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FOREWORD

This summary of North Carclina’s water resources problems and related
research needs is the basis for the development of the Water Resources Research
Institute’s long-term research program.

Water resources problems, research needs, and current research activity
are discussed within the four broad categories of water resources planning,
water conservation (more efficient water use), water quantity management, and
water quality management,

Attention is given to all currently recognized water resources problems
and is not limited to those most heavily dependent upon research for solutions.
Research needs sre identified where it is believed additional research will
contribute to solutions of these problems. In most cases, a multi-faceted
attack consisting of the vigorous application of known planning, development,
and management techniques by actlon agencies, local government, and private
industry together with an imaginative and responsive research program will be
required. The relative emphasis given to action or research activities will
depend upon the nature of the particular problems involved, The overall
objective should be to effectively utilize existing knowledge to the extent
that it ig available and to supplement this with additional information through
reseatch where necessary. A water resources program undertaken without regard
for the limitations of present knowledge would be just as short-sighted as a
program structured on the assumption that all action must be postponed until
the ultimate answers are provided by research. The State must move ahead
strongly on both fronts. :

References to current reseatch activity should not be interpreted as ful-
filling existing research needs, nor should the identification of such needs
carry the implication that these must be met entirely by the State of North
Carolina. Many of the more general problem areas require multiple research
input from various levels of government, universities, and private industry,
and it is the total effort which must be considered.

The Federal Council For Science and Technology research classification
has been used as a guide for the organization of this report to assure com=-
parability with the total national research effort and Federal reporting in this
area. The Council's report, "A Ten-Year Program of Federal Water Resources
Research,” is the primery source of information for the summarization of water
resources research activity of the various Federal agencies at the natilonal
level,

David H. Howells
Director




INTRODUCTION

North Carolina has an adequate supply of surface and ground water to meet
its present and future needs if managed with vision and understanding of the
increasingly complex problems involved., The steady population expansion and
redistribution from rural to urban areas, industrial growth, increasing use
for irrigation, growing demand for water-based recreation, and steady
encroachment on fish and wildlife growing areas together with other changing
land and water use patterns will bring an endless array of conflicts in the use
of streams, lakes and estuaries.

Earlier concepts of water use and management which led to limited pur-
pose water projects, piecemeal planning, inefficient water distribution and
wasteful use, disregard of the ecological impact of water development, and many
other practices of a bygone era can no longer be condoned. Present and future
problems require solutions which take full cognizance of all aspects of water

needs and use throughout the rapidly changing State of North Carolina.
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WATER RESOURCES PLANNING

Water is a renewable resource and can be efficiently managed if the public
policy and requisite laws and institutions, plamnning techniques, and basic
understanding of the problems involved are sufficient for this purpose. Water
resources management iwmplies a central plan as a guide and source of orientation
for an action program. The techniques of plan formulation and implementation
are dependent upon laws and institutions which can restrict or facilitate their
application and usefulness. They are also dependent upon a sound understanding
of future water demands and the costs and benefits of management decisions. The
full range of structural and noa-structural options should be considered in the
management process and their impact on the environment understoocd.

State Water Plan

North Carolina has no formal water plan at the present time but is working
toward the development of such a plan through its stream classification pro-
gram; the compilation of available data, reports, and administrative and policy
statements; the support of studies concerning water resources planning needs;
and the current water law study.

A report, "Flood Damage Prevention in North Carolina,”™ prepared in 1963
for the Department of Water Resources by the Institute of Government in collabora-
tion with the Tennessee Valley Authority, identified the following problems
associated with £lood damage prevention in North Caroliuva:

1. The need for legislation to regulate encroachment on channels
and flcodways and to assure the safety of dams and levees.

2. Lack of programs for the public acquisition of land and ease-
ments to prevent undesired obstruction or settlement of flood-
prone areas and of desirable dam and reservoir sites to pre-
serve them for future needs.

3. Lagging topographical mapping program which is fundamental to
the plarming process. "

A second study, "North Carolina Water Resources Planning.," also prepared
for the Department of Water Resources by the Institute of Govermment, reviewed
the problems associsted with water resources planning as well as related
activities, needs, and guide lines. The increasing localization of demand for
water and sewer services in urban areas brought about by population movement
from farm to cities, the need for additional low-flow augmentation and more
effective waste treatment, rising demands for steam-elsctric cocling water,
increasing demand for water-based recrestion, the potential expansicn of farm
irrigation, and the increasing competition for the available water supply were
all cited as problems hastening the day when the existing legal structure for
water rights law will require thoughtful examination. The report concluded
that the overriding needs of the next twenty years or so for water resources
development and conservation in North Carclina will include:

1. Absorbing the stresses upon water supply and waste disposal
facilities imposed by increasing urbanization and industrial-
ization of the Piedmont.




2. Meeting the needs of water supply and waste disposal for the
increasing rural non-farm population and industries in such
areas.

3. Developing and properly using the storage reservoirs that
will be required to augment stream flows to meet greatly

increased waste dilution requirements

&4 Supplying the water recreational facilities needed to serve an
expanding demand

5. Providing water rights laws and other laws and institutions to
resolve intensified and more complex disputes among water users.

6. . Meeting the evolving demand for supplemental farm irrigation.

The State is divided into seventeen river basins for water resources plan-

~ning.,. Only four of these watersheds--the Tar-Pamlico, Neuse, Cape Fear and the

White Oagk--ave wholly in North Carolina. Basin-wide planning by the Corps of
Engineers, Tennessee Valley Authority or the Southeast Study Commission is
underway in nine basins. pending in two, and completed in two (Neuse and
Savannah). There is no basin-wide planning in four watersheds--the Chowan,
Pasquotank, Watauga and White Oak.

A large potential water resource development program has been proposed by

Corps of Engineers, Tennessee Valley Authority, and the Soil Conservation Ser-
wvice. . This together with municipal waste treatment needs projected by the

State Stream Sanitation Committee, total approximately $850 million over a ten-
year period. Almost half of this amount represents the projected needs for
municipal water supply and pollution control facilities The remainder includes
$395 million for river basin development, $16 million for waterways and harbors,
and $40 million for coastal protection. A total program of this magnitude
deserves comprehensive planning of the highest quality.

River basin planning, as presently practiced, has a number of limitations
which should receive increased attention. The plans are largely developed by
Corps of Engineers, Tennessee Valley Authority, and the Soil Conservation Ser-
vice and are subsequently reviewed by other Federal and State agencies. The
review process offers the primary opportunity for input from the State. This
might be satisfactory if the State's economic development objectives and water
plan were sufficiently detailed to serve as a basis for Federal projections of
water use and needs. The relationship of water resources to the State's economy
must be considered in the planning process, even though imperfectly understood
at the present time. Water projects may encourage many types of economic
development. Some of these may be complementary aund others mutually exclusive.
The future location of industry, for example, can have profound effect on other
water useés. While the stream classification program partially answers the
question, it too has the same built-in limitation. There is no overall develop-
ment plan which includes sufficient detail for this prvogram

Broader consideration needs to be given to all aspccts of land and water
resources in river basin planning. The requirements of forest land management
and forest utilization, for example, need to be considered in the design and
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operation of impoundment structures so as not to alter the natural regimen to
such an extent that it is out of phase with the developmental stage of newly
germinated seedlings or emerging sprouts. Successful regeneration or forest
renewal is the first requirement of successful forest management. A predict-
able overflow pattern is also essential for efficient harvesting operatiomns.

There are considerations which clearly transcend river basin configuration
as a basis for planning. The best current example of this is the 12-State
Appalachian Regional Development Program. The concept of the Piedmont as the
industrial center of North Carolina points to similar regional planning needs.
In the case of the lower coastal region, river basin delineation is largely
artificial, and planning on this basis is relatively meaningless. Here, the
regional characteristics are dominant, and total coastal area planning of the
nature envisaged under the 3-State Coastal Development Program is required.

If the State is to be an effective participant in future water resources
planning, it should be in a position of initiative to influence planning on
the basis of its own program for the utilization of its water resources. This
needs to include long-term concepts of water use which could serve to guide
the location of industry, urban development, recreational development, and
agriculture on the one hand, and necessary conservation of the natural
environment on the other. Additional personnel and funds would undoubtedly
be required by the Department of Water Resources for the implementation of
an expanded program of this type.

Water Law and Institutions®

The 1965 General Assembly directed the Board of Water Resources to study
the need for State regulation of water usage and to report with recommendations
through the Governmor to the 1967 General Assembly. A brochure outlining the
problem, background information, and potential solutions was released in
mid 1966 for study and comment preparatory to public hearings leading up to the
preparation of final recommendations.

The brochure assumes that additional regulatory powers are needed whenever
withdrawals or use of ground and surface water do not serve the best interests
of the people of the State, limit economic development, or create conflicts in
water use or conditions not amenable to control under existing law. Ground
water problems are particularly emphasized in the report. These include:

1, ”UnSatisfactory nature of the common law applicable to ground
waters under circumstances of impinging water uses.

2, 1Inadequacy of existing laws relating to minimum standards for
well construction, qualification of well drillers, and pro-
visions for obtaining underground information from well
drillers,

3. Lack of authority to require the capping of unused artesian
wells and abandoned wells, inability to control the with-
drawal of ground water, to meter its use, or otherwise
manage this valuable resource.

*"Institution'" in this report refers to the organizational means for the imple-
mentation of water resources planning, development, and management.



In a discussion of the regulatory powers needed for the management of sur-
face waters, the brochure concludes that the population and industrial growth
of the State will continue to impose greater and greater stresses on the
available water supply in order to satisfy mounting requirements.

The water pollution control laws of the State recognize waste disposal
as a valid use of surface waters by providing for the issuance of permits
for the disposal of waste waters and for the establishment of water quality
standards and classification of streams according to best usage. Federal law
now authorizes the provision of storage capacity in Federal reservoirs for
low-flow augmentation and water quality control on a non-reimbursable basis
when the benefits are regional or national in scope. There is no authority
for the regulation of water withdrawals, however, even when these reduce
stream flow to the extent that pollution abatement measures are rendered
ineffective. The Pigeon, French Broad Tuckasegee, and the South Fork of the
Catawba Rivers; the Catawba Basin Streams in Mecklenburg County; and the Rocky,
Haw and Northeast Cape Fear Rivers are cited as streams where one or more of
the following are required:

1. High degree of waste treatment.
2., Upstream storage for low-flow augmentation.
3. Regulation of water withdrawals.

4. Regulation of water releases from hydroelectric power
developments.

Other questions raised in the brochure include:
1. The need for the control of ground water recharge.

2. The effect of swamp and marsh drainage on ground water,
fish, and wildlife.

3. The need for legislation providing for flood plain zoning.

4. The need for additional State participation in coastal
erosion projects, recreational development and municipal
water supply in Federal reservoirs, and small watershed pro-
jects by sharing in the cost of storage for water supply,
recreation, and low-flow augmentation.

A four=-year study of available sources of water supply, present and
potential water usage, and arrangements made by water users to secure sources
of water was undertaken by Professor Milton S. Heath, Jr., Institute of
Government, early in 1963 under a Public Health Service grant. The principal
objectives were to identify potential conflicts among water users, to evaluate
the operation of the existing structure of laws and political institutions
affecting water use and their impact on water resource development, and to
point toward possible changes in laws and political institutions which might
help to eliminate conflicts upon economic growth. The first reports, U.N.C.
Water Resource Papers 2-12, dealt with surveys of irrigation in eleven counties
representative of the Mountain, Piedmont, and Coastal Regions of the State.




Little evidence of disputes arising from irrigation was reported for any of the
study counties. The irrigation surveys also suggested that irrigators in the
study areas are able to live under the existing legal structure without serious
difficulty. A subsequent report, U.N.C. Water Resource Paper No. 14, however,
calls attention to the impact of the large ground water withdrawals at the
Texas Gulf Sulphur Mine and its effect on neighboring irrigators. This is
cited as a leading example of current water use conflict involving irrigators.

A study of "Industrial Water Use in North Carolina," by William R. Walker,
was published by the Institute of Government in 1964 as U.N.C. Water Resource
Paper No. 13. This reported that very few conflicts have arisen in the past
concerning water rights, although some current water practices appear to be at
least a technical violation of the law. Most legislation, it related, has been
concerned with the effect of waste discharges, and these practices will be
scrutinized more closely as the demand for water increases. Among the problems
which may eventually require comprehensive rather than piecemeal treatment, the
author included the following:

1. Provision for the interbasin transfer of water.

2. Rights of a municipality to use water from a stream if it is
not a true riparian owner and the taking of water is in con-
flict with a riparian owner.

3. Rights of an industry taking its water from a municipal source
as opposed to another industry on the same stream which is, in
fact, a.true riparian owner.

4, Rights of an industry or municipality to discharge wastes into
a lake which do not cause a nuisance or health hazard but do
impair certain recreational interests.,

5. Rights of a municipality or industry to water £from a stream
where only a pumping station abuts on the stream and water is
‘transported to the point of ultimate use. '

6. Rights of a riparian owner to waters which are released from
a Federal project when the storage of the water released was
purchased by another downstream user.

7. The right to divert water from projects licensed by the Federal
Power Commission.

Other reports in this series pertaining to water law and institutions
include "Land Use Implications of Surface Water Allocation," by Vernon E.
George, published as U.N.C., Water Resource Paper No. 16, and "Contemporary
Eastern Water Rights Legislation,” by Professor Milton S. Heath, Jr., published
as U.N.C. Water Resource Paper No. 17. The first of these deals with legal and
institutional arrangements for water use and their implications concerning land
use development density, form, composition, and social makeup. The substance
of the second report also appears as two chapters of the State Department of
Water Resources water law brochure. In summary, this report consists of a
relatively brief resume of the subject of water rights law as a whole, combined




with a systematic survey of recent legislation enacted on the subject of water
use regulation by Eastern states. It also seeks to f£ill in occasional gaps in
the general literature on water rights law, such as the absence of a compre-
hensive analysis of legislation and case law concerning the use of diffused
surface waters.

Subsequent reports anticipated from the Institute of Government study
will be concerned with ground water chemistry, effect of supplemental irriga-
tion of the hydrology of a watershed, case studies in North Carolina water
resources law and administration, organization for local water and sewer ser-
vices, future irrigation of flue-cured tobacco, and a final overall report to
complete the research program.

A problem not covered in the above reports which is creating considerable
difficulty for State agencies responsible for fisheries and wildlife manage-
ment in the estuaries and sounds of North Carolina is that of ownership of
underlying and contiguous lands. These areas represent valuable land and water
resources of great commercial and recreational significance. How much of this
is in public or private ownership is presently unknown. Until ownership is
clarified in law, there is no way to determine how much of the resource is in
jeopardy and the extent to which acquisition programs should be developed to
preserve these areas in public interest.

Current research involving water law and institutional aspects of water
resources planning is conducted at the national level by the Economic Research
Service and includes an intensive legal-economic analysis of water law through-
out the United States. In the area of institutions the research is directed
primarily at special district structure with emphasis on land and water resource
management., Resources for the Future and some universities, such as the Univer-
sity of Wisconsin, have also been involved in institutional research.

Water law .and institutional research in North Carolina includes investiga-
tions of water pollution control laws and contrasting program administration in
a number of selected states to determine the relative efficiency of State water
pollution control programs in terms of economy, technical proficiency, politi-
cal viability, and social and land use effects; the organizational arrangements
for public water services; and an exploration of the impact of environmental
engineering policies on urban growth patterns.

Summary of Water Law and Institutional Research Needs:

1. Continuing analysis of present and potential conflicts in
water use.

2. Socio-economic and planning significance of existing water
resource laws and institutions and suggested modification
for greater effectiveness under current and future conditions.

3. Optimization of State and local roles in water resources plan-
ning and management.

4, Clarification of ownership and related laws associated with
lands underlying in intertidal areas of coastal North
Carolina.




Planning Techniques

One of the most neglected areas in water resources research is the method-
ology of planning. The procedures for project planning and evaluation have not
advanced at a rate consistent with the increasing complexity of water rescurce
development. The multipurpose, multicomponent systems of today coupled with
ever-increasing technological and socio-economic alternatives are becoming
exceedingly complex. The relative permanence of water resource projects, their
high cost, and their profound effect on the environment demand improved plan-
ning techniques to assure efficient designs for the present and latitude for
modification in the future.

Present research on water resources planning techniques is quite limited,
and a large fraction of this effort is directed toward hydrologic simulation
and synthesis. Nationally, the Agricultural Research Service is currently
studying deterministic and parametric methods for synthesizing the hydrology of
watershed systems. The Corps of Engineers is investigating hydrologic simula-
tion teéchniques, probability and correlation analysis, and other methods useful
in the application of hydrology to planning. The Economic Research Service has
studies underway on mathematical programming, input-output models, simulation
methods, and statistical sampling as applied to water resources planning.

Research in Noxth Carclina concerning the methodology of water resources
planning includes studies of the practicality of a systems-oriented research
project involving the integrated analysis of political-institutional, economic
and physical-technological systems, with special reference to impacts of current
and perspective industrial development associated with phosphate exploitation;
the modifications required in river system simulation models to allow them to be
used to test the results of weather modification measures and of new and improved
methods of weather prediction; a mathematical model of water flow in Pamlico
Sound and Estuaries; and the development of a realistic method to determine the
optimum level of water quality in streams as defined in economic terms,

Summary of Research Needs Related to Planning Techniques:

1. Improved water resources planning criteria and techniques.
2. Alternative bases for comprehensive water resources planning
in areas where river basin delineation is vague or other

features are of dominant interest.

Water Demand

No definitive studies of future water demand for municipal and industrial
water supply, irrigation, and other uses have been made for the State as a
whole. Pollution survey reports of the State Stream Sanitation Committee, pre-
pared for all river basins in North Carolina, present information related to
stream conditions, water use, sources of pollution, pollution prevention measures
in effect during the period of study, and recommended classifications of streams.
Quantitative data on existing municipal and industrial water use is included.

The Department of Water Resources has created a Division of Water Management, one
function of which is to survey current water use and to undertake the projection
of future needs,

10
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Corps of Engineers reports include projections of municipal and industrial
water supply needs for the years 1980 and 2010. Estimates are based upon
national trends with modification to account for local conditions. Projected
needs for agricultural irrigation are also included. These assume an average
annual rate of increase of irrigable land of 2% per cent and a use of 2 acre-
feet of water for each acre of crop irrigated.

Surveys of irrigation practice made in 1962 by Professor Milton S. Heath, Jr.,
Institute of Government, U.N.C, Water Resource Papers Nos, 2-12, reported that
little or no reliable data could be obtained on water usage. Estimates of
average water use on various crops, provided by the Department of Biological
and Agricultural Engineering at North Carolina State University, were included
in U.N.C. Water Resource Paper No. 2, and were expanded and refined in Paper
No. 14. A related Institute of Govermment study of "Industrial Water Use in
North Carolina,” by William R. Walker, U.N.C. Water Resource Paper 13, reported
existing water use practices for the food processing, pulp and paper, textile,
quarry, and hydro=-electric and steam generating industries.

Municipal water supply storage has not played a significant role in the
small watershed projects of the Soil Conservation Service up to the present
time, but it is likely to be provided in an increasing number of projects in
the future. Projections of storage requirements for periods as long as fifty
vears are made by the individual municipalities.

Prospective water needs are generally considered in the light of fixed
requirements based upon current practice. Very little consideration has been
given to price~demand relationships. Present water use in North Carolina, as
elsewhere, is economically inefficient and more representative of long-
established habit than actual need. Very few restraints have been imposed on
water use, and consumers have grown accustomed to relatively unlimited water at
negligible cost., When the cost implications of wasteful use for both water
supply and pollution control are considered, it is apparent that not enough
attention has been given to the conservation of water through economic or other
constraints. Municipal and industrial needs can often be met with appreciably
less water than present practice calls for. The long-term projection of future
water needs on the basis of current water use in the absence of some considera-
tion of price-demand relationships will impose unnecessary structural costs and
related burdens on the economy. Projections of future need should include
alternates assuming various levels of efficiency in water use and the extension
of existing supplies through the application of economic theory to water pricing
and allocation as well as capital investment in new source development,

Research on the production functions of water in various uses applicable
to North Carclimna, the optimum quantity of water for nom-production purposes,
and the price-demand relationships is fundamental to reliable estimates of
future water needs.

Nationally, five agencies carry on modest research programs in this general
area. The Agricultural Research Service is investigating the demands for rural
domestic use, irrigation, and leaching of saline soils. The Economic Research
Service is developing schedules of value compared with the quantity of water
used, with emphasis on irrigation and livestock use. Information on trends in
water use and the requirements for specific industries and municipal use is
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being compiled by the Geological Survey. The Bureau of Mines has been survey-
ing the mineral industry at five-year intervals to determine methods of use
and quantities used. Data from Federal irrigation projects are studied by the
Bureau of Reclamation to improve methods for estimating irrigation water
requirements and to determine the accuracy of water use records.

There is no current research activity in North Carolina directed toward
this important problem area.

Summary of Water Demand Research Needs:

1. Price-demand relationships in the allocation of water
resources.

Evaluation Process

Comprehensive water resources planning is a relatively new development
which was encouraged by Congressional authorization for expanded multiple
purpose storage. The application of systems analysis techniques to the planning
process can greatly extend the possibilities for rational systems if reliable
methods for identifying and quantifying benefits and costs of projects can be
developed and the assumptions for population growth and distribution, economic
development and water use are sound,

The measurement of benefits and costs for many water uses is highly
imperfect at the present time. Special attention to the present and projected
commercial value of fisheries and the intangible aspects of esthetics, recrea-
tion, fish and wildlife is needed. This is particularly true in North Carolina
where recreational, fish and wildlife resources hold great potential for ulti-
mate economic development. It is entirely possible that, in the absence of
realistic criteria for measuring the benefits associated with the less
"tangible'" values, inadequate attention will be given to the ultimate economic
value of these water uses in the face of more apparent dollar returns from
immediate industrial development. The concept of "Variety Vacationland" must be
built into the planning process in balance with the more tangible water uses if,
in fact, the very resources upon which it depends are to be preserved. This
can only be done if better means are developed for evaluating the less tangible
benefits.

On the national scene, the Economic Research Service is analyzing Federal
agency practices concerning the evaluation of water resource project benefits,
discount rates, planning horizons and other aspects of project evaluation. It
is also conducting research on projection methodology and has developed and
is testing an irrigation projection technique that simultaneously considers
historical trends, limits on water supplies, economic feasibility, and a range
of possible policy constraints in estimating future irrigation and associated
water use trends., Research in the Corps of Engineers currently includes evalua-
tion of the impact of water resources development on economic change and evalua-
tion techniques for waterway transportation studies. The Bureau of Reclamation
has been analyzing operation and maintenance costs with a view to providing a
better basis for future cost estimates. The current Federal research on the
evaluation process falls substantially short of dealing with all the many topics
which need exploration.
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A number of different aspects of the evaluation process used in water
resources planning are being studied in North Carolina. These include the
effects of water development on industry location decisions, analytical tools
for the evaluation of benefits of outdoor recreation at Corps of Engineers'
reservoirs, procedures for estimating the effects of water development projects
on local government social overhead expenditures, the national employment
effects of water resource projects, and techniques for making improved esti-
mates of the magnitude and area distribution of secondary or indirect benefits
which can be used in project planning evaluation. An exploratory study of the
simulation of regional economic impacts of water resources development will be
undertaken early next fiscal year.

Other investigations include the development of criteria for evaluating
the quality of water-based recreation facilities and a study of the physical
and economic effects of flooding on agriculture with the objective of improving
the information used in evaluating flood control projects benefiting agriculture.

Summary of Research Needs Related to the Evaluation Process

1. Techniques for projections of population growth and distribu-
tion, economic development, and water requirements.

2, Methods for evaluating benefits and costs of water projects
and other economic development measures affecting water
resources with particular emphasis on recreation, fish and
wildlife and esthetics.

Non=-Structural Alternatives

Efforts to deal with water problems in North Carolina, as elsewhere, are
usually directed toward the construction of engineering works and not toward
non-structural alternatives which may offer more efficient choices. The limi-
tations of existing legislation and policy concerning the curtailment of flood
damages might be more widely recognized. Non-structural alternatives involving
flood plain regulation and more efficient use of the bottom lands for the common
good needs greater attention. As an example, the Task Force on Federal Flood
Control Policy in its report, "A Unified National Program for Managing Flood
Losses,™ of August 10, 1966, suggested that the full cost of flood plain
occupancy be shifted to the prospective occupants through the imposition of
mandatory, risk-related, annual occupancy charges. The charge would be
equivalent to the occupant's estimated annual damages plus any costs his occu-
pancy causes others.  Payments would be made to an indemnification fund which
would be used to compensate those suffering flood damages. There is reason to
believe that the same principles might apply to the occupants of coastal areas
which experience frequent hurricane damage.

Water supply and waste disposal present a complex of problems, some of which
lend themselves to non=-structural solutions. More efficient water use can be
as effective as construction in the implementation of water supplies. Insofar
as water pollution control is concerned, primary dependence has been given to
waste treatment and direct regulatory practices. In situations where the
absence of clearly defined economic advantages has resulted in little incentive
for industry to rigorously examine process changes and waste recovery as






























































































































































































