 1913-63’
with 1913 as the base year. The weighted components of water utility property
are given in table 9. ~Data for plant A are indicated by the solid line; data for
plant B by a broken line. From: Fick, Henry H., “Cost Indexes for Water
Utility Property.” Journal AWWA, 56:1022 (August 1964).
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FIGURE 2. PLANT INVESTMENT

TFrom: Hazen, Richard. Water Is Not Free. Proceeding, 8th Sanitary Eng’
Conference on Cost Aspects of Water Supply, Univ. of Illinois Experiment
Urbana, Ill. (1966).

UTILITY

OWNERSHIP I I M i M M
AVE. PRODUCTION - MGD 52 223 | 220 | 173 9.2 8.9
SOURCE OF SUPPLY

Number 8 | | 3 | 3
Type SURF. | GW. |SURF.| SURF. | SURF. | SURF.
G.W. 1 GW.
PUMPING. REQD. : PART | YES | YES | YES | YES | PART
FILTRATION REQD. NO NO YES | PART | YES | YES
SOFTENING REQD. NO NO NO NO NO | PART

FIcURE 3. PLANT FACILITIES

From: Hazen, Richard. Water Is Not Free. Proceedings, 8th Sanitary Engi-
neering Conference on Cost Aspects of Water Supply, Univ. of Illinois Ex-
periment Station, Urbana, Ill. (1966).
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F16URE 4. ANNUAL EXPENSE, OPERATIONS AND MAINTENANCE

Hazen, Richard. Water Is Not Free. Proceeding, 8th Sanitary Engineering
Conference on Cost Aspects of Water Supply, Univ. of Illinois Bxperiment Station,
Urbana, T1. (1966).

2, WATER UTILITY FINANCING AND USER CHARGES

The following conditions prescribe a test for self-sustaining water
utility operations:

To furnish good service, a water utility, whether municipally or
investor—owne(i should receive sufficient revenue through water sales
and other charges to—

(1) cover operation and maintenance expenses, taxes or pay-
ments in lieu of taxes, depreciation, fixed charges or return on
investment, and

(2) provide sufficient surplus to pay for ordinary capital addi-
tions and attract the necessary capital for major expansion.

Investor-owned utilities in all but two States and municipally owned
utilities in at least seven States are under the jurisdiction of State
regulatory commissions. Under such control, water utilities formu-
late rate schedules to provide gross revenues approved by the com-
missions,

Of the total number of utilities, 65 to 75 percent are unregulated.
Most of these are municipally owned. Most are supported out of
revenue from rates, a few by a combination of rates and taxes. Gen-
erally, municipally owned utilities may be classified according to two
general types of financial operation:

1. Self-supporting enterprises.—Such utilities receive sufficient rev-
enue through rates, charges, and fire protection tax levies to meet all
expenses, maintain and expand the system, and contribute funds to
the municipality in lieu of taxes. They maintain a separate identity
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from other public functions and have control over their funds in sep-
arate accounts. To finance large capital additions, they have au-
thority to issue revenue bonds. Their revenues after operating and
maintenance experses must be adequate to pay the interest and
redemption.

2. Tax-supported enterprises—Typical of this group is the utility
that is budgeted and accounted for within the city’s overall operations.
Revenues from water sales are deposited in the general municipal fund
together with other receipts, including tax receipts, out of which the
expenditures for all city operations, mcluding the water utility, are
made. In such cases, taxes are levied to meet payments on bonds
issued to expand the water system. The bonds would be general
obligation bonds backed by tbe taxing power of the municipality.

Regardless of the type of financial organization—and there are a
number of variations—revenues from water rates are employed to a
large extent to pay the costs of doing business, including operation and
maintenance expenses, taxes, debt service, payments to the general
fund (municipally owned utilities) or dividends (investor-owned
utilities), and payments to reserves and surplus.

Water utilities obtain most of their income from water sales. A
study in 1955 covering 78 municipally owned utilities showed that
water sales furnished 92 percent of total income, with residential
customers providing 56 percent, commercial customers 18 percent,
industrial users 17 percent, and municipal service 1 percent. The

~largest single source of income after water sales is fire service. Most
investor-owned and about one-half of the municipally owned utilities,
according to a 1960 AWWA survey, levy a charge for fire. service,
usually in the form of a hydrant rental in the range of $10 to $50 per
fire hydrant per year.

Revenue sources and disposition for 875 municipally owned and 90
investor-owned utilities of all sizes in 1960 are shown in Table 10.

TaBLE 10.—Water utility revenue sources and disposition !

Municipally owned Investor owned
Item
Dollars per Dollars per .
million percent million percent
gallons gallons
Revenue:
Water S81e8. o ocaoeem e cnmccmmmammmn e m e 302 91.5 382 95
BN 3 T 28 8.5 20 5
POLA) - eocmemmccm e emmc e mem e m—— 330 100.0 402 100
Disposition:
Operating and maintenance. ............-- 174 53.0 188 47
S - 3 1.0 88 21
Debt service_ .. oo 62 19.0 35 9
Current capital additions. _.. 48 14.0 35 9
To general funds or dividends. 20 6.0 33 8
Reserves and surplis. . oo cccecaimaceoncdon 23 7.0 23 5
TOLAY - - oo emmccmce e cmcmmmam i ene 330 100.0 402 100

1 H. F. Seidel and J. L. Cleasby, “A Statistical Analysis of Water Works Data for 1960 (unpublished).

The income of the municipally owned group averaged $330 per million
gallons, of which $174 was spent for operation and maintenance and
the remainder for taxes, debt service, current capital additions, de-
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posits to the general funds, and reserves and surplus. Investor-owned
utilities received $402 per million gallons and paid $188 for operation
and maintenance. It should be noted that this group paid $88 per
million gallons for taxes and $33 for dividends as compared with $3
for taxes and $20 in lieu of taxes paid by the other group.

Both municipally and investor-owned utilities may be able to fi-
nance small capital additions out of current earnings. To finance
large additions, municipally owned utilities issue revenue or general
obligation bonds. Investor-owned utilities issue mortgage revenue
bonds and short-term notes.

C. TrEND oF CapriTal OUTLAYS
1. ESTIMATED ANNUAL CAPITAL OUTLAY

Various public and private organizations publish data on the capital
outlay for water utility facilities, including: McGraw-Hill, Inc., of
New York City in its publication ‘“Engineering News-Record”’; the
U.S. Department of Commeérce, in such publications as “Construction
Review,” issued by the Business and Defense Services Administration,
and “Historical Statistics on Government Finances and Employ-
ment,” a report of the Bureau of the Census; and the U.S. Department
of Health, Education, and Welfare, in “Sewage and Water Works
Construction,” and “Water and Sewer Bond Sales in the United
States,” both publications of the U.S. Public Health Service.

None of the above-mentioned publications report the total capital
outlay for water utility facilities which would represent contract and
direct expenditures of both municipally and investor-owned segments
of the industry. In fact, the various published data are not strictly
comparable because of different collection and reporting methods.
They provide, nevertheless, a good indication of the trend in water
utility construction expenditure.

Annual values reported by the various organizations for 1946-65
are shown in table 11. Two of the columns in the table are related
only to municipally owned utilities. The third represents the Business
and Defense Services Administrations’ estimates of total construction
put in place for both municipally and investor-owned utilities, in-
cluding contract and force account construction.

The annual expenditure for waterworks construction grew steadily
during 1946-65. The rate of growth is indicated by table 12, which
compares contract award figures as reported by the U.S. Public
Health Service in actual and constant dollars.

Table 12 shows that in actual dollars annual public water utility
construction rose during a 13-year period (1952-64) from $227 to
$654 million, an increase of $427 million, whereas in constant dollars
(1957-59 base), it grew from $303 to $532 million, an increase of
only $229 million.

Water utility construction was curtailed during World War IT and
picked up slowly immediately following the war when prices rose
sharply and population expanded rapidly. As a result, the industry
accumulated a sizable deficiency in facilities, which it has been
correcting gradually ever since. A substantial backlog still exists,
as is explained in part IV of this statement.



116 STATE AND LOCAL PUBLIC FACILITY NEEDS

TaBLE 11.—Indicators of annual water works construction

[In millions of dollars]

. ENR USPHS | BDSA total
Year : contract contract waterwork -
awards ! awards? |construction3

1963... RO
1965..... |- 1,300

1 Annual total public works contracts for waterworks construction reported by “Engineering News
Record.” Minimum project included for 1946 was $22,500; for 194749, $28,000; for 1950-54, $34,000; for 1955-58,
$44,000; and for 1959-62, $53,000.

2’ Annual contract awards for public waterworks construction as reported by the U.S. Public Health
Service in ‘‘Sewage and ‘Waterworks Construction, 1964.” The figures exclude engineering, architectural,
legal, and financial fees and contract expenditures of investor-owned water utitities.

3 Construetion put in place, including contract construction, force account construction, and materials
and equipment for municipally owned and investor-owned water utilities, as provided by the Water Indus-
tx;lecs and Engineering Services Division, Business and Defense Services Administration, U.S. Department
of Commerce. .

TaBLe 12.—Comparison of annual water utility contract awards in actual and
constant dollars !

Actual Constant Actual Constant
Year dollars dollars 2 Year dollars dollars 2
(millions) | (millions . (millions) | (millions)
227 303 504 480
283 358 645 597
203 353 573 516
304 453 507 441
441 485 590 500
457 481 654 532
419 419

1 Sewage and Waterworks Construction, 1964, U.S. Public Health Service, U.S. Department of Health
Education, and Welfare, Washington, D.C. (1965).

2 tht:lstant dollars are reported on a 1957-59 base, using the “Engineering News-Record” construction
cost index.

2. SOURCES OF EXPENDITURE

A breakdown of capital outlay by source of expenditure is unavail-
able, but an indication is given by table 13 which shows the number
and total value of bond issues for municipal waterworks construction
in 1064 according to various issuing authorities. Municipal author-
ities led in number of issues with 381 out of a total of 607, followed by
special water districts with 157, and statutory authorities with 36.
Tn total dollar volume, municipalities again led with $305 million out
of a total of $769 million, followed by State authorities with $250
million. The State bonds relate to California’s huge Feather River
project.



STATE AND LOCAL PUBLIC FACILITY NEEDS 117

Table 14 gives a breakdown of the ﬁublic bonds issued in 1964
according to type of issue. General obligation bonds accounted for
64 percent and revenue bonds for 36 percent of the total value.

Tnvestor-owned utilities, which comprise 29 percent of the total
number of utilities and serve 15 percent of the total population served,
obtain capital from various sources—loans, bonds, and common and
preferred stock—in proportion to debt ratios prescribed by State
public service commissions and in accordance with policies that will
assure satisfactory credit rating and low money costs. In its esti-
mates of total waterworks construction in table 11, the Business and
Defense Services Administration has assumed that investor-owned
utilities account for about 20 percent of the total annual investment
in facilities.

TaBLE 13.—Water and sewer bond sales tn 1964 1

[Dollar amounts in thousands]

Type of issuing authority Number of Amount Percent of
issues total
BB e o mmm e cmccemmmmammam—nm e —m—ma e m e n 3 $250, 000 32.5
County.- 9 A 1.7
Municipality. ... - PR - 381 305, 798 39.8
Township_-. 21 5, 653 .7
Special district 157 102, 805 13.3
Statutory authority. - 36 92,202 12.0
Total - 607 769, 307 100.0

1 Water and Sewer Bond Sales in the United States, 1964. U.S. Public Health Service, U.S, Depart-
ment of Health, Education, and Welfare, Washington, D.C. (1965).

TasLe 14.—Types of water and sewage bonds sold in 1964 *

[Dollar amounts in thousands]

Type of issue Number of Value
. issues
GENERAL OBLIGATION BONDS
Unlimited tax 374 $467, 914
Unlimited tax secured by utility revenue___. - 9 6,6
Unlimited tax secured by special nent 22 3,654
Limited tax. . ... oo - R R 12 11,090
Limited tax secured by utility revenue._._.__ -- 1 522
Limited tax secured by special NENES. e 4 695
REVENUE BONDS

Utility revenue ——- 179 271,043
Special tax revenue ——- 1 122
Rental revenue 5 7,657

TOtA). . o o cevcemmmcmeeccc—eeemmemmeeemmammmmeeammm—m—meemmm———— 607 769, 307

1 Water and Sewage Bond Sales in the United States, U.S. Public Health Service, U.8. Department
of Health, Education, and Welfare, Washington, D.C. (1965).
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Both municipal and investor-owned segments of the industry spend
substantial sums each year on force account construction and direct
purchases of equipment, the investment varying from 20 to 25 percent
of the total annual capital outlay, according to studies of the BDSA
made during 1952-59. Sources of funds for this work are water sales
revenue taxes, short-term loans, bonds, contributions in aid of
construction (for example, customers-financed main extensions, serv-
ice connections, and meter installations), and advances in aid of
construetion (subject to refund over a period of time). Water utility
polii){ies vary considerably in the method of financing of this type of
work.

Up to 1965, Federal and State loans and grants were not a significant
factor in water utility development, with the exception of the work
performed during the 1930’s.  As is pointed out in part IV, this situa-
tion is expected to change as a result of legislation passed in 1965.
Prior to 1965, there were the following Federal programs:

1. The Farmers Home Administration of the U.S. Department of
Agriculture has made loans for the construction of rural water systems
since 1938.

These systems serve farm areas with a low population density that
cannot be served economically by conventional public water systems.
Rural supplies differ from public supplies in that they are designed to
furnish considerably less water per capita, use pipelines of smaller
diameter, and do not normally provide conventional fire protection.
- Table 15 shows the number and amount of FHA loans made during
1961-65. :

2. Grants and loans made for the construction of water utility
facilities, as provided under the accelerated public works and public
facility loan programs, are summarized in table 16.

3. Financial assistance has been provided for storage of public
water supply in connection with the reservoir projects of the Corps of
Engineers, the Soil Conservation Service, and the Bureau of Reclama-
tion. The terms call for repayment when the storage is used for publie

 water supply.

TABLE 15.—Farmers Home Adminisiration credit assistance, 1961-651

Number of loans Amount loaned
Fiscal year i

Direct funds [Insured funds| Direct funds Insured

funds 2
1961. 18 15 $1,408,700 $536, 900
1962 55 28 5,928, 950 4,213, 050
1963. 72 63 7,054, 925 7,638,770
1064 e 99 168 10, 876, 680 23, 023, 000
1965 - 138 249 13, 285,720 37, 069, 960

1 This information supplied by the Farmers Home Administration, U.S. Department of Agriculture.
2 Advanced by private investors and insured by the Government,
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TABLE 16.—Community Facilities Administration—Accelerated public works pro-
gram grants and public facility loans for water utility construction !

PUBLIC FACILITY LOANS, 1956-65

[Dollar amounts in thousands]

Year Number of projects Amount Estimated total cost
17 $1,624 $1, 805
41 , 249 8
51 11,611 12,227
37 5,872 6, 448
22 6,306 7,728
51 8,791 7,428
87 32,633 35,477
80 18,603 29, 830
41 8, 031 10, 847
68 33,419 45, 203

495 132,139 164, 436

ACCELERATED PUBLIC WORKS PROGRAM GRANTS, 1962-64

117 23,114 50, 096
818 108, 147 245, 642
86 12,728 25,621
1,021 143,989 321, 359

1 Data supplied by the Community Facilities Administration, U.S. Department of Housing and Urban
Development.

D. Warer INpusTRY NEEDS AND PROSPECTIVE CAPITAL
) OuTLAYS

1. CAPITAL NEEDS

Public water supply capital investment to meet population and
industrial growth requirements, replace worn out and obsolete facili-
ties, and partially eliminate a sizable construction backlog is estimated
to grow from $2 billion in 1966 to $3 billion in 1975. The total
outlay for the 10-year period would amount to $24 billion, more than
twice the amount spent during the previous decade.

Table 17 shows the cost breakdown for the 1966-75 period. The
basis for the estimates is given in the following discussions on popula-
tion growth, depreciation, and deficiencies.

(a) Population growth

Of the present U.S. population of 195 million, the industry serves
157 million people or approximately 80 percent of the total. Over
the next 10 years, the population is expected to grow at a rate of 1.5
gercent, or roughly 3 million per year, reaching 225 million by 1976.

ublic water supplies will serve at least 80 percent of the annual
increase and probably more. It is assumed in this report that 2.5
million more, or 83 percent, will be served each year.

The cost to provide water system capacity for growth alone is
estimated to rise from $775 million in 1966 to $1 billion in 1975. This
is based on the assumption that the initial cost will be $300 per capita
and construction prices will increase 3 percent per year, a low figure
in view of the price rise experienced in 1965.

The formation of water district, authority, or metropolitan water
systems serving several communities will reduce per capita construc-
tion costs. On the other hand, many systems will develop water
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sources that are located greater distances away, or provide more
extensive treatment for polluted sources, both of which will result in
increased per capita costs.
(b) Depreciation

To offset depreciation and obsolescence, it is estimated that the
industry should spend at an annual rate of 1.5 percent of its current
replacement value. This amounts to $630 million in 1966 based on a
replacement value of $48.5 billion. The annual expenditure will rise
to more than $1 billion in 1975, assuming that population growth
needs are met.

TaBLE 17.—Capital requirements of the water utility industry, 1966751

Item 1966 | 1967 | 1968 | 1969 | 1970 | 1971 | 1972 | 1973 | 1974 | 1975
U.S. population (millions).___.._._...__ 1950 198| 201} 204 207 210 213 216{ 219 222
Population served by public water
systems (millions).... 157| 169.5) 162 164.5| 167( 169.5 172| 174.5{ 177 179.5
Per capita investment
tion increase (dollars) __ .. ._._._.____ 310 320 330 340 350 360; 370 380f 390 400
Total annual investment to serve popu-
lation increase (millions of dollars)___| 775 800( 825 850 875 900; 925 950; 975 1,000
Replacement value of systems (billions
ofdollars)_ .. 48.5 51| 83.5 56| 68.5 61} 63.5| 66.5 69 72
Annual depreciation and obsolescence 2
(millions of dollars). ... ... 730 765 800] 840 875 915/ 950| 995| 1,030 1,080
Annual cost of correcting deficiencies 3
(miltions of dollars) ... ___.____ 560; 575 595 610 630 650, 670 690 710| 730
Total annual expenditure (millions of
dollars). ... 2,070] 2,140} 2,220| 2,300 2,380| 2, 470] 2, 550| 2,640] 2,720/ 2,810

1 Pigures denote population at beginning of year; an annual increase of 3,000,000 is assumed, of which
2,500,000 will be served by public water supplies.

2 Estimated at 1.5 percent of replacement value.

3 Based on studies of Picton and Faust and on the assumption that deficiencies will be corrected over a

15-year period.

Investor-owned and some municipally owned utilities provide funds
for at least part of this type of expenditure by accruing depreciation
reserves from water sales revenues. :

(¢) Deficiencies :

R. J. Faust ! estimated in 1960 that it would take $1.9 billion to
improve the quality of the water delivered by public water systems.
He was referring to the need for many utilities to go beyond the
production of a safe water by providing treatment to remedy objec-
tionable characteristics, including tastes, odors, hardness, and
corrosiveness.

W. Picton ? in 1962 reported that many water systems lacked suf-
ficient capacity to meet the water demands of their consumers under
all conditions. He estimated that the cost to correct system deficien-
cies was $5,157 million (in 1960 dollars).

Although the annual investment in public water systems has in-
creased steadily since the above-cited studies were made, the quality
and capacity problems have not been corrected. Lack of adequate
system capacity continues to show up in various parts of the coun-
try at different times, as, for example, in the Northeast during the

1 Faust, R.J.. “Challenges in the Water Industry.”” Willing Water, 4:7:3 (July 1960).

2 Picton, W. L. “Construction Requirements for Water and Sewerage Works, 1962-70.”” Construction
Review (September 1962).
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1961-66 drought. In this instance, a survey showed that 129 of 351
water utilities that answered the questionnaire restricted water serv-
ice during 1964 because of inadequate capacity in source, transmission,
treatment, or distribution facilities.

Because a recent analysis of utility deficiencies is not available, the
estimates of Faust and Picton have been employed to indicate the
investment required during 1966-75 to eliminate the industry’s con-
struction backlog. Their cost estimates have been combined, con-
verted to the 1965 price level, and spread over a 15-year period. To
account for rising construction prices, it is assumed that the cost to
correct deficiencies will increase 3 percent per year.

2. CAPITAL OUTLAY

On the basis of past performance, it is highly unlikely that the
water industry will spend $2 billion in 1966 for construction. A real-
istic estimated would place the total expenditure at $1.3 to $1.5
billion, or $500 to $700 million short of the desired level.

The industry has the resources, however, to achieve a higher level
of plant investment and to overcome rising costs. By raising water
rates, it can obtain the revenue necessary to finance the projected
programs.

It is expected that Federal assistance programs resulting from legisla-
tion passed in 1965 will have a prominent part in water utility financing
during the next decade.

(a) Water Rates

Rate increases have been occurring at the rate of 1 in each 7 utilities
in any given year according to an AWWA survey in 1960. Within
the 4 years prior to the survey 55 percent of those reporting had had
rate increases, and within the 10 years before the survey, 90 percent
had raised their rates. A number of rate schedules, however, had
been in effect for more than 20 years. Rate increases according to
the survey commonly fall in the range of 10 to 35 percent.

A brief review of the history of rate increases since the end of
World War IT shows that rates and, consequently, water sales revenue
rose only slightly during 1945-50, while construction, operation, and
maintenance costs increased sharply. As a result, many utilities
were unable to finance expansion programs. During 1950-55 some
of this lost ground was regained, and during 1955-60 rates improved
generally, leaving water utilities in a much healthier financial position.
Further increases are required, however, to keep pace with rising costs
and to finance improvements.

Water rates traditionally have been kept too low. The average
customer pays considerably less for water service than for other
utility services, as shown in figure 5, which compares the annual
revenue per customer of electric, gas, telephone, and water utilities.
The chart, representative of a limited number of utilities located
principally in the Midwest, shows that during the 1952-63 period
average water utility revenue per customer rose from $40 to $71;
electric, $155 to $254; gas $124 to $209; and telephone, $131 to $218.

70-132—66-~vol, 1———9
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FIGURE 5. AVERAGE ANNUAYL REVENUE PER CUSTOMER FOR UTILITIES, 1952-63

Since 1952, average annual revenues per customer have increased as follows:
water utilities, from $40 to $71; electric, $155 to $254; gas, $124 to $209; and
telephone, $131 to $218. From: Patterson, W. L., Comparison of Elements
Affecting Rates in Water and Other Utilities. JOURNAL AWWA, 57:554
(May ’65). .

() Availability of Private Investment Capital

The water industry has not experienced difficulty in securing capital
funds, nor should it in the future, provided that rates are raised to
assure sufficient net income.

Very small utilities pose a special problem because their debt issues
are small and costly to underwrite. Investors may regard them as
too risky, particularly if their financial records are incomplete.
Occasionally, their water supply development costs may be extremely
high in relation to potential revenues. The answer in such cases
frequently lies in consolidation of the small units into larger district
or authority systems. Small systems also may be absorbed by or
connect to existing larger systems.

Water utilities generally have low debt ratios. Table 18 shows the
ratios of debt to gross plant for 358 municipally owned water utilities
in 1960. The median debt ratio for this group was 32 percent. Debt
ratios of investor-owned utilities are regulated by public service
commissions within prescribed limits.

With adequate rates and sound accounting practices, water utilities
would be able to attract capital at reasonable cost.
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(c) Federal Assistance Programs
Congress approved several programs in 1965 to assist in the de-

velopment of water systems.

The Housing and Urban Development Act (Public Law 89-117)
authorizes $200 million in grants to finance up to 50 percent of the
cost of basic public water and sewer facilities. It is estimated that
$50 million of this will be spent on public water supply facilities in
fiscal 1966 and again in 1967.

The Public Works and Economic Development Act (Public Law
89-136) authorizes $500 million per year for 4 years in grants of up
to 50 percent for public works in economically distressed areas. The
law also authorizes $170 million per year for loans to assist in public
works development and improvement.

Public Law 89-240, the Rural Water and Sanitation Facilities Act,
increases the loan insurance limit of the Farmers Home Adminis-
tration to $450 million, authorizes $55 million a year in grants for
facilities, and provides $5 million in grants for planning. The law
covers both water supply and waste disposal systems in rural areas
(towns up to 5,500 population). Grants are limited to no more than

50 percent of the project cost.



CHAPTER 3
Rural-Agricultural Water Supply Systems: Irrigation*
INTRODUCTION

This chapter is confined to a discussion of irrigation water supply
systems that are either public facilities or group facilities operated by
various types of irrigation water organizations. The public bodies and
other groups treated here include: mutual irrigation organizations,
commercial water suppliers, irrigation districts, the U.S. Bureau of
Reclamation, the Bureau of Indian Affairs, and some States and
cities.

Much of the information is presented here as complete and compar-
able only within a broad region, such as the Western or the Eastern
United States. The statistical information was supplied mainly by
agricultural census publications and Bureau of Reclamation reports.

A. Nature anp ComposiTioN oF IrrigaTioNn FaciLities
1. DESCRIPTION OF FACILITIES

(a) Physical Characteristics

Irrigation facilities usually include several systems, the number
and type varying between and within regions according to the nature
of the irrigation water supply, the time that the facility was con-
structed, the local topography, soil conditions, ete. Irrigation facili-
ties always include & source of fresh water. This source may be a
natural lake or stream, but it is usually a constructed reservoir or a
ground water source.

A water conveyance system is alsc present and consists of canals
and ditches and/or pipes leading from the water supply source to the
place of use. Large ditches and canals carry water to a system of
smaller ditches, called laterals. Some large conveyance canals are
hundreds of miles long.

In porous or easily eroded soil the canals and ditches are usually
lined with concrete. Gravity serves to propel water from the place of
storage through the conveyance system to the point of use. Pumps
are used for propelling irrigation water in cases where gravity cannot
be employed; for instance, to lift ground water to surface level and
from there to the point of use, or to raise water to a higher elevation
in a main irrigation canal.

Steel or wooden flow gates and valves, plus flow gages for measuring
amounts used by individual growers are often part of the conveyance
systems, also.

Water-application and land-preparation systems are typically not
a public enterprise, but they are sometimes a group enterprise. Their

*This report was prepared by the U.S. Department of Agriculture. The
authors were Clifford Dickason and Howard Hill, Natural Resource Economics
Division, ERS, with minor editing by committee staff.
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cost, being an associated cost of irrigation, is not readily available in
irrigation statistical sources. Most water-application systems fall
into three main categories: ditch-furrow systems, piped water sprink-
ler systems, and field flooding. In the ditch-furrow system, the grow-
er's fields are furrowed in such a way that each of several parallel
furrows abuts a water supply ditch. When water is needed in the
furrows, the grower usually inserts tubular plastic or metal siphons at
the ends of the furrows to siphon water from the supply ditch, over an
intervening few feet of ground, and into each furrow. The standard
diameter and flow of the siphons assures an equal flow of water in each
furrow. The crops are planted between water furrows, and their roots
receive moisture soaking through the soil from the furrows.

The ditch-furrow system is employed where the land is quite flat,
although the land may have the form of an inclined plane. Ditch-
furrow systems are constructed with great care and effort to assure
even, level water flow. Often the land itself is meticulously leveled
before the furrows are made. '

Water sprinkler systems are used in situations where they are more
practical than ditch furrows because of somewhat irregular terrain,
close planting of crops, or infrequency of irrigation need. The pipes
are generally of an aluminum alloy, sometimes supplemented by
plastic. They often have steel end connections. The pipes are
usually movable; and, having irrigated one sector of a field, are rolled
or carried on to the next sector.

Some wheeled pipe-sprinkler systems move themselves slowly
across the fields as they spray water. Since piped water sprinkler
systems are not inherently difficult to move, it is often not economical
for a grower to build a large stationary pipe system that can spray
his entire crop without being moved.

Tield-flooding is used mainly to suit the characteristics of certain
crops, such as rice, alfalfa, and some orchard fruits. Here again, the
land is often carefully leveled.

In the dry areas of the United States, where water salinity and
soil salinity present a problem, subterranean drainage tile systems are
often constructed as an associated part of the irrigation systems.
These systems fill with residual irrigation water and conduct soluble
salts out of the irrigated fields. This prevents the irrigated soil from
becoming increasingly saline because of constant evaporation of the
slightly saline irrigation water.

Most of the elements of irrigation facilities, such as are described
above, may be publicly owned or group owned as well as individually
owned. Piped water sprinkler systems, for instance, may occasionally
be owned by a group and moved from one grower’s fields to another.

Available cost statistics concerning irrigation water supply systems
as public or group facilities usually concern only the cost of supplying
the water up to the point at which the grower receives it. Also, land
preparation and other associated activities of irrigating crops are
usually not done as a group enterprise employing public facilities.
Therefore, the treatment of group and public facilities here will
proceed only to the point at which water reaches the growers’ fields.
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(b) Services Rendered

An irrigation system, of course, supplies water at the proper times
to the growers’ crops. A reliable water supply translates into several
services to the grower: (1) it is insurance against destruction of the
crop by drought; (2) it reduces capricious variation in crop yields from
year to year; and (3) it significantly increases the quantity and quality
of crop yields per acre in the geographic areas where irrigation is most
prevalent.

There are qualitative standards that irrigation systems-should meet.
For instance, they should provide a reliable, continuously available
supply of water to the growers at the times in the growing season when
irrigation water is needed by the crops.

The allowable water quality in irrigation varies by crops. Some
growers irrigate certain types of crops with the effluent from the sewage
system- of a nearby community. Rather high levels of salt content
can be tolerated without continually increasing the salinity of the soil,
as was mentioned earlier; and some crops are considerably more
tolerant of salinity than others. Piped water-sprinkler systems, of
course, must use water that is filtered free of large particles which
would clog the pumps or the sprinkler heads.

2. EXiSTING CAPITAL PLANT IN THE UNITED STATES

(a) Growth and Distribution :
" Thereis a dearth of statistics showing the size and number of various
irrigation structures in the United States. Also, there are great
variations in size of the various irrigation structures. Therefore, the
extent of irrigation facilities provided by various public and quasi-
public irrigation organizations can best be expressed in terms of acres
of land irrigated. '

As of 1959, there were over 33 million acres of irrigated land in
farms in the United States. The distribution of acreage irrigated by
public and quasi-public facilities is shown in table 1.

TABLE 1.—Acreage irrigated by organizations; regions and United States, 1920-59

- Acreage As a percent of total irrigated acreage in—
Year
‘Western Eastern |United States| Western Eastern | United States
States States excluding States States ! excluding
Alaska Alaska
1,000 acres 1,000 acres 1,000 acres Percent Percent Percent
212,144 3 . 3 265.3 3 3
212,906 ® Q) 268.1 3) )
216,179 () @ 268.3 ® ()
214,714 @ ® 255.5 ® ®)
417,786 32 17,818 456.7 1.8 53.7

1 Conterminous United States, minus the 17 Western States and Louisiana. The 17 Western States are
California, Oregon, Washington, Idaho, Montana, Nevada, Arizona, New Mexico, Colorado, Utah,
‘Wyoming, North Dakota, South Dakota, Nebraska, Kansas, Oklahoma, and Texas.

. 2The 17 Western States.
3 Not available.
4 The 17 Western States, plus Louisiana and Hawail,

Sources: 1959 Census of Agriculture; vol. IXI, Irrigation of Agricultural Lands; U.S. Department of Com-
merce (Washington, D.C.,1962), pp. 5and XXV; 1959 Census of Agriculture; vol. V, Special Reports, pt.2
Irrigation in Humid Areas; U.S. Department of Commerce (Washington, D.C., 1962), pp. 3 and 6; an
%58 Census of %griculture; Irrigation of Agricultural Lands; U.S. Department of Commerce (Washington,

.C., 1952), p. 93. ° . oy :
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The total farm acreage irrigated by organizations and siﬁglé—fafﬁi
systems appears in table 2. o :

TaBLE 2.—U.8. farm acreage trrigated, by geographic divisions, 1959 4
cres -
irrigated
© in 1959,
Geographic division: thousands
New England. .__________
Middle Atlantic_ ...
East North Central._
West North Central .. .__
South Atlantic.. - oo oo -
East South Central - . .. e
West South Central e e mm
Mountain .. o o v oo e ———————

Conterminous United States and Hawaii._ o coveoo o ---. 33, 163
Source: 1959 Census of Agriculture. o

Statistics concerning irrigation in the Bast—and especially invest-
ment and organization statistics—are sparse. A brief qualitative
description of irrigation in the 30 humid Eastern States follows:!

Irrigation water has much less effect on increasing crop yields in
the humid States, because of the more abundant rainfall there. Cer-
tain crops respond unusually well to irrigation, however. Arkansas,
Florida, and Mississippi were the three States having the largest
total area irrigated in 1960. Rice was the leading irrigated crop in
Arkansas and Mississippi. Citrus fruits and vegetables were the
leading irrigated crops in Florida. In 1960, the largest single irrigated
crop acreage in the humid States was rice, which was produced on
424 657 acres.

Wells were the principal source of irrigation water in 1960, supplying
water for 61.7 percent of the irrigated acreage in the humid States.
Natural streams and rivers were the water source for 14.3 percent of the
area irrigated in the Eastern States. Natural lakes and ponds,
drainage ditches, farm runoff, springs and seepage, and constructed
reservoirs accounted for the remaining 24 percent. :

The age distribution of public and quasi-public irrigation facilities
is not available.

(b) Ownership Proportions

The proportion of ownership of irrigation systems by various classes
of irrigation organizations cannot be stated in terms of systems or
structures. Of the acreage irrigated by systems operated by organi-
zations in the 17 Western States, the proportion of land irrigated by
each of the various types of organizations in 1959 is shown in table 3.

Of the 17.7 million irrigated acres, 6.8 million acres, or 38.4 percent,
were supplied partly or entirely from Bureau of Reclamation facilities
opera,‘oeg by the Bureau or by the various water users’ organizations
mentioned.? (Usually a completed project’s operation is turned over
to a water users’ organization.) Only 4 percent of the total acreage
irrigated by organizations received water from Bureau of Reclamation
facilities operated by the Bureau itself.

11959 Census of Agriculture; vol. V, pt. 2, Irrigation in Humid Areas, pp. XVI and XVII

2 Crop report and related data, 1964, U.S, Department of the Interior, Bureau of Reclamation (Wash.,
D.C., 1965), p. 30.
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TaBLE 3.—Distribution of acreage irrigaied, by organizations in 17 Western States,
’ 1959

o Irrigated
Type of organization acres Percent -
(thousands)
Mutugl organizations:

Unincorporated. 2,087 11,7
Incorporated. 6,733 38.0
Commercial suppliers. . 573 3.2
Irrigation district 6,921 39.2

U.S. Bureau of Reclamation projects or storage operated directly by the
Bureau 711 4,0
U.S. Bureau of Indian Affairs. 579 3.3
States 44 .2
Cities. 73 .4
Total 117,701 100.0

1 Total differs from total in table 1 because Hawaii was excluded here.
Source:, 1959 Census of Agriculture,

(¢) Current Value of Irrigation Facilities

Gross capital investment chargeable to irrigation by irrigation.
organizations in the 17 Western States was estimated at $1.38 billion
as of 1950. An additional $1.04 billion was invested by organizations
in the period 1950 through 1959.2 Neither estimate is corrected for
capital replacement or for depreciation. Also, the estimates are not
corrected for price-level changes. Thus, their total of $2.42 billion
does not accurately portray the 1959 net capital value of irrigation
systems investments in the Western States.

No estimate of total capital investment in irrigation works is avail-
able for the 31 conterminous Eastern States, which contained 1.8
million acres of irrigated land in 1959.

B. Costs AND UseEr CHARGES
CONSTRUCTION COSTS

The Bureau of Reclamation estimates that the average construc-
tion costs of future potential projects in the West will be about $920
per acre of irrigated land or irrigated land equivalent, though many
proposals exceed this figure considerably.* This estimate was de-
veloped for projects identified by the Bureau as potential Federal
projects. Approximately two-thirds of the projects identified were
classified as potential Federal projects. An ex post approximation
of irrigation construction cost can be made for the 17 Western States,
plus Louisiana, by dividing the total of new capital investment by
organizations, 1950-59 (31,040 million) by the increase in organiza-
tions’ irrigated acreage, 1950-59 (2.7 million acres).® This amounts
to $381 per additional irrigated acre. This figure is not corrected
for changes in the price level during the 1950’s.  New capital invest-
ment, 1950-59, reported by the Census of Agriculture includes some
unknown amount of new capital invested in existing irrigation struc-

3 “Census of Agriculture, 1959,” vol. IIIL; . 69.

4 “Water Resources Activities in the United States,” Committee Print No. 14, Select Committee on
National Water Resources; U.S. Senate (Washington, D.C., 1960), p. 19. Irrigated land equivalent isthe
number of acres fully supplied with irrigation water. It is made up of () newly irrigated land, and (b)
Jand presently irrigated but not fully supplied with water. For example, a project may (a) newly irrigate
10,000 acres, and (b) upgrade water supplies for an additional 10,000 acres where supplies had been only 50
percent adequate. The project in this case would be considered to involve 15,000 acres of irrigated land

equivalent.
5 ¢‘Census of Agriculture, 1959,” vol. III, pp. 30, 77, and 192.
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tures that is neither maintenance nor replacement cost and does not
necessarily lead to the irrigation of additional acres. Such an invest-
ment might have been made to increase a canal’s peak flow capacity,
or to supplement a pump engine with an additional engine that would
increase the capacity of an existing pumping system. Also, supple-
mental water might have been provided for existing irrigated acreage
by the investment of new capital. - : :

* 2., OPERATION AND MAINTENANCE COSTS

Operstion and maintenance costs of supplying water to'growers were
estimated to average $4.81 per acre for 1949 in the 17 Western States.®
No later data are available. There are no comparable statistics
available for the Eastern United States. .

An approximation of the typieal: annual range of operation-and
maintenance cost of irrigation water per acre of irrigated land in the
year 1964 was made, using selected data from pages 109-111 of the
Bureau of Reclamation’s “Report of the Commissioner, 1965; Statis-
tical Appendix.”- According to this estimate, the current range of
typical operation and maintenance costs per irrigated acre in projects
constructed by the Bureau of Reclamation is from about $3.90 in the
Kansas, Nebraska, Dakota, Wyoming, Utah, Montana, Idaho area
to about $19.40 in the Arizona-southern California. area. Chart 1
shows the numbers of projects having given annual operation and
maintenance costs per irrigated acre. A

‘CHART 1.—FREQUENCY DISTRIBUTION OF SELECTED BUREAU OF RECLAMATION
PROJECTS’ ANNUAL OPERATION AND MAINTENANCE C0STS PER IRRIGATED ACRE

Number of projects perb 0&M

Cost per acre ~cost category

10 15 D 25 30

9.00-?..-.'0...!.0000'.00000.00
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.00-% 1,99 13
-5 2,99 . . 16,
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$10,00-$11.00
$11,00-$12,00
$12,00-$13,00
$13,00~%14.00
$14,,00-$15,00
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$16,00-8$17,00
$17.00 and over

MDD NDRS R

Source: U.S. Bureau of Heclamation; Report of the Commissioner,
1965, - : o ; ;

¢ “Census_of Agriculture, 1950,” vol, IIL'p, 88,



STATE AND LOCAL PUBLIC FACILITY NEEDS 131

3. USER CHARGES

Complete national cost and revenue statistics from cooperatives,
irrigation districts, and other organizations are not available at this
time; thus, it is not possible to determine the extent to which irriga-
tion costs are covered by user charges. Irrigation districts are sup-
ported in part by tax levies in addition to water charges assessed
against users.

Agoregate cost and price statistics are available for Bureau of
Reclamaiion projects. Allocation of project costs (which excludes
on-farm associated costs of land preparation, etc.) varies between
projects. Revenues for reimbursement of Bureau of Reclamation
projects are obtained from payments on repayment contracts, water
service, and rental revenues, power revenues, and other sources.
Irrigation costs are interest free and are repaid over a contractual
repayment period by water users on the basis of their ability to pay,
as determined by an economic analvsis of the particular project.
Trrigation costs above water users’ ability to pay are repaid through
financial assistance from surplus power revenues, and other mlscel-
laneous project revenues.

In the Bureau’s existing reclamation program, including projects
authorized, under construction- or completed, the total amount of
reimbursable expenditures allocated to irrigation purposes as of June:
30, 1965, was $3.842 billion of which $1.875 billion, or 49 percent will
be paid for mainly by power revenues.” Nonreimbursable irrigation:
costs on. Bureau of Reclamation projects as of June 30, 1965, were
$78.4 million.®

Another source of Federal financing of irrigation water sources is
through the Watershed and Flood Prevention Act (Public Law 83—
566). Under this program, which is administered by the Department
of Agriculture, cost sharing up to 50 percent of total costs is authorized
for construction of certain structures, including impoundments for
irrigation water.

Comparable statistics concerning charges to irrigators on prOJecbs
administered by State and local governments are not avaﬂ&ble

C. Tae Trenp orF CaritarL OurLAYS

In 17 Western States and Louisiana, the trend of annual capital
outlays for irrigation water supply systems of organizations has been
as follows for two recent periods: From 1940 through 1949, $520
million, or an average of $52 million per year. From 1950 through
1959, $1,039.6 million, or $103.96 million per year. These capital
outlays have been applied mainly to irrigating additional acreage,
but not entirely so.

1. A POSSIBLE ACCOUNTING FOR THE NEW INVESTMENT IN IRRIGATION

Of the $1,045.2 million new capital investment by organizations in
the 17 Western States, Louisiana, and Hawaii in 1950-59, $496
million was invested in California and $200.8 million in the State of

7 Report of the Commissioner, 1965; U.S, Department of the Interior, Bureau of Reclamation (Washe
ington, D.C., 1965) p. 79.

sReport of the Commxssxoner, 1965; p. 77,
¢ “Census of Agriculture, 1959,” vol. III, p. 69.
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Washington. Various amounts of less than $70 million were invested
in new irrigation capital by each of the remaining 15 States.®

If we consider the additions to irrigated acreage rather than addi-
tions to capital investment, the largest expansion from 1950 to 1959
was recorded in Texas, which experienced an increase of 2,524,104
irrigated acres. Next was Nebraska, with 1,201,667 newly irrigated
acres. Third was California, with an increase of 957,246 acres for the
10-year period.!!

2. PROPORTIONS OF CAPITAL OUTLAY BY ORGANIZATIONS

In the period 1940-50 various proportions of new capital outlays of
irrigation organizations for irrigation in 17 Western States were ac-

counted for by the following agencies and other organizations:!2
Percent

Mutual, unincorporated organizations. .. ... ... 1.1
Mutual, incorporated . - - - oo 6.3
Commereial water suppliers_ . . - - e ceeeen 1.6
Irrigation distriets_ _ < e 83
U.S. Bureau of Reclamation_ . - __________ o ___ 79.
U.8. Bureau of Indian Affairs. . 2.
A - e

CitieS o o o e ————————

There are no comparable statistics showing the proportions of new
capital outlays accounted for by various organizations from 1950 to
1959, except that for the 17 Western States and Louisiana the pro-
portion of new capital outlays by the Bureau of Reclamation was
76.5 percent and for all other organizations was 23.5 percent.

3. MEANS OF FINANCING

Bureau of Reclamation irrigation projects have been financed by
Federal appropriations, contributions, and advances by water users,
by the reclg,mation fund, and other special funds. The reclamation
fund is comprised of collections from Bureau of Reclamation project
power revenues, royalties from oil leases, sale of public lands and
timber, construction repayments from water users’ organizations,
and other miscellaneous collections within Bureau of Reclamation
projects.

State projects are financed by sources such as appropriations from
general tax revenues, bonds, and Federal grants.

For sources of finance cities, towns, and counties issue bonds to
the public and also receive U.S. loans. In addition, they may receive
nonreimbursable aid from the United States in the form of payments
of up to one-half of the cost of certain irrigation system structures
(such as dams), that are a part of Public Law 566 projects.

Irrigation districts may sell bonds, where this is a].]lowed by State
law. In some cases these bonds are purchased by the State. Irri-
gation districts sometimes tax local property owners in advance of
new capital outlays. The more usual practice, however, is to tax
property owners later, when the time comes to retire bonds. If
eligible, districts may construct federally assisted Public Law 566
projects, as do cities and towns. In addition, irrigation districts
"101959 Census of Agriculture, vol. III, pp. 69 and XX VI,

111959 Census of Agriculture, vol. III, pp. 8-27.
131950 Census of Agriculture, vol. III; p, 95.
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are often empowered to accept State or Federal loans (such as Farmers
Home Administration loans) and State grants. Irrigation districts
are the chief users of irrigation facilities built and financed by the
Bureau of Reclamation.

Unincorporated irrigation mutual associations or cooperatives issue
bonds and borrow from banks. Incorporated mutual associations
issue bonds and borrow on notes secured by liens on fixed capital and
water rights, but not on the land. They also receive Federal grants
and loans. Their capital stock almost always represents funds of the
water users themselves and not “outside’” funds.

When the Bureau of Reclamation supplies facilities for irrigation,
the Bureau, of course, is the body that supplies the financial resources.
Most commonly, the “water users organizations” are irrigation
districts, water districts, and conservancy districts. In order to have
irrigation facilities constructed, a water users association must assume
an obligation to repay the United States for a certain portion of the
cost of the irrigation facilities. This is similar to the repayment of a
loan. Still, it is not customary for the title to the irrigation facilities
to pass from the Bureau to an irrigation district when the obligation
has been repaid, although the irrigation district is likely to assume the
operation of the facilities soon after construction is completed.

Lastly, commercial water suppliers who are not also water users
usually finance construction of facilities with equity capital and with
bond sale proceeds.

D. Prosectep CHANGE IN IRRIGATED ACREAGE AND DEVELOPMENT,
1964-75

As of 1959, nearly half of the irrigated acreage in the Western
States and nearly all of the irrigated acreage in the Eastern States
was supplied with water from privately developed sources. Moreover,
farm water-application and land-preparation systems, including those
systems on. farms supplied by irrigation organizations, are not con-
sidered to be public irrigation facilities. These systems do represent
some portion of the total capital siructure of irrigation, however, and
their purchase can be encouraged or facilitated through such means
as cost sharing, credit, and watershed project development.

For the United States (mainland), the remaining irrigation potential
is estimated to be 40.4 million acres, of which 15.5 million acres are in
the East and 24.9 million acres are in the West.® Potentials for
Federal and non-Federal are estimated to be as follows:

[In millions of acres}
Federal Non-Federal Total
Western mainland..... 16.2 8.7 24.9
Eastern mainland - 4.3 11.2 15.5
United States 20.5 19.9 40.4

In the West, roughly two-thirds of the rerhaining irrigation potential
has been classified by the Bureau of Reclamation as potential Federal
projects. The total cost of these projects is estimated by the Bureau

13 Pavelis, George A. “Irrigation Policy and Long-Term Growth Func ions,” Agricultural Economics
Research, vol. XVII, No. 2, April 1965. U.S Department of Agriculture, p. 55.
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of Reclamation to be about $16.3 billion at 1959 prices, of which about
$12.7 billion would be allocated to irrigation under present procedures.

Federal irrigation development in the East is expected to be limited
to federally assisted small watershed projects (Public Law 566), mainly
in the Southeastern and South Central States.

Projections of irrigated acreages for 1964 and 1975, and the net
increase for 196475, broken into West and East sectors of the United
States are as follows:

{In millions of acres}
West East United States
Projected irrigated acreage, 1975..... . 3.0 3.9 41.9
Estimated irrigated acreage, 1964.... 34.2 2.8 37.0
" Increase in acreage, 1964-75 3.8 1.1 4.9

"The increase in irrigated acreage is allocated according to the esti-
mated distribution of total remaining irrigation potentials in each
region, as follows:

[In millions of acres]
West East United States
Federal development. ... 2.5 0.3 2.8
Non-Federal development. . 13| .8 2.1
Total additions, 1964-75 3.8 1.1 4.9

~ Bureau of Reclamation estimates of unit investment costs of west-
ern irrigation facilities range from $2,780 per equivalent acre in the
South Pacific region to $566 in the lower Arkansas-White-Red region.
The average is $920 per equivalent acre. These unit investment costs
are for the irrigation water supply portion of projects and do not in-
clude farm development costs. -
* For western projects identified as non-Federal, the investment cost
estimates ranged from $140 per equivalent acre in the Colorado re-
gion to $659 in the western gulf region. The average was $310 per
equivalent acre of irrigated land. ‘
_"Given existing legislation, Federal irrigation potentials in the East
are assumed here ‘to be limited to the acreages that could be irrigated
by federally assisted small watershed projects (Public Law 566). At
present, there are 15 such projects in the East; costs allocated to irri-
gation on a per-acre basis are available for 11 of the projects. These
costs average $150 per irrigated acre, of which a maximum of half may
be borne by the Federal Government. ~(Inpractice, approximately
half of such costs have been borne by the Federal Government.)

u Irrigated acreages for 1964 were not available at the time the chapter was prepared. . Projections for

1964 and 1975 were obtained from Pavelis, cited previously. The projection reported hére assumes modest
development of Federal and non-Federal potentials, résulting uitimately in development of half of the

remaining potential of each.
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Applying these average cost figures to the projected acreage in-
creases, estimates of capital needs for irrigation development in the
next 10 years are as follows:

Federal irrigation development (%;’g:’gn
West, 2.5 million acres by $920_ o 2, 300. 0
East, 0.3 million acres by $75_ - oo 122. 5
Total - - o i ©2,322.5

1 Federal share of small watershed project construction costs.
B N il

Non-Federal irrigation development (doéa:ggt
West, 1.3 million acres by $310- - oo 403. 0
East, 0.3 million acres by $75_ - - oo 122.5
Total - o o e 425. 5

1 Non-Federal share of small watershed project construction costs borne by local organizations.

The estimated capital requirements for irrigation expansion shown
above may be considered capital needs in the sense that additional
capital will be required to finance the projected development. The
projections do not purport to demonstrate the national need for irri-
gated acreage by 1975.

There is a wide range for investment decisions in both East and
West with respect to future irrigation development. In both regions,
the Federal or non-Federal devﬁopment potential is sufficient to fulfill
the projected increase in irrigation development. In the Hast, non-
Federal development is expected to consist chiefly of independent
development by private farm operators. Except for small watershed

roject construction costs borne by local organizations (estimated to

e $22.5 million from 1964-75), non-Federal irrigation development in
the East is largely independent of State and local government and
private organization financing. It is expected that irrigation develop-
ment in the East will continue to be carried out largely by individual
farm operators.

Non-Federal irrigation development in the West includes irrigation
by individual farm operators, mutual organizations, commercial water
suppliers, irrigation districts, States, and cities. In 1959, non-Federal
organizations irrigated 53 percent of all irrigated land in the 17
Western States and Louisiana, and 4 percent of irrigated land was
supplied water directly by the Bureau of Reclamation and Bureau of
Indian Affairs. Individual farm operators irrigated 43 percent of
the West’s irrigated land. In the period 1940-50, 35 percent of total
capital investment in western irrigation systems was made by single
farms; excluding investment in projects operated directly by the
Bureau of Reclamation, single-farm investment was 73 percent of
the total. Data for single-farm irrigation investment for later periods
are not available. However, capital investment by non-Federal
irrigation organizations in the West more than doubled between the
two periods 1940-50 and 1950-59, from $106 to $244 million. Thus,
even if there were no change in the amount of new investment by
organizations other than the Bureau of Reclamation by 1975, these
organizations would account for over half the projected $403 million
non-Federal irrigation investment in the West.
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The means by which new investment will be financed may differ
greatly by type of organization. Between the two periods, 1940-50
and 1950-59, nearly 90 percent of the increased investment on western
projects, excludmg those operated directly by the Bureau of Reclama-
tion, was by mutual organizations and irrigation districts. Separate
investment data for cities and States are not available for the recent
periods, but from 1940-50 their new irrigation investment combined
amounted to $1.8 million.



CHAPTER 4
Sanitary Sewer Collection Systems *
A. Tae NATURE AND CoMPOSITION OF SANITARY SEWERS
1. DESCRIPTION OF FACILITIES

Sanitary sewer collection systems provide a means of performing
one of the most essential services required, if man is to exist in a
communal fashion—the removal of wastes generated by him. Man
cannot survive when too intimately surrounded by his own body
wastes. These wastes including excreta are the breeding grounds of
pestilence and the method of transmission of many diseases including
cholera, typhoid and paratyphoid fevers, bacillary and amoebic
dysentery, hookworm and ascaris infections, poliomyelitis and
various other virus infections. As civilization evolved mankind has
instinetively improved upon his methods of waste removal.

The origin of sanitary sewer collection systems employing water as
the vehicle for transporting the waste is unknown, though portions
of the Nippur, India, and Tell Asmar, Turkey, systems were con-
structed over 6,000 years ago. Waterborne waste systems were
constructed throughout the then known world by the Romans.
However, with the decline of the Roman Empire waterborne waste
systems fell into disuse, and though the nucleus of many systems
were subsequently constructed, they were installed as ground or
surface drains, and the discharge of excreta into them was pro-
hibited by law. Cesspools and pit privies replaced the water flushed
devices in city homes, and as population concentrations increased the
privies and cesspools proved to be inadequate. They tended to fill
and overflow or otherwise malfunction, polluting the local ground and
surface water, creating general nuisances and providing rodents and
-all manner of pests a friendly environment, thus contributing to the
plagues that swept Europe during the middle ages.

Following a series of cholera epidemics in London at the beginning
of the 19th century, it was demonstrated that the disease was water-
borne through contamination of a water supply by leaching cesspools.
To eliminate this problem, London in 1815 legalized the discharge of
excreta into the existing drainage system of the city, and undertook
the construction of facilities for the explicit purpose of providing
drains from the existing cesspools to places where it was then con-
sidered safe to discharge their contents. These points of discharge
were normally surface streams or rivers where the material would be
flushed beyond the reaches of the community.

In providing a method of waste removal an even greater problem
was created, that of stream pollution. When cholera again raged

*Prepared by Peter Rowan, Land and Facilities Dévelopment Administration,
U.S. Department of Housing and Urban Development, with minor editing by
committee staff.
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throughout London in the mid-1840’s and early 1850’s this problem
of stream pollution was recognized, and remedial steps taken through
the construction of interceptor sewers to concentrate all of the drains
at a few points so that their discharge might be treated rather than
pollute the streams. At the same time efforts were made to provide
treatment of raw water supplies.

The first American city to follow London’s example was Boston,
Mass., which legalized the discharge of human wastes into its drainage
system in 1833. It was not until 1857, however, that a sewer system
in the United States was designed for the specific purpose of collecting
waterborne excreta. In that year, both the city of Chicago, Il
and the (then) city of Brooklyn, N.Y., undertook the construc-
tion of comprehensive consolidated sewer collecting systems. These
systems were the forerunners of the modern sanitary sewer collecting
systems which are currently providing service in over 12,000 communi-
‘ties in the United States. ‘

(a) Physical Characteristics v v

In order that a distinction may be made between the public works
categories of sanitary sewer collecting systems, storm sewer collecting
systems, and sanitary sewage treatment systems, the following defini-
tions have been employed: =

Sanitary sewage treatment systems include all the various

. devices used in the treatment or stabilization of sewage or
industrial wastes of a liquid nature, including the necessary
intercepting sewers, outfall sewers; pumping, power, and other

- equipment and their appurtenances, and includes any extensions,

. improvements, remodeling, additions, and alterations thereof.
. Storm sewer collecting systems include all the various devices
used in the carrying off of, or removal of storm and surface
water, street washings and other wash water or drainage, and
include any extensions, improvements, remodeling, additions
or alterations thereof, but exclude any device used in the carry-
ing off of, or removal of liquids, wastes or drainage of an indus
trial, commercial or domestic origin. :
Sanitary sewers include all the various devices used in the
carrying off of, or removal of liquid wastes or drainage of an
industrial, commercial, or domestic origin through a pipe or con-
duit arrangement, either separately (separate sewers), or in com-
‘bination with storm and surface water, street washings and
other wash waters or drainage (combined sewers), including any
‘extensions, improvements, remodeling, additions, or alterations
thereof, but excluding all devices included as part of a sanitary
sewage treatment systems, and all local buildings and household
" connections. ' o -

‘The modern sanitary sewer collecting system which evolved from
‘the experience gained in the mid-1800’s is a complex arrangement
of pipes and conduits strategically located—throughout a community,
in such a fashion—as to provide all improved property with a safe
and sanitary method of disposal of the waterborne wastes that
might originate thereon. The system provides service to not only
households, but also to business and commercial establishments and
industrial complexes.
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Since the systems provide a necessary service to any and all parties
on a demand basis, they are generally considered a utility, and as
such the public has come to rely upon them for fully automatic service
wherever they are employed.

(b) Standards of Performance

To be fully functional, collecting sewers must be constructed below
the frost line, and at sufficient depth to allow for the drainage of base-
ments adjacent thereto. In order to make the system as automatic
as possible, the collecting sewers are laid on continually descending
grades sufficient to produce self-cleansing velocities (not less than 2
feet per second when flowing one-third full) but not excessive enough
to produce velocities in excess of 15 feet per second when flowing
eight-tenths full which might damage the facility. In those areas
where excessive depths would needlessly be encountered, it is often
economically feasible to employ pumping stations to raise the level of
the line to a reasonable depth. Similarly where ravines or other low
areas are encountered which cannot be conveniently bridged, due to
lack of clearance or for some other reason, or to prevent the sewer line
from intersecting some other subsurface facility, inverted siphons are
employed.

To facilitate maintenance and eliminate as many potential stoppages
as possible, access to the system is provided by manholes strategically
located throughout the system. The manholes, normally 4 or more
feet in diameter, are spaced not more than 400 feet apait on small
lines and 500 feet apart on larger lines (those over 24 inches in diam-
eter). Manholes are also installed wherever the slope, direction or
size of a line is'charged, where two or more liries intersect, or at the
terminus of a line. B s

In order to provide for the maximum service area with a minimum
of pipe footage, the sanitary sewer collecting systems are normally
installed in the center of streets or other public rights-of-way, being
equally accessible from properties located on either side. Normally,
the line or pipe from the building or other facility to be served to the
sewer located in the public rights-of-way is the responsibility of the
owner of the properties served and is not considered a part of the
public sewer collecting system. The location of the sewers in the
public domain also provides ready access to the system for purposes of
maintenance and repair.

Sanitary sewer systems sre normally designed to provide service for
the estimated ultimate tributary population, based upon current and
projected land use patterns of the area to be served for at least the
next 50 years.

In those instances where economies of scale dictate a shorter design
period, it should not be for a period of less than 25 years. In addition
to the population requirement, adequate allowances for anticipated
commercial establishment, institutions such as hospitals and nursing
homes, et cetera, and industrial complexes should be taken into
consideration. » :

Smaller sewers, those less than 24 inches in diameter, should be
designed so that when they are flowing full, they provide a capacity of
at least 400 gallons per day per person served, with adequate allow-
ances for any industrial or commercial wastes and infiltration. In
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the case of combined sewers, an additional allowance for storm and
other surface runoff tributary to them must be included. Large
sewers should have similar capacities, but due to the inherent time
lag of concentrating the full low of the smaller collecting lines in the
larger main or trunk sewers, the per capita requirement when flowing
full c(si,n be reduced to not less than 250 gallons per day per person
served.

In order to minimize maintenance and prevent undue stoppages,
no sanitary sewer collecting lines should be constructed less than
8 inches in diameter. The selection of material with which the system
is constructed should include an appraisal of the characteristics of
any possible industrial wastes which might be contributed to the
system, the local soil and ground water characteristics, the possibility
of septicity occurring in the lines, the durability and strength of the
material itself, as well as its ability to withstand abrasion and the
continuous pounding caused by tratfic passing over it.

Under normal circumstances, sewer conduits have a reasonable life
in excess of 50 years, as demonstrated by the many sections of sewer
systems throughout the United States that were constructed prior to
the turn of the century. Of these older conduits, many have had their
efficiency substantially reduced by the failure of the material used
for joining the pipes. This failure of the joint material has allowed
roots, earth, and ground water to enter the lines, thereby blocking
them, or increasing the amount of infiltration thereto, and in some
instances even undermining the line to the point of collapse. Routine
maintenance alleviates part of these problems through the removal of
the tree roots and other materials that tend to block the lines. In-
filtration and undermining are often not detected until a major failure
on the part of the system is discovered, at which time either replace-
ment of some sections of systems has to be undertaken, not because
of structural failure or loss of efficiency of the existing sewer collecting
system, ‘but, because of radical changes in the use of the area served
by the system. Areas that were originally utilized for single-family
dwellings, have through time become locations of high population
density concentrations, or even industrial complexes, whose needs far
exceed the design capacities of the original system in the area. This
problem will continue to persist. as long as'society continues to be
mobile, but can in part be met through the planned orderly growth
and development of our metropolitan complexes. ,

2. EXISTING CAPITAL PLANT

(a) Growth and Distribution ) -

. The inventory of municipal waste facilities conducted by the Public
Health Service of Department of Health, Education, and Welfare in
1962 disclosed that there .were 11,420 communities in the United
States served by 11,655 sewer. collecting systems in 1961. An esti-
mated 118 million people, as well as innumerable commercial estab-
lishments and industrial complexes were provided service by these
facilities. The number of facilities and the estimated population
served by them, population size group and geographic location are
presented in table 1. ,-
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TaBLE 1.—Summary of santtary sewer systems in the United States as of 1962

Type of sewer collecting system

Total
Separate Combined Both or undefined
Num- | Population | Num- | Population| Num- | Population | Num-: | Population
ber of served |:ber of served | ber of served ber of served
systems| systems systems systems|
POPULATION SIZE
GROUP
Under 1,000 3,008 | 1,590,516 | 2,701 | 1,347,460 212 134, 930 185 108, 126
1,000 to 4,999. 5,049 | 9,840,904 | 4,145 | 8,014,501 567 | 1,159,195 337 667, 208
5,000 to 9,999 1,357 | 7,653,310 | 1,061 | 5,893,827 149 908, 516 147 850, 967
10,000 to 49,999 1,510 | 23,172,045 [ 1,144 15,884,276 188 | 3,717,515 178 3, 507, 254
50,000 to 99,999. N 206 | 10,207, 350 137 | 6,070, 000 36 | 2,258,960 33 1, 878, 390
Over 100,000 - .- ——._. 435 | 65,907,794 274. | 20,098, 985 |' 57 | 17,721,939 104 |* 28,086, 870
STATES
Alabama.__......__. 216 | 1,495,043 214 | 1,493,218 2 1,825
Alaska.__ 21 , 620 3,260 13 58, 360
Arizona 74 710, 649 72 689, 734 1 915
Arkansas. 161 792, 675 141 705, 285 18 23, 090
California 506 | 11,458,492 477 | 9,359, 536 12 41, 046
Colorado- 176 | 1,421,106 170 | 1,309,431 3 4,675,
Connecticut. 91 1,491, 656 66 574, 837 10 425,900
Delaware___._.___.__ 16 267, 241 9 25,158 6 239, 383
1 1,323,470 | ol | 1 1,323,470
346 | 2,170,514 333 2,111,239 2 21, 500 11 37,775
276 | 2,268,492 262 | 1,083,157 6 914,515 8 270, 820
27 62, 166 27 362, 166 g o
91 302, 999 7 244, 894 10 48,905 2 9, 200
472 | 7,908,321 329 | 1,227,256 107 | 4,833,140 36 1,847,925
321 | 2,867,845 103 364,915 206 | 2,445,065 12 f
438 | 1,576,800 400 983, 090 18 184,760 20 408, 950
335 | 1,468,250 325 | 1,180,005 2 107,000 8 181,245
161 | 1,263,145 134 563, 080 20 658, 620 7 41,445
161 | "2,100,673 158 | 2,095,553 | oo |- 3 5,120
109 479, 453 37 68, 7: 39 198, 650 33 212,083
72 1,352,909 54 1,327,134 7 18, 800 11 8,975
144 4, 389, 580 81 619, 165 - 40 131,760 23 2, 838, 6556
236 6,170, 560 110 570,100 66 | 4,252,685 60 1,347,775
404 | 2,062,595 373 857,145 27 | 1,185,710 4 19, 740
Mississippi- 168 779, 456 164 755,056 | oo feo oo 4 24,400
Missouri__ 466 | 2,643,725 411 | 1,065,225 6 44,945 49 1, 533, 555
Montana. 114 385,220 103 299, 680 4 19,600 7 65,940
Nebraska 300 802, 230 275 517,470 13 26,790 12 257,970
37 314,030 33 233,430 4 80,600 |-coenofemacceo
78 283,460 19 45, 660 29 91, 350 30 146,450
210 [ 4,504,015 169 | 2,314,640 9 366,375 32 1, 823, 000
76 599, 821 76 599,821 | oo fecmem|mm e
548 | 13,443,148 389 | 2,709,148 53 519, 525 106 | 10,214,475
359 | 1,751,365 355 | 1,742,940 1 1,020 3 7,405
185 321,175 127 118,930 48 196, 855 10 3
_______ 441 | 6,776,295 241 | 1,856,930 117 | 1,735,680 83 3,183,685
284 1,452, 524 279 1,438,724 | oo __ 5 13,800
..... 165 927, 080 116 270, 110 37 610, 280 12 , 6!
682 | 9,559,417 439 | 2,687,262 137 707,915 106 6, 164, 240
69 21, 634 69
Rhode Island 22 561,975 18
South Carolina 221 927,114 221
South Dakota. 181 378, 257 154 343,162 20 15,925 7 19,170
135 1,478,443 126 1,122, 268 5 195,125 4 161, 050
832 | 6,602,147 826 | 6,486,007 1 55, 100 5 1, 14
75 695, 635 75 695, 635 |- eno | oo
52 186, 157 8 8,390 7 8, 555 37 169, 212
231 | 1,866,241 202 | 1,481,817 1 180, 000 28 204, 424
‘Washington. . 230 | 1,628,330 133 373, 650 46 825, 505 51 429,175
West Virginia. . 176 726,181 93 168, 460 48 425,471 30 132,250
Wisconsin..... 392 | 2,668,315 306 712, 268 34 | 1,315,600 52 640, 447
Wyoming. ... 71 222,275 68 221,155 |-cem | 3 1,120
Total, United
States. ... 11,655 |118,371,919 | 9,462 | 57,309,049 | 1,209 | 25,964, 055 984 | 35,098,815

Source: 1962 inventory municipal waste facilities, Public Health Service publication No. 1165,
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It should be noted that over 80 percent of all the systems were
designed to exclude storm water runoff as well as other surface drain-
age. The remaining systems which were not so designed pose the
single largest problem involving adequate sewage collection facilities
which must be resolved during the remainder of this century, if the
metropolitan complexes are to continue to grow and prosper. This
problem of combined services is discussed in detail later in the chapter.

The physical facilities that made up the 11,655 sewer collection.
systems included over 270,400 miles of pipe, over 4 million manholes
and an indeterminate number of special structures, pumping stations
and related appurtenances estimated to have a replacement value in
excess of $8.5 billion in 1965 dollars. New systems, additions and
extensions of existing systems that have been undertaken since the
inventory have increased the total miles of pipe in service to almost
300,000 miles, providing service to over 130 million people living in
12,600 communities. The current replacement cost of 297,500 miles
of pipe including all necessary appurtenances is estimated to be in
excess of $9.5 billion (1965 dollars). .

Though sewers have been constructed in the United States since
before the Revolution, comprehensive systems for the collection of
water-borne wastes of a domestic nature did not evolve until the
mid 1800’s. , ’

From its beginning in 1857, the growth in the number of such
systems was logarithmic, and closely approximated the growth in the
number of communities with populations in excess of 2,500 people,
until the mid-1920’s. Thereafter though the growth rate continued,
many of the systems were built to serve sma%ler population groups.
It is now estimated that over one-third of all the systems serve com-
munities with populations of less than 2,500. Table 2 presents &
historical comparison of the number of urban communities and their
population, the number of sewer facilities and the population served
by them since 1860. '

TaBLE 2.—Development of sewer collecting systems in the United States

Urban communities Sewer collecting systems
Census Popula- Population served
Year popula- tion as Popu- as percent of—
. tion (in Popula- | percent lation
millions) | Number | tion (in of Number | served .
millions) | census (in Census | Urban
popu- millions) | popu- popu-
lation lation Jation
3.4 300 6.0 19 10 1.0 3 17
38.6 650 9.0 23 100 4.5 12 50
50.2 1,050 15.0 30 200 9.5 19 63
62.9 1,420 22.3 35 450 16.1 25 72
76.0 1, 800 30.4 40 950 24.5 32 81
92.0 2,310 42.2 46 1, 600 34.5 37 82
105.7 2,790 54.3 51 3, 000 47.5 45 87
122.8 3,179 69. 0 56 5,100 61.5 50 89
131.7 3,485 4.7 57 8, 256 70.5 53 94
15L.3 4,077 90.1 59 10, 600 80.0 53 89
179.3 5,022 113.0 70 11, 550 115.1 64 102

Source: Extrapolated data from, “Modern Sewage Disposal’” Federation of Sewage Works Association
and the 1962 Inventory of Municipal Waste Facilities in the United States,” publication No. 1165
(Public Health Service).



STATE AND LOCAL PUBLIC FACILITY NEEDS 143

In measuring growth, by number of facilities, a conservative picture
of the industry is presented since as urban complexes have evolved,
existing independent sewer systems have been integrated into larger
consolidated systems. Therefore the number of systems reported at
any specific time, is not the sum of all systems constructed prior to the
time in question, but the number of identifiable systems in service at
that time. No precise data are available regarding the number of
new systems built, systems incorporated or consolidated into other
systems, or portions of systems that have been abandoned.

(b) Ouwnership Patterns

Similarly, no data have been amassed regarding the ownership of
sewer collecting systems, since they have normally been regarded as
a function of local government. Private, proprietary type systems,
though, have been employed for sewage collection where no govern-
mental agency, or cooperative group was available to undertake the
activity. Due to the large capital investment and low returns thereon,

and the inability to restrict service for nonpayment of service charges,

the proprietary systems have tended to relinquish their franchise to
governmental bodies wherever possible, through sale or other disposal
methods, : '
Cooperative systems also have been established where governmental
agencies have not been able to provide the service. Subdivisions
located in rural or semirural counties have accounted for a majority
of this type of ownership. On the basis of information collected by the
Federal Housing Administration, approximately 5 percent of their
caseload of new housing mortgages in 1960 were provided sewer
collection service by cooperative or other nonprofit type corporations.

By 1965 the number of such mortgages had decreased to less than 1

percent. Applying these figures nationally to sewer collection systems
in general, there could be as many as 500 nongovernment owned
systems. Considering this indirect method of estimating, it is con-
ceivable that the number has decreased to less than 100, and will
continue to decrease as local governments continue to expand their
services and consolidate independent systems.

B. Costs anp UskEr CHARGES
1. CONSTRUCTION COSTS

The costs of sewer collecting systems consist of the initial capital
cost for construction, and the recurring costs of operating and main-~
taining the system. The initial construction cost is by far the larger
and least determinate cost of the two. Due to the subterranean
construction involved in sewer collecting svstems, the cost of a given
element of a system varies widely geographically, and even within the
confines of a single system. As an example, the material cost for
8-inch pipe, which is the smallest size allowed by most jurisdictions,
can range from as little as $0.60 per foot to as much as $2.50 per foot,
depending upon the material from which it is made. The type of
soil, ground water level in which the pipe is to be laid, depth of exca-~
vation, and method of placement of the pipe also materially affect
the cost of the facility. On a total systems basis, the national
average price per foot of pipe when equated to a specific project or
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system may produce a meaningless figure because the average number
of feet of pipe per person or per unit served varies geographically,
and within geographic areas they further vary on account of popu-
lation densities. Historically, it has required an average of 12.06
feet of pipe per each person served, or 38.59 feet of pipe per unit
served. However, in some subdivisions it may require as much as
50 to 60 feet of pipe per person served or 160 to 200 feet of pipe per
dwelling unit served. ‘

Though the size of pipe used for sewer collecting systems varies
from 6 inches in diameter to massive box-type culverts, over 96 per-
cent of all the pipe in sewer collecting systems are less than 24 inches
in diameter. Over 86 percent of the total footage of collecting
sewers are 12 inches or less in diameter. ’

2. OPERATION AND MAINTENANCE COSTS

The large percentage of the smaller sizes of pipe in sewer collect-.
ing systems, causes the maintenance and repair cost to be fairly uni-
form throughout the United States. Though it varies from less than
50 cents per person served to over $10 per person served per year the
average maintenance and repair cost is around $2.50 per person per

ear.

v The maintenance of a sewer collecting system involves the periodic
removal of solids deposited in the lines as well as the removal of for-
eign objects, such as junk deposited by vandals, and tree roots which
infiltrate sewer lines for moisture. Due to the diverse nature of the
materials encountered, separate schedules of maintenance are required.
A majority of the problenrs encountered are solved as they come to
light. Routine inspection of lines for necessary repairs are conducted
on most systems annually, or semiannually, at which time any de-
posits or foreign material are removed. Routine inspections are
designed to detect areas of pipe settlement, collapse, deterioration,
of joint failure, which then must be corrected by unearthing the pipe,
or wherever practical from within the pipe. During the past several
years great advances have been made in developing equipment for
repairing the smaller diameter pipes from within, thus avoiding
needless excavation, -

The cost of repairs for sewer collecting systems consequently varies
more by the method of repair employed, than by the size of facility
to be repaired. Since each repair must be evaluated on the basis of
the circumstances surrounding it, such as maximum permissible
time allowed, disruption to other normal community services, access
to the problem, et cetera, no attempt has been made to determine
the range of possible costs involved for repairs. It suffices to say,
however, that because of the nature of the service, the cost of repairs
is insignificant, compared to the damage arising from failure to remedy
the situation.

During their early development sewer systems were considered a
necessary public service to protect the public health. Their con-
struction was financed through direct assessment or general appro-
priation, using general obligation funds with no provisions for con-
tinuing charges to cover operations and maintenance activities.
This practice is still employed in many communities.
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8. USER CHARGES

Prior to the 1900’s a very small number of communities employed
sewer service charges to support the public borrowing necessitated
by the construction of sewer facilities. In several instances sewer
charges were used to help offset the cost of operating and maintaining
the system. With the ever-increasing demands placed upon local
governments for additional services, and the high failure rate of
general obligation bonds during the early 1930’s, a general trend
toward sewer service charges by municipal governments began.
This trend bolstered sagging tax revenues and provided a means of
entering the then rapidly growing revenue secured bond market. As
indicated in the sample survey detailed in table 3, the number of
communities employing service charges increased over 600 percent
during the 20-year period between 1930 and 1950, and an additional
1,100 percent between 1950 and 1960 over the 1930 base figure.

In order to make bond offerings more attractive and to insure
collection of the service fees, sewer service charges wherever possible
have been combined with water service charges, or established as
liens against the property served. In so doing the communities have
been able to obtain necessary funding, using combined water and
sewer revenue bonds, secured in addition by a general obligation lien
on tax resources.

In many States this type bond is not charged against a community’s
statutory general obligation debt limit, allowing the community to
undertake projects which otherwise would have had to be postponed
indefinitely. For communities without established credit, the use of
revenue bonds is sometimes the only means by which funds to con-
struct a basic system can be obtained through public borrowings.

Tt is of interest to note, that though the yield on revenue-type bonds
is generally higher than on general obligation bonds, the difference
between yields has continuously decreased during the past decade, as
investors have become better acquainted with revenue issues.

A recent survey in 1961 of municipal sewer systems disclosed that 63
percent of the respondents employ sewer service charges. Almost
three-fourths of those supplying information had established rates
that are adequate to cover the cost of operating and maintaining the
system as well as debt service charges. Of the remaining communities
that employed service charges, almost 80 percent receive at least half
of their annual fiscal needs from such charges.

The 1961 survey also disclosed that the rate structure employed by
the communities for service charges varies greatly. Over 80 percent
used water supply data as a base upon which the service charge was
fixed. In over 50 percent of the communities, the charge for sewer
service was a surcharge based on water consumption. In the remaining
communities such items as front footage, number of fixtures used,
number of people served, size of water connection or a flat fee were
employed to determine the service charge.

An analysis of the outstanding sewer debt of the communities in-
cluded in the survey disclosed that over 30 percent of the dollar amount
of the debt was completely self-supporting or self-liquidating throu%h
the use of the service charge. An additional 4 percent of the debt
so reported was self-supporting to some degree. The communities
that reported their debt to be completely covered, represented 35
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percent of the respondents, with an additional 12 percent of the com-
munities utilizing a partially self-liquidating debt program. The
balance of the outstanding debt reported by these communities repre-
sents general obligation borrowings. o .

TaBLE 3.~—Trend in number of local governments employing service charges by popu~
lation size group and decade in which service charge was adopted

Decade
Population size group
1900~ | 1910- | 1920~ | 1930~ | 1940- | 1950- | 1960~ | Date
1909 1919 1929 1939 1949 1959 1961 un- Total
known
Under 25,000, 1 3 b 27 4 8 48
25,000 t0 40,000 e eceeeeee 1 | S PR, 4 4 b3 I PN 9 30
50,000 to 99,000 1 2 8 10 26 1 7 55
Over 100,000 1 8 11 22 1 [ 49
Undefined &, . 1 3 7 n
B3 7:) SR 1 3 4 23 33 93 6 30 193

1 Special districts for which no assignment by population size group could be made.

Source: Extrapolated data from “Sewer Service Charges” by Lennox L, Moak, Municipal Finance Offi-
cers Association of the United States and Canada. )

C. Trexnbps 1v CaritaL QuTLAY
1. ANNUAL OUTLAYS

In the sewer collecting field, statistics on public undertakings have
been compiled only since 1951. Unfortunately, no measurement of
the amount of private undertaking is available, though it represents a
substantial amount of the total new sewer collecting construction.
Many local jurisdictions require that when a builder or developer
undertakes a subdivision, he must provide the necessary public water
and sewer systems to serve the area. Upon completion, these are
dedicated to the local government along with other municipal type
facilities such as roads and storm sewers. In order to obtain a
measurement of the private undertakings, estimates were prepared
using the number of housing starts per year, and the experience of the
Federal Housing Administration with respect to the number of mort-
gages for new housing served by public sewer systems.

Since 1951, the amount of public undertakings as measured by
contract awards rose from a low in 1952 of $225 million to a high of
$405 million in 1963. Since 1963 contract awards have decreased
slightly to their current (1965) level of $385 million. During the
same period of time (1952-65) estimated private sewer construction
{based on housing starts) held fairly steady at about $150 million
annually until 1960 when it started to decrease to its current level
of $130 million.

Combining public and private sewer construction activity by year
results in a relatively small increase in the amount of work undertaken
annually since 1951. (See table 4.) Comparison of the 1952-56
annual average with the 1961-65 annual average, produces an 11-
percent increase between the two time periods. This relatively static
situation reflects a combination of many factors, especially the great
demands placed upon the limited financial resources of municipalities
by other public services, primarily educational or other visible tangible
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facilities, as compared to “the out-of-sight, out-of-mind” type facility
such as sewers.

TaBLE 4.—Conlract awards for sewer collecting systems 1952-65

[Millions of dollars]
Source of funds
Total
Public? Private 2
Year
1952. .- $225 $157 $382
195: - 286 150 436
1954 R 211 161 405
1955 - 301 171 472
1956, - 305 140 445
1957, - 247 127 374
1958. . 310 144 454
1959 ———— 336 155 491
1960. -- 359 125 484
1961 - 380 129 509
1962, - 320 131 451
1068 e ecmccarcecciccmcacccacccmsemmmnmmammmeeeeam——~.———men 405 136 541
1964, - 396 130 526
1965 - 385 128 513

1 Source: “‘Sewage and Waterworks Construction,” Public Health Service Publication No. 758.
2 Estimated from housing statistics as reported by Bureau of Census. .

Though the percent of municipal expenditures obligated for sewage,
including sewage treatment, has continued to be relatively constant
through the years, the increasing emphasis placed on waste treatment
facilities has absorbed the increase in funds available as municipal
resources have increased.

2. SOURCES OF FINANCING

As indicated in table 4 one-fourth of the capital outlays for sewers
annually is undertaken by homebuilders, who in turn pass on tne cost
of the facility to the individual home buyers. The balance of funds
{for construction is normally obtained through private borrowings.
A limited amount of Federal aid has been provided through the years
for sewer construction, either as a part of some other undertaking or
for brief periods of time as direct grants to finance construction of
sewer facilities (that is, the Public War Housing Act of 1940 and its
amendments, $54 million; and the Public Works Acceleration Act of
1962, $128 million). _

Though no data are available regarding sanitary sewer borrowings
from private sources, the gross amount of such borrowings is excep-
tionally small. Long-term public borrowings through the municipal
tax exempt bond market (as reported by the Investment Bankers
‘Association to the Department of Health, Education, and Welfare
(PHS publication No. 965)) however, account for 63 percent of all
municipal undertakings. These borrowings are divided into three
general categories on a dollar basis as follows:

Fifty-seven percent general obligation bonds
Twenty percent sewer revenue bonds '
Twenty-three percent mixed sewer and/or other type revenue
bonds with or without general obligation underwritings.
~ In order to assist local public bodies that cannot sell their bonds on
the open market at a reasonable interest rate, the Federal Govern-
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ment provides loans through the public facility loans program (which.
is administered by the Department of Housing and Urban Develop~
ment). Under the PFL program 224 loans have been made through
December 1965 to local public agencies involving $102 million for the
construction of sewage collecting systems, and waste water treatment
plants. In addition, 141 loans have been made for construction
projects involving both water and sewer facilities estimated to cost
$76 million. The Department of Housing and Urban Development
also administers a program of advances for public works planning,
which provides noninterest bearing advances to enable communities.
to prepare plans for needed public works. The advances become due
and repayable only when the planned work is placed under construc-
tion. Over 2,400 advances have been. processed under this program
providing about $57 million to local public agencies to assist in plan-
ning of needed sewer facilities, having an aggregate cost in excess of
$3.3 billion. o '

In addition to the Federal assistance, approximately one-third. of
the States have adopted legislation to provide financial aid for sewerage
facilities in the form of grants and/or loans. Most of the State grant
programs are keyed to the Federal Water Pollution Control Act, either
for purposes of establishing eligibility or determining the amount of
aid to be provided. California, Indiana, New Jersey, Ohio and
Oregon have loan programs to assist communities to design and/or
construct sewerage facilities. Delaware, New Jersey, New Mexico,
New York, Pennsylvania, and Vermont have enacted grant programs
to communities to assist in the development of sewage systems or
part thereof. New Hampshire guarantees loans for sewer facilities
and participates in a program of annual payments to defray amortiza-
tion and operating expenses as do New York and Pennsylvania. The
effects of the State aid programs have not been evaluated.

The balance of financing for sewer collecting systems construction
which amounts to approximately 25 percent of all sewer construction
undertakings, or 37 percent of the municipal undertakings, is obtained
from three general sources. They are in order of importance, short
term public borrowings, revolving construction funds or sinking funds
related to previous borrowings and direct appropriations or ‘‘pay-as-
you-go” arrangements. The exact amount of each category is
unknown, but the general use of short-term public borrowings by
municipalities for all purposes has increased from $2.7 billion in 1956
to $6.5 billion in 1965 or an increase of over 140 percent during the
last 10 years. The ‘“pay-as-you-go’’ principle is not adaptable to the
sewer collection field generally because of the need to create large
surpluses or reserves before construction can be undertaken. How-
ever, in areas where small additions to existing systems are to be made,
the “pay-as-you-go” method is often employed.

D. NeEps AND ProspecTivE CapiTalL OUTLAYS
1. FACTORS TAKEN INTO ACCOUNT
President Liyndon B. Johnson in an address at the University of

Michigan (Ann Arbor, Mich., May 22, 1964) stated:

In the remainder of this century urban populations will double, city land will
double, and we will have to build homes, highways, and facilities equal to all those
built since this country was settled.
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Tn addition to this national challenge, there are over 9 million
people now living in urban areas that are not provided with sewer
collecting services, yet the areas in wbich they live have sewer col-
lecting systems serving portions of the communities. Over 59 million
people are now served by combination sewers, which must be modified,
rebuilt, or replaced during the next three decades, if we are to prevent
uncontrollable water pollution. Most of the existing sewer systems
currently in service have sections which are in need of extensive
Tehabilitation or replacement. The sum of these shortcomings is
that one-third of the total population of the United States, or one-half
of the sewered population, is currently provided with less than desir-
able sewer collecting services, based upon decent, safe, and sanitary
criteria. Yet, capital investment in sewer collecting systems continues
to show no increase. :

To meet fully the challenge that no urban dweller should be denied
the sewer collection service required for decent, safe, and sanitary
housing by 1975, facilities to serve 41 million additional people must
be provided, as well as the innumerable commercial and industrial
establishments necessary to.support this population increase. Due
to the mature of the service provided; replacement, rehabilitation,
and/or modification to existing systems will of necessity also have to
‘be undertaken. i )

The complex problem of separating combined sewers estimated to
cost between $20 and $30 billion, will be begun by many communities,
or continued by others, on a relatively small scale, until economic
solutions to the problem have evolved. Inrecognition of this problem,
the Congress in 1965 included in the amendments to the Federal Water
Pollution Control Act, a $20 million annual authorization for a 4-year
program of investigation and demonstration of methods for controllin
pollution from storm sewers and from sewers carrying both storm an
sanitary wastes. The solutions evolved from this program will not
be available for complete evaluation before 1969-70. Consequently,
the findings of the program will not be translated into action programs
until the mid 1970’s, and the problem is not likely to be brought under
control until the late 1980°s or early 1990’s. 1f new sanitary sewer
collecting systems are the ultimate solution, the rate of expenditures
for sewer collecting systems beginning in 1970 will have to be twice
the currently estimated rate for the period 1971-75. Therefore, until
the results of the new demonstration program have been evaluated,
no proper distribution of probable activity between sanitary sewer
collecting systems, storm sewer systems, and waste water treatment
facilities.can be made. Yet, the combined effort of the three categories
of the public works beginning around 1970, will require annual capital
expenditures of from $2 to $3 billion a year for the balance of the
century. o

As the Nation continues to urbanize, population densities will
continue to increase particularly in the existing centers of population
concentration. The central cities will continue to rebuild, and as
today’s suburbs increase in age, they will be replaced by multiunit
housing and industrial and commercial complexes. Consequently
the number of feet of pipe, or other quantitative measurement of need
on a per capita basis will tend to decrease slightly as the population
densities increase. This trend will be so small as to be inconsequential,
unless there is a phenomenal change in the complex of our urban centers
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toward multiunit housing and great open spaces. Such change may
gradually occur during the next 30 to 50 years, but during the next 10
years it will be inconsequential, with respect to sewer collecting
systems design and construction. With the continuing actual or
threatened shortages of water for all purposes, efforts to decrease
water uses or consumption for certain purposes through technological
advances and changes in living patterns will tend to keep the per
capita need at the current level of usage, though many new uses of
water will evolve during the period. Consequently, the current design
criteria for sewer collecting systems is likely to be continued during the
next decade.
2. ESTIMATED CAPITAL REQUIREMENTS

In order to (1) provide for the existing backlog of unsewered urban
dwellers and the expected increase in urban dwellers during the next
10 years, (2) replace, modify or repair obsolete or undersized facilities,
and (3) coramence activities toward solving the combined sewer
problem through construction of new separate sanitary sewers, it will
be necessary that the total annual investment in sewer collecting
systems be more than doubled during the next decade. Table 5
presents the estimated capital outlay requirements in millions of
dollars, by population size group for the next 10 years, for sewer
collection facilities based upon the foregoing considerations.

TaBLE 5.—Projected total capital consiruction requirements by community size by
year 1966-76

{In millions of dollars]

Size of community 1966 | 1967 { 1968 | 1969 | 1970 | 1971 1972 1973 1974 1975
Less than 1,000, . ......._.... 55 58 60 63 66 74 78 85 94 104
1,005 to 5,000. ... o] 1141 119 124 | 131 | 138 154 161 179 196 214
5,000 to0 10,000. .. 83 88 91 96 | 101 113 119 131 145 158
10,000 to 50,000. . S| 214 225 234 | 248 | 260 289 304 336 370 403
50,000 to 100,000.. . ... -] 69 73 75 80 84 94 98 109 120 130
Over 100,000 people..coooneoe- 233 | 240| 2556| 269 | 283 314 330 365 403 438

2 1] 7: S 768 | 803 | 839 | 887 | 932 1,038 { 1,000 | 1,205 ( 1,328 1,447

3. MEANS OF FINANCING

As in the past, the homebuilding industry will account for a portion
of the projected needs. On the assumption that housing starts will
increase to an annual rate of over 2 million units per year by 1975, the
amount of funds expected from this source for sewer collection system
construction will correspondingly ipcrease by 33 percent. The bal-
ance of funds required consequently must be provided through public
agencies, which must increase their activities in this area by 115
percent.

Based upon past activity, and current estimates of the Investment
Bankers Association, the municipal tax-exempt bond market will not
be able to absorb more than a 70-percent increase in dollar volume
during the next decade. Assuming the two premises are correct
(1) a 33-percent increase in private funds and (2) a 70-percent increase
in public long-term borrowings, other sources of funds must be tripled
by 1975 in order to meet the estimated dollar requirement for sewer
collection system construction. Considering the variety of demands
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for increased municipal services currently faced by local public bodies,
an increase of over 200 percent in the amount of funds available from
short-term borrowings, sinking fund and “pay-as-you-go’ activities
for this specific purpose is problematical. Since the estimated amount
of available funds for sewer collecting systems construction will be
less than required, the necessary additional funds must come from
other sources than those currently employed.

Congress in 1965 recognized the need for an additional source of
financial aid to communities to assist them in undertaking needed
sewer facilities. As part of the Housing and Urban Development
Act of 1965 (Public Law 89-117), the water and sewer facilities grant
program authorized appropriations not to exceed $200 million annually
through fiscal year 1969, for grants, not to exceed 50 percent of the
development cost of specific projects to assist communities in the
financing of public water and/or sewer facilities (other than sewage
treatment plants and their appurtenances). Since there are three
general categories of facilities (i.e., (1) water, (2) sanitary sewer, and
(3) storm sewer) eligible for this aid, no attempt bas been made to
prorate the probable amount of funds which will eventually be ex-
pended for each of the categories.

In addition, Congress has also provided assistance under the
Public Works and Economic Development Act of 1965 (Public Law
89-136, authorizations not to exceed $500 million per fiscal year
through fiscal year 1969), the Appalachian Regional Development
Act of 1965 (Public Law 89-4 authorization of $6 million), and the
Consolidated Farmer’s Home Act of 1961 as amended (Public Law
89-240, authorizations not to exceed $50 million per fiscal year) for
grants and/or loans to construct public facilities including sewer
collecting systems. Due to the unique purpose for which each of the
programs was enacted, no distribution of probable financial assistance
among the eligible categories of public facilities construction has
been attempted.

An evaluation of the extent to which local public bodies will utilize
the various Federal financial assistance programs would be premature,



CHAPTER 5
Storm Sewer Systems*
A. Nature anp CoMPOSITION OF FACILITIES -
1. DESCRIPTION OF FACILITIES

(&) Characteristics, Functions, and Fundamental Principles

Storm sewer systems consist of manmade and natural channels and
conduits which, together with inlets, catch basins and outfall struc-
tures, function collectively to convey surface waters to disposal points
outside the area of collection. The waters so collected are generally
the residual fraction of precipitation remaining on the land surface
after other fractions have been lost to surface ponding, evaporation,
and infiltration into the ground. This fraction of the total precipita-
tion is referred to as storm runoff, or simply runoff.

Another type of sewer system, frequently installed in urban areas in
past years, conveys sanitary and industrial wastes combined with
runoff. Sewers of this type are termed ‘“combined’” sewers. Such
sewers intercept sanitary flow in dry weather for conveyance to a
treatment plant. During periods of storms a portion of the combined
flow is conducted to a treatment plant and the balance is discharged
into the local drainage canals or waterways. Although storm sewers
and combined sewers are distinctly different in function, each of these
sewer types conveys runoff. To simplify terminology, the term
“storm sewers,” where used in this chapter, is meant to include both
separate storm sewers as well as combined sewers, except where indi-
cated otherwise. I ‘

Surface water resulting from various domestic uses of water, such
as auto washing, excess lawn watering and cleansing of walks, drive-
ways and parking lots also produce runoff. Many mechanical devices,
such as water-cooled air conditioners, sump pumps, condensate equip-
ment and some types of industrial equipment also contribute to the
total runoff. The amounts thus contributed, with the exception of
that from nonrecirculating, water-cooled air conditioners, either do
not constitute significant quantities or are not normally produced
during periods of precipitation. Although the cooling water from
nonrecirculating water-cooled air conditioners, where disposed of
through storm sewer systems, is an important factor in the total

" quantity of drainage in some localities, this fraction will not be
included since the problem is nonexistent in some areas and it can be,
and often is, controlled by regulatory measures in others. Thus,
runoff is considered here to be only the fraction of precipitation result-
ing from rainfall or the meltin% of snow and ice.

The general lack of available records and data relating to design
and construction of storm sewers became increasingly evident as this

*Prepared by the American Public Works Association Research Foundation,
researched and written by Herbert G. Poertner, general manager and director
of research, with minor editing by committee staff.
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study progressed. This lack of information highlights a need for
comprehensive and coordinated programs of research and development
in the field of urban hydrology and hydraulics.

The inescapable consequence of decisions regarding storm drainage
is the selection of space for the temporary storage of storm water. If
nothing is done to convey storm water away, it will occupy space
near the place where it falls. If a storm sewer is constructed, storm
water will occupy space at the downstream end of the storm sewer.
Regardless of what decision is made regarding storm drainage, there
results a selection of space for the temporary storage of storm water.
This is an important fundamental principle.

In urban areas space has typically high economic values. Complete
economic analyses must include the cost of the space selected for the
temporary storage of storm water, since the use of that space for other
purposes Is curtailed. This concept is relatively new to the field of
storm-drainage economics, and warrants thoughtful consideration by
all persons who make decisions in that field. = A subsequent part of
this paper further develops this concept.

(b) Services Rendered; Dangers and Damages

The runoff produced in rural areas can cause considerable damage
to crops, soil, animals, farm buildings, and roads and highways. At
times it may even result in loss of life in both humans and animals.
The U.S. Soil Conservation Service works with local rural groups to
plan and construct drainage facilities to alleviate such prob{)ems.
Corrective measures employed in rural areas must be entirely different
from those used in urban areas. Such measures normally include
contour plowing, selective area and crop farming, reforestation,
maintenance of natural ditches and watercourses, and the construction
of embankments and levees along with judicious location of buildings,
feedlots, pastures, crop-fields, roads, ponds, and impoundments.

The runoff from urban areas, if not properly conveyed to disposal
points, can result in very significant losses. Most important of these
1s the great damage inflicted upon both real and personal property.
As a result of discussing such losses with knowledgeable individuals,
it is estimated that the total average annual losses in all parts of the
United States in recent years is $1 billion or more. However, this
estimate merely indicates the general magnitude of losses since data
on the evaluation of losses is not available. Considering the present
rate of industrial expansion and population growth in urban areas,
it is not difficult to visualize an increase in losses due to such property
damage.

Inadequate disposal of runoff often results in widespread loss of
valuable time and frequently, causes great inconvenience to urban
populations. This is characterized by persons arriving late to places
of employment, or perhaps not reporting at all, because of delays in
transportation caused by street flooding, or resulting from the need
to care for property being endangered by flooding.

Flooding of basements can result from unsatisfactory or nonexistent
storm sewer systems. The results may vary, from mere inconvenience
and loss of use of basement facilities, upward to very serious threats
to health and safety. The extensive use of combined sewers presents
a threat of disease to the helpless public in such areas. In commercial
areas, where food may be served in basement cafeterias and restau-

70-132—66-——vol, 1——=11



154 STATE AND LOCAL PUBLIC FACILITY NEEDS

rants, such basement flooding admits sewage which could cause disease
to spread rapidly to many persons and, if communicable, thence to
others over wide geographic areas. In industrial and commercial
areas, basement flooding, from combined sewers, frequently causes
serious damage to mechanical, electric and process equipment, such
as power generating equipment, heating and cooling equipment,
transformers, mechanical shop equipment and stored equipment,
goods, and supplies.

There are, in many communities, low-lying areas which flood
frequently due to the runoff from local storms. There are also areas
which are inundated by rising waters of natural watercourses. In
the latter case, the protective measures to be employed involve the
construction of flood control facilities, which are beyond the scope of,
and are not included in, this report. In either of the above cases,
funds required to minimize property damage are often not available.
In such cases a logical solution to the flooding problem is the use of
flood plain zoning. This procedure limits the usage of such areas in
a manner which minimizes damages. The construction of permanent
structures and improvements are prohibited, in favor of the type of
development or usage which will suffer only temporary and relatively
small damages. The development of parks and recreational areas in
flood plains, in lieu of residential, commercial, and indusérial develop-
ment, is an example. Such zoning does, however, meet with con-
sidevable opposition from landowners and, in some cases, persons in
the government responsible for fiscal matters.

(¢) Quantitative Standards of Performance and Design

The measurement of the standard of performance of storm sewer
systems is mainly a quantitative one. A system which is entirely
adequate would carry off, without damage, all drainage from mis-
cellaneous sources and the runoff resulting from any conceivable
storm that may occur in the future, no matter how rare in frequency
of recurrence. To conceive and design such a system would be im-
practical and economically unsound. In fact, a greater storm than
heretofore experienced may occur after such a system is constructed.
The system is then no longer completely satisfactory.

Today, storm sewer systems are designed for hypothetical rain-
storms of an ‘“Intensity, duration, and frequency of recurrence’” which
appears economically justified for the particular locality. At some
future date, when sufficient and accurate data are available for a given
geographic locality, and after somewhat more refined methods of data
analysis and design procedures have been developed, it will be possible
to design a storm sewer system for such a locality in a more precise
and meaningful manner than is now possible.

The customary design procedure now used is to design storm sewer
systems protecting residential areas for the storm likely to be equaled
or exceeded, on the average, once in a given period of time. The
period used ranges from 2 to 10 years (five is common). Whether the
2-year or 10-year frequency, or another, is selected depends upon the
relative value of the property being protected, and the ability to pay.
Systems protecting industrial and commercial areas are sometimes
designed for storms of greater intensity.

Whether or not a storm sewer system should be built, or improved,
should be based, in part, upon a thorough survey and analysis of annual
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benefits and costs. The annual total cost of a storm sewer system can
be expressed as the sum of the amortized capital investment, interest
on investment, operating and maintenance expenses and estimated
annual damages occurring after installation of the system.! If such
costs, when amortized over the estimated life of the system, are less
than the annual damage expected to be inflicted under existing or
anticipated circumstances, there is economic justification for the
installation of the system as designed. However, if the annual cost
is estimated to exceed the annual expected damage, the design should
be revised and further cost analyses made until the benefit-cost ratic
equals or exceeds unity. Further analyses may be made, assuming
sufficiency of available data, until the optimum design is determined.
Naturally, the economic consideration presented above constitutes
only one of the many factors influencing the decisions regarding the
need or desirability of a sewer project.

The adequacy of a storm sewer system of an urban area, may also be
described in terms of the percentage of total urbanized area that is
provided with sewer systems, regardless of the design capacities. Un-
like many other public services, the contribution made by sewers
toward a community’s environment is not normally measured per
capita.

In summary, the quantitative standards of performance of systems
of storm sewers, within an urban area, are generally described in
terms of (1) the capacity for handling the runoff from an assumed
hypothetical storm, (2) the percentage of the urbanized area which is
sewered, and (3) the percentage of the total runoff sewered.

(d) Qualitative Standards of Performance and Design

Esthetics can influence the design of storm sewer systems and may
be considered as a quality measure. As an example, a very large
underground conduit may be constructed to carry runoff from a large
drainage area; whereas, an open, paved, trapezoidal channel, con-
structed more economically on the ground surface may suffice quanti-
tatively. The underground conduit would often be demanded to
satisfy the esthetic requirements of many communities, and would
also be demanded in some developed areas where the loss of usable
land areas creates serious problems.

Construction material and workmanship are also quality measures.
Materials and workmanship of the specified quality may usually be
assumed. However, an entirely satisfactory design may, if construc-
tion inspection is superficial or missing, result in unsatisfac tory
performance of the system due to the use of materials and workman-
ship which do not meet the requirements of the plans and specifications
of the design engineer.

Systems of “combined”” sewers are not regarded as entirely accept-
able in most communities because of the pollution often resulting
from overflows carrying sanitary wastes, during period of rainfall
The installation of combined sewers is no longer permitted in some
areas,

The installation of sewer systems, designed and constructed to
meet both quantitative and qualitative standards of performance,
often benefits adjacent properties by enhancing land values and by.

! Knapp, John Williams.. “An Economic Study of Urban and Highway Drainage Systems.” Johns

Hopkins University, Department of Sanitary Engineering and Water Resources, storm drainage research
project, Baltimore; Md. 21218, June 1965; 175 pages. Technical Report No, 2.
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increasing the usage of existing facilities (such as basements, yards,
and streets) and may, therefore, be looked upon as part of a “reclama-
tion”” program. The importance of careful and efficient design of
sewer systems is an important factor affecting quality.

2. EXISTING CAPITAL PLANT OF STORM SEWERS

(a) The History of Storm Sewers

When our country was first settled, sewers were generally non-
existent except for natural ditches and hastily constructed surface
swales. It was possible to locate buildings and farm areas in favorable
locations and the extent of damages suffered during flooding was
small measured in terms of today’s consequential damages:

‘As the urbanization of the country expanded and moved westward,
the increased population, commercialization and industrial develop-
ment imposed demands upon citizens, particularly property owners,
to develop means of safeguarding their health and property. One
of these safeguards developed through primitive stages (from the
hand-dug dit(ﬁl to the paved gutter, the rubble masonry ditches, and
the underground wood sewer) and later developed into the modern
underground conduit systems, provided with inlets, manholes, and
catch basins; all integrated into a system of laterals, mains, trunks,
and outfall sewers.

The development of systems of sanitary sewers naturally received
priority as communities became congested. This was necessary to
reduce the incidence of epidemics of disease and to provide for the
esthetic demands and living standards of a progressing people. As
communities grew, transportation became a problem. The horse
and wagon, the surrey, and later the horseless carriage, again placed
demands upon ‘the citizens to provide negotiable transportation
arteries through the growing communities. It was necessary to
divert water away from the unpaved roadways. Later, storm sewers
were the outgrowth of the communities’ progress, and -generally
developed simultaneously with the construction of street pavements
as cities modernized and developed into urban communities.

In many rapidly developing urban areas it became evident that a
single system of sewers could be designed to serve both the need for
disposal of sanitary waste as well as the surface drainage. Many
cities thus began to construct systems of combined sewers. A 1964
publication of the U.S. Department of Health, Education, and
Welfare 2 names large cities, including Boston, Chicago, Cleveland,
District of Columbia, New York, St. Louis, and many others, as being
served by combined sewers. Many large urban areas in the United
States are served almost entirely by systems of combined sewers.
A noteworthy example is the city of Chicago, Il -Chicago, as of the
year 1965, has approximately 4,000 miles of combined sewers and only
a few miles of separate storm sewers. : ’ .

Combined sewers satisfactorily convey sanitary wastes to disposal
points during periods of dry weather but during periods of rainfall,
they are generally unsatisfactory, when judged by today’s living
standards and functional and legal requirements. For example, with
the advent of stringent laws regulating the disposal of untreated
wastes into lakes and natural watercourses, it became necessary for

2 U.8. Public Health Service, Division of Water Supply and Pollution Control, “Pollutional Effects of

Stormwater and Overflows From Combined Sewer Systems—A Preliminary Appraisal,” Washington, D.C.,
November 1064; 39 pages; publication No. 1246.
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many cities to construct elaborate and costly plants for the treatment
and purification of domestic and industrial sewage wastes. Where
untreated wastes are an integral part of storm water, as in the case of
wastes carried through systems of combined sewers, it becomes
economically prohibitive to expend the large sums of capital required
for the construction of treatment plants of the capacities needed to
satisfactorily treat the total flows. In such cases, operating costs
would also be extremely high. As a consequence, treatment plants
serving areas with combined sewers have almost invariably been
constructed of a capacity adequate to treat the sanitary waste and a
fraction of the runoff only. During periods when main sewers are
carrying flows greater than treatment capacity, combined sewers
divert the excess flow into drainage canals, lakes, or natural bodies of
water. This flow carries untreated domestic and industrial wastes
into our lakes and streams, and often pollutes one of our most precious
resources. ‘

Although a few areas continue to construct combined sewers,
many urban areas, and most suburban areas, have ceased constructing
such sewers, and some areas have begun a program of converting
combined sewers into separate systems. Complete conversion is
very costly. The District of Columbia began its program of separa-
tion in 1954, with plans for completion by the year 2000. The
cost for complete separation is estimated to be $300 million. A
major research program to determine the feasibility of a rational
method of separation of combined sewer systems or at least to mini-
mize pollution from such systems, was commenced in the year 1966.
It is hoped that methods will be developed, through research efforts,
which will make separation feasible from an economic standpoint.
The city of Chicago does not have plans at present for a sewer separa-
tion program. It has been estimated that the total cost of such a
program in Chicago alone would total $2.3 billion. A remedial
plan being studied for Chicago, which appears less costly and which
should surpass separation insofar as pollution abatement is con-
cerned, involves the construction of huge tunnels carved in the
limestone strata more than 700 feet below ground surface. During
periods of overflow, the wastes from the combined sewers would
be dropped through vertical spillways into these tunnels which con-
stitute a large temporary detention reservoir. The wastes would
later be pumped to the surface, treated at treatment plants, and/or
chlorinated and upgraded in temporary retention ponds, and then
released to the natural watercourses at controlled rates. Such a
system would prevent pollution of water bodies and would eliminate
the excessive damages and inconveniences being suffered by citizens
during periods of heavy precipitation.

One of the economies being effected in suburban residential areas
and parkways results from the construction of open, paved channels,
in lieu of underground conduits. Such open channels result in the
loss of otherwise usable ground surface, are sometimes hazardous, and
are sometimes aesthetically undesirable; they do, however, perform
adequately when properly incorporated into a separate storm sewer
system. Open channels are frequently improved or constructed
through urban areas to serve as major collectors of runoff, and also
waters containing a portion of the area’s untreated wastes during
periods of rainfall. The contamination of receiving waters, from the
latter case, is objectionable. In other areas, such major channels
carry only runoff, and are usually acceptable.
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Surface drainage systems serving State highways and county roads
in rural areas are simply constructed. These systems include inlets,
short stretches of conduit, paved or sodded ditches, and hillside gutters.
Culverts and culvert pipes serve to carry surface drainage beneath
the roadway to the opposite side. The drainage from such systems
is discharged into existing ditches, creeks, and rivers and sometimes
into ponds, lakes, and bays. Storm systems serving urban highways
and roads are generally made a part of the urban storm sewer system.
Costs are often shared by the local public agency and the highway
agency, based upon a formulated costs-benefits agreement. In some
areas such costs are the total burden of the municipality. The funds
necessary for such facilities are usually obtained from highway
appropriations,

(b) Distribution .

Unlike many other capital investments, systems of sewers are very
difficult to measure and evaluate in terms of total capital investment.
The reasons for this can primarily be attributed to the general lack of
maintaining uniform records of such facilities by the various public
and private agencies who were responsible for their construction.
Another important factor is that it is difficult for a survey team to
make an accounting of existing facilities. Several factors contribute
to this; the most important factor is that sewers are generally buried
and out of sight. It is often difficult, for survey teams, to determine
the conduit sizes involved, the materials of construction, and the total
lengths of systems. If such data were generally available from public
agencies, and readily accessible upon request, it would be possible to
make reasonably accurate summaries of existing storm sewer systems
in the United States, on both quantitative and replacement-cost
bases. Considerable costly time and effort would be required,
however.

As an approach to making an approximate determination of existing
storm sewer facilities and future needs in the United States, the
American Public Works Association distributed a storm drainage
questionnaire in 1965 to all urbanized places in the country with a
population in excess of 10,000 persons. Replies were received from
627 of these. In addition, a storm sewer questionnaire was distributed
by APWA in early 1966 to the central city of each of the 216 standard
metropolitan statistical areas of the United States. Eighty replies
were received. A third APWA questionnaire on storm sewers was
sent in early 1966 to the regional planning commissions of these same
metropolitan areas. Where a regional planning commission did not
exist, the questionnaire was directed to the planning department of
the central city within the metropolitan area. Seventy-nine replies
were received.

As a result of the three surveys made by APWA, as described above,
it is estimated that based on 1965 costs the total capital investment in
storm sewer systems in this country is more than $22 billion. This
estimate includes an appropriate allowance for the investments in
combined sewers. The distribution of the capital investment in such
facilities by States is given in table I. Totals by geographical regions
can also be made. These estimates of capital investments in storm
sewer systems, when divided by the corresponding unit construction
costs (dollars in millions per square mile), result in an approximation
to the square miles of sewered area. In the table expressing capital
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investment, all construction cost items are included and the only
exceptions are construction costs of such items and structures as
would be properly considered to be a part of major flood control
facilities. Therefore, dams, floodwalls, and similar construction are
excluded.

Tasre I—Capital invesiment in urban drainage improvements in the United States,
by region and State, 1965

Estimated value of im-
provements t
1960 urban Square miles
Region and State population of improve-
(thousands) Per State Doliars per ments
(dollars in capita 2
millions) (urban)
New England:
Maine.__. - 497 40 80 30
New Hampshire. ... o oo 354 45 130 40
Vermont. 150 15 100 20
Massachusetts.__ 4,303 380 90 320
Rhode Island 150 200 100
Connecticut. 1,986 190 100 190
Middle Atlanti
New York. 14,332 3,480 240 1,800
New Jersey- 5,374 1,760 330 1,000
Pennsylvania__ 8,102 1, 500 185 850
East-North Central:

10 oo - 7,123 1,300 180 770
Indiana. o oL 2,910 400 140 370
inois._.___ - 8,140 1,450 180 850
Michigan. . 5,739 1,100 190 550
‘Wisconsin 2,522 390 155 330

West-North Central.
MiINNeSOba . - oo o oo 2,123 230 110 190
Jowa. —— 1,463 170 120 140
Missouri. ... 2,877 1,000 350 500
North Dakota 223 50 225 45
South Dakota. 267 30 110 30
Nebraska oo 766 50 65 60
KaANSAS - oo oo e 1,329 200 150 170
South Atlantic:
DelaWare -« - e e e 203 75 255 25
Maryland 2,254 300 135 200
District of Columbia._ o oo 764 150 195 60
Virginia, 2,205 700 320 500
West Virginia o - oo oo 711 200 280 100
North Carolina 1,802 140 80 140
South Carolina. . 981 30 30 30
Georgia. - e 2,180 90 40 90
Florida - 3,661 1,700 465 800
East-South Central:
Kentucky. 1,353 250 185 250
Tennessee. 1,865 200 110 200
Alabama 1,792 80 45 80
Mississippi. 821 40 50 40
West-South Central:
Arkansa; 765 300 390 200
Louisiana., 2,060 200 100 200
OXklahoma. 1,465 150 100 130
Texas 7,187 700 100 500
Mountain:
Montana.. 338 35 1056 45
Idaho. 317 20 65 30
Wyoming 188 20 105 25
Colorado. 1,293 260 200 260
New Mexico. 626 40 65 50
Arizona. 971 200 205 200
Utah 667 15 20 20
Nevada. 201 5 25 10
Pacific:
Washington... 1,943 90 45 60
Oregon 1,100 400 365 270
California, 13,573 1,430 105 1, 000
Alaska. 86 10 115 10
Hawaii 485 200 410 150
Total, United States. .euoomomccomacceuns 125,120 21,960 3160 14,160

1 Replacement value as of mid-1965.
2 Based on estimated 1965 population.
3 Average.

Source: Questionnaire survey by the American Public Works Association, 1965,
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A breakdown of the total capital investment in storm sewer systems
by population groups is presented in table II. These data were ana~
lyzed further to arrive at various averages, such as dollars per capita,
et cetera. Table ITT presents these averages.

TasLE IL.—Capital investment in urban drainage improvements in the Uniied States,
by population groups of cities, 1966

Population Capital Squere miles
Population group (thousands) Number of 1965 esti- investment | of improve-
cities mated (millions) ment

(thousands)
500 or more. 28 30, 000 $5,900 2,800
100 to 500 ) 109 24, 000 4, 500 2,400
50 to 100, 180 13, 000 1,400 900
10 to 50 1,344 30, 000 4,500 3, 500
2.5 t0 10 el 3, 000 16, 000 2,700 2,100
Less than 2.5 13, 000 9, 000 1,300 1, GO
Other urban places 1,700 12, 000 1,700 1,300
Totals 19, 361 134, 000 22, 000 14, 000

TaBLE III.—Capital investment in urban drainage improvements cities of the United
States (averages for cities, by population groups), 1966

Capital investment !

Population group (thousands) Percent of | Persquare
Per city Per capita 2 [ marketvalue| mile city
(millions) of taxable area
property
500 or more. $210 $195 3.7 $270, 000
100 to 500 40 185 4.3 225, 000
§0 to 100 8 110 2.2 105, 000
10 to 50. 3 150 2.5 385, 000
2.5 t0 10. .9 170 |-- .
Lessthan 2.5 .2 145 - -’

1 Replacement value as of mid-19685,
2 Based on 1965 population.

Nore.—Estimates for population groups under 10,000 are rough approximations,
Source: Questionnaire survey by the American Public Works Association, 1965.

(e) Ages of Sewer Systems ‘

The ages of the country’s sewers are variable and difficult to deter-
mine. Again, the lack of available records of installations and re-
placements makes age determinations difficult in many areas, partic-
ularly the older urbanized areas. In general, it may be stated that
most existing underground urban storm sewer laterals (sewer con-
duits serving areas in which they are located) were constructed along
with the development of property and the construction of buildings
in these areas. The construction of main and trunk sewers cannot
be traced accurately with population growth as they are generally
constructed to serve anticipated urbanization and are often con-
structed through relatively unpopulated areas to points of discharge.

With good planning, in progressive and economically sound com-
munities, main and truck sewer construction generally precedes
population expansion. In areas where backlogs of sewer require-
ments have developed, the construction of these larger sewers often
lags behind urban growth. In some areas storm sewers were installed
after urbanization and in these areas the ages of the sewers are not
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related to the era of community development. Such installations are
not prevalent, however. A preliminary investigation of existing
storm sewers reveals that deterioration is not usually a problem.
Many old brick sewers, and some wooden sewers, are in service today
and many are in good condition. Most replacements of original
installations generally can be attributed to insufficient capacity, im-
proper elevations or other factors related to changes or redevelop-
ment within the urban areas. Figure 1 depicts the estimated ages
of storm sewers based on the above. »

100

50

(mileage basis)

) /_Less than 1%

0 L .
0 25 50 75 100

Percent of total storm sewers
older than age indicated

Age (years)

Fiaure 1.—Age of storm sewers in the United States, as of mid-1965.

Source: Prepared by the APWA from information contained in publications of the
U.S. Department of Commerce, Business and Defense Services Administration, Water
Industries, and Engineering Services Division.

(d) Ownership of Storm Sewer Systems

The ownership of underground systems of urban storm and com-
bined sewers in the United States lies almost totally with local public
agencies. These include the following: cities, towns, and villages;
counties; and sewer districts or authorities. Although such sewers
are constructed in urban areas by private land developers and by
State hichway departments, the ownership of such facilities is usually
transferred to local public agencies upon completion and approval
of construction.

A survey of storm sewer facilities made in 1966 by the APWA
resulted in responses, regarding ownership, from urban areas having
a total of 27,461 miles of underground storm sewers, both separate
and combined. This mileage represents approximately 15 percent
of the total mileage of underground storm and combined sewers in
the urban areas of the country. The responses regarding ownership
are tabulated in table IV. This indicates that 84 percent of storm
sewer facilities are municipally owned, 11 percent county owned,
and 5 percent are owned by public sewer districts or authorities.

The same survey indicates that aboveground (open channel)
storm sewer systems are also totally owned by local public agencies,
although there are some few exceptions. The responses, shown in
table 1V, indicate for open channels 58 percent municipal ownership,
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8 percent county ownership, and 34 percent ownership by sewer
districts and authorities.

The ownership of drainage facilities along State-owned highways
in unincorporated areas are naturally owned and maintained by the
respective States. :

TaBLe IV.—Ownership of underground and open channel urban storm sewer systemé

Underground systems Open channel systems .
Ageney claiming ownership

Miles Percent of Miles Percent of
owned total reported owned total reported
Municipalities. 22, 968 84 791 58
Counti 3,019 11 110 8
Sewer districts or authorities 1,474 5 467 34
Total__ 27,461 100 1,368 100

Source: From responses of 80 units of local government replying to a 1966 questionnaire survey by the
American Public Works Association. -

B. Costs, CHARGES, AND BENEFITS

1. CONSIFRUCTION COSTS

The construction costs of storm sewer systems can best be expressed,
for the purpose of a general overall cost analysis, on the basis of a
square mile sewered. Since a sewer system installed in one area may
be designed under different criteria and constructed of different size
conduits, under different ground conditions and of different materials
than a system installed in another area, extreme variations in con-
struction costs are understandable. Current construction costs
reported by 41 cities widely scattered over the United States in a
1966 questionnaire survey by the APWA, indicate a general variation
from $0.5 to $2.5 million per square mile of area served, with extreme
variations from $0.05 to $3.84 million per square mile. A straight
average of all responses resulted in a unit construction cost of $990,000
per square mile. The weighted national average is $1.55 million per
square mile. ‘

Although some of the variation in constructed cost can be attributed
to variations in labor costs, labor productivity, material costs and
local economic conditions, the major factors producing cost variations
are (1) the nature of the local topography, (2) the surface and sub-
surface characteristics, (3) the precipitation characteristics of the area
served, (4) the design criteria selected, and (5) the type of system.
(The type of system is defined by whether it is primarily a local
collecting system, or whether a large percentage of the total length
consists of larger sewers, such as mains, trunks, and large open channels
and_drainage canals.) The first of these factors, the nature of the
local topography, can account for construction costs in rather level
areas being higher than costs in hilly areas by a factor of two, three,
or even more. The underlying reason for this is that although ranoff
is greater in hilly areas, much larger pipe sizes are required in flat
areas to handle a given flow, since the flow velocities are relatively
slow in pipes laid on slight grades. Surface and subsurface conditions
also contribute to wide cost differences.
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Some of these cities were reporting on the costs of combined systems
and others on separate storm sewer systems. This is not a factor in
the costs analysis since the cost of constructing a storm sewer system,
assuming that additions or enlargements of the sanitary sewer system
are not included, is the same as the cost of a combined system. This
is due to the fact that the size of a satisfactorily designed combined
sewer is normally determined by the maximum stormflow, the added
sanitary wastes usually not requiring an increase in the size of pipe.

Although “areawide’” average cost figures cannot be used to esti-
mate the construction cost of a specific project, they are useful in
making projections of capital costs that will be incurred for needed
storm sewer systems in various areas of the country where cost-
influencing factors are similar. These average reported current con-
struction costs, adjusted downward to account for lower costs in
previous years, were used in tables I and II, together with reported
figures of capital investments to obtain estimates for the number of
square miles of area sewered in the various States and cities.

As stated at the outset of this report, complete economic analyses
of storm sewer systems must include the cost of the space occupied
by storm water transported by such a system. This concept is rela-
tively new to the field of storm drainage economics, and warrants
thoughtful consideration by engineers and others who make decisions
in that field.

2. USER CHARGES

Data supplied, in response to a questionnaire distributed in early
1961, by 170 local governments relating to sswer service charges were
published * by the Municipal Finance Officers’ Association. User
charges vary widely in amount but are seldom employed by cities,
sewer districts or others to defray maintenance and operation costs.
Such costs are normally provided for by general tax revenues, motor
fuel tax funds, and vehicle registration funds.

It is difficult to separate operating costs from maintenance costs in
many cities, since few cities have records available. From answers
provided in the APWA survey, annual maintenance and operating
costs, combined, were noted to range, generally, from $1,000 to $30,000
per square mile. The extreme variations may be accounted for by
the great variation in the maintenance services provided in different
areas, the age as well as the type of sewer system, and the effectiveness
of street cleaning operations. Most typical large urban areas would
probably be found to expend, for maintenance alone (including clean-
ing operations), from $5,000 to $15,000 annually per square mile of
sewered area.

3. BENEFITS

Storm sewer systems enhance the usefulness and hence the value
of the areas which they drain. This is the historic economic basis
for constructing them. Additional benefits accrue when these systems
are designed to serve more than one purpose and when such designs
involve the protection of downstream neighbors. An example would
be the design of a highway embankment and culvert to serve as a
mx L. *“A Survey of the Use and Nonuse of Sewer Service Charges in 339 Local Govern-

ments in the United States and Canada.” Municipal Finance Officers’ Association of the United States
and Canada, 1313 East 60th Street, Chicago, Ill. 60637, 1962. 66 pages.
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dam and spillway, producing an impoundment upstream from the
highway. It is possible that the additional land cost could be offset
by the savings in construction cost and the benefits resulting, which
would include flood control and recreation facilities.

C. TreEnDs or CariTarn OUTLAY

v 1. EXPENDITURES, 1946~1965
(a) Trends

Information regarding expenditures for storm sewer construction in
the United States during the 20-year postwar period was submitted
by respondents to the 1965 and 1966 APWA storm sewer question-
naires. On the basis of these responses, it is estimated that the total
present-day replacement cost of existing urban storm sewer systems
in the United States, owned by public agencies, is more than $22
billion including an appropriate allowance for combined sewers. This
estimate was made Ey multiplying the expenditures reported by a
factor, the factor being the ratio of total urban population to popula-
tion encompassed in areas reporting. .

It was further indicated by the survey respondents that approxi-
mately 49 percent of the total of all capital investments was incurred
prior to 1946, and that 18 percent and 33 percent were expended in
the decades 1946-55 and 1956-65, respectively. Data published by
the Bureau of the Census verify these figures very closely (see table
V). These figures show a decided increase during successive time
periods. In part, this can be accounted for by the acceleration of
urban growth in recent years, higher construction costs, and higher
standards of living.

Data published by the Bureau of Census was used in the preparation
of table V which is a tabulation of expenditures by cities and counties
for urban drainage improvements. From this table it is seen that the
expenditures of all urban cities and counties in the United States
during the 20-year period (1946—65) are estimated to have totaled
$3.85 billion. It is estimated that cities alone expended $2.82 billion
in the same period. Based on these estimates, city expenditures were
73 percent of the total expenditures by local governments in urban
areas. This percentage was somewhat higher in the decade (1946-55)
and slightly lower in the decade (1956—75). Future expenditures
could reasonably be expected to follow this same trend, indicatin
that city expenditures will be approximately 70 percent of all loca
government expenditures during the next decade (1966-75). Infor-
mation on annual expenditures made by private land developers is
not available; however, it is estimated that the current total expendi-
tures by all private developers approximates $0.72 billion, annually.
This annual expenditure is expected to increase during the next decade.
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TasLe V.—Capital expenditures for urban drainage improvemenis! in the
United States, by year and decade, 1946—66, by public agencies )

. [Dollars in millions]
Cities Cities Cities Cities.
Year and only Year and only
counties counties

$417 $280 $137 $103
377 255 129 97
352 231 122 92
290 195 118 89
242 182 83 62
256 178 74 56
236 186 67 50
216 174 53 44

197 153
177 141 Total, 1046-55_. ... 1,095 842

2,759 1,975 20-year total ex-
penditures,

160 128 1946-66_ . _.._._. 3,854 2,817

152 121

1 Values tabulated in this table have been computed from published Buresu of Census data (represent-
ing expenditures for sewerage and sewage disposal) by assuming that one-third of all such expenditures
represent capital costs of urban drainage improvements.

Source: Department of Commerce, Bureau of the Census.

A publication of the U.S. Department of Commerce,* dated Feb-
ruary 1966, summarizes the total amount of sewer pipe installed in
the conterminous United States during the period from 1940 to 1966,
and projects estimated future requirements to the year 1980. This
information is presented by category of use and by pipe-size class.
Figure 2 presents reproductions from this publication and graphically
illustrates the estimated annual installations of sewer pipe (measured
in millions of lineal feet), in the size classes indicated. ~ The estimates
include pipe used for new construction, improvements, and mainte-
nance and repair of all sanitary and storm sewers and one-half of pipe
required in combined sewers. The same publication attributes
approximately 10 percent of all usage of pipe in public sewer systems
to storm sewer construction. This percentage is less for the smaller
pipe sizes and more for the larger pipe. It is then reasonable to
assume that the trend in storm sewer construction since 1940 is repre-
sented by figure 2, and that the footage of pipe used annually for
storm sewers is approximately 10 percent of these estimated usages.

From figure 2 it is seen that the installation of sewer pipe was
increasing at a rapid rate during the period 1946-65. The rate of
increase was somewhat variable during the period 1946-55; however,
it was uniform during the period 1956-65. The total increase in
annual usage during this latter decade was less than that during
the previous 10 years. The rapid postwar construction rate can be
explained by two facts: (1) sewer construction was accelerated to
overcome the backlog created by the curtailment of nonessential
construction during the war years, and (2) residential construction
during these years was progressing at a rapid rate to satisfy the
postwar demands. These factors demanded an accelerated sewer
construction program, although the shortage of materials and the
rapid rise of prices was a temporary deterrent to construction im-

¢ U.8, Business and Defense Services Administration. ‘“‘Regional Requirements for Sewer Pipe in Sew-

erage utilities,” prepared by K. L. Kollar and A. F. Volonte. Government Printing Office, ‘Washington,
D.C. 20402, February 1966. 20 pp.
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mediately following World War II. The Korean emergency also
slowed construction projects for a few years, beginning in 1950.
After about 1955 much of the backlog was fairly well diminished and
the rate of increase of total building construction lessened and became
somewhat uniform. The rate of progress of sewer construction
naturally followed this same trend.
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(b) Expenditures by source, 1946—65

(1) Private land developers—The respondents to the 1966 APWA
storm sewer survey, in answer to a question regarding capital expendi-
tures in urban areas, attributed a very large share of such current
expenditures to private land developers. In the case of residential,
commercial, and industrial land development, most cities reported
that the developers must install or pay for storm sewers, where sewers
are required by subdivision regulations or ordinances. This trend
has been increasing in recent years. A successful land developer;
necessarily includes such costs in sales prices of land improvements;
thus, the buyers or lessees ultimately bear the costs. Many cities
surveyed answered that 100 percent of all storm sewer requirements in
newly developing areas are paid for by the developer. A few cities
reported that the developers shoulder only a portion of these costs,
varying from 10 to 90 percent. The majority of cities reported the
higher percentages.
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It appears that private land developers are currently making a total
annual investment of approximately $720 million in storm sewer
construction. This estimate is based upon the following assump-
tions: (1) urbanization is presently producing 1,000 square miles of
newly developed land area annually, (2) 60 percent of such land area
requires storm sewers, (3) the private developer pays 75 percent of
storm sewer costs, and (4) the current average unit construction cost
is $1.6 million per square mile. This estimated annual expenditure by

land developers will be shown to be double the estimated annual
capital investment in storm sewers in urban areas by all units of local
government. - : :

" (2) Public agencies.—Public agencies are responsible for the con-:
struction of main and trunk sewers and drainage canals. The capital
expenditures in urban areas for all such facilities are made by local
units of government. The funds for such expenditures sometimes
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include considerable Federal aid. A Government publication *
attributes to storm sewer construction about 10 percent of the length
of all pipe used for sewers. Since the pipe sizes required for storm
sewers are usually larger than the sizes required for sanitary sewers,
the costs of constructing storm sewers is greater than for sanitary
sewers. Although available statistical information is not complete,
analysis of Government reports °shows that capital outlays by all units
of local’ government in the United States for all types of sewerage,
including sewage treatment plants, are expended. Seventy-three
percent by cities and 27 percent by all other units of local govern-
ment. :

State and local governments and agencies also expend a large
amount of funds in urban and rural areas for drainage facilities re-
quired for arterial streets and highways. The funds for such con-
struction, however, are usually obtained from highway appropria-
tions and, therefore, are considered to be a part of the cost of highway
and street construction, rather than a cost of sewer construction.
Approximately 7% percent of such capital expenditures is attributed
to drainage requirements other than bridges.® These will be State,
county, and city expenditures provided largely from State and Federal
highway funds, supplemented with local government funds.

Loecal governments and agencies also expend funds for the construc-
tion of airport drainage facilities. Although such expenditures are
appreciable, such drainage facilities are generally provided by funds
appropriated for airport construction, or are provided by revenues
from airport operations. Therefore, these are not considered here as
a part of storm sewer expenditures.

2. SOURCES OF FINANCING

Federal aid grant assistance has certainly been a substantial source
of funds in the financing of urban storm sewers. However, the bulk
of the funds has been from local sources. Such local financing has
been accomplished, primarily, through tax exempt municipal bonds,
special assessments, and appropriations from general tax resources.
Therefore, the sufficiency of available funds from each of these sources
in a specific local governmental unit is not only dependent upon the
tax rate but also upon the level of assessment of property within the
jurisdictional boundaries. Government publications report that
about 45 percent of all municipal revenue in the United States is ob-
tained from property taxes.

Responses from 627 units of local government regarding the financ-
ing of capital storm sewer improvement reveal that the major financing
sources are as indicated in table VI. Although this table shows the
number and percentage of respondent agencies which use the specified
methods of financing, this is not necessarily an indication of the dollar
amounts provided from these sources. It is improbable that the
larger areawide projects are financed through appropriations from the
general tax fund; such projects would most often be dependent upon

4 U.S. Business and Defense Services Administration. “Regional Requirements for Sewer Pipe in Sew-
erage utilities,” prepared by K. L. Kollar and A, F, Volonie. Government Printing Office, Washington,
D.C, 20402, February 1966. 20 pp. .

5 U.8. Bureau of the Census. ‘‘Government Finances in 1963-64.”” Government Printing Office, Wash=
ington, D.C. 20402, 1965, 58 pages. Series G-GF 64, No. 1.

¢ TTerr, Lester A. “The Place of Hydraulics in Highway Engineering”; presented at the Fifth Annual

Highway and: Street Conference, Stillwater, Okla., Feb, 22-24, 1966. 13 pages. Apply to: Author, Chief-
Hydraulies Branch, U.S, Bureau' of Public Roads, Washington, D.C.

70~-182—66—vol, 1——12
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bond issues and aid funds. Private land developers generally secure
funds by borrowing from private financial institutions.

Tasre VI—Sources of financing for urban drainage improvements in the United
States; current and past sources of funds

[Ageneies using this source and possibly one or more other sources]

Percent of
Sources of funds Number total
respondents
(a) Appropriations from tax resources.. 457 73
(b) Bequests. . ® (O
() Federal Government grant assistance. 161 26
(d) State grants-in-aid 87 9
(&) Tax-exempt bonds (including municipal bonds and bonds of sewer dis-
tricts and authorities). .. 360 57
(f) Capital flotations in other security markets (private corporations and .
organizations) by land developers ) @
(9) Borrowing from Federal Government @ ()]

1 No information, but probably negligible in amount.
2 No information, but appreciable.

19Sﬁource: Data from 627 respondents to a questionnaire survey of the American Public Works Association,
D. Neeps anp ProspEcTive Caritarn OuTrays, 1966-75.
1. ESTIMATED CAPITAL REQUIREMENTS ’

The capital required to finance the storm sewer facilities needed
in new and expanding urban areas and to overcome deficiencies in
present urban areas during the decade 1966—75 has been estimated
by the American Public Works Association to total $25 billion. This
projection is based upon data supplied by respondents to three APWA
questionnaire surveys mentioned previously. The estimate includes
$13 billion for present needs and $12 billion to provide storm sewer
facilities in all new and expanding urban areas. The above figures
include both public and private expenditures in growth areas. How-
ever, expenditures to correct present deficiencies will involve public
funds only. Funds required for the construction of drainage facil-
ities at airports and along highways, roads, and most arterial streets
are not included. ‘

(8) By Local Public Agencies

Data used in making the above estimates were supplied, in one
survey, by units of local government representing a total population
of 78 million. This questionnaire was distributed in 1965 by the
APWA Urban Drainage Committee. In another survey, conducted
in 1966 by the APWA Research Foundation, data was received from
metropolitan planning commissions representing a total population
of 33 million. In another questionnaire survey made by the APWA
Research Foundation in 1966, data was received from the public
works departments of the central cities of many metropolitan areas,
the data supplied being representative of 28 million persons. Pro-
jections of this data were then made by multiplying reported figures
by a factor, being the ratio of the total U.S. urban population to
the population represented by those responding to requests for
information as indicated above. :

‘The $13 billion estimate of funds required for ‘present’” needs
would be expended entirely by local public agencies. The funds
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required include requirements for: (1) construction of storm sewers in
presently developed areas lacking either storm or combined sewer
systems, (2) extensions of existing storm or combined sewer systems
into such portions of presently developed areas as are not currently
served by these existing systems, and (3) for increasing the capacity
of existing storm and combined sewers. Funds required for convert-
ing existing combined sewers to separate storm sewer systems, in urban
areas which currently have such work underway or committed, are
included in the $13 billion estimate for ‘“present’”” needs. However,
since most localities having combined sewers have not taken a definite
stand in sewer separation programs, only a small portion of the total
national requirements for combined sewer separation is included in
this estimate of ‘““present needs.”

A 1964 publication of the U.S. Department of Health, Education,
and Welfare,? based upon a Public Health Service survey, states that
the total cost for the separation of all existing combined sewer systems
in the United States could amount to ‘“$25 to $30 billion, or even
more.” This estimate was based on data obtained in surveying 15
U.S. cities, of various sizes and geographical locations, representing
sewered populations totaling approximately 21 million (about one-
third of the U.S. population served by combined sewers). The esti-
mate indicates an average per capita cost of $465 for each of the 59
million persons presently served by combined sewers. It is also
stated in this publication ? that the estimate of cost is probably too
small, since many of the component cost data were based on cost
figures prevailing in years prior to 1964.

Local public agencies will also be responsible for a portion of the
capital expenditures for storm sewer construction in newly developed
urban areas. A portion (in some cases all) of the total cost of major
drainage facilities such as sewer mains, trunks, and drainage canals
is normally assumed by the local public agency having jurisdiction.
The assumption of a portion of such costs by local government is
reasonable since storm sewer systems convey runoff from publicly
owned lands. A 1955 publication of the Harvard University Press?’
reports that approximately 50 percent of land in urban areas is used
for streets, parks, and other public purposes. Assuming that 25
percent of all such costs are to be borne by local public agencies,
then $3 billion (25 percent of $12 billion) is the estimated capital
need of local government for the construction of storm sewers in
urban growth areas.

The total requirements of all local public agencies of the United
States for storm sewer construction during the decade (1966-75) is,
therefore, estimated to be $16 billion.

(b) By Private Land Developers

Approvimately $9 billion is the estimated need of private land
developers for the construction of storm sewers during the decade
(1966-75). 'This amount represents the balance of the $12 billion
need for sewer construction in urban growth areas, not attributed to
local public agencies.

2 U.S. Public Health Service, Division of Water Supply and Pollution Control, “Pollutional Effects of
Stormwater and Overflows From Combined Sewer. Systems—A. Preliminary Appraisal,” Washington,
D.C,, November 1964; 39 pages; publication No. 1246

7 Bartholomew, Harland, ‘“Land Usesin American Citles.” Harvard Planning Series, vol. XV, Harvard
University Press, 1955.
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(¢) Annual Capital Needs ‘

According to a Department of Commerce publication ¢ previously
referred to, the requirements for sewer pipe in the United States by
the year 1975 will be approximately 25 percent greater than in 1966
(fig. 2). If the total capital needs for urban storm sewers approx-
imates $25 billion, the annual urban need for storm sewers during
the decade will probably range from $2.15 billion in 1966 to $2.85
billion in 1975. Whether or not expenditures of this magnitude
become a reality is, of course, dependent upon problems which may
be encountered in funding these needs. Figure 3 presents the annual
needs, graphically.

(d) Distribution of Capital Needs by Population Groups

The $25 billion capital needs distributed by population groups of
urban areas, in accordance with needs as indicated by respondents to
the APWA questionnaires, is shown in table VII. This table also
distributes the $22 billion investment in existing storm sewer facilities
according to population groups, based upon data supplied by ques-
tionnaire respondents.
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Figure 3.—Capital needs for urban drainage improvements in the United States;
Annually, 1966-75

(e) Expenditures of Funds

The proportions of the $25 billion of capital needs to be expended by
various categories of government agencies and private groups is
difficult to forecast. An attempt to roughly approximate such expend-
itures for the decade 196675 is made as follows:

_ [In billions] o Fependi-
(1) State governments and State agencies_____ . ______________._______ None

. (2) Cities, counties, towns, special districts, public authorities, and other
local bodies.. ..ol -- vimmmm e mm e U IS SIS S . 316
(8) Private, nonprofit organizations and cooperatives. ... .. ... __.. None
(4) Proprietary or profitmaking organizations (includes land developers)_. ==~ 9~

Total (1966-75) - cn e ceemcem e cececcecccmcccm e 25
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TABLE VII.—Capital needs for urban drainage improvements, 1966-76 in the
United States, by population groups

Existing facilities Capital needs
Population group (thousands)
. Amount Percent of Amount Percent of
(millions) total (millions) total
500 or more. $5, 900 27 $7, 550 30
-100 to 500. 4, 500 20 5,010 20
50 to 100 1,400 7 2,370 9
10 to 50. 4,500 20 7,450 30
2.5 1010 2,700 12 1,320 : b
Less than 2,51 . 1,300 6 650 3
Other urban places 1. . ... ... 1,700 8 650 3
Total. .. 22,000 100 25,000 100

SUMMARY INTO BROADER POPULATION GROUPS

Above 50. 11,800 54 14,930 60
2.6 to 50. 7,200 33 8,770 35
Below 2,51 3,000 13 1,300 b

1 Estimates for population groups under 10,000 are rough approximations.

Source: Estimates made by the American Public Works Association, based upon data from 527 responses
to 81965 AP WA questionnaire survey.

2, SOURCES OF FUNDS

Statistics regarding the financing of storm sewer systems in previous
years are not available in publications. It is therefore difficult to
estimate the proportions of the total needs to be supplied by various
possible financing sources. Data received, through a 1966 APWA
storm sewer survey, indicates that the major sources of financing
public storm sewer capital improvements in urban areas would include:
(1) general tax resources, (2) tax-exempt municipal bonds, (3) grants
from the Federal and State Governments, and (4) borrowing from the
Federal Government. These are listed in a descending order of
apparent dollar magnitude. Sewers constructed by land developers
would normally be financed by private financial institutions.

The majority of respondents to the APWA questionnaire stated
that capital needs would exceed the amounts available from all pres-
ently known sources of funds. The survey indicated that, of the $16
billion required by local public agencies during the decade (1966-75)
for financing the construction of storm sewers, 1t appears that approxi-
mately 60 percent can be obtained from sources presently available
to local government. The information was supplied by local govern-
ments representing 15.6 million persons. Therefore, 40 percent of
the total need (approximately $6.5 billion) must be obtained from
other sources or through adjustments of present methods of producin
revenue. Some increases of the usual allocations of funds to capita
expenditure programs may be feasible within certain units of govern-
ment.

In response to a question inquiring how the cities propose to bridge
this gap, the respondents replied with the following answers:

(a) Increase the general property tax rate. (This increase may
conceivably be applied to all property within the jurisdiction, or only
to property benefited by the sewer construction program.)
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(5) Enact legislation to permit the issuance of additional municipal
bonds. (This may or may not result in the need for an increased sales
or property tax, depending upon what schedules are followed in the
retirement and issuance.)

(¢) Enact special assessments against property benefited and build
sewers as the ares benefited is willing and able to pay (the local unit
of government may provide a share of the funds.)

(d) Request funds from the Federal Government on a grant basis
(in which case payment is not required), or on a cost-sharing basis
‘(which may require partial payment). -

(¢) Request State grants and cost-sharing funds. :

) Utilize a policy of charging a part of the cost of main, submain,
and trunk sewers to land developers, where such sewer construction
benefits the land being developed.

(9) Enact local sales tax legislation, where permitted by State law.

Tt is important that there be an appreciation of the role that storm
sewer systems have in producing safe, healthful, and attractive environ-
ments.  This appreciation is a necessary adjunct to successful financ-
ing as it is also important to understand that, regardless of form,
expenditures will be made, one way or another. If the citizens do not
support expenditures for construction and improvement programs in
areas where sewers are needed, they will incur equivalent costs in the
form of property damages and economic losses and will remain bur-
dened with the same unsatisfactory environments.



CHAPTER 6
Waste Water Treatment Plants*
A. Nature anp CoMPosITION oF PusLic Work or FaciuiTy
1. DESCRIPTION OF FACILITY

(@) Physical Characteristics

Waste water treatment plants are more commonly referred to as
sewage treatment plants. These are facilities built by municipal
and other Jocal governments for the treatment of sewage and other
waterborne wastes prior to discharge to a watercourse. Treatment
is necessary to protect the public health from waterborne disease,
to prevent nuisances, and to prevent or abate pollution of the public
watercourses.

The treatment facilities serve the entire community. That is,
the service is provided for households; commercial enterprises such
as hotels, restaurants, and laundries; and industrial firms such as
breweries, slaughterhouses, and other food processors and manu-
facturers. Each user of the service is reached through a collection
system of lateral and trunk sewers. The service is essential from s
physical standpoint as well as for health and nuisance reasons, for
large quantities of water cannot be used without some means of
disposal after use. The term ‘“waste water’” arises from this necessity.

Treatment facilities are usually built with excess capacity to take
care of future growth. Facilities require daily care, oftentimes, with
a considerable staff, depending on the scale of the operation and the
complexity of the treatment process. Trained operators are necessarv
in all instances. In large facilities, the staff may consist of sanitarv
engineers, chemists, biologists, and other professional personnel.
Treatment facilities have considerable durability, often lasting as
long as 20 years. Still, they require regular maintenance, particularly
of pumps, filters, and tanks. Large-scale operations include labora-
tories for analysis of the wastes at various points during the treatment
process. Office space, equipment storage, vehicle space, and con-
siderable grounds requiring landscaping, fencing, and care are also
involved.

(b) Standards of Performance

The treatment of sewage can be accomplished in a variety of ways.
The type of treatment selected depends on a number of factors such
as the volume and composition of the wastes and the nature of the
watercourse into which the treated effluent will be discharged. In
some instances, treatment is provided with a minimum of structure
in large lagoons or oxidation ponds. Therefore, the term “facility”
is more appropriate and inclusive. Usually, however, there is a defi-
nite structure or plant consisting of various arrangements of pipes,
%creens, chambers or tanks, pumps, filters, basins, and sludge drying

eds.

*Prepared by the Federal Water Pollution Control Administration, U.S.
Department of the Interior, with minor editing by Committee staff.
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The objective is to reduce a given waste material to a condition
that is acceptable for discharge to a watercourse without harm to
health, esthetics, and the uses for which the particular watercourse is
intended. 'The waste reduction process may include mechanical, bio-
logical, and chemical means. N

The common references to primary and secondary treatment are
not precise distinctions in either process or structure. Usually pri-
mary treatment involves the removal of settleable, sus ended, and
floatable solids. Secondary treatment generally goes beyond this
stage to remove or reduce dissolved and colloidal materials not
amenable to separation through mechanical means. :

Facilities are designed for the particular needs of the community.
That is, its scale, treatment process, and management reflect the size
of the community, its expected growth rate, the composition and vol-
ume of its wastes, and the water quality requirements established for
the watercourse into which the wastes are to be discharged. As the
result of public insistence now manifested in the administration of the
Federal Water Pollution Control Act and in the State programs, more
stringent water quality requirements are being esta,]lo)lished. These
requirements will have a subsequent effect both on the design and
operation of municipal waste treatment facilities.

2, EXISTING CAPITAL PLANT IN THE UNITED STATES

(a) The latest data on the number of municipal waste treatment
facilities (also commonly referred to as sewage treatment plants) in
existence in the United States is as of January 1, 1962. These data
are published in the “Statistical Summary of Municipal Waste Facili-
ties in United States,” Public Health Service Publication No. 1165,
1964. The number of treatment plants as of that date was 9,378.

(b) The distribution of these treatment plants by States is shown
in the table below:

State Number State Number
Alabama oo e 112 Montana.. - - oo 106
Alaska . e 1| Nebraska oo e oo omemceeeee 221
ATiZODA e 60| Nevada oo cccoccccccmccccceem 32
ArKANSAS - o occecme e em e 125 | New Hampshire. .o ocnoaao 15
California._ - - - ceciecoc e 519 | New Jerseyeoe - ccvccccccccncaaa- 281
Colorado. - - c e 144 | New MexiCOocerocccmecccccncann 65
Connecticub. o v cccccec e 62| New YOrKeeoevmcocacacecemcaca- 356
Delaware. o - - cecccececeeemem 20| North Carolina. « e e ccmmccaeem 194
Distriet of Columbia. cocoooocnn-- 1| North Dakota . cecceaccccaccaaan 170
FLorida oo e 253 | Ohi0o - e ee i 403
Georgia v e e cccecmnm e 156 | Oklahoma oo cc e eecemae e 259
Hawaii_ e e cmccecccceecemm e 9 Oregon. e e 132
Tdahoo e o e 63 | Pennsylvania. - oo ccococamaaao 554
TNOIS . e 519 [ Puerto RiCO- c ccmeccccaaea- 60
Indiana oo cceceeeeem 167 { Rhode Island. -woococa oo .- 20
oW, e e 857 | South Carolina_....... . 120
Kansas. o ccccccc e 310 | South Dakota...___._ . 159
KentueKy - o ccooccmccceemeeeeee 115| Tennessee - oou-- - 110
Lounisiansa . o c e e 95| TexaSemcccccccccaun - 659

AINE - o e emmmemec— e 12| Utah. ccccceeeeeem . 69
Maryland. .- oo oo 981 Vermont. ... - 10
Magsachusetts . w o ccceccoccomaeano 120 | Virginia..._..-_-_ - 150
Michigan o ccceoocomm e 265 | Washington_..... - 173
Minnesot# o wme - ccccmcccmrmmam——e 371 | West Virginia___.. . 44
MississipPioc o mcccccmcmmcnm e 89 | Wisconsin._ ... 414

MISSOUTIo v - ccmvmmmmcccccccme e 291 Wyoming-.._-----------,------: 61
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{¢) The distribution of the treatment plants by population size is
shown in this table below:

State Number State Number
Under 500 - oo 1,253 110,000 to 24,999___. . __________ 1, 157
500t0999_ ___________________ 1, 830 | 25,000 to 49,999 ____ .. ______ 420
1,000 604,999 . _________ ... 5,015 50,000 t0 99,999_______________ 200
5,000 t0 9,999 _____________ 1,409 { Over 100,000 . . __.___ 136

(d) There are no data on the age distribution of these plants. It
is reasonable to say, however, that few of the present-day plants were
in existence prior to 1920. A large number of plants still operating
were built during the mid-1930’s with the assistance of various Federal
Eublic works construction programs. Many of these plants have

een improved and expanded, though the number is unknown.
Construction was deferred during World War 11 and again during the
Korean war. Since 1957, at least 6,789 projects involving waste
treatment facilities were constructed.

(e) Virtually all of these waste water treatment plants are owned
by local governments. Data on ownership by other entities are not
available. The Federal Government owns treatment plants at
various Federal installations, particularly at military posts. There
are also State-owned treatment plants at State institutions. These
Federal and State plants are not included in the 1962 inventory data
presented here. :

(f) The estimated current value of the water waste treatment
plants is $3.55 billion as of January 1, 1965.

B. Costs aAnxDp UsEr CHARGES
1. CONSTRUCTION COSTS AND OPERATING COSTS

(a) The construction costs presented are based on three measures:
per capita, per population equivalent, and per unit of flow. These
data were developed from analysis of 1,504 local government projects
built with Federal financial assistance from 1956 through 1963. The
data show a range of per capita costs, depending on the design size
and type of treatment. For instance, for plants designed to serve
a population of 10,000, the per capita costs (1957-59 dollars) range
from $14.13 to $34.70, with the variance reflecting different treat-
ment processes. For plants designed for a population of 100,000,
the per capita costs range from $4.38 to $18.29 for the same treat-
ment processes shown in the 10,000 population design group. More
complete data on this subject is shown in PHS Publication No.
1229, Modern Sewage Treatment Plants, How Much Do They Cost?
(U.S. GPO 1964).

(b) Typical annual maintenance and operation expenses for treat-
ment plants designed to serve a population of 10,000 are $1.36 per
capita. For plants designed to serve a population of 100,000, the
per capita costs are $0.73.

2. USER CHARGES

(a) User charges are utilized extensively in the financing of treat~
ment plants, particularly in regard to new plants. However, there
are no precise figures on this subject. It is known that a consider-
able number of communities, including several large cities, cover all
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or part of the costs through the property tax. The extent of user
charge financing is indicated by the fact that about 25 percent of the
dollar volume of municipal borrowings for teeatment plants is through
revenue bonds. Recent experience shows that communities are
combining the financing of waste treatment plants with waterworks
financing. That is, the revenues of each are pooled to support the
bond issues. '

(b) There are no systematic data on the extent to which user charges
cover all operation and maintenance and annual debt service costs.

(¢) Undoubtedly, a large portion of municipal sewage treatment
plant costs are met through general taxation. A reasonable estimate
cannot be proven. It is well to note that borrowing through general
obligation bonds does not necessarily mean that the repayment is
solely through general property taxation. Oftentimes, user charges,
special benefit assessments, connecting charges, and other means are
used in conjunction with property taxes to repay borrowings.

C. TrEND oF CaPiTAL OUTLAYS

1. Complete data on annual expenditures for municipal sewage
treatment fplan’cs date from the year 1957, the year the current
_ program of financial assistance under the ¥ederal Water Pollution
Control Act got underway. From 1952 through 1956, the annual
average was $272 million. Prior to 1952, no data are available.
For the period 1957-65, the figures are as follows:

Annual expenditures for municipal sewage treatment plants

{In millions]
Total Total with
Total entirely Federal,
Year expenditures | by State State, and

and local local funds
funds

421 278 143

466 258 208

419 228 191

431 223 208

_______________________ 538 281 257
....................... 654 369 285
815 375 440

- 612 200 412

625 225 400

The trend reflects the effect of both Federal financial assistance and
the stepped-up Federal-State and interstate programs of pollution
control. The high year of 1963 reflects the impact of the Federal
accelerated public works program which has now expired.

2. The proportionate annual Federal, State, and local govern-
ments expenditures are indicated in the immediately previous table.
The Federal share of the projects with Federal financial assistance has
been averaging about 20 percent. This percentage is expected to
increase as new and expanded Federal programs take effect. Only a
minor portion is attributable to State financing, probably less than
2 percent. Local governments, chiefly municipalities and special
districts, provide the bulk of the non-Federal funds.

3. The sources of financing have been chiefly public borrowings
through the municipal bond market. Because many public works
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bond issues are for multiple-purposes and often include storm and
waste collection sewers as well as combine waterworks with sewage
treatment plants, it is not possible to present precise data on borrow-
ing for sewage treatment facilities exclusively.

There are several financial assistance programs of the Federal
Government that include aid for the construction of municipal waste
water treatment facilities. The major program is administered by
the Federal Water Pollution Control Administration under the
authority of the Federal Water Pollution Control Act. The act
authorizes $150 million for fiscal years 1966 and 1967 for grants to
State, municipal, intermunicipal, and interstate agencies for the
construction of waste treatment facilities. The maximum allowable
grant is 30 percent of the eligible cost of a project or $1,200,000
whichever is smaller. In the case of a project which will serve more
than one municipality, the grant may be increased to a maximum of
$4,800,000. The $1,200,000 or $4,800,000 limitation does not apply
if the State agrees to match equally all grants made from allocations
any appropriations in excess of $100 million. A grant may be
increased 10 percent if a project is certified as being in conformity
with a comprehensive metropolitan plan developed by an official
State, metropolitan, or interstate planning agency.

The Department of Housing and Urban Development has several
financial assistance programs. The first is the program of interest-free
advances to municipalities to finance the planning of public works.
These advances can be used to pay for engineering and architectural
services to develop plans and specifications, including the necessary
surveys or other fieldwork. These advances are repayable when
construction work begins. The second is a program of grants to
State and local governments for comprehensive urban planning in
metropolitan areas. These grants may not exceed two-thirds of the
planning cost. The third is a program of low interest loans to small
communities that are unable to obtain loans on reasonable terms
elsewhere to finance needed public works.

The Farmers Home Administration, Department of Agriculture,
also has a program (Public Law 89-240), providing grants of up to
50 percent of cost, to help finance water supply and waste collection,
treatment and disposal systems in rural areas. The law defines a
rural area as any area which does not include a city or town of more
than 5,500 population. Grants may be made only for projects
approved by the State water pollution control agency.

In 1962 and 1963, a number of municipalities benefited from the
Accelerated Public Works Act. Funds under this act have been
exhausted for some time, but Congress enacted similar legislation
last year entitled the Public Works and Economic Development Act
of 1965 (Public Law 89-136), administered by the Economic Develop-
ment Administration of the Department of Commerce. Basic grants
of up to 50 percent for public works and development facilities are
available for those areas that have been designated as areas of sub-
stantial and persistent unemployment. Prior to grant approval, the
Secretary of Commerce must make certain findings concerning the
project’s contribution to economic development. Supplementary
grants may also be made which would permit States, or political
subdivisions thereof, Indian tribes, or private or public nonprofit
organizations and associations to take maximum advantage of Federal
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grant-in-aid programs for public works projects. The supplementary
grants are regulated by the Secretary of Commerce and may go as
high as 80 percent of the project cost when the State or other entity
is unable to meet the required local share in other grant-in-aid
programs,

Funds are also available in particular instances under the Appa-
lachian Regional Development Act of 1965, Public Law 89—-4. Section
212 authorizes $6 million for sewage treatment works through fiscal
year 1967. These funds may also be supplemented under the pro-
visions of section 214 of the act.

Several States have legislative authority to provide financial
assistance of various kinds for municipal sewage treatment plants.
California provides loans at 2 percent interest from a fund of $1
million. Delaware provides 40 percent of the original construction
cost or $100,000 whichever is smaller. Georgia has a provision for
30 percent of costs or $250,000 whichever is smaller. Georgia’s
program, however, has never been funded. Indiana provides for
loans for plans and surveys. Maine provides for amounts equal to
the Federal contribution and also provides for 50 percent or $2,500
whichever is less for the cost of surveys. Maryland provides for
matching the Federal grant, but the total of State and Federal grants
may not exceed 50 percent, and also for construction loans and for
planning assistance. New Hampshire guarantees the bonds of local
governments for sewage treatment works and pays annually 40 per-
cent of the amortization charges on construction costs. New Jersey
provides for planning grants and for loans for drawing engineering
specifications. New Mexico provides for grants to associations
formed in rural and unincorporated areas for treatment facilities.
Communities must be in existence more than 25 years and not be
adjacent to incorporated places. New York provides for planning
assistance and for grants for construction. The grants will cover
30 percent of construction costs and as much as 60 percent until the
Federal share is made available. New York also provides for assist-
ance for operation and maintenance costs up to one-third of such
costs. Ohio provides for planning advances for villages which do
not have a treatment facility. Oregon provides for the purchase of
local community bonds when such communities are unable to meet
private market requirements. Pennsylvania provides for 2 percent
annually of the construction costs. Assistance up to 50 percent of
planning costs is also provided. Vermont provides for assistance up
to 20 percent of construction costs. Additional assistance is pro-
vided for communities with ‘“limited economic base’” who are required
by the water resources board to construct treatment facilities.
Total aid from all sources shall not exceed 75 percent of construction
costs.

D. Nreps aND ProspECTIVE CAPITAL OUTLAYS

1. CAPITAL REQUIREMENTS

(¢) Annual surveys of municipal waste treatment needs are con-
ducted by the Conference of State Sanitary Engineers in cooperation
with the Public Health Service. The 1966 survey reports that 1,285
communities presently discharging raw sewage require new plants for
the treatment of wastes from a population of 6.7 million. An addi-
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tional 1,694 cities and towns with existing treatment plants require
new or enlarged facilities because of obsolescence, insufficient treat-
ment or capacity. These communities presently discharge inade-
quately treated wastes from a population of 24.6 million.

While unsewered towns are not usually major sources of pollution,
they frequently experience serious ground water pollution and other
public health problems because of individual disposal of sewage.
The conference reports 2,661 unsewered communities which require
seyiflqr systems and sewage treatment plants for a population of 6.1
million.

The estimated cost of the present backlog of 5,640 needed projects
is $2.6 billion for treatment plants, interceptors, outfall sewers, and
other ancillary works. This survey includes only those municipalities
with treatment needs on January 1, 1966. This survey does not
anticipate the upgrading of treatment that may be required at any
future date. It should also be noted that there are a number of other
municipalities that already have adequate treatment but need to
extend their interceptors to serve new arveas. This additional group
will increase the size of the backlog, but we do not have accurate
estimates of the magnitude of this need. It is generally agreed that
this study of the backlog of needed facilities is very conservative and
that it represents the minimum need. There are no firm figures,
however, to indicate the size of the full need. ‘

The population served by sewer systems in the United States in-
creased from 98.4 million in 1956 to 122.4 million in 1962—a 24-percent
increase in 6 years. The urban population increased from 96.5
million in 1950 to 125.3 million in 1960—an increase of 30 percent for
10 years. Municipal waste treatment needs for the expanding popu-
lation have been estimated by the extension of the present (1966)
sewered population of 138 million through 1980 using the series B
population growth estimate of the Bureau of the Census. Future
estimates of population served by sewer systems are as follows:

19700 e ceeaae e e e mmmemme———m——meem e emem——————————— 154, 000, 000
1975 e e ccecccemmmmmemem—mmee——meemm e 171, 000, 000
1980 a e e ce e cccmcmccceemmmm—m—————— oo 190, 000, 000

The cost of providing the waste treatment works needed to serve
the increasing population has been estimated on the basis of these
population projections and a per capita construction cost of $39.69
for secondary treatment.

The municipal waste treatment works currently in operation will
eventually have to be replaced because of obsolescence. For the
purpose of estimating annual replacement needs, we have assumed an
average effective life of 25 years for treatment plants and 50 years for
interceptor and outfall sewers. The cost of replacing the treatment
plants reported in the 1962 inventory has been estimated at $3 billion
and related ancillary works at $2.6 billion. Annual needs to replace
obsolete treatment plants has been estimated at 4 percent of the
replls;cement value of treatment plants and 2 percent of ancillary
works. . . .

Annual construction rates required to eliminate the backlog of
needed municipal waste treatment works and provide for continuing
obsolescence and population growth within specified periods of time
have been estimated in terms of today’s construction cost. The
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actual costs, however, will be higher because of the steady upward
trend of construction cost. Our sewage treatment plant construction
cost index shows an average annual increase of about 2.3 percent of
the 1957-59 base of 100 over the period 1930 to 1963. The index has
varied considerably from time to time because of war and the fluc-
tuating economy. Estimates of future trends are risky at best, but
projections are necessary and we have estimated an average annual
ncrease of 2.5 percent through 1980. This is less than the 4.6 percent
experienced from 1947 through 1957 and higher than the 1.6 percent
of the past 5 years.

The application of this data and the estimates indicate that we
shall need to spend $341 million annually through 1975 to replace
facilities which become obsolescent because of age, technical advance-
ment, or population relocation. An additional $262 million will be
necessary to provide for population growth. Thus, we see that an
annual expenditure of $603 million will be necessary to maintain
the status quo.

It we desire to eliminate the backlog by 1975, we shall be required
to spend an additional $264 million annually.

Therefore, elimination of the backlog, replacement of obsolete
treatment works, and provision for the continuing population growth
in our urban areas, will require an average annual expenditure of over
$867 million for municipal waste treatment works through 1975.
This, however, is in terms of 1964 dollars and does not account for
constantly rising construction costs. When we allow for this factor,
the average annual cost increases to $983 million to eliminate the
backlog and to remain current on the needs resulting from growth and
obsolescence.

(b) The - estimates contained in () above assume that equal
amounts of the backlog are eliminated each year while keeping current
on needs developed by growth and obsolescence. Each year, that
construction is postponed, will add to the ultimate cost because of
the annual increase in the cost of construction.

(¢) An analysis of the January 1, 1966 study by the Conference of
State Sanitary Engineers shows that the backlog of need falls into
the following population size group:

Total backlog: Municipal waste treatment needs—1966

Population { Estimated
-Number served cost in
thousands
Population size group:
Under $500. 1,460 419, 848 $93,296
$500 to $1,000, 1,287 897,510 158, 954
$1,000 to $5,000 2,087 4,288, 538 715, 050
$5,000 to $10,000 350 2,395,813 y
$10,000 to $25,000 ——- 251 3, 826, 167 273,764
$25,000 to $50,000. - 88 3,207,613 198, 524
$50,000 to $100,000._ 58 4,327, 534 236,237
Over $100,000.. .. ——- 59 18, 034, 761 724, 600
Total : 5, 640 37,397,774 2,643,483
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(d) The extent to which various levels of Government will partici-
pate in the estimated capital outlays is very difficult to predict at
the present time. State programs vary widely as indicated in para-
graph C(3) above, and others are considering legislative proposals in
this field. For the immediate future, the cities, towns, counties, and
special districts will find it necessary to provide most of the capital
outlays.

2. FINANCING METHODS

(@) No change is expected in the methods used by local communities
to finance their share of the cost of constructing waste treatment
facilities (see C(3) above). No estimate can be made concerning the
Federal role at this time. The present program expires at the end of
fiscal year 1967, but Congress is presently considering legislation
which would continue the program.

(b) The present methods of financing should yield adequate capital
to accomplish the objectives. The principal problem is to predict the
likelihood of municipalities responding fully to meet their needs within
the time indicated. Except in those cases where the States act to
assist with the cost of a project, the municipalities must finance 70
percent of the cost of projects. Much has been said in the past con-
cerning the financial problems of municipalities and the competition
for the municipal dollar. This competition for the municipal dollar
will play a significant role in the response of municipalities to this
program,



CHAPTER 7
Solid Wastes Collection and Disposal Facilities*

Information on the generation and disposal of solid wastes is badly
lacking in the United States. The parameters for solid wastes are
known only partially and at best only on a sporadic basis for an ex-
tremely small number of the communities in the Nation.

A. Nature AND CoMPOSITION OF SoLiD WasteEs COLLECTION AND
Disrosar Faciuities -

Technologically the state of the art of solid waste collection and dis-
posal appears to be rather rudimentary, yet there are considerable
variations in handling practices among U.S. communities. Most
communities do not collect all the solid wastes produced within their
boundaries because of either voluntary or mandatory self-disposal
by the producers themselves. Furthermore, the amount of refuse
produced and collected varies according to the nature of a com-
munity’s economic functions (industrial, commercial, residential),
according to the habits and styles of living of the residents, income
levels, climate, season of the year, and the frequency of collection.

1. DESCRIPTION OF GENERAL PHYSICAL CHARACTERISTICS
AND SERVICES RENDERED

(@) Terminology and Definition

The unwanted and discarded material of a community can be
gaseous, liquid, or solid. Refuse is the term commonly applied to
solid wastes, which are neither waterborne nor airborne.

Refuse is subclassed into garbage, rubbish, ashes and special wastes.
These subclasses frequently are defined as follows:

Garbage refers to putrescible wastes derived from the preparation,
cooking, serving, handling, storing, selling, and processing of foods.

Rubbish comprises the nonputrescible wastes of a combustible as
well as noncombustible characier normally produced by a community.
Examples include paper, wood, cloth products, rubber, garden wastes,
synthetics, metals, plastics, glass, ceramics, stones and dirt.

Ashes are defined as the residue from burning solid fuels and the
incineration of refuse.

Special wastes include street refuse, demolition and construction
wastes, dead animals, outsize objects such as abandoned vehicles,
furniture, stoves, refrigerators and trees, sewage treatment residue,
medical and industrial wastes.

According to origin refuse comes either from domestic, municipal,
institutional, commercial, industrial or agricultural sources.

The collection of solid wastes involves storage at the place of
origin and transportation to the point of disposal. The method of

*Prepared by the American Public Works Association, by Dr. Karl W. Wolf,
consultant, with minor editing by committee staff,
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collection of refuse is related to the method of disposal. Separate
garbage collection is essential if hog feeding of cooked garbage or other
salvage operations are included in the methods of disposal. Combined
collection of mixed refuse, including garbage, is made if the disposal is
done by sanitary landfill or incinerator. Combined collection, of
course, permits combined storage.

At the point of origir refuse is stored in a great variety of containers
ranging from the familiar metal or plastic garbage can to paper boxes
and paper or plastic bags, and from specialized containers at com-
mercial or industrial establishments to open refuse ‘‘vaults.” The
storage of refuse at the source frequently leaves much to be desired.

The hauling of refuse to the disposal site is done in all kinds of
vehicles. These include the private car and open trucks as well as
specially designed equipment which has an enclosed liquid-tight
storage body and provides for some compaction of the collected
materials. Regular collection and hauling services usually are per-
formed at least once a week where these activities are organized.

The final disposal of most of the solid wastes is still accomplished
in four basic ways: open dump, sanitary landfill, incineration, and by
salvage which includes composting and hog feeding. In addition,
some of the garbage ground at the points of origin is disposed of
through the sewage system.

The severity of the refuse disposal problem is directly related to the
density in population settlement patterns. It can be solved more
readily by the producer in rural areas where there is ample room for
composting, burying, or burning of unwanted materials. The solution
is much more difficult in urban areas.

Open dumps are smoldering, smelly places where solid wastes are
just deposited—without any regulation or organization. Open dumps
frequently are found at the outskirts of both rural and urban communi-
ties. To reduce the volume and to control rats, deposited wastes are
sometimes burned thus causing considerable air pollution. Open
dumps vary in their levels of offensiveness. Some open dumps are
worked at irregular intervals with bulldozers to level and compact the
refuse. This makes them slightly more tolerable than those open
dumps which are not so worked and/or ‘“cleaned up’’ periodically.
Open dumps that are worked, are sometimes called “modified”” land-
fills or “modified” open dumps.

The sanitary landfill method of refuse disposal requires that (1) the
wastes be reduced in volume on the disposal site by compacting and/or
other means, and (2) that the deposited materials be covered with a
layer of earth or other inert material at the conclusion of each day’s
operation., Properly located and operated sanitary landfills produce
minimal ground or surface water pollution, prevent the breeding and
harborage of insects and rodents, and there is no burning of refuse.

The volume of compacted refuse or disposal capacity of each disposal
site is often measured in “acre-feet.”” One acre foot of refuse is the
equivalent of 1 acre filled to a depth of 1 foot with compacted refuse.
Once completed, sanitary landfill areas can be used almost immediately
for recreational purposes and parking. Depending upon the location
and fill-depths, the settlement may continue for a decade or more.
However, with proper compaction, and in some cases, foundation
piling, ‘the sites may be made usable for commercial and light indus-
trial establishments, '

70-132—66—vol. 1——13
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Incineration reduces the volume of combustible solid wastes by
burning at minimum temperatures, generally between 1,250 to 1,800° K.
Burning eliminates putrescibles so that the residue from the incinera-
tion process may be disposed of in the same manner as any other clean,
inert fill material. To minimize air pollution effectively, 1t is necessary
that incinerators be equipped with a variety of air pollution control
devices. Incinerators are built in many types and capacities starting
from devices akin to backyard burners and in-house units for resi-
dences, apartment buildings, hospitals and institutions, to large plants
having capacities of more than 2,000 tons per 24-hour period. The
newer incinerators are architecturally pleasing and can readily handle
mixed refuse. o ,

The disposal of solid wastes in a community is handled in various
ways. - Excluding disposal by the producers themselves, sometimes
public agencies perform the complete task with public employees;
in other cases public agencies contract with one or more private,
profitmaking organizations; in still other instances, all waste disposal
is done through agreements between the individual producer and pri-
vate enterprise or through various combinations of the above three
methods. A 1964 survey of 995 communities with 5,000 or more
inhabitants shows the following structure of refuse collection practices:

TaBLE 1.— Breakdown of refuse collection practices

[By type of collection organization 1964] . Percent share

of total number

Collection organization: of communities
Munieipal.. oo __= eee—mememe——cmm———————— e mcmmemnen 44,3
Contract. - oo oeeeeeae e eemmmmmmmm e memeeiii e 17,6
Private. .o _____ e e e m e mmmmmmmme— e e e mammmmana————————— 13.1
Muniecipal and contract. . - - e 3.3
Municipal and private. - - - oo oo 15,2
Munieipal, contraet, and private_ . oo 1.6
Contract and. private ..o 4.4
UNKDROWI - o e o oo o e e m i m e mm e mmmmm e 5

Source: American Public Works Association in cooperation with the U.S. Public Health Service.,

The above data indicate that in 65.2 percent of the communities the
control of solid waste collection was vested completely in public
authorities through either municipally owned or contractually ar-
ranged operations. These data tend to correlate with data from a
1966 APWA survey, according to which in terms of tonnage, 62 per-
cent of the collections were handled by public agencies and 38 percent
by private organizations. However, it must be kept in mind that
these data do not cover the practices of smaller communities and unin-
corporated areas for which published data are not available. It is
estimated that in the majority of small communities with less than
5,000 population, the disposal is handled by private companies or the
producers of the wastes.

Data on the public-private relationship in the ownership of disposal
facilities are much more difficult to obtain, The 1965 APWA survey
on collection practices indicates that 10.3 percent of the contractors
and 13.4 percent of the private collection organizations do not use
disposal facilities operated or provided for by public agencies.

Finally, a limited 1966 APWA survey indicates that about 15 per-
cent of the solid wastes in communities of more than 10,000 population
are disposed of in open dumps, about 65 percent in sanitary landfills,
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about 18 percent through incineration, and about 2 percent by other

methods. However, it must be recognized that many sanitary land--

fills are sanitary in name only and do not meet the requirements of a
location, and at least daily coverage of the deposited wastes with
suitable materials. Field surveys in some regions indicate that only
about 10 percent of the so-called sanitary fills apply cover material on
a daily basis. Thus, about 90 percent of the “sanitary landfills”
might actually be classified as open dumps, including modified landfills
or modified open dumps.

(b) Qualitative and Quantitative Standards of Performance

Refuse collection and disposal are generally regulated at the county -

and municipal levels, although in certain cases State regulations
also apply. , o
According to the APWA Institute for Solid Wastes and the U.S.
Public Health Service, the development of comprehensive survey
procedures and the establishment of standards and criteria for the
handling of solid wastes are sorely needed. At the present time
there are significant differences of opinion as to the character and
adequacy of disposal services that should be provided. Much

depends upon the attitude, tradition, and the economic position of -

the residents in a particular community.

Qualitatively, the entire process of solid waste collection and -
disposal should be carried out in such a manner that the public -

health and safety of the community is protected, that the extent and
characteristics of the service are in accord with the desire of the
people, and that the operation is conducted effectively and economical-
li. To be entirely free from nuisances and menace to public health,
the-

waste materials must be handled so that odors cannot escape, -

so that insects and animals cannot have access to the material, so
that wastes and dust are not thrown about, and so that the air and
the surface and subsurface waters are not polluted.

The varying desires, attitudes, and opinions of the people currently“

make the problem of refuse collection and disposal somewhat different
for each community. The residents of some places insist on healthful
and attractive conditions and demand prompt and complete refuse
disposal. In other communities, the citizens apparently place a
much lower value on sanitation and orderliness. The attitudes,
plus the economic capability of a community, determine the division
of work between the householder or waste producer and the collection
and disposal forces.

2. THE EXISTING CAPITAL PLANT IN THE UNITED STATES

(a) The Number of Facilities in Operation

As of mid-1965, it is estimated that there were 280 to 345 noncaptive
incinerators, 1,000 to 1,250 noncaptive sanitary landfills, and 17,500
to 21,300 noncaptive open dumps in the United States. Noncaptive
installations are those that are not operated for the disposal of the
owner’s refuse exclusively.

Most open dumps are found in the small rural places having a popu-
lation of less than 2,500 people. Such places are estimated to account
for 12,250 to 15,000 of the open dumps and for 125 to 150 of the
sanitary landfills. Urban areas are estimated to account for 5,200 to
6,300 open dumps and 850 to 1,100 sanitary landfills.
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A detailed breakdown of the estimates on the number of incinerators
is given in table II.

Tasre T1.—Estimated distribution of the number of incinerators by community size,
1966

. Number of | Percentage of| Average Distribution of incinerators
- Community population communities { communities| number of by community size
(in thousands) in United with incin- | incinerators
States, erators per com-
1960 munity Number Percent

1,000 OF OVer e o voonrmecarncccnnan 5 80.0 4 16 5.1
500 to 999.9.._ .. 16 75.0 2 24 7.6
250 to 409.9. . ... 30 50.0 LS 22 7.0
100 to 249.9... 81 30.0 1 24 7.6
50t099.9._. 201 25.0 1 50 15.9
25 t0 49.9. 432 10.0 1 43 13.7
10 to 24.9. 1,134 7.0]. 1 79 25.2
5t09.9...-- 1,394 C 4.0 1 56 17.9
Total 3,293 314 100.0

Source: APWA estimates and calculations.

Using several sources of data and methods of calculation and allow-
ing for a margin of error of 10 percent either way, the number of in-
cinerators i the United States is estimated to range between 280 and
345 units. 'This excludes privately owned incinerators used exclusively
by the owner. ‘ :

The estimated 1965 distribution of the number of open dumps and
sanitary landfills is given in table ITI on the following page. Again,
a margin of error of 10 percent either way should be allowed.

In evaluating surveys on the use of open dumps, modified landfills,
and sanitary landfills, one finds that the inventories made by private
consultants account for a much higher share of open dumps in the
total disposal capacity than shown on questionnaire surveys.

TasLE 11— Estimated distribution .of the ﬁd_mber of open dumps and sanitary
landfills, by community size, 1965

Average Distribution by community size

Number of | number of Rafio of

s places in |opendumpsiopendumps| -
Community United land/or sani-| to sanitary Number Percent
population States, tary land- | landfills
: : 1960 fills per com-| (percent)
munity Open Sanitary Open Sanitary
dumps fills dumps fills
Urban (1,000’s):

1,000 0r over. ... 5 4.0 25:75 5 15 [ccmmecaceee 1.4

500t0999.9_ ... 16 3.5 34:66 19 37 0.1 3.5

25010499.0 _ [ 30 3.0 50:50 45 45 0.2 4.2

X 81 2.5 60?40 120 82 0.6 7.7

201 2.0 70:30 281 121 1.4 11.2

432 L5 75:25 485 163 2.5 15.2

1,134 1.0 80:20 910 224 4.7 21.0

1,394 1.0 90:10 1,255 139 6.6 13.0

2,152 1.0 95:5 2, 050 102 10.6 9.4

596 1.0 99:1 590 6 3.1 0.6
(175 30 DRI I 86:14 - 5,760 .-9341 - 29.8 87.2 °

Rural: o

1,000t02,550._.- 4,151 1.0 99:1 4,110 41! 21.2 3.8 :

Under1,000. ... "9, 598 | . 1.0 99:1 9, 502 96 49.0 9.0

19,790 |oovamioonans 04:6-|- 19,372 1,071 |, 100.0 - 100.0

1Places with le,ss‘than.é,mo popt{lation_ focatedin urbanized areas including‘ the standard metropolitan
statistical areas. o . ) Co B :
Source: APWA—Estimates and ‘caleulations,
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Estimates of the number of collection vehicles in use are extremely
hard to determine. All kinds of vehicles are used and many of the
vehicles used serve other purposes as well. Based on a survey of 47
communities, with a total population of 15.5 million people, it is
estimated that currently about 30,000 to 40,000 vehicles are more or
less exclusively used for the collection of solid wastes. These data
also are supported by a 1964 APWA-USPHS survey on refuse collec-
tion practices covering a total of 995 communities. Of the Govern-
ment-owned collection vehicles 68.5 percent are estimated to be com-
pactor trucks, 8.3 percent enclosed noncompactor trucks, and 23.2
percent open dump trucks.

(b) Distribution of Facilities by State ‘

According to data from the 1962 U.S. Census of Governments, five
States (California, Illinois, New York, Ohio, and Pennsylvania)
account for almost 50 percent of the total U.S. governmental ex-
penditures for sanitation other than sewerage. These expenditures
cover the collection and disposal of solid wastes but they exclude any
debt retirement or interest payments. The State of New York
leads the list with 21.9 percent. Another five States (Florida,
Michigan, Massachusetts, New Jersey, and Texas) account for more
than another 20 percent of the total U.S. expenditures on sanitation
other than sewerage. Therefore, 10 States spend more than 70
percent of the total of all such U.S. governmental expenditures ex-
cluding the respective debt service payments.

A detailed analysis of the distribution of governmental expenditures
on sanitation other than sewerage by State and type of government,
is presented in table IV on the following page. Although the data
refer to 1962, it is reasonable to assume that the distribution pattern
roughly remains valid today. The table furthermore indicates that
all sanitation other than sewerage expenditures of governmental
units, according to the U.S. census, are made by governments below
the State level. On a nationwide basis, 91 percent of these local
government expenditures are spent by municipalities, 5.2 by town-
ships, 2.8 percent by counties, and 1 percent by special districts.
The table excludes expenditures by private disposal organizations or
self-service operations which are believed to be substantial. Un-
fortunately, no suitable data are available on the geographical dis-
tribution of the private disposal effort.
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Moreover, the table shows that the bulk of the expenditures is made
in standard metropolitan statistical areas. Again, on a nationwide
basis, 79 percent of the sanitation-other-than-sewerage expenditures
are accounted for by the standard metropolitan statistical areas though
only about 63 percent of the population reside in such areas.

Finally, the distribution pattern in the table is based on dollar
expenditures. Because of the great variations in the physical capaci-
ties of the various facilities, it is judged that expenditures reflect the
disposal and collection effort more genuinely than the mere number of
disposal installations.

In analyzing the distribution pattern in the foregoing table, it must
be recognized that most of the incinerators are found in the Eastern
Stafteﬁ. The distribution of incinerators by States is estimated to be
as follows: :

TaBLE V.—Estimated distribution of incinerators, 1965 by State

State: };e&fzelnfzﬁ%gfrg State—Continued Pfgf;{l Zﬁ%ﬁrof
Alabama_ _ . ___ .6 North Carolina_. . .._.____ 2.1
Conneecticut__ . _______ 4,3 North Dakota. ... .5
District of Columbia_______ 2 OhiOwm el 9.2
Florid@ oo oo 3.7 Oregon-___ .l . c_o__. LS
Georgia . o oo __ 1.6 Pennsylvania._ ... _______ 7.6
Hawali. o . 5 Rhode Island._ . __._____.__ 1.6
TIinois. - oo 4.8 South Carolina_._._.____.___ .5
Indiana. oo~ 1.6 Tennessee. ..o _._.. -—-- Lo
Towaee oo L0 Texas_ oo _______..__....7 L6
Kentueky .. - oo 2.1 Virginia . oo 3.7
Louisiana_ - o o oo 2.1 Washington._ . ...________ .5
Maryland._ .o _______ 2.1 West Virginia_____________ 1.6
Massachusetts_ - _______ 6.0 “Wisceonsin_ . _ o _.________ 5. 4
Michigan-_-______ e 2.7 Total for States with less
Minnesota_ - ___Z___.___ 1.6 than 0.1 percent of the
MiSSOUric o o cccece e .5 U.S. totalo o ____ .3
Nebraska oo .5 : . -

New Jersey.ooooolocooo___ 11.9 Total . i 100. 0
New York___... e 15.1

Source: APWA estimates and calculations.

(¢) The Distribution of Facilities by Population Size of the Community

As in the data on the distribution by State, the information on the
distribution of the sanitation effort by population size is based on
expenditures rather than the number of installations. Again, data
from the 1962 census of governments form the basis for the distribu-
tion patterns presented in table VI. However, care should be exer-
cised in drawing conclusions from these data since per capita costs are
distributed over the entire population of the county rather than the
urban population only which normally receives refuse collection and
disposal service. This gives a distorted picture of the actual cost of
the service provided.

Table VI, which appears on the next page, shows that almost 75
percent of the governmental expenditures for sanitation other than
sewei'age are spent in the densely settled counties with 250,000 or more

eople.
P An explanation for this situation is not hard to find ; because of their
size, large communities have to make self-disposal and backyard burn-
ing of refuse illegal. In addition, the population in large communities



