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The Corps of Engineers’ comprehensive study of Chesapeake Bay is being
accomplished in three distinct developmental stages or phases. Each of these
phases is responsive to one of the following stated objectives of the study
program. :

1. To assess the existing physical, chemical, biological, economic and
environmental conditions of Chesapeake Bay and its related land resources.

2. To project the future water resources needs of Chesapeake Bay to
the year 2020.

3. To formulate and recommend solutions to priority problems using
the Chesapeake Bay Hydraulic Model.

In response to the first objective of the study, the initial or inventory phase
of the program was completed in 1973 and the findings were published in a
document titled Chesapeake Bay Existing Conditions Report. Included in
this seven-volume report is a description of the existing physical, economic,
social, biological and environmental conditions of Chesapeake Bay. This was
the first published report that presented a comprehensive survey of the
entire Bay Region and treated the Chesapeake Bay as a single entity. Most
importantly, the report contains the historical records and basic data
required to project the future demands on the Bay and to assess the ability
of the resource to meet those demands. :

In response to the second objective of the study, the findings of the second
or future projections phase of the program are provided in this the
Chesapeake Bay Future Conditions Report. The primary focus of this report
is the projection of water resources needs to the year 2020 and the
identification of the problems and conflicts which would result from the
unrestrained growth and use of the Bay’s resources. This report, therefore,
provides the basic information necessary to proceed into the next or plan
formulation phase of the program. It should be emphasized that, by design,
this report addresses only the water resources related needs and problems.
No attempt has been made to identify or analyze solutions to specific
problems. Solutions to priority problems will be evaluated in the third phase
of the program and the findings will be published in subsequent reports.

The Chesapeake Bay Future Conditions Report consists of a summary
document and 16 supporting appendices. Appendices 1 and 2 are general
background. documents containing information describing the history and

. conduct of the study and the manner in which the study was coordinated

with the various Federal and State agencies, scientific institutions and the
public. Appendices 3 through 15 each contain information on specific water
and related land resource uses to include an inventory of the present status
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and expected future needs and problems. Appendix 16 focuses on the
formulation of the initial testing program for the Chesapeake Bay Hydraulic
Model. Included in this appendix is a description of the hydraulic model, a
list of problems considered for inclusion in the initial testing program and a
detailed description of the selected first year model studies program.

The published volumes of the Chesapeake Bay Future Conditions Report
include:

Volume Number Appendix Number and Title
1 Summary Report
2 | 1 — Study Organization, Coordination and
History

2 — Public Participation and Information

3 3 — Economic and Social Profile

4 4 — Water-Related Land Resources

5 5 — Municipal and Industrial Water Supply
6 — Agricultural Water Supply

6 7 — Water Quality

7 _ 8 — Recreation

8 9 — Navigation

10 — Flood Control
11 — Shoreline Erosion

9 | 12 - Fish and Wildlife
10 13 — Power
14 — Noxious Weeds
1 15 — Biota

12 16 — Hydraulic Model Testing
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CHAPTER 1
THE STUDY AND THE REPORT

The Chesapeake Bay Study evolved through the need for a complete and
comprehensive investigation of the use and control of the water resources of
the Bay Area. Chesapeake Bay is a vast natural resource. Along with its
tributaries, the Bay provides a natural transportation network on which the
economic development of the Region has been based, a wide variety of water-
oriented recreational opportunities, a home for numerous fish and wildlife, a
source of water supply for both municipalities and industries, and the site for
final disposal of our waste products. All of the natural resources provided by
the Bay interact with each other, in conjunction with the activities of man, to
form a complex but interrelated system, Unfortunately, problems often arise
when man’s intended use of one resource conflicts with either the natural
environment or man’s use of another resource. It was towards a plan for the
most efficient use of the Bay’s natural resources that the Chesapeake Bay
Study was conceived.

In the first phase of the Study, the existing physical, biological, economic,
social, and environmental conditions and problem areas were identified and
presented in the Existing Conditions Report. The Future Conditions Report,
of which this appendix is a part, presents the findings of the second or
projections phase of the Study. Included as part of the second phase are the
projections of future water resource needs and problem areas, identification of
general means that might best be used to satisfy those needs, and
recommendations for future studies and hydraulic model testing. The results
of this phase of the Study and this report constitute the next step toward the
goal of developing a comprehensive water resource management program for
Chesapeake Bay.

The tributaries that flow into the Bay serve as sources of municipal and
industrial water supply as do the vast ground water resources that underlie the
Bay Region. The demands on both the surface and ground water resources
have increased substantially in the past two decades and are expected to
increase even more over the next 50 years. As these demands on the Bay’s
sources of freshwater increase, conflicts will arise between those activities or
resources that require freshwater.

The subject of this volume is municipal and industrial water supply, and as
such, will focus on the existing and future demands for freshwater in the Bay
Region. In addition to identifying the future water supply demands, this
volume also provides an assessment of both available freshwater supplies and
potential deficits. Also included is a discussion of the measures that can be
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used to either meet or control future water supply demands. Those studies
required to develop comprehensive water supply plans for the Chesapeake Bay
Region are also identified.

AUTHORITY

The authority for the Chesapeake Bay Study and the construction of the
hydraulic model is contained in Section 312 of the River and Harbor Act of
1965, adopted 27 October 1965, which reads as follows:

(a) The Secretary of the Army, acting through the Chief of Engineers, is
authorized and directed to make a complete investigation and study of
water utilization and control of the Chesapeake Bay Basin, including the
waters of the Baltimore Harbor and including, but not limited to, the
following: navigation, fisheries, flood control, control of noxious weeds,
water pollution, water quality control, beach erosion, and recreation. In
order to carry out the purposes of this section, the Secretary, acting through
the Chief of Engineers, shall construct, operate, and maintain in the State of
Maryland a hydraulic model of the Chesapeake Bay Basin and associated
technical center. Such model and center may be utilized, subject to such
terms and conditions as the Secretary deems necessary, by any department,
agency, or instrumentality of the Federal Government or of the States of
Maryland, Virginia, and Pennsylvania, in connection with any research,
investigation, or study being carried on by them of any aspects of the
Chesapeaké Bay Basin. The study authorized by this section shall be given
priority.

(b) There is authorized to be appropriated not to exceed $6,000,000 to carry
out this section.

An additional vappropriation for the study was provided in Section 3 of the
River Basin Monetary Authorization act of 1970, adopted 19 June 1970,
which reads as follows:

In addition to the previous authorization, the completion of the
Chesapeake Bay Basin Comprehensive Study, Maryland, Virginia, and
Pennsylvania, authorized by the River and Harbor Act of 1965 is hereby
authorized at an estimated cost of $9,000,000.

As a result of Tropical Storm Agnes, which caused extensive damage in
Chesapeake Bay, Public Law 92-607, the Supplemental Appropriation Act of
1973, signed by the President on 31 December 1972, included $275,000 for
additional studies of the impact of the storm on Chesapeake Bay.
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PURPOSE

Historically, measures taken to utilize and control the water and land
resources of the Chesapeake Bay Basin have generally been oriented toward
solving individual problems. The Chesapeake Bay Study provides a
comprehensive study of the entire Bay Area in order that the most beneficial
use be made of the water-related resources. The major objectives of the Study
are to: .

a. Assess the existing physical, chemical, biological, economic, and
environmental conditions of Chesapeake Bay and its water resources.

b. Project the future water resources needs of Chesapeake Bay to the year
2020.

c. Formulate and recommend solutions to priority problems using the
Chesapeake Bay Hydraulic Model.

The Chesapeake Bay Existing Conditions Report, published in 1973, met the
first objective of the Study by presenting a detailed inventory of the
Chesapeake Bay and its water resources. Divided into a summary and four
appendixes, the report presented an overview of the Bay Area and the
economy; a survey of the Bay’s land resources and its use; and a description of
the Bay’s life forms and hydrodynamics.

The purpose of the Future Conditions Report is to provide a format for
presenting the findings of the Chesapeake Bay Study. Satisfying the second
objective of the Study, the report describes the present use of the resource,
presents the demands to be placed on the resource to the year 2020, assesses the
ability of the resources to meet future demands, and identifies additional
studies required to develop a management plan for Chesapeake Bay.

This particular appendix was developed as the water supply link in the
assessment of the future conditions of the Bay. The findings in this volume, as
regards the future needs for water, will provide a basis for comparison with
other resource categories. Since it is understood that future growth in water
supply demand will vary according to many local conditions, the results
presented here are not intended as detailed assessments of the future water
needs for the individual water systems. Rather, the demands are intended
more as a guide for region-wide resource analysis and problem identification.
In the sense that future uses and consumptive losses of water may cause
conflicts with other resource categories and uses, the information presented

-here will also serve to identify these present or emerging conflicts.
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SCOPE

The scope of the Chesapeake Bay Study and the Future Conditions Report
includes the fields of engineering and the social, physical, and biological
sciences. The Study is being coordinated with all Federal, State, and local
agencies having an interest in Chesapeake Bay. Each resource category or

problem area has been treated on an individual basis with demands and.

potential problem areas projected to the year 2020. The results of the studies
conducted for each resource category are presented in a separate appendix to
the Future Conditions Report. All conclusions are based on historical
information supplied by the preparing agencies having expertise in that field.
In addition, the basic assumptions and methodologies are quantified for
accuracy in the sensitivity section. Only general means to satisfy the projected
resource needs are presented, as specific reconmendations are beyond the
scope of this report.

The geographical area considered in the overall study encompasses those
counties or Standard Metropolitan Statistical Areas (SMSA) which adjoin or
have a major influence on the Estuary. For purposes of projecting the future
demands on the resources of the Bay, economic and demographic projections
were made for all subregions and SMSA's within the Study Area. Regarding
water supply, the Study Area was divided into 12 subregions as shown on
Figure 5-1. The subregions coincide exactly with the standard SMSA and
county grouping designations, except Subregions 2 and 4. Subregion 4 is
defined for the purpose of this report as Sussex County, Delaware. Subregion 2
is the “non-SMSA,” Maryland, portion of the Baltimore Economic Area,
expanded to include Cecil County, Maryland. Detailed maps of each of the
subregions considered in this appendix are presented as Plates 5-1 through 5-4
at the back of this report.

SUPPORTING STUDIES
This appendix was prepared and coordinated by the Baltimore District, Corps
of Engineers; however, much of the information included in this report was
derived from other sources. Population projections were prepared for each
county in the Bay Area, and each city of over 2,500 persons, by the Bureau of
Economic Analysis, U.S. Department of Commerce. Projections of industrial
water supply were prepared specifically for the Chesapeake Bay Study by the
Bureau of Domestic Commerce of the U.S. Department of Commerce. In
addition, all agricultural demands, including rural domestic, livestock and
poultry, and irrigation uses, were projected for this Study by the Economic
Research Service, U.S. Department of Agriculture. The Economic Research
Service work is presented in its entirety in Appendix 6 — Agricultural Water

Supply.

The initial data base and resource inventory for all resource categories in the
Chesapeake Bay Study, including water supply, were presented in the
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Chesapeake Bay Existing Conditions Report. Other studies that provided
input to this appendix include the Northeastern United States Water Supply

Report, and the North Atlantic Regional Water Resources Study prepared
by the North Atlantic Division, Corps of Engineers. Numerous water
supply studies prepared by local planning agencies were also very helpful
in the preparation of this appendix. All sources of data used in this
appendix are referenced in the bibliography.

STUDY PARTICIPATION AND COORDINATION

Due to the wide scope, large geographical area, and many resources covered
by the Chesapeake Bay Study, data input was required from many sources.
Various Federal, State, and local agencies throughout the Bay Region have
customarily developed expertise in certain areas of water resource
development. Although overall coordination of the Study effort was
provided by the Corps of Engineers, input from thes¢ various sources was
required in order to obtain the best Study coordination and problem
identification. Therefore, an Advisory Group and a Steering Committee were
established. Five Task Groups were also formed to guide preparation of
reports on related resource categories. They are:

1.  Economic Projection Task Group

2. Water Quality and Supply, Waste Treaiment, Noxious Weeds
Task Group

3.  Flood Control, Navigation, Erosion, Fisheries Task Group

4.  Recreation Task Group

5. Fish and Wildlife Coordination Group

Detailed information on the composition of each Task Group as well as the

members of the Advisory Group is presented in the Chesapeake Bay Plan of
Study and in Appendix 1, “Study Organization, Coordination, and History.”

This appendix was prepared by the Baltimore District, Corps of Engineers,
under the guidance of the Water Quality and Supply, Waste Treatment, and
Noxious ‘Weeds Task Group. The Group is chaired by the Environmental
Protection Agency and members include the U.S. Departments of
Agriculture, Commerce, Interior, Navy, and Transportation; the Federal
Power Commission; the Energy Research and Development Administration;
the Corps of Engineers; the Susquehanna River Basin Commission; and
representatives of the States of Maryland and Delaware, the Commonwealths
of Pennsylvania and Virginia, and the District of Columbia.
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CHAPTER 11
WATER SUPPLY IN THE CHESAPEAKE BAY AREA

Man uses water to meet a wide variety of needs including domestic (drinking,
food preparation, waste transport and fire fighting); agricultural (irrigation
and livestock watering) and industrial (processing and cooling) purposes. This
appendix focuses on municipal and industrial water needs while agricultural
and cooling water needs for power generation are addressed in Appendices 6
and 13, respectively. This chapter includes a summary description of the Bay
Region and its resources, an inventory of present municipal and industrial
water use and problems, and a description of the water supply management
entities within the Region.

DESCRIPTION OF THE REGION

The Chesapeake Bay and the tidal portions of its tributaries combine to form
one of the largest estuaries in the United States. The drainage area of the Bay’s

.tributaries totals 64,000 square miles and includes portions of the states of

Maryland, West Virginia, Delaware, New York, and the Commonwealths of
Virginia and Pennsylvania, and all of the District of Columbia. Many of the
more than 150 rivers and creeks which flow to the Bay provide supplies of
water needed for municipal, industrial and agricultural purposes. Through
these streams, an average of 45,000 million gallons per day of freshwater enter
the Bay. The Susquehanna River alone provides approximately 50 percent of
the total. Other major rivers in the Bay system include the Potomac, James,
York, and Rappahannock, which together provide an additional 40 percent of
total inflow.

The length of shoreline of the Bay including tributaries to head of tide, is
approximately 6930 miles—about 4010 in Maryland, 2920 in Virginia. The
Bay averages 28 feet in depth, making it a comparatively shallow estuary. The
maximum depth is 178 feet. The surface area of the Bayis approximately 4,400
square miles, and varies in width from 4 to 30 miles.

Physiographically, the Bay is the drowned river valley of the Susquehanna
River. As shown in Figure 5-2, the estuary lies in the Coastal Plain and borders
the Piedmont Province. The division between the upland Piedmont Province
and the seaward Coastal Plain Province is marked by what is known as the
Fall Line. The outcropping or exposure of the crystalline basement, which
underlies the Coastal Plain to the east, forms the “line” and also delineates the
head of tide. The Piedmont is characterized by metamorphic ridges and folds
and steep-sided stream valleys. In general, layers of southeastwardly dipping,

. sedimentary, unconsolidated materials comprise the eastern and western
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shore portions of the Coastal Plain. By virtue of its very nature, the Coastal
Plain is predominately flat, being somewhat more rolling on the Western
Shore than on the Eastern Shore. The underlying sedimentary deposits
provide plentiful groundwater supplies to public systems, industries, and
individuals throughout the Province.

The Bay Area is characterized by a mild climate, associated with its proximity
to the Atlantic Ocean. The annual average temperatures vary between nearly
60° F at the mouth to less than 55° F at the head of the Bay (about 200 miles
north). Rainfall averages 44 inches with local variations of from 40 to 46 inches
per year. Included in this total rainfall is the water equivalent of an average 13-
inch snowfall.

RESOURCES

As a water resource, the Chesapeake Bay provides many benefits for mankind.
Typical among these are the fish and wildlife resources—a part of the earth’s

-ecosystem to which man is inexorably linked; recreation opportunities which

provide needed respites from everyday pressures; navigation channels which
provide for the economic growth and vitality of the region; and water supply to
satisfy the many requirements of a “thirsty” society.

In 1970 the navigation arteries of Chesapeake Bay and its tributaries carried
nearly 150 million tons of commerce worth billions of dollars. The importance
of this|activity to the economic structure of the Bay area is thus underscored—
especially for the ports of Hampton Roads and Baltimore. These two parts
together handle 83 percent of the Bay's commerce. The growing industrial
activity associated with port related development has also created large
demands for processing and cooling waters.

The fish and wildlife resources of the Chesapeake Bay Area are many and
varied. The Bay is one of the most productive estuaries on earth due to its
wetland marshes, shallow nature, tidal actions, and wide salinity variations.
Including land dwellers, the Bay Area provides habitat for over 2,700 species.
Great amounts of seafood are harvested commercially, accumulating to 630
million pounds worth $41 million in 1970. Sport yields of finfish and shellfish
were of an estimated like magnitude. Many of the fish and wildlife resources
are sensitive to the alterations in salinity patterns that can result from changes
in the freshwater inflows to the estuary. In this regard the use of the freshwater
tributaries of the Bay for water supply may have a significant impact on
fisheries.

Appendix 5

o]

>



The primary mineral resources found in the area are non-precious as well as
non-metallic—primarily sand, gravel, stone, clay. These provide building
stone and important manufacturing components for brick, pipe, and other
building materials. Certain problems are associated with retrieval of these
materials. In the area of water supply, for example, sedimentation and
turbidity can accompany riverbed dredging for sand and gravel deposits and
degrade downstream water supplies. Land mining may result in scarred,
erodable, barren areas which allow increased land runoff, decreased
groundwater recharge, and other problems such as acid mine drainage. These
problems may be troublesome to water supplier.

The Chesapeake Bay also serves as a vast waste assimilator for the activities of
the over 8 million Bay Area residents. Municipal, industrial, agricultural, and
power heat discharges are increasing along with the population, especially in
the urban centers. Presently, most waste discharges and water quality
problems in the Bay Area are assimilated and/or confined to the tributary
areas. Here, especially in areas of heavy industry, the bottom muds contain
massive concentrations of oils, phenols, heavy metals, and other toxic
substances. Many acres of shellfish beds are closed for health reasons in areas
of heavy waste discharge, as are recreation areas for bacterial pollution. Water
quality is a major concern of the supply manager in the design and operation of
water treatment facilities in the Bay Region.

Most of the land resource of the Bay Area is considered undeveloped—only 5

percent is devoted to residential, commercial, and industrial activity. Most -

development is concentrated in the urban centers. Agricultural activities
comprise another 30 percent, while woodlands add nearly 50 percent to the
land account for the Bay Area. Future patterns that emerge in the use of land
will invariably impact dramatically on other resource categories, including
water supply.

The Bay also provides for other needs of the people, the value of which are
difficult to evaluate. Recreation, for example, aside from the benefits from
marinas, boat sales, and hunting licenses and equipment, provides people with
relaxation and a peace of mind that is impossible to quantify. There is an
undoubtable/pleasure to be derived in just being in a natural area undisturbed
by the activities of man. Consideration must also be made for these more
intrinsic values, so that development or use of a water resource does not
impact critically on other uses.
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HISTORY

Until the early part of the 19th century, water was generally provided by each
individual according to his needs. The country was predominantly rural and
supplies of groundwater were readily available. Even in the cities, most homes
were supplied by springs or wells—through hand pumps in the kitchen or
delivery by cart, sold by the bucket.

The earliest municipal water-works system did not appear until early in the
19th century. Philadelphia was the leader in this regard. Local authorities
believed that daily flushing of the streets could alleviate the yellow fever
epidemics, and, as a result, water flowed from the Schuylkill River to the City
in 1801. As in Philadelphia, other cities were motivated less by a desire for
household convenience than by the threats of disease and fire. After cholera
outbreaks in London were traced to the water supply in 1849, powerful
impetus was placed on the cities to develop safe water supply systems. By 1860,
there were 136 city water systems, including one in each of the Nation’s
sixteen largest cities' .

Sewage disposal systems, however, numbered only ten. Water systems,
proliferated, but no parallel facilities were forthcoming to deal ‘with the
increasing waste loads. At the end of the 19th century, thousands of persons
living on streets with sewers were still using old privies and cesspools. Many
engineering innovations and much in the way of human acceptance were
lacking before the indoor flush toilet became a commonplace household item.

Slowly, the evolution towards higher water consumption in the household
continued. Human waste contamination of water supplies had increased, and,
once the disease risk was clearly demonstrated, it became evident that
expanded sewage collection and treatment were needed to protect the public
health.

By 1920, the mass production of enamelware and invention of the flush toilet
marked the beginning of an era—the “bathroom” became an American middle
class necessity. Water closets proliferated along with water-using utensils and
before World War II large American cities had use rates four times that of
comparable European cities. Today the trend towards higher water
consumption continues.

In the Chesapeake Bay Area, there were early advances in water supply
development for public use. Baltimore’s first system to supply water to the
residents of the City began operation in 18072, It was operated by a private
company which used the Jones Falls as a source, distributing the water
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through wooden mains. By 1881, the system had become public and a new
supply on the Gunpowder Falls had been developed. Water was transported to
the City through a tunnel.

Richmond was the pioneer in the Virginia portion of the Study Area,
providing public service in 18303, A water-power system was devised to pump
water from the James River. Albert Stein, who also engineered systems for
Cincinnati and New Orleans, was the innovator of the project.

In the Nation’s Capital, Congress, under threat of disease and fear of fire in the
government buildings, approved a plan to bring water from above the Great
Falls on the Potomac River . The plan, devised by Captain M.C. Meigs of the
Army Corps of Engineers, included a 12- mile aqueduct which required ten
years and many engineering achievements to complete. The project was
completed with water flowing in 1853,

Much of the other water supply development in the Bay Area progressed more
slowly, with private wells being abandoned only recently in some metropolitan
areas. It has only been in the urbanized metropolitan areas where pollution of
sources, health problems, and fire threats have occurred, that major municipal
systems have been required. Many rural residents, especially those using
dependable groundwater sources of good quality, continue to develop and
use individual systems.

EXISTING PUBLIC WATER SUPPLY

Of the Bay Area’s 7.9 million residents, approximately 6.5 million, or 82
percent, are served by central water supply systems. These systems range in
size from those serving as few as 20 persons in small developments to large
municipal systems serving commercial, institutional, and industrial
establishments, and millions of individuals. For purposes of this study, each of
the water supply systems in the Chesapeake Bay Area that serve a population
in excess of 2,500 are termed water service areas (WSA's). Together, the
WSA’s account for 96 percent of the water supplied and 93 percent of the
population served by all the central systems.

Municipal water systems provide for a variety of needs which may be generally
classified as domestic, commercial, industrial, institutional, and public. In
general, domestic uses include those of the household; i.e., food preparation,
washing, lawn watering, and sanitation. Uses within the commercial category
include restaurants, hotels, laundries, and car washes; while hospitals, schools,
and country clubs are classified as institutional. Public uses include fire
protection, street cleaning, and government buildings and institutions. -
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Industrial water supply uses can be classified as process, boiler feed, cooling,
and sanitary water. Depending on the extent and composition of a city’s
industrial makeup and the tendency for local industry to pay for and use public
water, a city’s industrial component of water use may vary radically. There are
public water supply systems in the Bay Area that supply no water to industry
and others that support an extensive industrial component. In Hopewell,
Virginia, for example, industrial uses comprise 80 percent of the water publicly
supplied.

PRESENT WATER USE

To establish a base for projection of future water needs, an inventory was
made of public water supply systems, their present population served, and the
average water use. The results of the inventory are presented in Table 5-1 for
the 49 identified water service areas in the Chesapeake Bay Area. Plates 5-1
through 5-4, located at the rear of the appendix, show the location of each of
these service areas. Water supply data for each system were derived primarily

" from State Department of Health records, County water and sewer reports,

and other local and regional plans. Interviews with individuals at the local
level were also helpful in gaining additional data.

Wide variations in per capita use rate are evident among the systems listed in
Table 5-1. Lows of 50 to 80 gallons per capita per day (gpcd) are found at King’s
Height, Joppatowne, and Waldorf, in Maryland, and Manassas Park in
Virginia. Communities with low use rates are typically more residential in
character, providing smaller amounts of water for industrial, commercial,
and/or institutional needs. Use rates exceeding 150 gpcd occur in a number of
cities: Cambridge, Crisfield, Salisbury, Leonardtown, Seaford, Baltimore,
Washington, Hopewell, and Williamsburg. These high use rates can be
attributed to several factors, not always consistent from system to system. For
example, Hopewell’s astonishing 689 gpcd is due to an estimated 22 mgd
supplied to several large industries. Significant industrial uses also contributes
to the high rates at Cambridge, Salisbury, and Baltimore, while institutional
and military demands and tourism, contribute to the higher than normal use at '
Williamsburg. In contrast, the extensive government activity and array of
public facilities in Washington, D.C., cause use rates in the Washington
aqueduct service area to be among the highest in the Bay Area. Another
component of water use in most systems is leakage. In Crisfield, Maryland, for
example, losses due to leakage constitute an unusually high 25 percent of the
overall use. Most of the remaining public systems (listed in Table 5-1) have use
rates that would be expected from an average amount of residential use and the
concomitant mix of other uses (approximately 80 to 150 gpcd).
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Subregion and
Water Service Area

SUBREGION 1
Aberdeen
Annapolis
Baltimore
Bel Air
Crofton
Edgewood (Perryman)
Havre de Grace
Joppatowne
Maryland City
King's Heights (Odenton)
Severna Park (Severndaie)
Sykesville-Freedom
Westminster

SUBTOTAL

SUBREGION 2
Cambridge
Centreville
Chestertown

Crisfield
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TABLE 5-1
MUNICIPAL WATER USE, 1970

Population
Served, 1970

12,400
40,000
1,542,160
10,200
6,280
7,800
10,000
8,060
4,400
7,900
15,580
7,500

11,000

1,673,820

12,600
2,800
4,000

4,040

Average

Use, mgd

1.2
4.3
245.0
1.0
0.8
1.2
1.55
0.62
0.60
0.53
1.8

0.6

260.3

3.85
0.28
0.53

1.37

Per capita
Use, gpcd

98
108
159

98
127
154
155

77
136

67
115

80
100

156

305
97
132

339
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Subregion and

Water Service Area

SUBREGION 2 (Cont'd)

Delmar

Denton

Easton

Elkton
Pokomoke City
Princess Anmne
Saiisbury

Snow Hill

SUBTOTAL
SUBREGION 3

SUBREGION 4

Seaford

SUBREGION 5

i

Washington Aqueduct

Alexandria

Fairfax County

Water Authority

Washington Suburban
Sanitary Commission

TABLE 5-1 (continued)

MUNICIPAL WATER USE, 1970

Population Average
Served, 1970 Use, mgd
3,000 0.30
2,700 0.39
7,800 1.00
8,500 1.00
3,330 0.30
2,500 0.22
19,000 4.00
_3,000 0.47
73,270 13.8

no large public systems

5,540 0.84
1,130,000 124.0
1,033,000 200.0

110,000 13.0
370,000 36.5

Per capita

Use, gped

100
144
128
118

90

88
210
157

188

153

110
193

118

99
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TABLE 5~1 (continued)

MUNICIPAL WATER USE, 1970

Suhregion and Population Average Per capita
Water Service Area Served, 1970 Use, mgd Use, gped

SUBREGION 5 (Cont'd)

Goose Creek (Fairfax City) 65,000 7.1 109
Manasgsas 11,500 1.25 109
Manassas Park 7,000 _0.35 50
SUBTOTAL 2,726,500 382.2 140

SUBREGION 6
Leonardtown 2,500 0.38 152
Lexington Park 10,000 1.00 100
Waldorf 10,000 0.80 _8a
SUBTOTAL 22,500 2.18 97

SUBREGION 7
| Fredricksburg 19,530 2.6 133

SUBREGION 8
Ashland 3,750 0.35 93
Colonial Heights-Petersburg 67,000 7.10 106
Hopewell 37,440 25.80 689
Mechanicsville 2,880 0.28 100
Richmond System 390,620 41.10 105
SUBTOTAL 501,690 74.6 149

Appendix 5

16

o

‘4

-

»,



&

TABLE 5-1 (continued)

7 MUNICIPAL WATER USE, 1970
Subregion and Population Average Per capita
Water Service Area Served, 1970 Use, mgd Use, gped
SUBREGION 9
West Point 2,600 0.26 100

SUBREGION 10

Newport News System 263,260 27.3 104

SUBREGION 11

Norfolk System 502,680 52.5 103
Portsmouth System 123,960 13.7 111
SUBTOTAL 633,640 66.2 104

SUBREGION 12

Williamsburg 16,500 2.50 151
Smithfield 2,710 0.28 103
Suffolk 18,000 1.80 100
SUBTOTAL 37,210 4.58 123

BAY AREA TOTAL 5,959,560 831.2 139
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In addition to the “large” water supply systems, defined as serving a
population of 2,500 or greater, a certain number of smaller public systems
exist in the Bay Area. The aggregated population served by the “small”
systems for each county was derived from records of the various state
departments of health, Table 5-2 lists the total for each county. In addition to
those persons that receive their water through public water supply systems,
many rural residents derive their water from private wells or other local
sources. The water needs of the rural domestic population is presented, along
with irrigation and livestock requirements, in Appendix 6 — Agricultural
Water Supply. A summary of rural domestic, livestock, and irrigation water
use is presented in Attachment 5-F.

EXISTING PROBLEMS AND CONFLICTS

Provision of water for the people of the Bay Area is not accomplished without
the water supplier encountering certain problems. Growing affluence and
economic development, and the accompanying increased demands for water
have required local water authorities to expand treatment and distribution
facilities. and to search for new sources. In most urban areas, nearby local
sources have been completely developed and cities have been searching further
and further afield for new supplies. The City of Norfolk, for example, pipes
raw water 25 miles from Lake Prince and also maintains a supplementary
source on the Nottoway River, which is 50 miles distant. The Newport News
water supply network extends 20 miles from the city proper and Baltimore’s
aqueduct from the Susquehanna River spans 38 miles, overcoming a
difference in head of more than 100 feet. Larger and more elaborate projects
are certain to emerge in the future as water needs increase and competition
grows for dwindling supplies.

A shortage in supply is perhaps the most critical problem  facing a water
supply facility. The shortages become critical when periods of low streamflow
coincide with dry summer periods when consumer demand is highest. Rainfall
and other hydrologic and climatic parameters influence the amount of water
available in surface sources. Few of those systems that rely on surface waters
can effectively develop a source that is 100 percent safe against all droughts
without incurring prohibitive costs. Thus, as a matter of course, most utilities
must gamble that rainfall will be adequate to replenish dwindling supplies. It is
not uncommon, however, for systems dependent on groundwater to have a
supply essentially independent of seasonal climatic variation. Due to the
massive storage capacity and dampening effect of the aquifers, these systems
can usually supply water at a constant rate through the most severe drought.
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COUNTY

SUBREGION 1
MARYLAND
Anne Arundel
Baltimore
Carroll
Harford
Howard

SUBREGION 2
MARYLAND
Caroline

Dorchester
Kent

Queen Annes
Somerset
Talbot
Wicomico
Worcester
Cecil

SUBREGION 3
VIRGINIA
Accomack
Northampton

SUBREGION 4
DELAWARE
Sussex

SUBREGION 5

MARYLAND
Montgomery
Prince Georges

VIRGINIA
Fairfax
Loudoun
Prince William

SUBREGION 6
MARYLAND
Calvert
Charles
St. Marys

SUBREGION 7
VIRGINIA
King George
Spotsylvania
Stafford

TABLE 5-2
SERVICE POPULATION: SMALL WATER

POP.

61,100
0
21,200
12,700
4,430

4,990
9,050
2,370
100
780
3,340
1,740
12,600
21,300

5,370
4,050

12,800

1,550
650

80,900
3,390
11,100

5,150
10,900
7,410

3,130
4,430
5,790

SYSTEMS, BY COUNTY, 1970

COUNTY

SUBREGION 8§
VIRGINIA
Chesterfield
Dinwiddie
Hanover
Henrico
Prince George

SUBREGION 9
VIRGINIA

Caroline
Charles City
Essex
King & Queen
King William
Lancaster
New Kent
Northumberland
Richmond
Westermoreland

SUBREGION 10
VIRGINIA
York

SUBREGION 11
VIRGINIA

City of Chesapeake
City of Virginia Beach

SUBREGION 12
VIRGINIA

Gloucester
Isle of Wight
James City
Mathews
Middlesex
City of Suffolk
Southampton

Surry

POP.

36,400
2,400
6,860

10,900
4,800

1,900
0
3,190
190
950
5,100
1,700
4,050
2,210
10,000

5,370

5,110
3,050

2,000
3,830
5,310

130
1,790
6,580
5,520

940
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Despoilation of sources is another major problem facing water suppliers in the
Chesapeake Bay Area. Surface waters, both reservoirs and free-flowing
streams, are especially susceptible to pollution. Sprawling urban
developments have encroached in some watersheds, contributing to overland
runoff, sedimentation, and other sources of pollution. Agricultural activity
contributes to overenrichment, sedimentation, and pesticide pollution. Water

suppliers that utilize run-of-the-river sources, such as Richmond on the James.

River and Washington, D.C., on the Potomac, must contend with domestic
and industrial waste discharge from a myriad of upstream sources.

Water systems that depend on groundwater as a source of supply are also
susceptible to contamination. Seepage from septic systems and landfills are
notable sources of pollution in groundwater supplies, saltwater intrusion is
another problem affecting some near-shore areas around the Bay. Long
periods of withdrawal in excess of the natural rate of replenishment of the
aquifer can cause lowering of the water table and eventual intrusion of
saltwater from the ocean or other nearby saltwater body. This condition will
often render the water in the aquifers unusable for years.

In addition to the problems encountered by the water developer, certain
conflicts and problems arise with respect to other uses and resources as a result
of water supply development. Groundwater pumping, for example, may
sometimes lower the water table sufficiently to reduce the quality or quantity
of groundwater available in adjacent areas. For example, industrial
withdrawals near the City of Franklin, Virginia, have, over many years, caused
a 150-foot decline in the water table at the point of withdrawal and created a
cone of influence that affects the water table 20 miles distant at the City of
‘Suffolk. Also, groundwater withdrawals can be ecologically damaging if the
water table is lowered beneath wet environments such as bogs, causing them to
lose their saturated condition.

The impacts associated with development of surface waters are often more
pronounced than those of groundwater development. Reservoir construction
can result in direct reduction of downstream flows, and possibly impact on
other downstream uses, including fish and wildlife, recreation, and ‘waste
assimilative capacity. Supersaturated gases, temperature shock, oxygen-
depleted releases from the hypolimnion, and sudden releases of large volumes
of water are other reservoir-related problems to consider with respect to their
impact on downstream aquatic life. On the other hand, fishery resources and
recreation can also be enhanced during summer months by the artificially
sustained flow made possible by a reservoir.

Diversion of water supplies from one watershed to another is an engineering
practice that directly removes the water and reduces streamflow by the amount
wthdrawn. Baltimore City’s authorized 250 mgd withdrawal from above
Conowingo Dam on the Susquehanna River (at present only minimally used)
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has provoked citizen concern as to potential impacts on the Chesapeake Bay
fishery.

Conflicts also arise in relation to water rights. In the Western United States,
water rights are governed by the law of appropriation which entitles a user who
is first in time and who applies the water to a beneficial use to that amount of
water in perpetuity. The riparian doctrine, characteristic of the Eastern States,
protects adjacent landowners from uses which unreasonably diminish water
quality or quantity. The problem often arises in that social and public values
are neglected in favor of the economicinterests of the private sector. Legislative
actions are then required in order to optimize social and cultural water uses in
conjunction with the conventional economic values.

Impacts will naturally occur in any water resource development, but the
objective should be to minimize the adverse effects to the overall net publicand
environmental benefit, Positive action is needed to provide a management
structure so that water development, while undeniably needed for our
progressing society, will not bear unduly on other uses and resources.

MANAGEMENT RESPONSIBILITIES

Management of water supply systems entails confrontation with the problems
discussed in the previous section. In short, the management authority is
charged with the responsibility to provide water of the quantity and quality
demanded within the service area. A multitude of combinations of
institutional and administrative arrangements are utilized in providing water
for the citizens of the Bay Area. Management structures, set up to provide the
needed supplies, can be privately or publicly administered, usually at the local
level. Public systems are usually operated by their particular town or city
government—as is the case for most of the water service areas considered in
this report. Privately owned public systems are a less common means of water
supply in the Bay Area. Notable examples of privat'ely owned systems are
those at Lexington Park and Bel Air, Maryland, and Alexandria and
Hopewell, Virginia.

Larger areas, including several communities, developments, parts of counties,
or even states, may be incorporated under a regional-type authority, or
commission, to manage all aspects of the region’s water needs. This situation
has the potential to enable efficient, safe, and economical service to a
developing region—especially those with fragmented and localized source
developments and conflicting wastewater control programs. The Appomatox
River Water Authority and Fairfax County Water Authority are examples of
State chartered regional water systems with authority to acquire, construct,
operate, and maintain water systems within particular regions. Sometimes
these written authorities are extended to include wastewater collection and-
disposal.
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A unique arrangement for water supply exists in Washington, D.C. Due to its
status as the Nation’s Capital, water supply s, by law, the unique management
responsibility of the Federal Government, specifically the U.S. Army Corps of
Engineers. Through its Washington Aqueduct Division, the Corps is
responsible for raw water transportation and treatment of water for the many
residents, public institutions, and government facilities in Washington, D.C,,
Falls Church, and Arlington County, Virginia.

'In addition to specific management structures, various health related, and

financial and planning assistance programs are available at the state and
Federal level to aid in the development and/or management of ‘water
supply resources. At the state level, for example, the District of Columbia,
Maryland, Virginia, and Delaware Departments of Health have the
responsibility under law for maintaining the health integrity of all public
drinking water supplies. Consultation services to local public service agencies
are also generally available through the Health Departments, as are planning
and associated environmental services.

Responsibility for the overall water resource management is held at the state
level by the following agencies:

o State Water Control Board in Virginia

e Department of Environmental Services in Washington, D.C.
* Department of Natural Resources in Maryland
¢ Department of Environmental Resources in Pennsylvania

* Department of Natural Resources and Environmental Controlin Delaware

Generally the scope of these agencies’ authority includes planning, program
development, regulation, enforcement, and provision of other public services
as regard water resources.

Asstated in the Department of the Army’s Digest of Water Resources Policies,
the Federal interest in water supply and quality management seeks to “insurea
continuing supply of freshwater, adequate in quantity and quality for urban
and rural withdrawal and streamflow needs.” In practice, however, the policy
of the Federal Government has been toward the long range management of
supplies, leaving the financial burden of supply to the user. For example, if all
costs allocated to water supply are paid by non-Federal interests, the Corps of
Engineers has the authority, pursuant to the Water Supply Act of 1958, to
include municipal and industrial water supply in any of its reservoir projects.
Costs allocated to water supply cannot ordinarily exceed 30 percent of the
total project cost, but, if such storage is economically justified, it may be added
to any project at any time. Under certain conditions, storage for irrigation on
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agricultural lands may also be considered as a purpose in Corps dams, but
under present interpretation, this applies only to certain western states.

Federal level financial assistance is available for rural community water
supply development and planning from the Farmer’s Home Administration
(FHA) of the U.S. Department of Agriculture. Services that are water supply
related, (such as watershed and wastewater facilities, financing, and planning,)
are also available to the rural areas through FHA,

Federal assistance can also be sought in water supply development from the
Soil Conservation Service (SCS), U.S. Department of Agriculture, but only as
it relates to watershed or flood protection. Under certain cost-sharing and
other conditions, water supply storage can be included as a purpose in SCS
dam projects.

Lastly, the Environmental Protection Agency has public health oriented
assistance programs for use by public water utilities. These programs are
designed to promote highly reliable, quality supplies through research grants
and technical assistance.

EXISTING INDUSTRIAL WATER SUPPLY

The industrial component of the 1970 water demands in the Chesapeake Bay
Area is considered in this section. Only the water supply needs of the
manufacturing industries are addressed here, including those industries in
Standard Industrial Classifications (SIC’s) 20 through 39 (as defined by the
Federal Office of Management and Budget). Manufacturing activity in the
Chesapeake Bay Area is dominated by Primary Metals (SIC 33), Paper (SIC
26), Chemicals (SIC 28), Petroleum (SIC29), and Food and Kindred Products
(SIC 20). Other industrial sectors, such as Finance, Transportation, Services,
and Government, are not included in this analysis, as their water demands
generally comprise a portion of the public supply. As noted earlier cooling
water needs for power generation, which constitute a major sector of demand,
are presented separately in Appendix 13: Power.

In general, industrial uses of water can be classified as process, boiler feed,
cooling, and sanitary. Quality requirements vary widely depending on these
uses, and although generalizations for a particular industry and type of use are
difficult to make, some observations can be made. For example, low hardness
is desirable for canning peas, and low chlorides are critical in the paper
bleaching process 6. In some industries, such as Paper, Chemicals, and
Textiles, even the smallest trace of any element such as manganese can make
the process impossible 7. Within an industry, variables in quality requirements
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also occur. In the Paper sector, for example, photographic paper and
cardboard have radically different requirements.

Cooling water, used in condensing and cooling equipment and for quenching
in steel roller mills, can be of almost any quality. For instance, Baltimore City
provides about 120 mgd of its treated municipal waste effluent to the
Bethlehem Steel Corporation for cooling purposes. Much of the other cooling
water withdrawals in the Bay Area are derived from brackish sources,
defined for purposes of this report as all waters containing greater than 1,000
ppm dissolved solids. Ideally, cooling water is of low temperature, turbidity,
and scale-forming materials, especially if it is to be recycled.

Boiler feedwater requires perhaps the most stringent quality control. Only
small amounts are needed to replenish that evaporated, but soft water is
needed to avoid scale buildup, especially in high-pressure boilers. Water used
to meet sanitary needs of industry (toilet facilities, etc.) must, naturally, meet
the same drinking water standards as those for municipal supplies.

An important concept in industrial water supply is water recycling or reuse.
Since large amounts of water can be reused in many industrial processes,
significant savings could be realized if this practice was more widely used.

The tendency of an industry to recirculate water usually depends ultimately on
economics. Water will be reused in a particular situation if the costs of
recovery and recirculation are less than costs associated with the development
of additional sources, or the costs of treatment of the wastewater. Inlocations
where fresh water is scarce or where quality problems require extensive
treatment, recirculation may be heavily utilized. Conversely, in areas with
plentiful supplies of high quality water, or where wastewater treatment costs
are low, reuse is usually uneconomical®,

Efforts to comply with discharge regulations or to reclaim byproducts have in
some instances prompted development of equipment to make recirculation
more economical. For example, in the pulp and paper industry, development
of special filters to remove small amounts of waste fibers from large amounts
of water has enabled large recirculation rates in many plants2!.

Certain other advances in technology serve to illustrate measures that can
result in expanded recirculation practice. In many instances, forced air cooling
towers have replaced natural draft systems, speeded evaporation and reduced
the overall size and cost of recirculation systems22.

Sequential use of water for cooling in several prdcesses, at gradually increasing
temperatures, has also been used to advantage. In steel mill, for example, the
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coldest water can first be used in the power plant condensers, reused to cool
process equipment (operating at 100 to 300° F), and again reused for cooling
burner ports or furnace walls23. Also, development of new ceramic and alloy
materials to withstand high temperatures in industrial processes has enabled
use of air cooling techniques where water was previously needed to minimize
equipment damage?4.

PRESENT INDUSTRIAL USE

Industrial water use in 1970 was inventoried by the Bureau of Domestic
Commerce (BDC), U.S. Department of Commerce. With the aid of the Bureau
of Census, data were accumulated Nationwide for industries utilizing 10
million gallons per year (mgy) or more. Data accumulated include:
identification of the type of industry based on 4 digit SIC identification, intake
(mgy), gross use (mgy), source, employment, treatment, and discharge.

For those plants that utilize more than 10 mgy and did not respond to the
survey, information was obtained from the permit applications submitted for
discharge permits under the 1899 Refuse Act, from industry directories, and
from discussions with BDC industry experts. For the manufacturing plants
with intake requirements of less than 10 mgy, total withdrawal demands were
estimated through the use of water use ratios reported in the 1963 Census of
Manufacturers and estimates of future subregional shares of Gross Product
Originating (GPO).

Results of the inventory of industrial water use in the Chesapeake Bay Area
are presented in Table 5-3. Due to agreements between the Department of
Commerce and the industries participating in the survey, data is not to be
released in detail, but is available only on a subregional basis (SMSA and non-
SMSA county grouping), as delineated previously in Figure 5-1. For this
reason, all tables of industrial water use in this report (except as specifically
noted otherwise) include Kent County, Delaware, as part of Subregion 4, in
addition to Sussex County, Delaware. Water use in manufacturing by 2-digit
SIC is presented in Table 5-4.

Gross use (G) includes all water used, whether fresh, brackish, or recirculated.
Intake (I) represents only the actual withdrawal from stream or bay, or other
fresh or brackish water source, plus purchases. The consumption category (C)
includes all water lost to evaporation or that becomes incorporated into end
products. Discharge (D) is merely the difference between intake and
consumption (I - C). The final column lists the percent of the gross use that is
recycled water [(G-1)/G]?®

As shown in Tables 5-3 and 5-4, total intake from fresh and brackish sources

totaled 1,615 mgd in 1970. Ninety-nine percent of this water was used by only 3
percent of the manufacturing establishments which have demands in excess of
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TABLE 5-3
INDUSTRIAL WATER USE IN THE CHESAPEAKE
BAY AREA, 1970, mgd

oy

_11
Subregion Gross Use (G) Intake (I) Consumption(C)} Discharge (D) Eéf
1 Baltimore SMSA 1,226.1 990.7 43.7 947.0 19.2
2 Non-SMSA, MD 35.5 34.8 N0.9 33,9 1.9
3 Non-SMSA, VA 2.6 2,3 0.2. 2.1 11.5
4 Non-SMSA, DE° 82.7 65.6 1.9 63.7 20.7
5 Washington SMSA 5.4 4.7 Nn.2 4.5 13.0
6 Non-SMSA, MD 0.8 0.8 N0.1 0.7 0.0
7 Non-SMSA, VA 32.9 27.4 1.8 25.6 16.7
8 Richmond and
Petersburg SMSA's 400.5 286.8 14.0 272.8 28.4
9 DNon-SMSA, VA 52.4 26.5 5.0 21.5 49.4
10 Newport News-
Hampton SMSA 114.9 100.2 0.7 99.5 12.8
11 Norfolk-
Portsmouth SMSA 32.3 25.3 1.3 24.0 21.7
12 Non-SMSA, VA 621.8 50.4 _4.8 45.6 91.9
TOTAL BAY AREA 2,607.9 1,615.5 74.6 1,540.9 38.1
1

G-I = Percent recycled.
G

2includes Kent Co., Delaware
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TABLE 5-4
WATER USE IN MANUFACTURIKNG, BY SECTOR,
CHESAPEAKE BAY AREA, mgd

Gross Use Intake Consumption Discharge fﬁ%
All Manufacturing 2,607.9 1,615.5 74.6 1,540.9 38.1
Food & Kindred Products 79.7 74.3 5.6 68.7 6.8
Paper & Allied Products 644.8 72.8 7.6 65.2 88.7
Chemicals 402.5 328.1 14.5 313.6 18.5
Petroleum 81.6 76.3 0.7 75.6 6.5
Primary Metals 1,094.6 882.3 35.1 847.2" 19.4
Other Manufacturing 304.,7 181.7 11,1 170.6 40.0
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10 million gallons per year (mgy). These plants, which, for the purposes of this
study, are termed the “large water users,” represent 190 of the 5,800 individual
manufacturing establishments in the Bay Area. Thus, most of the plants for
which data are aggregated here are small with respect to the amount of water
used. Most are also small in terms of employment and production.

In addition to the concentration of water use among a relatively small number
of plants, there is also a concentration of water use within particular types of
industries. In the Chesapeake Bay Area, 82 percent of the total water used is
accounted for by three groups of industries: SIC 26, Paper and Allied
Products; SIC 28, Chemicals and Allied Products; and SIC 33, Primary
Metals, as shown in Table 5-4. '

Recirculaton of supplies is practiced by some industries to conserve water,
meet discharge requirements, or, often, to recover components in the
wastewater. A measure of the degree to which recirculation technology is
utilized in each subregion is shown in the final column of Table 5-3, and for
each major type of industry in Table 5-4.

The best recycling efficiency occurs in the paper industry in which 88.7 percent
of the gross water used is recycled. In other words, nearly nine times as much
water would be needed from the river, or other source, if recirculation was not
practiced—645 vs. 73 mgd, on the average. Of the major industries in the Bay
Area, the Petroleum industry recycles least, primarily due to the once-through
use of brackish water for cooling. However, National figures for Petroleum
indicate recirculation at least 10-fold that in Chesapeake Bay.

Water withdrawals, categorized as to source, are shown in Table 5-5. The total
amount withdrawn in 1970, is estimated to have been 565,355 mgy, or an
average of 1,615 mgd (assuming a 350 day work-year). Sixty-one percent of
this is used in the Baltimore SMSA alone with the Richmond and Newport
News SMSA’s following with 18 and 6 percent, respectively.

In contrast to the Nation as a whole, in which approximately 75 percent of
industrial supplies are obtained from freshwater sources, only about 37
percent of all Bay Area industrial withdrawals are from freshwater sources.
Table 5-6 details the National breakdown of industrial water use by source
versus that in the Bay Area. Brackish use is shown to constitute a major
portion of industrial use in the Bay Area. Because many plants are located on,
or in close proximity to the Bay, brackish water is substituted for certain
operations. The total quantity amounted to an average of 899 mgd (315 bgy),
or 56 percent of all withdrawals in manufacturing in 1970. Nationally, only
about 18 percent of industrial withdrawals are brackish.
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TABLE 5-6
WATER USE IN MANUFACTURING, NATIONAL COMPARISON,
BY USE (Billion gallons per year, percent)

Total Surface

Intake Public  Ground Fresh  Brackish
Nationally! 15,024 1,649 1,653 9,042 2,671

100.0% 11.0% 11.0% 60.2% 17.8%
Chesapeake Bay 5652 39 46 122 315

Study Area, 1970 100.0% 6.9% 8.1% 21.6% 55.8%

10
1 From Census of Manufacturers, 1972
2 Includes wastewater reuse (7.6 percent of intake).

Perusal of Table 5-5 reveals water use characteristics which are often peculiar
to the individual subregions. Industrial water use in Subregion 1 (Baltimore),
for instance, is derived predominantly from brackish sources and is used for
cooling purposes. While self-supply is the general rule in most of the Study
Area, 80 percent of the freshwater in Subregion 1 is provided through public
systems, particularly the Baltimore City System. Also of interest is the reuse of
about 120 mgd of treated municipal waste by the Bethlehem Steel
Corporation. This comprises an extraordinary 7.6 percent of the Bay Area’s
total industrial intake.

Water used for manufacturing purposes on the Delmarva Peninsula
(Subregions 2, 3, and 4) is dominated by the food processing industry. In
Subregion 2, Food accounts for 50 percent of industrial withdrawal, and
Chemicals (SIC 28) an additional 24 percent®. Industrial water use in
Subregion 3 (Eastern Shore, Virginia) is predominantly in Food industries.
Subregion 4 (lower Delaware) supports large water using industries in the
Food and Chemical sectors. Although marked quantities of surface water are
used in Subregion 4 (when compared with other Eastern Shore areas), supplies
are generally derived from the plentiful Coastal Plain groundwater resource.
Manufacturing water use is small in most of the Washington Economic Area
(Subregions 5, 6, and 7). Industrial activity in Subregion 5 (the Washington,
D.C. SMSA) is dominated by the governmental and service-oriented sectors,
and, as such, there is little water use in manufacturing. For the non-SMSA
area in Maryland (Subregion 6), water use is concentrated in Food and
Lumber’!. These three counties rely almost entirely on groundwater, but in
Subregion 7 (Virginia), 99 percent of withdrawals are fresh surface water.
Ninety-five percent of usage in Subregion 7 is by the FMC Corporation at
Fredericksburg (SIC 28)12, which withdraws water directly from the
Rappahannock River.
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Moving southward in the Chesapeake Bay Study Area to the vicinity of the
James River, marked increases are observed in industrial water uses, as shown
in Table 5-5. The Richmond SMSA (Subregion 8) contains a heavy
concentration of Chemical industries. Five large plants in Hopewell and
Chesterfield Counties account for 72 percent of the subregional industrial use
(about 200 mgd). Paper manufacturing ranks second, constituting an
additional 9 percent of the overall intake. The primary source of supply inthe
Subregion is fresh surface water from the James River.

Industrial water use in predominantly rural Subregion 9 is dominated by the
Chesapeake Corporation (SIC 26) at West Point, which uses 95 percent of all
industrial withdrawals in the area. Of note is the effective recirculation
technology used by the plant which cuts withdrawal demand by 50 percent.
Industrial water use in the balance of the area is light. The dominant source of
supply is from wells.

Industrial withdrawals in the Newport News-Hampton SMSA (Subregion 10)
are approximately 90 percent brackish. About 80 percent of this, or 71 mgd, is
used by the American Oil Company at its Yorktown refinery'3. In the Norfolk
SMSA (Subregion 11), manufacturing usage is again primarily brackish,
constituting 63 percent of withdrawals. Public supplies account for an
additional 22 percent. Fertilizers and other chemical manufacturing industries
use over 40 percent of the subregional industrial water supply.

Subregion 12 is the final area under consideration. Usage in the Subregion
amounted to 50.3 mgd, of which 76 percent was employed in paper
manufacturing. Groundwater supplies nearly 90 percent of the industrial
demands of the area. The Union Camp Corporation alone accounts for
groundwater withdrawals of 38.4 mgd from the Potomac Aquifer near
Franklin, Virginia!4.

EXISTING PROBLEMS AND CONFLICTS

Certain problems and conflicts arise when different interests are competing for
use of the same resource. From the point of view of the water supply manager,
for instance, there are insufficient controls and institutional arrangements to
regulate the effects of upstream users on those downstream. Waste discharges
and consumptive losses have traditionally occurred without regard to
downstream uses, such as recreation and fish and wildlife, as well as additional
public and industrial needs. The downstream users must subsequently
contend, at some expense, with the polluted and/ or depleted supplies. All told,
some of the costs of providing goods and services to the people must be borne
by society and the environment at large. Polluters use the free resource and
leave the problem—costs are borne by subsequent users or uses.
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Water quality standards drawn up at the state level, and Federal goals set forth
in the 1972 Amendments to the Water Pollution Control Act, have the
potential to somewhat equalize the costs between initial and final users alonga
watercourse. Higher treatment levels and/ or increased recirculation and reuse
in the manufacturing sector have already improved stream quality in some
areas and to some extent have had the effect of redistributing costs back to
dischargers. Continuing advances toward established water quality goals and
new institutional arrangements will be needed to enhance our waterways in the
interest of all users.

Other problems and conflicts discussed previously in conjunction with public
water supply apply equally well here, as regards industrial water supply. For
example, excessive groundwater withdrawals which deplete the surrounding
aquifer and encourage saltwater intrusion, and depletion of surface water
flows by diversion or lack of rainfall are typical problems encountered by
water suppliers. In turn, pollution and/or depletion of available water flows,
resulting from water supply development and use, will sometimes adversely
affect other resources, including fish and wildlife, recreation, and the
assimilative capacity of streams.

MANAGEMENT RESPONSIBILITY

Management responsibility for industrial water supply usually rests witheach
particular manufacturcr. Managers are left to their own devices to seek out the
sources that most economically satisfy their particular quantity and quality
requirements. Often, if only a relatively small quantity of water, or water of a
particular quality, is needed, a public water supply may be an industry’s most
economical water source. In this case, management responsibility falls to the
public water utility. Management responsibilities of the many water supply
related state and Federal agencies have been previously discussed in the
“Public Water Supply” section. These apply equally as regards industrial
water use activities.

SUMMARY

A summary breakdown of existing freshwater use, by type, is presented in
Figure 5-3. Included are average water uses for public systems, self-supplied
domestic needs, agriculture (livestock, poultry, and irrigation), and self-
supplied industry (including wastewater reuse). The segment that represents
agriculture in the diagram includes the irrigation requirement as an annual
average during a normal precipitation year. The total amount of water
represented in the chart is 1,568 mgd. It should be noted that brackish water
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use, which in 1970 averaged about 899 mgd, is not accounted for in the
diagram. Water requirements for cooling in the generation of electric power
are also not included here, but are addressed in full in Appendix 13: Power.

LARGE

PUBLIC

SYSTEMS

(53.07%)

SELF-SUPPLIED

INDUSTRIAL

(38.5%)

Small public systems
(2' 3%)

Rural domesfic
(4.0%)

Agriculture
(2.22)

FIGURE 5-3: ANNUAL AVERAGE FRESHWATER USE BY TYPE, 1970
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CHAPTER III

FUTURE WATER SUPPLY NEEDS

This chapter is devoted to a projection of future municipal and industrial
water supply needs in the Chesapeake Bay Area. For purposes of this analysis
projections were made through the year 2020 for:

a. All persons served by central water supply systems
b. All manufacturing industries.

Also contained in this chapter is a presentation of the capacities of the existing
water supply systems and sources that provide service to the major centers of
population in the Bay Area. Potential future water supply deficits for these
central systems were computed by comparing projected future water supply
demands with the yield of presently developed sources and the capacity of
existing water treatment plants and pumping facilities.

Appendix 6: Agricultural Water Supply, contains the complete methodology
and projections of agriculture related water demands, including the quantities
of water needed to service livestock, irrigate crops, and fulfill the domestic
requirements of those persons residing in rural areas that are not served by
central water supply systems. Water supply requirements for use in cooling of
electric power generating equipment are presented in Appendix 13: Power.

The assessment of the water supply situation for communities which are served
by central systems is relatively straightforward. The geographic locations of
both the supply source and the demand center are specifically defined and
comparisons can be readily made of expected water use and the capacity of
existing sources and systems. It is considered to be a safe assumption that
future population and economic growth will continue to occur predominantly
around the existing urban centers.

Except in very isolated instances, however, it is difficult to predict specific
future water supply demands for industry and agriculture in terms of specific
sources of supply. It was not considered practical, therefore, to be site-specific
in projecting the future water supply demands in agriculture as presented in
Appendix 6, nor the self-served industrial water supply demands presented
herein. Rather, needs of this type have been aggregated and presented as a
total for each subregion. The subregional delineations, as shown earlier in
Figure 5-1, are the Standard Metropolitan Statistical Areas (SMSA’s) and the
non-SMSA county groupings as defined by the U.S. Bureau of Census. It is
also of importance to note that all economic projections made by the
Department of Commerce for this study are based on the same subregions.
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In order to assess the capability of the entire freshwater resource of the
Chesapeake Bay Area to meet possible future water supply demands, a
comparison was made between an estimate of the freshwater available in each
subregion and the aggregated water supply demand for each subregion. The
total demand was determined by combining the agricultural institutional and
self-served industrial water supply demands with the demands generated in
areas served by central systems. Possible future deficits were then computed by
comparing the total water supply demand with the present yield of all possible
water supply sources in the subregion. Types of sources considered include
groundwater aquifers, surface streams with significant flows, existing
reservoirs, and pipelines importing water from other regions.

Brackish water also comprises an element of supply in the Chesapeake Bay
Area. Within some of the manufacturing industries, water of this type (with
dissolved solid in excess of 1000 mgl) is acceptable for use in once-through
cooling processes. Although the assessment of future needs presented in this
Chapter are in terms of freshwater demands, and freshwater supplies,
projections are also included for the brackish water demands in
manufacturing.

MUNICIPAL WATER SUPPLY DEMANDS

As shown in Chapter II, water supplied through large public systems in the
Bay Area amounted to about 831 mgd in 1970. Based on projections of
population and economic development in the Bay Area, requirements for
water to be served through these public systems will more than double by the
year 2000. This section presents the assumptions and methodology used in the
projection of the public water supply demand and a detailed presentation of
results.

The quantity of water used by a municipality is a function of a variety of
factors. Of particular significance are population, population density, per
capita income, the quality of the water, the price of the water, whether or not it
is metered, and the number and types of industries, commercial
establishments, institutions, and office complexes involved. A myriad of these
and other factors account for the wide variations in use rate evident in Table
5-1: from lows near 60 gpcd to highs of almost 200 gpcd.

With the passage of time, changes in any one or a number of these factors may
occur which will have a direct influence on the quantity of water used withina
community. Therefore, in order to forecast expected water demands, it is
desirable to analyze each of these parameters in the context of the future. It is
well recognized, however, that scientific methods are not available which will
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yield exact answers as to the future. Rather, forecasting is normally
accomplished by applying accepted methodologies to a formulated set of
assumptions on future trends.

It is important for those in water resource management positions to be fully
aware of the implications of these assumptions when decisions are made in
which the magnitude of a future water demand is a significant factor. An
analysis of the effects that certain changes in the basic assumptions may have
on the future water supply demand is presented in Chapter IV (Sensitivity
Analysis). Included is an analysis of alternative population projections in
terms of the effect these alternative projections may have on public water use.

In addition, Chapter V (Means to Satisfy the Needs), contains an analysis of
certain other variables that affect water use in public systems, such as pricing
and metering, to demonstate how they might be used as tools to control
demand growth.

ASSUMPTIONS

Certain assumptions are used in this study in the derivation of municipal water
supply demands. The most basic assumptions, which concern population
growth, increases in per capita water use, and the industrial portion of public
supply in each community, are as follows:

a. OBERS projections, Series C, reflect future economic and
demographic trends for the Bay Area;

b. The service populationin each of the water service areas will remainasa
constant proportion of the projected census population;

¢. The 1970 per capita use rate for each water service area, for non-
industrial uses, is related to per capita income (see Figure 5-4).

d. The per capita use rate (referred to in “c” above) will grow at gradually
reducing rates as illustrated in Figure 5-5; (this is based on a 3 percent annual
growth rate at 40 gped, 1 percent at 80 gped, and one-half percent at 150 gped);

e. Publicly supplied industrial water uszin each community will remain as
a constant proportion of the subregional total industrial water publicly
supplied (see next section for additional assumptions regarding industrial
water demands.)
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f. Small centralized water supply systems, which are defined as serving
fewer than 2,500 persons, have an initial non-industrial use rate of 85 gpcd.

Other factors which influence a community’s demand for water, such as social
taste, community character, and public policies, with respect to water use and
development, are not directly addressed in the projections presented in this
chapter. Forces within society which tend to influence changes in the
magnitudes and types of water use within the cities arc assumed to remain
constant throughout the study period. However, an analysis of the possible
influence on water use that may result from institutional changes, such as the
use of metering or pricing, is included in Chapter V. As mentioned previously,
the changes in water demand occasioned by changes in population projections
are presented in Chapter IV.

METHODOLOGY

As discussed previously, municipal demands consist of several elements,
including domestic (household), commercial (restaurants, hotels, and service
stations), institutional (schools and hospitals), public (street cleaning and fire
protection), and industrial. Generally speaking, a given service population
with a particular character can be assumed to support commercial,
institutional, domestic, and public needs that are indigenous to the area. Thus,
the non-industrial components of municipal water use can be expected to grow
proportionately with population. Industrial demands, however, are more a
function of the manufacturing process involved and are not necessarily
directly related to a city’s population growth. Thus, the industrial, and the
aggregated domestic, commercial, and public demands, were projected
separately for each water service area.

Difficulties arose in attempts to determine the industrial component of the
usage in each water service area, as data regarding industrial use are not.
normally compiled as part of the management and operation of most water
systems. Thus, a Bay-wide relationship between publicly supplied non-
industrial water use and per capita income was derived in order to disaggregate
the non-industrial and industrial components of public usage for each water
service area. This approach is supported by the fact that as affluence increases,
in areas of more highly developed economies, the demand for water for
domestic purposes also tends to increase. People in the higher income levels
are better able to afford such water-using appliances as washing machines,
dishwashers, and air-conditioning. Increased incomes also tend to be
accompanied by increased demands for watering of large lawns in suburban
areas, and increasing numbers of private swimming pools. Areas of higher per

Apnendix 5

38

‘I

)

"‘J



‘]

Non-Industrial Per Capita Use Rate (gpcd)

180

160

3

120

capita income are also associated with a more extensive and diverse com-
mercial activity, as well as increased activity in the public sector.

The relationship between per capita income and per capita non-industrial
water use is shown in Figure 5-4. As derived in the Bureau of Domestic
Commerce survey of industrial water use, subregional values of all water
publicly supplied to industry were used in conjunction with aggregated total
public usage in each subregion to determine non-industrial per capita use rate
for each subregion. These per capita use rates were plotted against the average
per capita income in all areas of greater than 2,500 population in each
subregion to obtain the curve in Figure 5-4. Using Figure 5-4 and the
appropriate per capita income, an estimate of the 1970 non-industrial usage
for each water service area was derived. Adjustments were made in certain
cases in which results were unreasonabie or in conflict with existing data. Also,
the relationship in Figure 5-4 was not used for water systems that were known
to supply no industrial needs. In these instances, the 1970 non-industrial use
rate is merely that presented in Chapter 11, Table 5-1,
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FIGURE 5-4: NON-INDUSTRIAL PER CAPITA USE RATE VERSUS INCOME, 1970
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After the 1970 non-industrial per capita use rates were defined for each water
service area, projections of the per capita water uses were made using a
methodology derived by the Federal Water Pollution Control Administration
(now EPA) for the Ohio River basin Comprehensive Survey. A relationship
between per capita use rate and annual growth in use rate, as shown in Figure 5-
5, was derived through a statistical sampling and analysis of consumption in
both small and large cities. The curve was used previously in the North Atlantic
Water Resources Study and it is assumed that the future growth in per capita
water demand in the Bay Area will occur in a like manner.

Based on this curve, the annual percent rate of increase in per capita water use
will be faster in areas with lower use rates, and slower in areas with higher use
rates. For example, the usage in service areas with use rates of 150 gped will
increase more slowly than it would in areas using 40 gpcd. Also, limits in use
rates are approached using this methodology, whereas other commonly used
projection methodologies allow growth to unrealistically high levels. For
example, a standard approach in many projection methodologies is to assume

I~

—

60 80 100 120 140 160
Per Capita Use Rate (any year 1970-2020)

¥

W)

FIGURE 5-5: RATE OF GROWTH IN PER CAPITA USE RATE ) RATE (15)
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a one percent per year increase in the per capita use rate. The following is a
comparison of results using the graduated use rate method and the one percent
per year compounded method.

After 50 Years

Initial Use Rate Graduated Method 19 Compounded
(gped)
40 90 66
66 109 108
100 128 164
150 185 247

Per capita use rates, as derived for each community water system using the
graduated use rate method, are presented in attachment 5-A.

Following the above determination of projected per capita use rates, the next
step in the analysis was to project the population in each of the water service
areas. Population projections for the cities and counties of the Chesapeake
Bay Area were prepared by the Bureau of Economic Analysis (BEA), U.S.
Department of Commerce, from the OBERS Series C economic and
demographic projections. Since the service population in many of the water
service areas differed from the known census population in many of the
communities (usually due to service outside the defined geographical limits of
the community), it was assumed that the proportion between the two
population numbers would remain constant from the base year (1970) through
the year 2020. The ratio between the service and census population for each
community, when applied to the projected census population, as provided by
BEA, yields the estimated future service population in each comn:unity for
each goal year. The projected service populations for each water service area
are presented in Attachment 5-A.

Given the projected per capita use rates and the expected populations of the
water service areas, the future non-industrial demands on the large systems are
the product of the two parameters.

The Industrial water that is publicly supplied in each of the water service areas
was disaggregated from the total subregional industrial demands. The
projected amount of water publicly supplied to industry for each subregion
was disaggregated to the various water service areas based on a shares analysis
of future employment growth within each water service area. Implicit in this
approach is the assumption that the water utilities will indeed continue to
supply expanding industrial needs. It is acknowledged, however, that policy
decisions at the local level may influence the future magnitude and distribution
of industrial demands in the area.
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Small water systems (those serving fewer than 2,500 persons) were projected as
an aggregate, by subregion, using the same per capita rate of increase curve as
for larger systems (Figure 5-5). Populations were derived by relating
projections of total county population to the population of small towns and
cities. The historical percentage increase in the growth of small towns and
cities in the Chesapcake Bay Area was found to vary according to the
regression: 6.0 + 2.33Xj, where Xj represents the percent increase in county
population over the previous decade. Based on previous studies and
observations of average water use in the Eastern United States, an initial non-
industrial water use rate of 85 gpcd was selected as being representative of the

average use in small systems in the Bay Area. It was assumed that there wasno

industrial component of demand in the small systems.

PROJECTED MUNICIPAL DEMANDS

Based on the methodology discussed in the preceding section the municipal
demands were developed. These are presented in Table 5-7, by subregion, for
each Water Service Area in the Chesapeake Bay Area. The non-industrial and
industrial components, and the total are shown for each goal year, and sums
tabulated for each subregion. In some cases, the present demands in some
service areas exceed the amount that would normally be expected based on the
income or industrial activity of the community. These “unaccounted
demands” are carried through as a constant for all the goal years. In such cases,
the particular water service area in question is asterisked. These unaccounted
for amounts may result from any number of factors, including excess leakage
(as is probably the case at Crisfield), unusual military or institutional use (such
as at Williamsburg), or public usage in excess of what might be expected (as is
the case at Washington). Results for the aggregated water use by small systems
in each subregion are detailed in Table 5-8.

INDUSTRIAL WATER SUPPLY DEMANDS

In the previous chapter, industrial water withdrawals were shown to be 1,615
mgd. Of this, however, only 37 percent was from fresh sources, illustrating the
importance of brackish water to the industries around the Chesapeake. Other
sources include groundwater, surface water, and one instance of wastewater
reuse in the Baltimore arca. Most of the demands were shown to be
concentrated at Baltimore, Richmond, and the Hampton Roads areas. These
centers of industrial activity are expected to form the focus of future growth
and industrial expansion as well.
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A major consideration in the projection of industrial water supply demands is
the fact that federal water quality goals may impact heavily on industrial water
use habits. The 1972 Amendments to the Federal Water Pollution Control Act
(PL 92-500), require application of “best practicable” treatment technology by

1978, and of “best available” technology by 1983 (without further defining the

quoted terms). In addition, the act advocates that a goal of “zero discharge” of
pollutants be sought. Asa result, improved recycling technology will probably
occur as industries begin to comply with directives, and strive for higher levels
of waste treatment.

Significant reductions in intake demand are associated with increased
recirculation within an industry. The more that water is recirculated, the less
water is needed to replace that discharged. Future water use patterns will thus
depend on the degree to which recirculation technology is utilized by the
industries in the Chesapeake Bay Area. In consideration of this, three
alternative sets of projections were dcvéloped to reflect various degrees of
recirculation.

The projections vary only in the projected rates of recycling. Such measures of
economic growth as production, employment, and earnings are thus the same
in all three cases. Following a discussion of the derivation of the alternative
projections, the assumptions and methodology used to accomplish the third
and final set, which was selected for use in the balance of the report, is
presented. The Sensitivity Analysis, to be included as a later chapter in this
report, presents, and makes comparisons between, the industrial water supply
demands that result from all three of the alternatives.

DISCUSSION

The results of the survey of industrial establishments and water use, as
presented in Chapter II, were developed by the Bureau of Domestic
Commerce, U.S. Department of Commerce (BDC), under contract with the
Baltimore Dastrict, U.S. Army Corps of Engineers. The balance of the work
performed under this contract involved the projection of future industrial
demands. The projections were derived by assuming (in part) that each
industry group will achieve, as an average, the maximum theoretically,
possible recycling rate (R), by 2020, where R = G/I as defined previously in
Chapter 1. Very marked reductions in industrial withdrawal demands and
discharges result from this methodology which is termed Projection Set 1. The
gross water use and consumption figures generated in this initial analysis also
formed the basis for derivation of the intake demands for all three projection
sets.

The values for “recycling rate”, obtained through the BDC survey of individual
plants, reflect all combinations of in-plant process technology and/or water
recycling in the strict sense. The terms “technology” and “recycling” are thus
used interchangeably in this report to refer to advances in efficiency in
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industrial water use, whether it be through improved production processes
(which are important factors in certain types of industry) or recycling (which
usually occurs in cooling and/or by-product recovery operations).

For comparison purposes, Projection Set 2 was developed which assumed
industry would maintain present rates of recycling technology throughout the
goal years. Water withdrawal requirements in this case increase
proportionally with the projected gross water demand.

A comparison of the plots of the recycling rate associated with Projection Set 1
(assuming implementation of advanced technology) and Set 2 (constant
technology) is shown in Figure 5-6. Upon examination, the two projection sets
were felt to represent what might best be termed an “envelope” of values that
reflect the impact of recycling in future industrial water use, It is felt, for
example, that future industrial recycling practice will most probably exceed
the conditions of constant recirculation (Set 2). In addition to the influence of
the national water quality goals, other factors are known to increase industrial
water reuse and subsequently reduce withdrawal requirements. For example,
recirculation of supplies is utilized by some industries to recover materials in
the process water. Other industries increase their recycling ratios to, very
simply, conserve water.

Regarding Projection Set 1, it is likely that a future review and analysis of the
National water quality goals may eventually result in a redefinition of certain
water quality standards. This would in turn permit industry to fall back from
the “maximum theoretically possible” recycling rates, as assumed in
Projection Set 1, It has been estimated by the National Water Commission, in
their report to the President in 1973, that attainment of the 1983 water quality
goals would cost industry $108 billion (in 1972 dollarss!). It is questionable
whether the expenditure of these funds by industry (and ultimately the
consumer and taxpayer) will provide equal benefits in terms of environmental
quality. It has been estimated by a major chemical manufacturer, for example,
that by 1977, 93 percent of their potential BOD will be removed. To remove
the next 5 percent will require an additional capital investment of $78
million—a 50 percent investment increase to achieve a mere 5 percent
improvement?°,

In view of the above considerations, a third set of industrial demands was
derived that reflects a moderate future growth in water use technology.
Projection Set 3 was made based on a straight-line continuation of the 1975 to
1980 trénd in recycling as projected by BDC for each major industrial sector.
The resultant plot of Projection Set 3, shown in Figure 5-7 as “moderate
technology,” illustrates the trend as compared with Projection Sets I and 2,
and with historical recycling rates at the national and regional levels. The
historical data were compiled from the Special Report Series volume: “Water
Use in Manufacturing,” from the U.S. Department of Commerce’s Census of
Manufacturers.
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TRENDS IN INDUSTRIAL WATER USE TECHNOLOGY, -
PROJECTION SETS 1,2, AND 3
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This discussion was presented in order to trace the development of the
industrial water demands used in this report. Specific assumptions and details
of the methodology are included in the following two sections.

ASSUMPTIONS

Certain basic assumptions were used in the projection of industrial water use
for the Chesapeake Bay Area. Uncertainties as to future trends in such things
as employment, the Gross National Product, and National water quality
goals \make certain assumptions necessary. Basic assumptions are also needed
concerning the future industrial mix, geographical site locations, and possible
improvements in water use technology.

As stated previously, gross water demands remain the same in each of the three
projection sets. In the methodology used by the Bureau of Domestic
Commerce to derive these gross demands, the following assumptions were
made:

a. Gross demands for each industrial sector grow in relation to Gross
Product Originating (GPO), as derived from OBERS projections of earnings.

b. Projections of consumptive use are based on a continuation of the 1970
observed relationship of consumption and gross demand. ‘

Projection of water intakes for Projection Set 1 involves a series of
assumptions regarding future recycling:

a. “Best available technology” is reflected by the average of the 20 highest
recycling ratios reported by any particular 4-digit SIC industry in the 1970

BDC National survey, including the more efficient production technologies.

b. The weighted average of the 4-digit “20-best” reflect the recycling ratios
for the entire industry group (2 digit), by 1985.

c. For the year 2000, each industry group will achieve their maximum
theoretical recycling rate, towards the National goal of zero discharge of
pollutants (the theoretically possible recycling rate is calculated from current
gross water uses and projected minimum intakes).
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Projection of water intakes in Projection Set 2 assumed a continuation of
recycling rates at the 1970 level for each major water-using industrial sector.
The water intakes derived in Projection Set 3 assume a straight line
continuation of the 1975 to 1980 trend projected in Projection Set 1.

METHODOLOGY

The most important parameter in projecting industrial water needs is the gross
water demand, since it is from this that projections of withdrawals and
consumptive losses are determined, and upon which the accuracy of all other
use components depend.

The gross water demand may be expected to vary directly with manufacturing
output—the more products, the greater the demand for water. For the
manufacturing sector as a whole, this expectation has been confirmed in the
last four censuses of manufactures. In those censuses, the gross water demand
per unit output (measured in constant dollars value added in manufacturing)
has remained relatively constant, varying by less than 2 percent.

Gross water demands were projected by developing coefficients for each major
water-using industry group and the residual industries as a single group by
relating the reported 1970 gross water demands to the production proxy
(GPO). The latter was derived from the constant dollar earnings and
conversion factors provided for the Chesapeake Bay Study in the economic
forecasts of OBERS (Office of Business Economics and the Economic
Research Service).

The gross water demand can be satisfied by any combination of withdrawal
and recycling of water, with the options ranging from once-through use of
water, in which case withdrawal equals gross water demand, to a completely
closed recycling system in which, after the initial input of water, the
withdrawal requirement reduces to zero. It is obvious, then, that if the gross
. water demand is to be met, the extent to which recycling is practiced
determines the amount of water that will be withdrawn. Except for the most
simple of manufacturing operations, however, a closed system is impractical,
and, manufacturing operations being generally complex combinations of
operations, water is consumed or lost from the system by evaporation, leaks,
incorporaton into products, ¢tc. In any system in which the gross demand is
met in whole or part by recycling, those consumptive losses must be made up
by equivalent additions of new intake water. Consumptive losses, then, impose
a minimum requirement for withdrawal, and impose a theoretical limit on the
ratio of recycled water to gross demand.
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Consumption of water as an element-in industrial water use is derived by
subtracting reported discharges from reported withdrawals. There are
inherent errors in this derivation, however, which result from the lesser
reliability of the discharge quantities reported (usually estimated) as compared
to the reported withdrawals which are usually obtained from meter readings
and pumping records. As a result of this, the relationship of consumptive use
to gross water demand, or to value added, appears in the Census of
Manufacturers to be inconsistent. In this study, because consumptive losses
are a critical parameter in the forecasts for future planning, these
inconsistencies have been ignored and projections of consumptive use have
been based on a continuation of the observed relationship of consumption to
gross demand as revealed in the BDC 1970 survey, converging that
relationship to the National averages for any particular industry group for
which the regional ratios appeared to be unreasonable.

The projected withdrawal requirements (intake) were derived differently for
the three alternative projection sets. The methodologies used for derivation of
each set are discussed in the following subsections.

Projection Set 1

While it 1s acknowledged that recycling practices in manufacturing are
influenced by many factors, the projected withdrawal requirements for
Projection Set 1 were calculated by assuming that improved recycling
practices will occur in the future as higher levels of waste treatment are
instituted by the manufacturers as required by the 1972 Amendments to the
Federal Water Pollution Control Act (PL 92-500). To couple the timetable of
improved waste-treatment to projections of industrial water withdrawals, the
following assumptions and calculations were made.

It is assumed that the current “best-available” technology is reflected in the
average of the 20 highest recycling ratios reported by all individual
establishments in any 4-digit SIC industry in the 1970 BDC nationwide survey.
The averages are generally referred to as the “20-best” file. Weighing these 20-
best averages for the 4-digit SIC industries by the gross water used in each, an
equivalent recycling ratio for each 2-digit SIC group was produced. This ratio
was then assumed to be achieved by the entire industry group, regionally and
nationally, by 19835,

For the year 2000, it was assumed that each industry group will, in the process
of achieving the national goal of zero discharge of pollutants, achieve the
maximum theoretically possible recycling rate. The theoretical maximum
recycling rate is calculated from current gross water uses and projected
minimum intakes. The latter is the sum of current consumption and additional

Avpendix 5

53



consumptive losses that could result from the requirements to abate thermal
pollution from all non-contact cooling water used in manufacturing. The
losses were estimated on the basis of probable evaporative losses by 2000 from
the use of cooling towers and ponds.

From the calculated gross water demands and recycling rates from 1985 and
2000, withdrawal requirements were derived and the degree to which recycled
water provided for the gross demand was determined as percent recycled
water. For the interim years 1980 and 1990, the percentages of recycled water
were computed by compound interest rate formulae based on the differences
between values developed for 1970, 1985 and 2000. Beyond the year 2000,
recycling rates are kept constant at the theoretically maximum achievable year
2000 rates. The results of this analysis are presented in their entirety in the
Sensitivity Analysis section of this report.

Projection Set 2

Industrial water withdrawals were derived in Projection Set 2 by assuming
that the recycling rates identified in the BDC survey of industrial water use
would remain constant within each industrial sector through the year 2020.
Results of this set of calculations are presented in the Sensitivity Analysis
section of this report.

Projection Set 3

As discussed previously, Projection Set 3 was developed as a compromise
between Projection Sets 1 and 2, being reflective of a more moderate growthin
recycling. Future recycling rates for each major industrial sector were
determined through a straight-line extension of the 1975 to 1980 trend as
projected by the Bureau of Domestic Commerce.

Use of Projection Set 3 acknowledges that, while recycling rates will indeed
continue to improve, it is more likely that a lesser degree of implementation of
technology in industrial water reuse will occur than that assumed in Projection
Set 1. It is in response to this possibility, and towards the desire for a more
conservative planning guide, that Projection Set 3 was sclected for use in the
balance of the analysis.
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PROJECTED INDUSTRIAL DEMANDS

Projections of industrial water demands, as derived through the methodology
and assumptions implicit in Projection Set 3, are presented in this section.
Gross demands, intake, consumption, and discharge are presented for each
major water-using industrial sector, and for the manufacturing industries as a
whole, in Table 5-9. Industrial water use is also presented on a subregion by
subregion basis in Table 5-10. Water intake requirements for each subregion
and each goal year are disaggregated as to source, i.e., whether the supply is
expected to derive from fresh or brackish sources, and whether the freshwater
will come from ground or surface courses. Table 5-10 also shows whether
demands are expected to be met by the industries themselves or through public
systems. Each of these components has been computed by assuming thateach’
will remain as a constant proportion of total intake through the entire study
period.

AVAILABLE WATER SUPPLIES

In order to identify future freshwater supply shortages in the major
communities of the Chesapeake Bay Area, demands for water supply in each
of the defined Water Service Areas are compared with the capacities of the
existing systems. Capacities are defined in two ways: as the “safe yield” of
presently developed sources, and the capacity of existing pumping systems and
treatment plants. The capacities of these systems and sources are presented in
this section. The influence of post-treatment storage facilities, as to their effect
on the amount of water available during droughts, are neglected for the
purposes of this report.

This study has also undertaken an analysis of the overallamount of water that
could be developed from all possible sources and made available for use in the
area. In this analysis, water supply demands in each subregion for all uses
(except cooling in electric power generation) are aggregated and compared
with the total of all presently developed freshwater resources and estimates of
the resources that could potentially be developed. The total resource includes
existing streamflows and diversions, estimates of maximum sustainable
groundwater yields, and safe yields of existing reservoirs.

HYDROLOGIC CONSIDERATIONS

The hydrologic cycle in the Bay Area can be viewed as a closed system. In
general, conservation occurs in that the amount of water falling as
precipitation balances, in the long run, the amount leaving the region through
evapotranspiration, stream runoff, or by the discharge of groundwater out of
the area. A particular unit of water may, however, undergo many uses and
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TABLE 5-9

WATER USE IN MANUFACTURING,
BY SECTOR, CHESAPEAKE BAY AREA, mgd

PROJECTION SET 3
Gross
Water
Demand Intake Consumption
ALL MANUFACTURING
1970 2,607.9 1,615.5 74.2
1975 3,512.5  1,823.9 112.5
1980 4,408.2 1,581.4 157.5
1990 6,001.6 1,344.1 246.4
2000 8,591.5 1,397.8 341.3
2020 17,290.2  1,822.9 652.4

FOOD & KINDRED PRODUCTS (SIC 20)

1970
1975
1980
1990
2000
2020

79.7
95.4
111.1
146.0
196.4
343.9

74.3
81.3
75.3
70.2
73.2
88.4

5.6
6.1
6.4
6.3
8.4
14.8

PAPER & ALLIED PRODUCTS (SIC 26)

1970 644.8
1975 848.2
1980 1,051.6
1990 1,546.1
2000 2,334.9
2020 5,145.5
CHEMICALS (SIC 28)
1970 402.5
1975 560.1
1980 719.3
1990 1,131.5
2000 1,804.5
2020 4,319.3
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72.8
88.1
100.9
128.7
171.7
306.7

328.1
382.6
342.3
335.1
388.0
599.9

7.6
17.8
25.2
49.5
74.6

164.4

14.5
19.6
24.5
33.9
54.2
129.7

Discharge

1,541.3
1,711.4
1,423.9
1,097.7
1,056.5
1,170.5

68.7
75.2
68.9
63.9
64.8
73.6

65.2
70.3
75.7
79.2
97.1
142.3

313.6
363.0
317.8
301.2
333.8
470.2

Recycling
Rate

1.61
1.93
2.79
4.47
6.15
9.48

1.07
1.17
1.48
2.08
2.68
3.89

8.86
9.63
10.42
12.01
13.60
16.78

1.23
1.46
2.10
3.38
4.65
7.20
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TABLE 5-9 (Cont’d)

WATER USE IN MANUFACTURING,
BY SECTOR, CHESAPEAKE BAY AREA, mgd

Gross
Water

Demand Intake
PETROLEUM (SIC 29)
1970 81.6 76.3
1975 99.8 79.4
1980 105.3 63.3
1990 136.9 52.6
2000 178.9 50.5
2020 294.8 54.4
PRIMARY METALS (SIC 33)
1970 1,094.6 882.3
1975 1,423.4 965.5
1980 1,752.1 815.6
1990 2,203.2 630.2
2000 2,823.6 582.9
2020 4,536.8 601.7
OTHER MANUFACTURING
1970 304.7 181.7
1975 490.6 227.0
1980 668.8 184.0
1990 837.9 127.3
2000 1,253.2 131.5
2020 2,649.9 171.8

Consumption

0.7
0.9
1.2
1.9
2.5
4.1

35.1
54.1
78.8
130.0
166.6
267.7

10.7
14.0
21.4
24.8
35.0
71.7

Discharge

75.6
78.5
62.1
50.7
48.0
50.3

847.2
911.4
736.8
500.2
416.3
3340

171.0
213.0
162.6
102.5

96.5
100.1

Recycling

Rate

1.07
1.19
.1.66
2.60
3.54
5.42

1.24
1.47
2.15
3.50
4.84
7.54

1.68
2.16
3.63
6.58
9.53
15.42
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TABLE 5-10
PROJECTED WATER USE IN MANUFACTURING, MGD
PROJECTION SET 3

SUBREGION 1
1970 1980 1990 2000
GROSS USE 1226.1 2179.2 2751.8 3608.4
INTAKE 990.7 1034.2 830.2 793.3
-Public Supply 70.0 69.2 52.6 49.2
=Brackish 781.2 825.7 638.1 604.5
~Self-Supplied, fresh 17.3 17.1 13.0 12.0
Ground 14.4 14,2 10.8 10.0
Surface 2.9 2.9 2.2 2.0
-Wastewater 122,2 122.2 126.5 127.6
CONSUMPTION 43.7 114.2 156.0 201.5
DISCHARGE 947.0 920.0 674.2 591.8
SUBREGION 2

1970 1980 1990 2000

GROSS USE 35.5 44.5 52.2 71.6
INTAKE 34,8 34.6 30.8 33.8
-Public Supply 3.0 3.0 2.6 2.9
=Brackish 0.7 0.7 0.6 0.6
-Self-Supplied, fresh 31.1 30.9 27.6 30.3
Ground 30.0 29.8 26.7 29.1
Surface 1.1 1.1 0.9 1.2
CONSUMPTION 0.9 1.4 1.9 2.5
DISCHARGE 33.9 33.2 28.9 31.3
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TABLE 5-10 (cont'd)
PROJECTED WATER USE IN MANUFACTURING, MGD
PROJECTION SET 3

&

SUBREGION 3
1970 1980 1990 2000 2020
e
GROSS USE 2.6 3.3 4.1 5.4 9.2
INTAKE 2.3 2.0 1.7 1.7 1.9
~Public Supply 0.3 0.3 0.2 0.2 0.2
—Brackish 0.1 0.1 0.1 0.1 0.1
-Self-Supplied, fresh 1.9 1.6 1.4 1.4 1.6
Ground 1.9 1.6 1.4 1.4 1.6
Surface 0.0 0.0 0.0 0.0 0.0
CONSUMPTION 0.2 0.2 0.2 0.2 . 0.4
DISCHARGE 2.1 1.8 1.5 1.5 1.5
SUBREGION 4%
1970 1980 1990 2000 2020
GROSS USE 82.7 86.4 53,12 81.1 175.0
INTAKE 65.6 43.5 18.0 20.6 29.5
-Publie Supply 2.7 1.8 0.7 0.8 1.2
~Brackish 0.0 0.0 0.0 0.0 0.0
-Self-Supplied, fresh  62.9 41.7 17.3 19.8 28.3
Ground 14.9 9.9 4,1 4.7 6.7
Surface 48.0 31.8 13.2 15.1 21.6
CONSUMPTION 1.9 2.8 2.3 3.4 7.5
DISCHARGE 63.7 40.7 15.7 17.2 22.0

l1neludes Kent County, Delaware.

Zyater use per dollar Gross Product Originating ($GPO) in predominant food
industries was deemed high by BDC. Therefore, use rates were trended to equal
Baltimore regional averages by 1990, increasing thereafter.

)
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TABLE 5-10 (cont'd)
PROJECTED WATER USE IN MANUFACTURING, MGD
PROJECTION SET 3
SUBREGION 5

1970 1980 1990 2000 2020
GROSS USE : 5.4 8.0 12.0 18.6 41.8
INTAKE 4.7 6.6 8.5 11.3 19.7

-Public Supply 3.3 4.6 6.0 8.0 13.8
~Brackish 0.0 0.0 0.0 0.0 0.0
-Self-Supplied, fresh 1.4 2.0 2.5 3.3 5.9
Cround 0.1 0.2 0.1 0.2 0.4
Surface 1.3 1.8 2.4 3.1 5.5
CONSUMPTION 0.2 0.3 0.5 0.6 1.2
DISCHARGE 4,5 6.3 8.0 10.7 18.5
SUBREGION 6
1970 1980 1990 2000 2020
GROSS USE 0.8 1.33 2.13 3.47 7.47
INTAKE 0.8 1,33 2.13 3,47 7.47
-Public Supply 0.1 0.17 0.27 0.43 0.93
~Brackish 0.0 0.00 0.00 0.00 0.00
-Self-Supplied, fresh 0.7 1.16 1.86 3.04 6.54
Ground 0.7 1.16 1.86 3.04 6.564
Surface 0.0 0.00 0.00 0.00 0.00
CONSUMPTION 0.1 0.10 0.10 0.10 0.24
DISCHARGE 0.7 1.23 2.03 3.37 7.23
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GROSS USE
INTAKE
-Public Supply
-Brackish
-Self-Supplied, fresh
Ground
Surface

CONSUMPTION

DISCHARGE

GROSS USE
INTAKE
~Public Supply
~-Brackish
-Self-Supplied, fresh
Ground
Surface

CONSUMPTION

DISCHARGE

1970

32.9

TABLE 5-10 (cont'd)
PROJECTED WATER USE IN MANUFACTURING, MGD

PROJECTION SET 3
SUBREGION 7

1980

57.9

SUBREGION 8

1980
746.2

268.9
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GROSS USE
INTAKE

~Public Supply
-Brackish

Ground
Surface

CONSUMPTION

DISCHARGE

GROSS USE
INTAKE

=Public Supply
-Brackish

Ground
Surface

CONSUMPTION

DISCHARGE
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0.2
10.3
-Self-Supplied, fresh 16.1
16.0
0.1

4.6
0.6
-Self-Supplied, fresh 5.0
5.0
0.0

PROJECTED WATER USE IN MANUFACTURING, MGD
PROJECTION SET 3
SUBREGION 9

TABLE 5-10 (cont'd)

1980

SUBREGION 10

1980
184.6

58.8

»
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TABLE 5-10 (cont'ad)
PROJECTED WATER USE IN MANUFACTURING, MGD
PROJECTION SET 3
SUBREGION 11

1970 1980 1990 2000 2020
GROSS USE 32.3 53.5 73.3 109.1 236.7
INTAKE 25.3 16.4 13.0 13.6 18.5
-Public Supply 5.6 3.6 2.9 3.0 4.1
-Brackish 15.9 10.3 8.1 8.6 11.6
-Self~-Supplied, fresh 3.8 2.5 2.0 2.0 2.8
Ground 3.8 2.5 2.0 2.0 2.8
Surface 0.0 0.0 0.0 0.0 0.0
CONSUMPTION 1.3 1.6 2.4 3.6 7.7
DISCHARGE 24,0 14.8 10.6 10.0 10.8
SUBREGION 12
1970 1980 1990 2000 2020
GROSS USE 621.8 963.1 1424.0 2161.1 4821.4
INTAKE 50.4 65.1 94.4 137.3 281.4
-Public Supply 0.6 0.8 1.1 1.7 3.5
=-Brackish 0.0 0.0 0.0 0.0 0.0
-Self-Supplied, fresh 49,7 64.3 93.3 135.6 277.9
Ground 44,9 58.1 84.3 122.5 251.0
Surface 4.8 6.2 9.0 13.1 26.9
CONSUMPTION 4.8 31.8 47.0 71.3 159.2
DISCHARGE 45.6 33.3 47.4 66.0 122.2
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exist in several forms within the cycle. Problems thus arise in an attempt to
quantify the supply of water available at a particular time and place, since it
varies constantly in quantity and state. It can occur as moisture in the
atmosphere, groundwater, reservoir storage, and surface-flowing streams.

Water in free-flowing streams is subject to periods of low rainfall during which
streamflows may dramatically decline. The variability of flow in a stream is
also a function of topography, the characteristics of the adjacent groundwater
aquifers, the type and extent of vegetative ground cover in the basin, and land
use. Maintenance of a streamflow record at a particular stream gaging station,
over a period of years, enables construction of a “frequency-duration” curve.
This curve can be used to determine the average flow of the stream to be
expected for a particular duration (typically 1, 7, or 30 days), and particular
recurrence interval (usually years).

While the amount of rainfall can have-a critical influence on short-term water
availability, other factors influence long-term water availability.
Urbanization, for example, can directly and indirectly affect the quality and
quantity of available supplies. The replacement of forests and other natural
vegetative cover with the impervious surfaces of the city, reduces water
penetration to the natural groundwater reservoirs, thus reducing groundwater
storage. Groundwater storage, which provides flow to the streams during dry
periods, becomes reduced and flooding becomes serious due to the rapid
runoff during periods of heavy rainfall. The high concentration of population
in urbanized areas also affects the water supply availability downstream due to
the massive discharges of municipal and industrial wastes. Thus, the very
growth that generates the water supply demands may, at the same time,
deplete or degrade the existing available resource. Uncertainty concerning
future trends in these factors complicates an assessment of water availability.

Areas utilizing groundwater sources, on the other hand, may have additional
problems. In coastal or near-shore locations, excessive pumping may cause
salt-water intrusion. Fresh groundwater reservoirs normally exert a head on
the adjacent salt-water body since they extend above sea level and discharge
under the force of gravity to the sea. Under heavy pumping, the water table will
drop, and, if not replenished sufficiently by recharge, salt water may pollute
the wells. Wells might become useless for years under these conditions. Care
must also be taken that septic tank seepage, landfill drainage, or other
pollutants are not allowed to penetrate to groundwater supplies.

In certain areas of the country subsidence hasoccurred due to a drawdown of
the water table. The removal of water from the pore spaces in the aquifer
allows compaction of the soil and a lowering of the overlying land surface. The
decrease in porosity of the aquifer causes a reduction in the potential amount
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of water recoverable. Aside from this, direct curtailment of pumping may be
required due to social and economic impacts resulting from the subsidence.

Although many factors influence a determination of water supply availability,
estimates can, and must be made of the available resource. Thorough
hydrologic investigation of an area’s resources is necessary in order that
potential regional shortages can be forecast. Also planning for urban and
community development, at the local level, must, of necessity, include
provisions for water supply to insure the health and general well-being of both
its citizens and business communities. The assumptions employed in assessing
the Bay Area’s available water supply are discussed in the following section.

ASSUMPTIONS AND CRITERIA

The following assumptions and accompanying criteria were necessary to
assess the available water resource:

a. Well yields for each particular system were assumed to be the 12-hour
continious pumping yield as provided by the various State Departments of
Health, except as noted.

b. Presently developed reservoir capacities are as defined by the particular
owner and/or manager of the facility.

¢. For run-of-the-river sources, the amount available is defined variably as
the 30, 7, and 1-day low flow of the stream, at a 50-year recurrence interval.

d. Assessment of the streamflow available in each subregion, for
comparison with demands for a// uses, is the sum of the 7-day, 10-year low
flows of undeveloped streams of greater than S cfs discharge.

e. Groundwater availability for each subregion is as estimated by various
state and federal studies completed to date.

f. The subregional resource evaluation does not make allowance for
potential reservoir development, unless presently slated for construction.

METHODOLOGY AND RESULTS

Water supply availability is defined in two different ways for use in the
assessments presented in this report. First, the supply capabilities associated
with each water service arca are presented, and then the overall resource
capability within each of the 12 subregions of the Bay Area is assessed.
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Water Service Area Supply

For purposes of this study, the available supply is defined for each water
service area by both the source capacity, and the system (“hardware”)
capacity. The source capacity is the dependable supply that can be expected
under drought conditions, measured in million gallons per day (mgd). The
criteria vary depending on the type of supply source. The system capacity
refers to the capacity of the hardware of the system, encompassing for the
purposes of this study the intake pipe and pumps and the treatment plant.
Source and system capacitics for each water service area are listed in Table 5-
11: The smaller of either the source or hardware capacity was used to assess
each system’s capability to meet future demands.

For water service areas supplied by reservoirs, the available supply is taken as
the “safe-yield,” as defined by the particular water authority. Most of the
systems using reservoirs define their safe-yield by the amount of water
available during the drought of record. For example, Baltimore’s reservoir
system has a defined safe-yield of 243 mgd, based on the 1964-65 drought;
while Newport News estimates its safe-yield at 35 mgd, based on the 1954-55
drought.

Only seven WSA’s utilize run-of-the-river flows exclusively for their water
supply: Havre de Grace and Bel Air, Maryland; Washington, D.C.; and
Fredericksburg, Ashland, Richmond, and Hopewell, Virginia. These systems
are particularly vulnerable to stream flow variation since drought deficiencies
cannot be made up by drawing on reservoir storage. For these, the 1-, 7-, and
30-day low flows that can be expected once in 50 years were the criteria chosen
to evaluate the river sources. Data from U.S. Geological Survey papers were
used to derive the low-flow frequency curves for each duration.

Systems that use groundwater sources usually have a safe-yield defined by
either the 12- or 24-hour pumping capacity of the well system. Long-term,
sustained or ultimate yield, however, is generally not defined due to the
variabilities inherent in groundwater hydrology. Aquifers used as water
sources are often quite extensive, sometimes underlying several counties or
entire geographic provinces. Also, since they are by definition contiguous and
porous, fluctuations in capacity and yield at a particular point are dependent
on the overall pumping pattern. For example, yields of artesian aquifers in
much of southeastern Virginia have changed markedly due to the extensive
pumping near the City of Franklin (the water table at that location has
declined more than 150 feet). It is estimated that at the current rate of
pumping, the flow patterns and water table profile in this area will continue to
shift and not stabilize until near 20206, For these reasons, it is difficult, if not
impossible, to estimate the sustained or ultimate developable yield at a single
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geographical point. However, estimates of the ultimate yields of entire
aquifers have been made, based on recharge and transmissibilty studies. The
results of studies of this type were used to derive the developable groundwater
yields presented for each subregion in Table 5-12 (See also attachment 5-C).

Subregional Supply

In addition to the treatment of each WSA, as discussed above, the overall
available freshwater resource is evaluated on a subregional basis, as
summarized in Table 5-12. Groundwater, surface-flowing water, reservoirs,
and diversions are addressed, where applicable. Streamflows are listed for all
free-flowing surface waters with flows of greater than 5 cfs during the 7-day,
10-year low flow and that are considered developable for municipal or
industrial water supply, based on existing reports and estimates. In some
instances, data were adjusted from nearby gages if no record was available for
a particular stream. In addition, estimated overall groundwater availability is
listed for each subregion, based on U.S. Geological Survey and State
groundwater survey reports. Safe-yields from existing reservoir
developments, if any, are also listed. A detailed accounting of surface flows,
developable groundwater, and existing storage is presented in Attachments 5-
B, C, and D, respectively.

FUTURE NEEDS AND PROBLEM AREAS

Previous sections of this report included inventories of existing water supply
facilities, projections of municipal and industrial water demands, and
evaluations of the freshwater resources available to meet those demands. This
section includes an evaluation of the future needs (deficits) based on a
comparison of the developed source and system capacities and projected
demands for publicly supplied water. Thus, the magnitude and time-frame of
future problem areas are identified for each water service area.

It should be noted that source deficits identified for systems that are reliant on
groundwater supplies reflect the limitations of the pumps only and do not
wholly indicate the adequacy of the groundwater aquifers themselves. Many
systems can increase their available groundwater supply by merely increasing
their pumping capacity—development of alternative sources will not be
required. In Chestertown, Maryland, for example, where source deficits are
identified as early as 1980, it is estimated that the wells that are already in
existence could probably provide twice the stated yield by merely increasing
the mechanical pumping capability. Additional source development could be
effected through the drilling of additional wells.

All demands for the designated WSA's are increased to reflect peaks during
maximum 30-, 7-, and 1-day periods using the peaking factors shown in Table
5-13. These factors are consistent with values used in other studies, and with
observations by others that demand fluctuations are greater in small systems
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SUBREGIONAL FRESHWATER AVAILABILITY, mgd

Surface
Subregion vater!
1 5702
2 115
3 -
4 50
5 6253
6 -
7 4s
8 487
9 60
10 -
11 -
12 -

TABLE 5-12

Ground

Water

200
750
250
240
181
234

72

75
110

8

12

82

Safe Yield
of Existing

Storage

254

116

64.5%

94

Other Total
0 1,024
0 865
0 250
0 290
0 9363
0 234
0 119
0 678
0 170
0 72.5%
0 106
0 84

yow flow during 7-day 1l0-year drought, see Attachment 5-B for inventory.

2Includes assumed ultimate allowsble from Susquehanna River of 500 mgd.

3Dependable flow will increase by 137 mgd by 1990, due to Bloomington project.

4Safe yield will increase by 20 mgd with Little Creek Reservoir by 1990.
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(17, 18). The diversity of uses in larger systems can act to dampen wide
seasonal variation. Variable peaking factors are used for the Washington,.
D.C., metropolitan area to be consistent with established procedures used in
many prior studies of the region (the Northeastern United States Water
Supply Study, among others). Peaking factors at Hopewell were reduced due
to the heavy use by industry of the public supply (84 percent).

TABLE 5-13
PEAKING FACTORS FOR MUNICIPAL DEMANDS

Average 30-Day 7-Day 1-Day

Large Systems, > 100,000 1.0 1.2 1.4 1.6
District of Columbia Metro Area 1.0 1.33 1.67 1.77
Small Systems, < 100,000 1.0 1.3 1.6 2.0

The water service areas are discussed in the following pages with respect to the
identified needs in each. Also, a comparison is made between the overall
subregional resource capability, as tabulated in the previous section, and the
summation of all demands—municipal, industrial, institutional, and
agricultural—within each subregion. Demands are classified as follows:

a. Large Public Systems—7-day peak demands for all systems serving a
population of greater than 2,500, including the industrial component.

b. Small Public Systems—7-day peak demands for systems serving fewer
than 2,500 persons.

¢. Industrial—fresh water demands for use in manufacturing that are not
supplied through public systems.

.d. Institutional—average demands from private schools, hospitals,
military establishments, etc., that are not served by public systems. (see
Attachment 5-E for inventory).

e. Agricultural—fresh water demands for use by the rural domestic
population, for livestock and poultry production, and for irrigation during the
maximum month during the dryest year in 10 for vegetables and speciality
crops, and the dryest year in 5 for field crops and orchards. This component is
derived from the Agricultural Water Supply Appendix, and appears as a
summary in Attachment 5-F.

Thus, all fresh water withdrawal demands for all uses, which have been derived
in a consistent manner for each subregion, are presented and compared witha
measure of the available fresh water resource, including discharge of surface-
flowing steams, safe-yields of existing reservoirs, and the ultimate sustained
groundwater yield. The magnitude and time-frame of a potential regional
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deficit can thus be identified and a basis formed for area-wide regional
planning. Needs will indicate the extent to which a subregion will need
reservoir development, importation of supplies from other areas, or other
source development, such as reuse or desalination.

Needs are not presented here for cooling water consumed in electric power
generation facilities, but, inasmuch as most of these will locate on brackish
waters around the Bay, this appears to be a reasonable exclusion. To the extent
that future power developments may consume portions of the fresh water
supply, the amount should be deducted from the available resource of the
particular subregion (see the Power Appendix for water demand in that
sector).

SUBREGION 1

Demands are presented for the 13 water service areas of Subregion 1 in Table
5-14, along with the developed source and system capacities of each. Projected
deficits are thus identified for the 30-, 7-, and 1-day maximum demands for
each WSA. Baltimore is the dominant supplier, providing an average of 245
mgd to over 1.5 million persons—nearly 75 percent of the total subregional
population. With the projected growth in demand for the City, and assuminga
constant 250 mgd allocation from the Susquehanna River, shortages will not
occur in Baltimore during the maximum month until 2020. At existing levels
of development and without supplemental supplies, significant deficits appar
in Table 5-14 for many cities, most notably Aberdeen and Edgewood-
Perryman in Harford County, and Maryland City in Anne Arundel County.
Many systems in Harford County, however, are interconnected through a
central county-owned system enabling redistribution of supplies to deficit
areas. Comparing the sum of source capacities for all WSA’s with the
aggregated demand, shows 7-day deficits amounting to 49 mgd by 2000,
increasing to 241 mgd by 2020. '

Aggregated demands for all freshwater uses in Subregion 1 are shown in Table
5-15. Comparison with the total available freshwater resources, including
unregulated streamflows, estimated groundwater sustained yields, safe yields
of existing reservoir development, and an assumed eventual 500 mgd
allocation from the Susquehanna River, indicates that the overall subregional
resource is adequate through 2020.
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TABLE 5-15
AGGREGATED DEMANDS VERSUS FRESHWATER RESQURCE, mgd
SUBREGION 1

1970 1980 1990 2000 2020

Large Public Systems 367 440 49?2 567 759
Small Public Systems 13 24 34 40 45
Industrial 17 17 13 12 13
Institutional 14 14 14 14 14
Agricultural 21 58 60 62 70
TOTAL Demand 432 553 613 695 901
Fresh Water Supply 1,024 1,024 1,024 1,024 1,024
Needs 0 0 0 0 0

SUBREGION 2

The Eastern Shore of Maryland contains 12 water service areas. All the
systems use groundwater sources except in the fringes of the Piedmont at
Elkton where surface water is used. Table 5-16 details source and system
deficits that can be expected with present capacities. Four systems will require
source development to meet 30-day maximum demands by 1980: Chestertown,
Crisfield, Cambridge, and Easton. Cumulative source capacity for all systems
in the subregion will be 9.1 mgd short of the 7-day maximum demand by 2000,
increasing to 18.0 mgd in 2020. Comparing the overall availability of
freshwater with the demands for all uses in Table 5-17, it can be seen that
supplies, if developed, should be adequate through 2020. It should be noted
that agriculture accounts for nearly 87 percent of the year 2020 demand, of
which about 79 percent is for irrigation needs during a dry year.

SUBREGION 3

The two counties that comprise the Virginia portion of the Eastern Shore are
predominantly rural in character and contain only public water systems
serving fewer than 2,500 persons. Table 5-18 details the aggregated demands
for all uses for Subregion 3. Even with “dry-year” irrigation demands, which
are the major demand components, groundwater resources are a more-than-
adequate supply source for this area.
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TABLE 5-17
AGGREGATED DEMANDS VERSUS FRESHWATER RESOURCE, mgd
SUBREGION 2

1970 1980 1990 2000 | 2020

Large Public Systems 22.2 26.1 28.3 32.5 41.4
Small Public Systems 7.7 12.0 17.2 23.7 38.9.
Industrial 31.1 30.9 27.6 30.3 37.4 .
Institutional 2.0 2.0 2.0 2.0 2.0
Agricultural 45.6 108.6 179.6 250.6 744.9
TOTAL Demand 109 180 255 339 865 "
Fresh Water Supply 865 865 865 865 865
Needs , 0 0 0 0 0
TABLE 5-18
AGGREGATED DEMANDS VERSUS FRESHWATER RESOURCE, mgd
SUBREGION 3

1970 1980 1990 2000 2020

Large Public Systems 0 0 0 0 0
Small Public Systems 1.3 1.6 2.0 2.4 3.5
Industrial 1.9 1.6 1.4 1.4 1.6
Institutional - - - - —
Agricultural 17.7 69.7 61.4 53.3 43.3
TOTAL Demand 21 73 65 57 48
Fresh Water Supply 250 250 250 250 250
Needs 0 0 0 0 0

SUBREGION 4

Seaford is the only water servcie area in the Delaware portion of the N
Chesapeake Bay Study Area, as shown in Table 5-19. With the presently
developed groundwater sources, Seaford should be able to meet average
demands until 2000, but may need source development by 1990 to meet
maximum 30-day demands. Aggregated demands for all uses, including +
industrial, agricultural, and municipal, are presented in Table 5-20 in
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TABLE 5-20
AGGREGATED DEMANDS VERSUS FRESHWATER RESOURCE, mgd
SUBREGION 4

1970 1980 1990 2000 2020

Large Public Systems 1.3 1.5 1.9 2.1 3.4
Small Public Systems 1.7 2.9 4.4 5.9 10.4
Industrial 62.9 41.7 17.3 19.8 28.3
Institutional - — - — - — — = - —
Agricultural 17.8 104.4 111.2 120.4 146.8
TOTAL Demand 84 151 135 148 189
Fresh Water Supply 290 290 290 290 290

Needs 0 0 0 0 0

comparison with the estimated overall freshwater availability of 290 mgd. A
small amount of freshwater flow in the Nanticoke River is included, but
groundwater alone, which constituted 83 percent, or 250 mgd, of the available
supply, is sufficient to meet 2020 demands.

SUBREGION 5

This subregion contains the Washington, D.C., metropolitan area where seven
water service areas provide water to about 2.8 million persons or about 97
percent of the total subregional population. Major use is made of the Potomac
River by the Washington Aqueduct Division of the Corps of Engineers, which
services the myriad of needs of the District of Columbia and parts of Northern
Virginia. The Washington Suburban Sanitary Commission (WSSC) also uses
the Potomac in conjunction with two reservoirs developed on the Patuxent to
serve large portions of Prince Georges and Montgomery Counties, Maryland.
A third major system is the Fairfax County Water Authority (FCWA) which
provides water from Occoquan Creek to large portions of Fairfax County,
parts of Prince William County, and the City of Alexandria.

Deficits for each WSA are presented in Table 5-21 based on a comparison of
source and system capacities and projected demands. For evaluation of the
Potomac River source, demands for Washington Aqueduct and the WSSCare
combined. Source capacities for the two systems are then combined: 30-day, 7-
day, and 1-day minimum flows of the Potomac and the safe yield of the two
reservoirs on the Patuxent River. Source capacity is thus defined as 572, 495,

Appendix 5
86



*(ZONANIISUOD I3pUN MoU 1ralo1g
wo13unwioolq 03 snp 0661 4q pBW LET
Aq 3sEoIUT 0] PAIOAAXA %) UED SMOIY AOT)

9L 88¢ $99 1L0°L 190IN0§ AQEHEA T
(2114 S6y Tis YOO L 1901108 JIQTUEA T
1$3IO0N
60TT 0601 869 91E ¥0s LTy 691 0 £5T 881 0 Y44 €€ 0 i 0 10gea WalsAS 18
ZEE°T 90T°T Lt 0 [43] (249 807 0 18€ 70€ 61 0 867 SET 0 0 IS INCS T IYELEA
0507 1€6T 6£ST  LSIT SPET  89TT  OI0T  09L 60T 6201 18 919 ¥LS €28 LS9 vy purweq ®10L
9 gy L€ 34 9Z 3T T 90 t'L 80 0 1} (] 0 0 0 Moy WaSAS ¥'1
0L s (A e TE ¥ g1 1 0T v1 131 90 80 ] 70 0 Mg 21008 80
8L 9 s (33 or TE 9T 0z 8T 44 LR 'a 91T €1 o1 80 puBwIag AIe SESSTUTHY
9¢ e T 80 vE 61 80 0 0T 80 0 0 o 0 0 0 YOI WaAS oy
89 (34 e 0T 9y T'E 0T 60 A4 0z 1 T0 ¥ 90 0 0 Mo1Jo( B0INCS 8T
9'6 L 9 8 (21 6 8 e 09 ;34 6E 133 Ty ¥e it T purwaq sessEURy
I'p6 618 089 [:3:17 9 € 543 ree 61¢ 9'67 9z €1 981 0°LT 1t t'9 IOy WalsAg $'6
768 0€g 't9 (33 3444 ¥'8E 9LT TLE oLz Lyt LT 06 LEX l¥At 89 [ 1WwIge(q 301008 [ 2l (AN xeymeg)
9E0T VL6 SLL €8s 6'6S 8°TS [1xad 9Ig vy 16t 83 (474 1'8T 374 T 6S1 puewng Yo21) 35009
66€ 1L€ §iT z81 $91 EST 66 0s 98 st or S £T 91 0 [ Yo Washs 0001
F434 ({32 80€ $12 861 wel zel €8 611 |01 [33 8¢ as 133 $5T 97 VRURQ WINCG 99 Apoyiny 1eiem
66¥ Lip Sig [4:74 374 84 661 os1 981 SLT or1 SOL €z1 91T £°T6 69 puewisg AIunoy xepITey
(<4 fat 611 97 [a2! a4 L'y 0 o1 v'e 91 0 L |4 0 0 1Yaq WasAS 0'sz
T (414 (31! 9T (44! el Ly 0 oL vg 91 0 LE 1T 0 0 1oL saInos ose
oY (214 6°9¢ 4 ¥6E T'Le L'6T [X44 v'SE (273 99T 00T L'8T LT [y ¢4 Y1t puRBIaq FHPUEX3[Y
(paurquico)
9L 0L 62€ 0 €5€ 987 £ i} k44 wi 0 0 soz ¥s1 [1] 0 DL 20INOF [ SIGTLEA onponby
(I8€7)  (zogn (30D (080  (£26)  (BT6)  (zew)  (0s9)  (TT®  (bed) (819  (b9p)  {(889) (6+»  (815)  (68¢) puewaq uopFuryser —DSSM
€81 113 33 0 17 Sy [\ [} &4 9 0 0 0 0 ] ] Maq WSAS 96¢ Jonpanby
6LS 9¥s Sep . LIE L9V vt 15¢ ¥9¢ Loy <or 149 e 68E L9E £67 0ze PURWSQ uoIBUNSEM
LOSSAUUOY)
434 I5H 867 8v1 102 zLr 9L 0 06 L9 0 0 0 0 0 0 HoIQ WASAS S0g  Arejueg ueqagng
708 951 £09 243 90§ Lty i35 987 S6% (43 16T 144 66T [4:14 344 691 puemeg uoiBumpsem
{ur3)545)
(somos)
Aep-y  Aepy  Aepog By Aep-1  Kspy  Ampgf By Aep-1  Aspy  Aeppg Bav Avp-1 Asp-L  Aspof  “Bay sapoude)
0Z01 0001 D661 0861 VAUV ADIAUAS YALVM
S NOIDFHINS
pW ‘S LIJIHA WELSAS ANV 404N0S TVIDINNW TENRLOA
175 319vL
P, ey

Appendix 5

87



and 483 mgd for the 30-, 7-, and 1-day low flows, increasing to 709,
632, and 620 mgd, respectively, by 1990, due to the scheduled
completion of the Bloomington Lake project. Source deficits amount to
154 mgd during 7-day periods of maximum demand in 1980, increasing
to 286 and 670 mgd by 2000 and 2020, respectively. The urgent need
for source development is highlighted by the fact that on at least one
occasion maximum day demands exceeded the recorded low flow in the
Potomac River. Source deficits are also of concern for FCWA and Fairfax
City where average day shortages appear by 1980. The sum of demands
for all WSA’s in the subregion, when compared with the developed
source and system capacities, indicates overall 7-day source deficits of
235 mgd by 1980 and 304 mgd by 1990, leaping to 1,206 mgd by 2020,

Aggregated demands for all uses, including public, industrial, and
irrigation, are presented in Table 5-22 for Subregion 5. When compared
with the available ground and surface supplies and yields of existing
reservoirs, significant deficits are identified.

Needs amounting to 36 mgd are calculated for the subregion as a whole
by 1990, growing to 1015 mgd by 2020.

TABLE 5-22
AGGREGATED DEMANDS VERSUS FRESHWATER RESOURCE, mgd
SUBREGION 5 '

1970 1980 1990 2000 2020

Large Public Systems 638 823 1,029 1,268 1,931
Small Public Systems 13 6 9 13 28
Industrial 1 2 3 3 6
Institutional 5 5 5 5 5
Agricultural 15 33 63 86 118
TOTAL Demand : 869 1,109 1,375 2,088
Fresh Water Supply 936 936 1,073t 1,073 1,073
Needs 0 0 36 302 1,015

! Dependable supply expected to increase by 137 mgd by 1990 due to Bloom-
ington Project.
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SUBREGION 6

The three counties comprising Subregion 6 lie entirely in the Coastal Plain and
rely almost entirely on groundwater sources for their water supply. Nineteen
percent of the population is served within three water service areas. As shown
in Table 5-23, Waldorf and Lexington Park will require source and system
development by 1980 to meet 30-day maximum demands. The cumulative 7-
day maximum demands for the three WSA’s show that incremental source and
system developments of 5.7 mgd will be required by 1990, increasing to 10,5 by
2000 and 25.7 by 2020. Table 5-24 compares the aggregated demands for all
uses in the subregion with the overall developable freshwater resource. Even
with “dry-year” irrigation requirements, the subregion has abundant supplies
of groundwater to meet its projected needs. '

TABLE 5-24
AGGREGATED DEMANDS VERSUS FRESHWATER RESOURCE, mgd
SUBREGION 6

1970 1980 1990 2000 2020

Large Public Systems 3.5 5.6 9.1 13.8 29.1
Small Public Systems 3.2 5.3 9.4 15.4 24.8
Industrial 0.7 1.2 1.9 3.0 6.5
Institutional 3.0 3.0 3.0 3.0 3.0
Agricultural 8.2 20.4 53.2 85.9 116.9
TOTAL Demand 19 35 77 121 180
Fresh Water Supply 234 234 234 234 234
Needs 0 0 0 0 0

SUBREGION 7

This small tricounty area in the Virginia portion of the Washington
Economic Area, is dominated by the population and industrial concentra-
tion at Fredericksburg, which comprises the subregion’s only WSA. The
source of supply for Fredericksburg is the unregulated Rappahannock
River which yields 14.8 mgd during the 30-day duration, 50-year low
flow. As shown in Table 5-11, flows decrease to 9.0 and 7.7, for 7-day
and 1-day low flows, respectively. In Table 5-25 a comparison between
projected demands and the available river flow shows that the
Rappahannock is sufficient to meet 30-day maximum demands through
2020.
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Aggregated demands for all uses in the subregion are compared with the
presently available resource in Table 5-26. No deficits are shown to occur
through the year 2020. It is of note, however, that of the 81.5 mgd demand
projected for 2020, about 60 percent is for the needs of industry.

SUBREGION 8

This five-county area is defined as the Richmond SMSA. Three major public
systems—Richmond, Hopewell, and that serving Colonial Heights and
Petershurg—provide service to nearly 77 percent of the total subregional
population. Table 5-27 lists the WSA’s, their projected demands, and the
deficits expected based on presently developed source and system capacities.
The Appomattox River Water Authority’s development at Lake Chesdin on
the Appomattox River has a rated safe yield of 100 mgd, which is shown to be
adequate for the present water service area far beyond 2020. The James River
at Richmond is also sufficient to meet projected needs for the City of
Richmond through 2020.

Large deficits appear at Hopewell, however, when demands are compared
with the natural flow of the Appomattox River. Service to industry at
Hopewell amounted to 21.8 mgd, or about 85 percent of all water supplied by
the Virginia American Water Company in 1970, and this grows (assuming
Hopewell will provide a similar subregional share in the future) to 32.0 mgd by

TABLE 5-26
AGGREGATED DEMANDS VERSUS FRESHWATER RESOURCE, mgd
SUBREGION 7

1970 1980 1990 2000 2020

Large Public Systems 4.2 4.9 5.8 6.7 9.3
Small Public Systems 1.8 3.2 5.1 7.8 17.6
Industrial 27.2 28.1 27.8 32.1 49.1
Institutional 0.6 0.6 0.6 0.6 0.6
Agricultural 2.4 4.5 5.2 5.9 4.9
TOTAL Demand 36 41 45 53 82
Fresh Water Supply 119 119 119 119 119
Needs 0 0 0 0 0

Appendix 5

92



15¢ SLE $6¢ PBW gOK'S :Tejo), Aypede) somnog,
9001 9001 9'001 9001 S0
9€T 85T e 65¢'Y sauref,
SET [1341 961 1 249 xoyeureddy ¢
9D 9z 14 122 BV "0S ¢
*&xsnpur 0) Addns <81e] 03 anp [femedoy 10} paonpo s10joey Funyead ,
£LT 61 €01 +'99 bIL oy |44 r'e ¥Ee el 0 0 0 0 0 0 Holraq weysAg 9Ty
H) 0 (1} 0 ¢ ) 0 0 0 [ 0 0 0 0 1] ] Y 32IN0g 5IIQELIRA
96T 09¢ 97T 681 61 697 641 ST 98T Lel 611 001 €1 911 01 958 putx] TeI10L
001 0°08 065 08¢ 00s 0°5¢ rie 89 ¥'8C 991 £ 4 0 671 0'E 0 0 1Y WalsAg 099
0 (1] 0 0 0 0 0 0 0 0 0 0 0 0 [} 0 H3Y( SOMo§ s2lqeties
991 %I STT 01 911 101 L8 8'TL L'¥6 6'T8 Il 768 6'8L 069 65 €67 pururag PuowyonRt
TLl g€l 01l €9 0L 1% (4 (21 (184 e T Ut 21 [} ol 90 1RYaq welsky 90
[aras o°ET o1y £8 oL 1Y [ [ (154 1 T AR 1 €1 0t 90 1R IOy 90
8411 (A4t 911 68 Lra 9 (24 8¢ 9y Le e £7 e 61 91 (A putwag STMASOTIEYOI
6T §9T ve 61 TL €S 6°¢ Lo §0 0 0 0 0 0 0 0 1Y walsAy 0'1e
9'9p sep 9°S€ 0 9'¥2 €T st 0 081 91 £'6 0 TLl $'St 9'8 0 JOIJa(] SOINOE  R[ELIEA
o9 L8 4% 198 '8¢ £9¢ 6're [ 11 S'1e T0¢ 6°81 79T Lot $'6T [4:14 95T purui( demadoH
st Lot 8¢ 80 0 0 0 0 0 0 o 0 0 0 0o 0 1013 WANSAS ove
0 0 0 0 0 0 0 © 0 0 0 4] 0 0 0 o 0 md R Imog 0oat d1ingsiarad
9°6% L'6E 7€ 89T +'0€ €T 861 TSt Tee 981 st 91 '8l 41 811 06 puswiaq —SIyBIRY [emIO[O)
91 I Lo €0 o1 9°0 €0 0 90 £0 [ 0 0 4] o [ 1oy WAISAS ()
ae 0 ¢ 0 ' 0 0 0 o1 0 0 0 o 0 o 0 WIS WINOG  (I[qBHEA
9'¢ 1T [ £1 0z 9T €I oL 91 €1 01 80 o1 80 Lo S0 puswa PUEYEY
(ur31545)
. (221n08)
Aep-| Asp-L Aep-0g “Bay Aep-| Aep-p  Asp-Qg ‘Bav Kep-] Aep-L Aep0g “Bay Kep[ Aep-£ Aep-gg “Bay sanwede)
007 oot 0661 0861 VIIV ANATTS FILVM
8 NODIIANS
pRut ‘SLIDIAEAA WALSAS ANY F0UNO0S TVADINAW FANLN
LT-SATAVL ’
7 -

Appendlx 5

23



2020 (see Table 5-7). It should be noted that the supply in the Appomattox
River is supplemented in the vicinity of the intake at Hopewell by the backup
of James River water due to tidal influence. Thus, there is an unknown, but
perhaps substantial, increment in the quantity of water ultimately available.

Aggregated demands for all uses, including municipal, industrial, and
agricultural, are shown in Table 5-28 for Subregion 8. Comparison with the
sum of stream discharge, existing safe yield of reservoirs, and of developable
groundwater yields, shows overall deficits emerging only after the year 2000.
The principal component of demand is that of self-supplied industry,
comprising nearly 70 percent of the use in 1970, This decreases to 50 percent,
or 397 mgd, by the year 2020.

SUBREGION 9

This predominantly rural, lightly developed area extends from the James
River in the south to the shores of the Potomac River in the north. Despite its
size, only one public Water Service Area is located in Subregion 9 — West
Point in King William County. Table 5-29 shows the projected demands for
this system and the deficits to be expected based on the present capacities.
Groundwater supplies appear sufficiently developed to meet even maximum
day demands through the year 2000.

TABLE 5-28

AGGREGATED DEMANDS VERSUS FRESHWATER RESOURCE, mgd
SUBREGION 8

1970 1980 1990 2000 2020

«

Large Public Systems 104 116 137 169 260

Small Public Systems 8 15 22 31 54
Industrial 265 248 231 261 397
Institutional 1 1 1 1 1
Agricultural 7 30 51 72 81

TOTAL Demand 385 410 442 534 793
Fresh Water Suppy 678 678 678 678 678
Needs 0 0 0 0 115
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Freshwater demands for agriculture-related purposes are expected to
increase by more than ten-fold by 2020. Table 5-30 details these and other
demands for all uses, the sum of which are then compared with the overall
freshwater resource of the subregion. No shortages are identified, indicating
the relative wealth of water supplies that are available for use in the area.

TABLE 5-30
AGGREGATED DEMANDS VERSUS FRESHWATER RESOURCE, mgd
SUBREGION 9

1970 1980 1990 2000 2020

Large Public Systems 0.4 0.5 0.6 0.6 1.0
Small Public Systems 4.0 59 7.3 9.7 15.8
Industrial 16.1 13.1 11.9 12.6 17.6
Institutional 0.1 0.1 0.1 0.1 0.1
Agricultural 4.0 18.5 33.2 47.9 51.1

TOTAL Demand 25 38 53 71 86
Fresh Water Supply 170 170 170 170 170
Needs 0 0 0 0 0

SUBREGION 10

Public water supply in this subregion, located near the mouth of the James
River at Chesapeake Bay, is dominated by the system managed by Newport
News, which is the only Water Service Area in the subregion. Table 5-31
compares projected demands on the Newport News system with the safe-yield
of developed sources and its system (“hardware”) capacity. Deficits are
indicated by 1980 in both categories, but system deficits are reduced for 1990
due to expected completion of the Little Creek pumped storage facility, which
will store water from the nearby Chickahominy River, during periods of peak
flow. Source depletion will nonetheless occur again for Newport News by
2000. Continuing source and system development is seen as a necessity for this
area.
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Aggregated demands for all uses, including municipal, self-supplied
industrial, and agricultural, are presented in Table 5-32. Assuming complete
development of groundwater and completion of the pumped storage facility at
Little Creek, supplies should be adequate through 2000 for the subregion asa
whole. Additional needs for source development of about 12 mgd will be
required by 2020.

TABLE 5-32
AGGREGATED DEMANDS VERSUS FRESHWATER RESOURCE, mgd
SUBREGION 10

1970 1980 1990 2000 2020

Large Public Systems 38.2 51.5 59.2 70.0 94.5
Small Public Systems 0.7 1.2 1.8 2.4 1.6
Industrial 5.0 29 2.3 23 29
Institutional 4.2 42 4.2 42 42
Agricultural 1.4 1.5 1.3 1.1 1.6

TOTAL Demand 50 61 69 80 105
Fresh Water Supply 73 73 931 93 93
Needs 0 0 0 0 12

1 Reflects increase expected with completion of Little Creek pumped storage facility.

SUBREGION 11

Two major systems supply the water to the urban population of this subregion;
Norfolk and Portsmouth. Through these systems Virginia Beach, City of
Chesapeake, and Suffolk (Subregion 12) are also served. Projected source and
system deficits, based on existing development, are shown in Table 5-33.
Immediate needs for source development are indicated for Portsmouth, and
the Norfolk system requires increases in both source and system capacities.
Together the two systems have maximum 7-day deficits of 21 mgd in 1980,
increasing to 63 mgd by 2000, and 117 mgd by 2020. The location of the
subregion on coastal saline waters, and the development of nearly all nearby
sources, will necessitate large scale development at some distance from the
urban center.
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Demands for water for all uses are aggregated in Table 5-34 and compared
with the estimated overall available freshwater resource from groundwater
sources and existing reservoir development. Publicly supplied water remains
the largest component of demand through 2020. The overall amount of
freshwater internally available within the subregion will run about 22 mgd
short of demand by 1980. This deficit will increase to 39 mgd by 1990,and 114
mgd by 2020.

TABLE 5-34
AGGREGATED DEMANDS VERSUS FRESHWATER RESOURCE, mgd
SUBREGION 11

1970 1980 1990 2000 2020

Large Public Systems’ 92.7 111.1 128.6 150.5 199.9
Small Public Systems 1.1 1.6 2.4 34 5.3
Industrial 3.8 2.5 2.0 2.0 2.8
Institutional? - - — — -
Agricultural 6.2 12.8 12.2 11.6 11.9
TOTAL Demand 104 128 145 168 220
Fresh Water Supply 106 106 106 106 106
Needs 0 22 39 62 114

! Not including Suffolk.

2 All publicly supplied.

SUBREGION 12

Water service areas at Suffolk, Smithfield, and Williamsburg represents the
major cities in this largely rural subregion. Table 5-35 details the projected
growth in demand for each WSA and identifies source and system deficits to
be expected under current capacities. Immediate shortages are identified for
Williamsburg, but it should be noted that supplemental supplies through the
Newport News system, unaccounted for here, are provided to Williamsburg
on a regular basis. Deficits identified can thus be interpreted as the allocation
needed from Newport News in lieu of other source development. Tourism
causes large fluctuations in demand at Williamsburg. Smithfield will require
only modest source and system development to meet needs in 1990. Since
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future needs for public water supply in Suffolk will be met through the
Portsmouth system, demands for these two service areas are combined for
purposes of this report.

Aggregated demands for all uses within the subregion are listed in Table 5-36
and compared with the overall available freshwater supply. Shortages totaling
90 mgd by 1990, and 315 mgd by 2020, are due mainly to expected industrial
growth, Since most of the Chesapeake Bay freshwater drainage has been
already developed for use in Subregion 11, the listed freshwater supply is
confined mostly to the potential groundwater yield. Drainage of the Nottoway
and Blackwater Rivers south into North Carolina presents a substantial
additional source for the southern counties of Subregion 12, and indeed, is
being actively sought as a source for Norfolk and Portsmouth.

TABLE 5-36
AGGREGATED DEMANDS VERSUS FRESHWATER RESOURCE, mgd
SUBREGION 12

1970 1980 1990 2000 2020

Large Public Systems’ 7.4 11.8 14.0 17.1 24.5
Small Public Systems 3.6 5.3 7.3 10.3 18.1
‘Industrial 49.7 64.3 93.3 135.6 277.9
Institutional 0.1 0.1 0.1 0.1 0.1
Agricultural 7.0 19.0 59.8 100.5 78.7
TOTAL Demand 68 100 174 263 399
Fresh Water Supply 84 84 84 84 84
Needs 0 16 90 179 315

! ncluding Suffolk,
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SENSITIVITY ANALYSIS

The demands for future water supply identified in the previous chapter were
derived on the basis of certain assumptions. These assumptions were needed in
order to transform and simiplify the many uncertainties of the future into a
single set of demand projections that reflect the “best estimate” of future

conditions.

While many assumptions were used in Chapter III to arrive at an estimate of
future water needs, it was felt that two of the more basic determinants of water
demand merited additional consideration. These are the topic of this chapter.
First, the sensitivity of the projections of municipal water demand presented in
Chapter III are analyzed in terms of changing from Series C OBERS
projections of economic activity and population to those of Series E. Second,
consideration is given to the future improvements in water reuse in
manufacturing that may evolve as manufacturers seek to comply with
requirements of the 1972 Amendments to the Federal Water Pollution
Control Act (P.L. 92-500).

IMPACT OF POPULATION CHANGES ON

MUNICIPAL WATER DEMANDS

In making economic and demographic projections for the Chesapeake Bay
Study Area, a program of economic measurement, analysis, and projection
conducted by the Bureau of Economic Analysis (BEA) — formerly the Office
of Business Economics (OBE) — of the U.S. Department of Commerce, and
the Economic Research Service (ERS) of the U.S. Department of Agriculture
was used. The OBERS program, as it has come to be called, deals with the
economic activity of the entire Nation and seeks to provide a regional
economic information system covering both the past and the future. The
OBERS historical and projected data form a National economic framework
within which a region’s present and future levels of economic development can
be assessed and compared with those of other regions.

In 1967, the Bureau of the Census developed four sets of projections, Series A,
B, C, and D, which assumed varying fertility rates. By December 1972, the
Census Bureau had abandoned the Series A and B projections and had added
Series E and F. Atthe time the Existing Conditions Report was developed the
Water Resources Council (WRC) required that all Federal agencies involved
in water resources planning use the OBERS Series C projections of
population, income, employment, earnings and output, These projections are
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presented in a multi-volume series of reports entitled the 1972 OBERS
Projections — Regional Economic Activity in the U.S. Starting in 1974
however, WRC directed that agencies involved in water resource planning use
the Series E projections (generally, the E Series assumes lower fertility rates as
well as less defense spending than the C Series). These Series E projections,
published in a seven-volume series in April 1974, were derived from more
recent economic and demographic data. Both Series of reports served as basic
analytical frameworks for the assessment of the economic implications of
proposed water and related land resource development activities in the United
States.

Appendix 3— Economic and Social Profile includes both the Series C and E

projections of population and employment for the Study Area. As noted

earlier, the Series C projections are considered to be the baseline or reference

projections for this Report since the majority of the resource projections,

including water supply demands, were made prior to the adoption of the Series
E projections.

As shown on Table 5-37, the Series E projections are based on slightly differing
assumptions from Series C. It is expected that water use in public systems
would beless than expected under Series C assumptions if conditions implicit
in the use of Series E projections are in fact realized. Of the two basic
determinants of municipal water use, population is the variable with the
greatest influence on water use within the cities. Per capita use is the other
variable that, when multiplied by population, yields demand. The per capita
use rates that would develop under the Series E assumptions would not be
expected to differ significantly from those that would develop under Series C.
This is because the factors which influence the character of a community, and
which also influence per capita demand (i.e., housing density, per capita
income, type and extent of commercial activity, etc.) are felt to be largely
insensitive to small changes in population. Also, changes that may occur in the
industrial component of municipal demand are felt to be largely reflected in
the population differences between Series C and Series E. The population
projections by OBERS are derived from National and regional figures on
employment and earnings, and as such, are considered to be reflections of
future industrial activity.

Population projections, therefore, remain as the single most important and
influential of the many determinants of water use in the cities. Table 5-38
provides a comparison of the large system water demands based on the
differences between the Series C and Series E population projections.
Differences in the demands shown in the table are directly proportional to the
differences in population between Series E and Series C.
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TABLE 5-37

A COMPARISON OF OBERS SERIES C AND SERIES E PROJECTIONS

Item Series C Series E

——

Growth of Fertility rate of 2,800 Gradual decline of fertility rate
Population children per 1,000 women from 2,800 to the “replacement
' fertility rate” of 2,100 children
per 1,000 women.

Military Projects a decline to 2.07  Projects a decline to 1.57 million

Establishment million people by 1975 persons by 1975 and thereafter
and thereafter a con- a constant (due to smaller mili-
stant. tary establishment and the result-

ant smaller need for equipment
and supplies, a significantly slow
rate of growth in the defense-
related manufacturing industries
is anticipated).

Hours Worked Hours worked per em- Hours worked per employee per
Per Year ployee per year are year are projected to decline at
projected to decline at 0.35 percent per year.
0.25 percent per year.
Product Per  Projected to increase Projected to increase 2.9 percent
Man-Hour 3.0 percent per year. per year.

Earnings Per Earnings per worker in the individual industries at the na-

Worker tional level are projected to converge toward the combined
rate for all industries more slowly in the Series E projections
than in the Series C projections. .

Employed Projected to increase Projected to be between 43 and
Population from 40 to 41 percent 45 percent of the total population
of the total population. (higher percentages with the E
Series reflects expected higher
participation rates by women).

As shown on Table 5-38, the majority of the subregions show reduced water
demands using the Series E population projections. The most significant
reductions occur in the Baltimore Subregion where a 30 percent reduction or
158 mgd is realized by the year 2020. This large decrease is attributed to
reductions in population that result from a slower growth in defense-related
industries as projected under Series E. Lesser declines in 2020 demand of 17,
15, and 9 percent are noted for the Richmond, Newport News and Norfolk
Subregions, respectively.
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Only Subregions 5, 6, and 7, which are components of the Washington
Economic Area, show larger water demands under Series E than under Series
C, however, this only occurs in certain goal years. These larger demands are
due primarily to larger than expected population and employment increases in
this Economic Area during the two additional years of the observation between
the release of the Series C and E projections. By the year 2020, water demands
under series E are shown to be less for all subregions.

Periodically, between censuses, the Bureau of Census publishes estimates of
population trends in the United States. An analysis of current trends in the Bay
Area through 1975 is presented as Attachment 5-G. There is conflicting
evidence to indicate the preferability of either Series C or Series E projections.
Five of the subregions in the Bay Area (Numbers 3, 4, 9, 11, and 12) show
growth in direct disagreement with the Series E trends, while estimated
populations in Subregions 5, 6, 7, and 8 indicate trends that are in the same
direction as Series E, but that are much more pronounced. Only Subregions 1,
2, and 10 indicate trends that are intermediate to the forecasts of Series C and
E.

In summary, it should be noted that the water demands to be met by the
municipal systems vary directly with the population served. With specific
regard to the differences between water demands under the Series C and E
OBERS projections, it is expected that the total municipal demands in the Bay
Region would be between 4 and 7 percent lower under the Series E assumptions
during the planning period (1980 to 2020).

IMPACT OF WATER REUSE ON INDUSTRIAL DEMANDS

Projections of water demands for use in manufacturing were presented in
Chapter III. It was assumed that improvements in water reuse and recycling
will occur in the future as industries seek to reduce pollutant discharges and/ or
reclaim by-products from their wastewaters. Under the baseline industrial
projections (Projection Set 3) intake demands were found to decline slightly,
from about 1,600 mgd in 1970 to around 1,300 mgd by the year 1990.
Projections subsequently increase to about 1,800 mgd by 2020 as industrial
water demands increase at a faster rate than the assumed technological
advances.

In 1970, large water users (10 mgy or more) used recirculated supplies to
provide 38.7 percent of the gross water needed for production. By 1990, this is
shown to increase to 77.6 percent, and by 2020 to 89.6 percent. However, even
more impressive recycling rates may occur dependent on the manner in which
industry responds to the provisions of the 1972 Amendments to the Federal
Water Pollution Control Act (P.L. 92-500).

This section is an analysis of the sensitivity of industrial water use projections

to changes that may occur in recycling rates in industrial water use. A complete
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TABLE 5-38
WATER USE IN MAJOR SYSTEMS UNDER
SERIES E POPULATION PROJECTIONS, mgd

Subregion Series 1980 1990 2000 2020

L. Baltimore, SMSA 311 347 399 533

281 297 320 375

16.3 17.7 20.3 259
15.1 15.2 16.4 19.5

0 0 0 0
0 0 0 0

1.0 1.2 1.4 1.9
1.0 1.0 1.1 1.4

494 617 760 1,158
493 639 789 1,146

3.4 5.7 8.6 18.2
3.6 6.0 9.1 18.1

3.1 3.6 4.2 5.8
3.2 3.8 4.4 5.7

86 100 124 189
85 99 116 156

0.3 0.4 0.4 0.6
0.3 0.4 0.3 0.4

36.8 423 50.0 67.5
33.6 38.9 43.9 57.4

79.7 92.4 109 144
74.7 88.0 101 131

7.4 8.7 10.7 15.3
6.6 7.8 9.0 12.1

2. Non-SMSA, MD
3 Non-SMSA, VA
4. Sussex Co., DE

5. Washington, D.C,,

SMSA

6. Non-SMSA, MD
7. "Non-SMSA, VA
8. Richmond, SMSA
9. Non-SMSA, VA
10. Newport News-

Hampton SMSA

11. Norfolk-Ports-
mouth SMSA

12, Non-SMSA, VA

BAY AREA TOTAL 1,039 1,237 1,487 2,159

997 1,196 1,410 1,923

MmO | mOmo@mO mO@DmO mO DA DO DO OO moO mo

presentation of the assumptions and methodology used in the analysis is
included in Chapter III. As explained in Chapter III, the analysis was
conducted specifically for the Chesapeake Bay Study by the Bureau of
Domestic Commerce (BDC) U. S. Department of Commerce. Projection
Sets I, 2, and 3 were based on the work of BDC using varying assumptions
concerning future recycling. All three projection sets are presented here in
order to compare the sensitivity of industrial water needs under the full range
of assumptions.
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ASSUMPTIONS AND METHODOLOGY

In the process of developing a forecast of future industrial water needs for the
Chesapeake Bay Area, three scparate projection sets were constructed. The
projection sets varied only in the assumptions concerning future rates of
recycling. Projection Set 1 was based on a series of assumptions related to the
National goal of zero discharge of pollutants as set forth in P.L. 92-500. The
methodology culminated in the attainment by each industry group of a
“maximum theoretically possible” recycling rate by the year 2000. Projection
Set 2 was derived assuming that current rates of recycling within each
industry group would remain constant through the year 2020. Projection Set
3, which was selected as the baseline projections for future industrial water
supply needs in Chapter III, was based on a continuation of the 1975 to 1980
trend in improvement in recycling as derived by BDC in Projection Set 1.

For purposes of discussion, the three projection sets numbered 1, 2, and 3, are
termed “advanced”, “constant”, and “moderate”, respectively, in reference to
the degree of implementation of technology assumed in each case. A complete
discussion of the assumptions and methodology associated with each of the
three projection sets is included in Chapter IIL.

RESULTS

Comparisons of water use in manufacturing for each of the three projection
sets is shown in Table 5-39 for the entire Bay Area. Since the measure of
production and the amount of water needed per unit production are the same
in each projection set, the gross amount of water required and the resulting
consumptive losses are also the same in each projection set. By varying the
assumptions concerning future rates of recycling, differences are observed in
“intake” and “discharge.” Intakes are shown to vary by nearly 10 billion
gallons per day in the year 2020 between the advanced technology case
(Projection Set 1) and the constant technology case (Projection Set 2).

Under assumptions implicit in the moderately advancing technology case
(Projection Set 3), water intakes are shown to decline slowly through 1990 and
‘then grow to about 1,800 mgd by the year 2020. This is felt to be the most
realistic projection set in terms of planning for Chesapeake Bay. If the water
reuse and recycling technology associated with Projection Set 1 is indeed
attained, water withdrawals in the Chesapeake Bay Area would be reduced by
approximately 1 billion gallons per day in 2020. A plot of projected gross
demand, consumption, and intake demands for each projection set are shown
in Figure 5-8.
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TABLE 5-39
WATER USE IN MANUFACTURING WITH
VARIOUS ASSUMPTIONS ON FUTURE TECHNOLOGY

(mgd)

Parameter ~ Projection Set 1970 1980 1990 2000 2020

Gross Use Allcases 2,608 4,408 6,002 8592 17,290
Intake I 1615 1581 517 418 804
2 L615 2731 3718 5322 10,711
3 1615 1581 1344 1398 1,823
Consumption All cases 74 158 246 341 652
Discharge 1 1541 1424 270 76 151
2 1541 2573 3472 4981 10,058
3 1541 1424 1098 1,057 1171

A breakdown of the intake demands by subregion is presented in Table 5-40
for each projection set. Figures shown for the moderate technology case
(Projection Set 3) were taken from Chapter [II. These are compared with
results assuming attainment of advanced technology and conditions of
constant technology (Projection Sets 1 and 2, respectively).

In the projection of industrial water use for the case of advanced technology
(Projections Set 1), each major 2-digit industrial sector was investigated.
Results of this analysis are presented in Table 541 and can be compared with
results in Table 5-10 for the moderate technology case. All sectors show
impressive recirculation capabilities—the highest being in the Petroleum
sector in which 98.6 percent of the gross water use might be recirculated by
2000. This is equivalent to saying that a given unit of intake can be recycled or
reused 69 times before being consumed or discharged (recycling rate = G/1).
Recycling rates of about 33 for Chemicals and 31 for Paper and Allied
Products indicate these industries’ ability to recycle water if the best
technology is implemented. At present, the Paper industry possesses a
recycling rate of 8.9, the best of all Chesapeake Bay major sectors. This means
that 88.8 percent of all needs are met by recycled water. Food industries, which
incorporate fair amounts of water into products, presently use a unit of water
only 1.08 times, but, with estimates of advanced technology, this would grow
to 6.99 by 2020.

Appendix 5
109



10,000 1
)
-}

£ 4
w
7]

2 1,000
o«
-
g
s

100 1

1880 1990 2000 2010 2020
YEAR
FIGURE 5-8: INDUSTRIAL WATER USE WITH VARIOUS
LEVELS OF TECHNOLOGICAL ADVANCE
Appendix 5

110



TABLE 5-40
WATER INTAKES IN MANUFACTURING WITH
VARYING TECHNOLOGY, BY SUBREGION, mgd

Advanced Constant Moderate
Gross Technology Technology Technology

Subregion Year Demand (Proj. Set 1) (Proj. Set 2) (Proj. Set 3)
BAY 1970 2,607.9 1,615.5 1,615.5 1,615.5
AREA 1975 3,512.5 1,823.9 2,175.9 1,823.9
TOTAL 1980 4,408.2 1,581.4 2,730.7 1,581.4
1990 6,001.6 516.8 3,717.8 1,344.1
2000 8,591.3 417.6 5,322.1 1,397.8
2020 17,290.2 803.8 10,710.7 1,822.9
1 1970 1,226.1 990.7 990.7 990.7
1975 1,703.3 1,174.7 1,376.3 1,174.7
1980 2,179.2 1,034.2 1,760.8 1,034.2
1990 2,751.8 282.5 2,223.4 830.2
2000 3,608.4 217.0 2,915.6 793.3
2020 5,997.5 358.8 4,846.0 856.4
2 1970 35.5 34.8 34.8 34.8
1975 39.9 37.8 30.1 37.8
1980 44,5 34.6 43.6 34.6
1990 52,5 14.2 51.2 30.8
2000 71.6 11.7 70.2 33.8
2020 124.1 19.9 121.7 41.8
3 1970 2.6 2.3 2.3 2.3
1975 2.9 2.4 2.6 2.4
1980 3.3 2.0 3.0 2.0
1990 4.1 1.1 3.7 1.7
2000 5.4 0.9 4.8 1.7
2020 9.2 1.6 8.3 1.9
4 1970 82.7 65.6 65.6 65.6
1975 89.5 61.4 71.0 61.4
1980 86.4 43.5 68.5 43,5
1990 53.1 14.0 42.1 18.0
2000 81.1 12.8 64.3 20,6
2020 175.0 27.7 138.8 29.5
5 1970 5.4 4.7 4.7 4.7
1975 6.4 6.0 5.6 6.0
1980 8.0 6.6 7.0 6.6
1990 12,0 6.9 10.4 8.5
2000 18.6 8.2 16.2 11.3
2020 41.8 18.9 36.3 19.7
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Gross
Subregion Year Demand
6 1970 0.8
1975 1.1
1980 1.3
1990 2.1
2000 3.5
2020 7.5
7 1970 32.9
1975 45.4
1980 57.9
1990 89.3
2000 141.1
2020 331.4
8 1970 400.5
1975 573.6
1980 746.2
1990 1,168.9
2000 1,862.0
2020 4,458.7
9 1970 52.4
1975 66.6
1980 80.2
1990 115.4
2000 171.0
2020 366.2
10 1970 114.9
1975 149.7
1980 184.6
1990 255.4
2000 358.6
2020 720.7
11 1970 32.3
1975 41.6
1980 53.5
1990 73.3
2000 109.1
2020 236.7
12 . 1970 621.8
1975 792.5
1980 963.1
1990 1,424.0
2000 2,161.1
Appendix 5 2020 4,821.4
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TABLE 5-40 (continued)
WATER INTAKES IN MANUFACTURING WITH
VARYING TECHNOLOGY, BY SUBREGION, mgd

Advanced
Technology

(Proj. Set 1)

Constant Moderate
Technology Technology
(Proj. Set 2) (Proj. Set 3)

0.8 n.8
1.1 1.1
1.3 1.3
2.1 2.1
3.5 3.5
7.5 7.5
27.4 27.4
37.8 32.3
48,2 28.4
74.3 28.0
117.4 32.3
275.7 49.4
286.8 286.8
410.7 326.5
534.3 268.9
836.9 250.9
1,333.2 283.4
3,192.4 429.9
26.5 26.5
33.7 26.5
40.6 21.6
58.4 19.6
86.5 21.0
185.3 29.0
100.2 100.2
130.5 79.1
161.0 58.8
222.7 46.9
312.7 46.0
628.5 57.9
25.3 25.3
32,6 21,0
41.9 16.4
57.4 13.0
85.4 13.6
185.3 18.5
50.4 50.4
64.2 55.1
78.0 65.1
115.3 94.4
175.0 137.3
390.5 281.4
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TABLE 5-41
WATER USE IN MANUFACTURING WITH ADVANCED TECHNOLOGY,
BY SECTOR, CHESAPEAKE BAY ARFA, mgd

Gross
Water -Recycl{ng
Demand Intake Consumption Discharge Rate

ALL MANUFACTURING

1970 2,607.9 1,615.5 74.2 1,541.3 1.63
1975 3,512.5 1,823.9 112.5 1,711.4 1.92
1980 4,408.2 1,581.4 157.5 1,423.9 2.71
1990 6,001.6 516.8 246.4 270.4 12.5
2000 8,591.5 417.6 341.3 76.3 23.8
2020 17,290.2 803.8 652.4 151.4 25.2
FOOD & KINDRED PRODUCTS (SIC 20)
1970 79.7 74.3 5.6 68.7 1.08
1975 95.4 81.3 6.1 75.2 1.19
1980 111.1 75.3 6.4 68.9 1.53
1990 146.0 38.9 6.3 32.6 4,86
2000 196.4 39.1 8.4 30.7 6.99
2020 343.9 68.6 14.8 53.8 6.99
PAPER & ALLIED PRODUCTS (SIC 26)
1970 644.8 72.8 7.6 65.2 8.91
1975 848.2 88.1 17.8 0.3 9.69
1980 1,051.6 100.9 25.2 75.7 10.41
1990 1,546.1 112.5 49.5 63.0 13.9
2000 2,334.9 76.5 74.6 1.9 31.3
2020 5,145,5 168.6 164.4 4.2 31.3
CHEMICALS (SIC 28)
1970 402.5 328.1 14.5 313.6 1.22
1975 560.1 382.6 19.6 363.0 1.46
1980 719.3 342.3 24.5 317.8 2,11
1990 1,131.5 42.3 33.9 8.4 29.5
2000 1,804.5 60.5 54.2 6.3 33.3
2020 4,319.3 144.8 129.7 15.1 33.3
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TABLE 5-41 (continued)

WATER USE IN MANUFACTURING WITH ADVANCED TECHNOLOGY,
BY SECTOR, CHESAPEAKE BAY AREA, mgd

Gross
Water
Demand Intake Consumption

PETROLEUM (SIC 29)

1970 81.6 76.3 0.7
1975 99.8 79.4 0.9
1980 105.3 63.3 1.2
1990 136.9 2.8 1.9
2000 178.9 2.5 2.5
2020 294.8 4.2 4.1
PRIMARY METALS (SIC 33)

1970 1.094.6 882.3 35.1
1975 1,423.4 965.5 54,1
1980 1,752.1 815.6 78.8
1990 2,203.2 191.3 130.0
2000 1 2,823.6 169.0 166.6
2020 "4,536.8 271.5 267.7
OTHER MANUFACTURING

1970 304.7 181.7 10.7
1975 490.6 227.0 14.0
1980 668.8 184.0 21.4
1990 837.9 129.0 24,8
2000 1,253.2 70.0 35.0
2020 2,649.9 146.1 71.7

lValue shown is for large water users only.
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847.2
911.4
736.8
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171.0
213.0
162.6
104.2
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74.4

Recycling

Rate



It should be reemphasized that this analysis assumes achievement of
maximum theoretical technology in the manufacturing industries as the
Nation moves towards the goal of zero discharge of pollutants. No
connotation as to desirability or undesirability is implied. This information is
presented to aid planners as a future decision-making tool, and is intended
only as an indicator of the effect that might be expected due to pursual of water
quality goals.

Two other considerations are also worthy of note as regards future industrial
water use in the Chesapeake Bay Area. First, as was stated in Chapter II,
industrial water useis concentrated in a relatively few large plantsin particular
types of industry. This suggests that the timing and achievement of water
resources management goals in the Chesapeake Bay Region are extremely
dependent upon the policies and actions of these existing large water-using
plants, and upon the growth and expansion of similar industries. Second,
while brackish water is presently utilized as a substitute for fresh water, the
continuation of its use in similar proportions as the economy of the region
grows may not occur. Essentially all brackish water withdrawals at present are
for use as cooling water in heat exchange equipment which results in a heated
waste water. If thermal pollution control for discharges into the bay and
tributaries is required, it is probable that cooling towers and ponds will be
utilized and that the cooling water will be recycled rather than discharged.
Under those circumstances, the make-up water added.to the cooling system to
replace water lost through evaporation and blowdown is likely to be fresh
rather than brackish to prevent an unacceptable buildup of dissolved solids in
the cooling water system. These factors make clear the need for periodic
surveys and updates of industrial water use and location especially in the
planning stages of future managerial actions that may be influenced by
changed water use habits.

In summary, the future amount of water that may be required to meet the
needs of industry will depend on the degree of recycling practiced. Within the
range of assumption used, water withdrawals could vary from approximately
800 to over 10,000 mgd by 2020. Under the assumptions of “moderate”
technological advance, which are considered the most realistic for purposes of
this report, withdrawal demands increase to a value of 1800 mgd by the year
2020.

Aprendix 5

115



¥y

CHAPTER V
MEANS TO SATISFY THE NEEDS

Chapter 111 included a presentation of the potential water supply deficits that
can be expected under the assumed population and economic growth
characteristics. This chapter includes a discussion of the alternative measures
by which water shortage problems might be alleviated. Both developmental
and institutional measures will be considered. Detailed alternatives
investigation for specific water service areas, or type of use (industrial,
agricultural, public, etc.), are beyond the scope of this study. Future studies
and alternatives analysis will be required to arrive at site-specific costs and
engineering designs to meet the needs identified in Chapter III.

DEVELOPMENTAL MEASURES

Means to satisfy water supply needs can generally be categorized, as
“developmental” or “institutional.” Developmental means involve the
classical engineering solutions for water supply shortages, such as surface
water impoundment, development of ground water, or inter-basin diversion.
Transmission and distribution mains, intake structures, and treatment plants
are related system engineering developments needed to bring the supply from
the source to the consumer. In Chapter III, the deficits identified were based
on the maximum demands for durations of 1, 7, and 30 days. This range of
demands was developed to highlight the variations in deficit that occur under
conditions of average flow and low flow, and to identify areas where water
supply problems exist or are emerging. Development of the full range of
demands under varying low-flow conditions is also required in order to
evaluate the effectiveness of the various alternative means of meeting water
supply deficits.

It should also be noted that streamflows shown as the available supply in
Chapter III are those low-flows that may be expected only once in 50 years,
and, as such, represent relatively rare occurrences. Use of a less severe low-
flow, such as 25-year or 10-year, would require tradeoffs between the threat-
of-shortage, and the reduced expense.

In the planning stage of an effort to alleviate an identified water supply
shortage, the question arises as to what type source to develop—should surface
flows, impoundments, wells, or some more unusual source be used, such as
desalination or interbasin diversion? Would regionalization of a group of
smaller systems under jurisdiction of an area-wide authority provide a more
economical and equitable supply for all? Perhaps a small water system would
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find it more economical to purchase water from a nearby large system rather
than develop its own incremental supply. All these factors, plus other
problems, and considerations, such as costs, financing, dependabilty, and
quality, must be considered when planning a water supply system.

SURFACE SUPPLIES

Surface water presently meets the majority of the municipal and industrial
water supply demands in the Chesapeake Bay Area, particularly in areas
requiring large supplies. Groundwater, while more evenly distributed around
the Bay Area and less susceptible to seasonal fluctuation, 1s generally more
difficult to retrieve in large quantities. River flow is fed by runoff and
groundwater discharge from its entire basin, sometimes, as in the case of the
Susquehanna and Potomac Rivers, covering thousands of square miles. In
addition to the quantity of water available, quality considerations are also very
important in the development of surface supplies. Generally speaking, surface
sources are much more susceptible to pollutants. Municipal and industrial
discharges, pesticides and fertilizers from agricultural lands and even natural
properties such as hardness and sediment are just a few of the pollutants that
can reduce the utility of the streamflow for downstream users.

Impoundments

A major problem in the use of surface water supplies is the seasonal variation
in flow. Peak demands usually coincide with the season of lowest flow in the
streams. Dam construction is a means by which reduction of variability can be
attained, and the dependable flow or safe yield of a watershed increased.
Water is stored in the reservoir during periods of excess flow for use during
seasonal periods of low flow and high domestic demands. Over the long term,
however, average stream flow must exceed demand by a substantial margin in
order to maintain a minimum conservation pool, allow for
evapotranspiration, and provide a minimal base-flow below the dam.

For a particular drainage basin, the amount of storage needed to effect a given
increase in dependable stream flow is dependent on several variables,
including the chronological sequence of flows and the long term variation in
stream flow. Hydrographs of the longest and driest period known (or
predicted) can be used to construct a mass diagram of aggregated flow with
time. This may be used in conjunction with a mass curve of demand to
determine the volume of reservoir storage needed to alleviate dry-season
deficits2s,
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The capacity of a particular reservoir site must also be investigated with
respect to the height of dam and resulting water surface area. Curves can be
constructed showing the relation between depth and surface area, and between
depth and volume storage, known respectively as “area” and “capacity”
curves. A typical example is shown in Figure 5-9 for Triadelphia Reservoir on
the Patuxent River, Maryland.

Although detailed hydrologic investigations are needed for specific site
investigation, generalized relationships can be derived for areas with similar
topography, geologic makeup, and climate. For example, using data derived
for possible impoundment sites in the Potomac River Basin Study?’, a
relationship can be derived between storage volume and increased dependable
yield, as shown in Figure 5-1028. The sample includes reservoir sites that would
provide between 40,000 and 500,000 acre-feet of storage and that would create
lakes to be managed as multi-purpose facilities. Thus, assuming the curve is
typical of the upland Piedmont Portions of the Chesapeake Bay Area,
provision of about 200,000 acre-feet of storage might be expected to increase
dependable streamflow by 175 mgd. Management of supplies strictly for water
supply purposes, however, could increase the safe-yield substantially.

The cost of a reservoir development is dependent on many variables, often not
in the least consistent from project to project. Cost variables to be considered
include dam construction, operation, and maintenance; land acquisition;
building relocation and demolition; clearing of reservoir site; and highway and
railroad relocation.

Local site characteristics peculiar to each project will govern overall costs. The
geology of an area, for example, will affect both the type and configuration of
the dam. Upstream land use will affect storage needed for sedimentation. In
addition, local topography will influence the length and height of dam needed
to effect a given storage volume, Presence of valuable residences, farms,
railroads, and other developments can increase land acquisition and
relocation costs significantly, sometimes to more than 75 percent of total.
Typically, the projects are designed to serve as far as 50 years into the future.

Natural Stream Flow

Free-flowing surface waters are another source of supply available to meet
expanding needs. The Susquehanna, Potomac, Rappahannock, James, and
Appomattox Rivers presently serve as major sources of water supply for the
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ridges, and fairly steep stream slopes. It is well drained by the many streams
and rivers which empty into the Bay?.

Use of natural stream flows as water supply sources (without impoundment)
depends on the minimum predicted flow exceedng the maximum demand
during the driest season. Otherwise, off-stream storage facilities or dams will
be needed to store water for use during deficit periods, or for release to
supplement downstream flows. Based on stream flow records, estimates can be
made of the frequency of occurrence of various low-flows. Although low-flow
analysis can be estimated for streams without flow records, by synthesizing

data from nearby streams, a minimum of 10 years flow record isrecommended -

for analysis of streams with gaging stations. Attachment B details the stream
flow of streams in the Chesapeake Bay Area (greater than 5 cfs average
discharge) for a 7-day duration low-flow to be expected once in 10, 25, and 50
years.

Tradeoffs are encountered in the development of water supply sources between
the threat of shortage and the added expense of developing a more rchiable
source. The relationship between the low-flow recurrence interval and the
probability of its occurrence is shown in Table 5-42. For example, a system
designed around a 20-year low-flow has a 5 percent probability of shortage in
any given year. The water facilities designer must decide upon the acceptable
level of risk to the community. Services for lawn watering and swimming
pools, and certain commercial, industrial, and public uses can often be
curtailed temporarily without undue hardship or risk to the public health, or
community well-being.

TABLE 5-42
PROBABILITY OF LOW-FLOW OCCURRENCE

Recurrence Interval, Years 50 25 20 10 5 2
Probability of Occurrence in any

particular year, Percent 2 4 5 10 20 50
GROUNDWATER

Groundwater is another water supply source which can be developed to meet
needs in deficit areas. Massive amounts of water are stored in the pore spaces
of the soils and rock formations of the Bay Area. However, the amount
recoverable is governed by economics, and the geo-hyrologic character of the
area. Figure 5-11 illustrates the groundwater situation, as it might typically
relate to topography in the Piedmont region of the Study Area. Except for
“perched” water tables, in which the water is retained, subsurface flow will
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occur from areas of higher head to eventually discharge into streams, lakes,
bay, or oceans. Water withdrawals from wells will cause a lowering of the
water table in a three dimensional cone of depression around the well.

Groundwater supplies generally serve their most valuable function in areas
with small scale, evenly dispersed demands, such as those for the rural
domestic population; agriculture; and small towns, cities, and other facilities.
Establishments requiring concentrated large-scale water supply developments
have invariably located in Western Shore areas where there is a greater
potential for development of surface waters.

“ Several items must be considered before proceeding with development of a
groundwater supply. Short of a complete scientific investigation including test
wells, analysis should be made of the bore-hole logs of wells previously drilled
in the vicinity, and of other groundwater studies and reports to gain
perspective of the geohydrologic profile of the substrata. Estimates are needed
of the thickness of the various available aquifers, their depth, porosity,
permeability, and quality characteristics, so that alternatives can be evaluated
along with costs comparison. Effects of the proposed withdrawals with respect
to water table stability and salt water intrusion, should also be considered as
should the effects of other pumping patterns in the vicinity. Unfortunately,
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FIGURE 5-11: RELATIONSHIP BETWEEN GROUND AND SURFACE WATERS
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quantitative assessment of these factors is often difficult due to the lack of
necessary data, especially for the deeper aquifers. However, complete neglect
of these considerations can hasten the inadequacy or pollution of the source,
or cause the supply to become uneconomical as the water has to be lifted from
greater and greater depths’!,

A detailed assessment of the groundwater system in the Chesapeake Bay Area,
including vyields, aquifers characterizations, and quality considerations, is
presented in Appendix B, Volume 1, of the Existing Conditions Report of the
Chesapeake Bay Study. Some treatment of considerations in groundwater
development will be made here, however, including a short discussion of
typical costs.

Types of Wells

Wells can generally be classified by type of construction—whether dug or
drilled. Dug wells most commonly occur in rural areas where they are used by
the rural domestic population or to meet agricultural needs. They are often
cxcavated by hand with a well lining, casing, or curbing of porous masonry at
the aquifer level. Above the aquifer, a watertight masonry liner should be used
along with a watertight cover to prevent surface water or other undesirable air-
or water-borne debris from entering. Wells excavated in rock are often left
unlined.

Drilled wells are generally used to retrieve groundwater supplies from the
deeper aquifers. The wells are sunk either by percussion or rotary drilling
techniques. They should be cemented above the producing aquifer between the
outside of the hole and the inner casing to eliminate the downward flow of
surface water contaminants, and to prevent erosion of soil outside the casing32,
‘Deep well pumps are generally needed where the suction lift required exceeds
25 feet. Various types of screens and casings are used depending on the
geological profile of the aquifer being tapped.

Coastal Plain Groundwater

The Coastal Plain, lying east of the Fall Line (Figure 5-2) is composed of
alternating layers of sand, gravel, clay, mud, and silt, dipping southeasterly at
an average of about 80 feet per mile in Maryland and 25 feet per mile in south-
ern Virginia. The permeable sand and gravel layers are some of the most
productive aquifers in the United States. Yields as high as 4,000 gpm have been
achieved from an ancient gravel-filled channel near Salisbury, Maryland33.
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More normally, yields range between 300 and 1,000 gpm, but decrease to near
zero at the featheredge of sediments near the Fall Line. Generally, yields of 100
gpm can be developed from the water table aquificr (Quaternary deposits) of
Eastern Shore. On the Western Shore portion of the Coastal Plain, a
maximum yield of 2,000 gpm has been achieved at Bowie, Maryland34.

Groundwater in the Piedmont

Typically, only small amounts of water are recoverable from the rock
formations of the Piedmont Province portion of the Study Area. Thin layers
of weathered material provide for storage and transportation of groundwater
and serve as recharge channels to deeper fracture and fault systems.
Overlying clays in most areas reduce recharge, however, and yields often
respond markedly with varying precipitation. Well yields vary generally
between 10 and 50 gpm, but dry well holes are not unknown?s.

Dependable Yield

Although tremendous volumes of water exist in the rocks and sediments of the
Chesapeake Bay Area, only a relatively small portion is perennially available
for use. The amount recoverable is dependent on several factors including the
porosity, permeability, and transmissivity of the aquifer, and, ultimately, on
the rate of inflow to the aquifers from stream infiltration, rainfall
percolation, and adjacent water-bearing formations. In turn, there are
discharges to streams, the Bay, and/or ocean, and losses from the
groundwater reservoirs to evapotranspiration. If allowance is made for
discharges to the Bay and the Atlantic Ocean and losses to evapotranspiration,
estimates can be made of the “base flow” of streams, or the contribution of

groundwater to streamflow. This method was used by the United States

Geological Survey (USGS) to derive the developable resource of the Eastern
Shore of the Study Area (Delmarva Peninsula)3¢. Using these results and the
data from other reports and studies, the ultimate developable groundwater
resource of the Chesapeake Bay Area was determined, as detailed in
Attachment 5-C. These figures should be considered only as gross estimates,
however, due to the limited data available and the broad generalizations used.

Sufficient groundwater for local needs can be attained but excessive pumpage
can reduce the water table to dangerous levels. Lowering of the pressure in the
freshwater zone allows the gradual penetration of saltwater into the aquifer
from ocean, bay, tidal river, or canal. Withdrawals of about 3.5 mgd from the
Piney Point artesian aquifer at Cambridge, Maryland, have caused water
levels to decline by as much as 25 feet at a point 12 miles from the well site3”.
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Likewise, heavy use of the Potomac aquifer at Franklin, Virginia, has lowered
the water table to 150 feet below sea level since the early 1900’s38. In contrast,
however, withdrawals of 10 mgd at Salisbury, Maryland, have not
significantly affected the water table due to the particular conditions there. In
general, however, it can be expected that concentrated groundwater
withdrawals in excess of 3500 gpm will cause some eventual problems due to
excessive drawdown¥,

Groundwater Retrieval Costs

Several considerations must be made before costs of groundwater
development can be determined4?:

a. The probable yield of wells in the various aquifers.

b. Dirilling costs and equipment.

c. Spatial distribution of wells.

d. Costs of interconnecting pipelines in multiple well development.

€. Amortization of capital costs and addition of annual maintenance and
pumping costs ($/1000 gallons).

As part of the North Atlantic Regional Water Resource Study costs were
estimated for development of groundwater in various geologic settings.
Although variations will occur depending on local conditions and may other
factors, it is noted that costs per 1,000 gallons will vary by only 2 mills for a
$2,000 variance in the capital costs of the well4l. Table 5-43 details estimated
costs of groundwater development for a range of well yields in both the
Coastal Plain and Piedmont consolidated rocks. Costs shown include capital
costs, easements, operation, and maintenance.

TABLE 5-43
REPRESENTATIVE GROUNDWATER RETRIEVAL COSTS, 1970

($/1,000 gallons)

Yield per Well (Gallons per Minute)

Coastal Plain _lﬂ 350 700 1400

1 well $0.035 $0.025 $0.021 $0.020

10 wells $0.045 $0.036 $0.029 $0.024

20 wells $0.049 $0.041 $0.032 $50.027
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It should be noted that cost per 1,000 gallons at the well head from a single
well, and that for multiple wells, is the same—the higher costs shown in the
above table are for the interconnecting pipe. For additional information on
well development costs, see the NAR Study, Appendix D, “Geology and
Groundwater.”

DESALTING AS AN ALTERNATIVE SOURCE

Conversion of brackish water to fresh water is a technigue which can be
used in areas which have depleted their conventional sources of supply.
Given a supply of sea water or other brackish source, freshwater can be
derived by various methods of heating with condensation of the resulting
steam. Other methods involving membrane processes and freezing
processes have also been used.

The choice of a process for application to a particular source of supply is
generally based on the least cost to achieve the desired supply. Some of the
factors to be considered include:

a. Salt concentration and composition of available feedwater.

b. Quality needed in product water.

¢ Waste brine disposal difficulties.

~

Type and cost of energy sources available.

Size of plant required.

o

f. Commercial status of the process.

Distillation

Various distillation processes have been used extensively around the world for
reclaiming seawater or the more concentrated brines. These are the vertical
tube evaporator (VTE), the multistage flash process (MSF), and the vapor
compression processs (VC).

The MSF distillation procesS involves heating the seawater and passing it
through progressively lower pressures, causing at each stage some of the water
to boil, or “flash,” into steam, which then condenses as freshwater. -
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The VTE process drops the saltwater through long metal tubes being heated by
steam in large vertical chambers. Some of the saltwater blows off as steam
while some of the steam surrounding the cooler tubes condenses as freshwater.
The process is repeated through several stages at progressively lower
pressures, to obtain higher efficiency in the use of heat energy.

The VC process involves, in its simplest form, the boiling of brine inside
vertical tubes. The steam produced is pressurized and heated with a mechnical
compressor and then condensed on the outside of the same tubes. A combined
MSF-VC-VTE process has also been proposed to improve efficiency. The VC

process has been widely developed for use on vessels on the high seas and at -

other places with requirements of between 0.02 and 1.0 mgd.

Distillation plants require a source of steam to heat the water and are, for this
reason, often most economically operated in conjunction with power
generation facilities. Otherwise, steam can be supplied by boilers or vapor
compressors. To date, the MSF process has been recognized as the most
economical distillation process but development of more efficient heat
exchange piping may make VTE more attractive in the future. These processes
typically have a waste brine of about 7 to 10 percent salté2,

Membrane Processes

Membrane processes may have wide application in treating brackish waters of
less salinity than seawater — generally 10 ppt is taken as an upper limit. One
type of membrane process is electrodialysis. It consists of stacks of membranes
that are alternatively permeable to positive and negatively charged ions, but
impermeable to ions of the opposite charge. Placed between an anode and
cathode, alternate passages between the membranes produce desalinized
water. Plants as large as 1.2 mgd have been in operation®3,

Reverse osmosis is another type of membrane process. Membranes are used
that are selective of the components in solution that can pass through. The
saltwater is first filtered and then raised to a pressure of between 600 and 1,000
psi. The product portion of the water permeates the membranes. Only plants
as large as 0.15 mgd have been developed.

Freezing Process

This process involves freezing the saline solution. Freshwater ice crystals are’

formed, the salts concentrated in the remaining brine solution. Freshwater is
then obtained by washing the ice and melting. One of the more successful

[
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freeze processes developed to date involves freezing by vacuum evaporation,
The resulting water vapor is then compressed and condensed on the ice crystals
in a separate compartment. For outputs of 0.5 mgd, 30 KWH electrical energy
are needed per 1,000 gallons product, making this one of the more energy
consumptive desalting techniques.

Costs

The costs of desalted water will vary considerably depending on plant location,
size, type of desalting process, financing, costs of energy, and other variables.
Current commercial plants of between | and 3 mgd capacity, produce water in
the general range of one dollar per 1,000 gallons. This is very expensive
considering that surface or groundwater developments rarely exceed $0.10 per
thousand-gallons, even for interbasin diversions over long distances. Studies
have indicated, however, that large dual purpose desalting plants may produce
at a rate of 20 to 40 cents per 1,000 gallons by the 1980’s44. Collection and water
conveyance costs could add another 5 to 10 cents per 1,000 gallons.

INSTITUTIONAL MEASURES

Developmental means will probably continue to be used in most instances to
meet expected water demands; however, consideration should also be given in
the planning of water supply developments to institutional arrangements
(changes in law, custom, or practice) and policy changes which can sometimes
increase efficiency of use of existing supplies or otherwise effect a dampening
of demand. Examples include pricing and metering to encourage thrift,
implementation of plumbing codes to encourage water-saving appliances, and
restrictions on use during droughts. Advancing technology and a change in
public acceptance could also lead to the reuse of wastewater for municipal
purposes in areas depleted of the more traditional sources.

Homeowners, commercial establishments, and industries alike will curtail
gxcess usage, to varying degrees, as water supplies increase in cost. One study
has shown that a doubling of price, for a representative 21 metered and public-
sewered cities, would result in a 10 percent decrease in household use and a
decline of 53 percent in summer sprinkling use, as shown in Figure 5-12%5, In
addition, a survey of many studies has shown that reduction in water use due
to installation of meters has varied from 25 to 75 percent?s. Thus, water use can
be expected to diminish if water costs are in some relation to volume con-
sumed, especially for the less essential and more consumptive uses such as lawn
sprinkling. It has beer found that sprinkling of lawns is one of the uses most
responsive to metering and that in areas with flat-rate pricing (constant price
rate) the tendency is for over-irrigation of lawns?7,

Water use restrictions are another method of alleviating water supply
shortages in a community. As opposed to increasing the volume of supply, this
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AVERAGE SUMMER DOMESTIC WATER USE
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FIGURE 5-12: EFFECT OF PRICE ON DOMESTIC WATER USE

method involves dealing directly with the control of demand so that it can be
reduced to more closely approximate the available supply during periods of
drought. Use restrictions are most effective when they are applied to uses such
as lawn watering, car washing, street cleaning, and non-critical commercial
and industrial uses in such a way that major inconvenience and/ or economic
damage is not suffered by the community. Also, water demands will tend to
respond to unit price increases that can be implemented temporarily on those
uses that exceed a specified limiting amount.

Another demand-controlling measure is to decline requests for new or
additional service from both inside and outside the present system, Similar to
sewer moratoria, this type of measure can be used to guide and/ or control a
community’s growth. It should be noted, however, that this type of measure
may simply result in the demand and perhaps a problem being shifted to
another location within the same region.

Demands for water in industrial processes are another area in which there is
potential for water saving. A major portion of this report has addressed the
savings that may occur in industrial water use due to the adoption of new
process technology and recycling practices. Further advances in technology,
above the levels shown, should be encouraged in order to maximize the supply
of water available for the many needs of society.
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CHAPTER VI

REQUIRED FUTURE STUDIES

The preceding chapters of this appendix include an identification of future
water supply requirements and the expected magnitude and time frame of
future deficits. In a similar manner, the demands and deficits for other
resource categories, such as those for recreation, power, waterborne
commerce, and fish and wildlife, are developed and presented in other
appendices of this report. Additional studies are required to integrate the
needs projected for all resource categories, identify emerging or expected
problems and conflicts between Bay users, and develop a comprehensive plan
for the overall management of the Bay’s resources. This overall plan should be
developed and formulated in coordination with Federal, State, and local
agencies and the public, with a view toward using the resources of Chesapeake
Bay to provide the greatest benefits to the greatest number of people while
maintaining the beauty and dignity of the Bay.

With specific regard to water supply, studies and research are required to
better define both the expected future water demands and the available supply.
These studies are particularly critical in some of the highly urbanized areas
such as Washington D.C. where increased growth and large water supply
deficits are expected.

Studies of the applicability and cost of various alternative means of providing
additional supply should also be undertaken, and be given especially high
priority in critical areas such as Southeastern, Virginia, and Washington, D.C.
In addition to the more conventional uses of surface and groundwater,
consideration should be given to such measures as desalinization, water reuse,
and the use of brackish waters. Studies to determine the impacts in the Bay
Region of metering and pricing would also be extremely valuable in evaluating
these measures as demand controlling alternatives. Similarly, future increases
in the price of water would warrant investigation as to the possible effects on
regional site locations and water use habits of industrial and commercial
establishments.

Additional studies are also required to ascertain the most safe and cost
effective means of treating waters for human consumption. Better methods
must also be developed for monitoring the quality of treated waters and the
mpact of the wastes from water treatment facilitics on the environment.

Additional investigation is needed to fully assess the groundwater resources of
the Region. Except in some areas where deep test wells have been monitored,
knowledge of the groundwater resources is limited. An extensive exploration
program would enable better mapping of aquifer composition, depth, and
thickness and estimates of ultimate developable yields.
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As indicated previously, emerging or expected problems and conflicts between
Bay users must be identified. One of the most significant Bay conflicts related
to water supply is the impact on the fish and wildlife resources of reduced
freshwater inflows into the Bay. These reductions in freshwater inflows are the
results of increasing consumptive losses and interbasin diversions associated
with increased demands for municipal, industrial, and agricultural water.
Considerable study is required to better define the expected changes in salinity
patterns that will result from varying decreases in freshwater inflows and the
impact that these salinity changes will have on the biota of the Bay. The effects
of reduced freshwater inflows on wastewater dispersion and the time
distribution of nutrients must also be explored.

The Chesapeake Bay Hydraulic Model has the potential to provide some of
the physical data that are necessary to make many of the above evaluations.
Since varying freshwater inflows can be easily simultated in the model, salinity
patterns and flushing characteristics can be developed for any freshwater
inflow condition desired. In this manner, the physical impacts of alternative
structural or managerial actions can be provided to the appropriate scientists
for further evaluation of the environmental impacts.

Two of the initial tests planned for the hydraulic model are related to defining
the impacts of changing freshwater inflows to the Bay. The objective of the
Chesapeake Bay low freshwater inflow test is to determine the response of the
Bay system to depressed freshwater inflows due to both droughts and
increased consumptive losses. Emphasis will be placed on developing time
histories of salinity concentrations for specific low flow conditions. The time
required for the system to return to a state of dynamic normalcy following
periods of depressed flow will also be determined.

The second test will be a combined Potomac River Estuary water supply and
wastewater disposal test. The objectives of this test are to define the salinity
regime and wastewater dispersion patterns in the Upper Potomac Estuary
under several freshwater inflow conditions and to determine the impact on
both salinities and wastewater dispersion of pumping water out of the estuary
at Washington, D.C. A more detailed discussion of the above tests and the
capabilities of the hydraulic model may be found in Appendix 16: Hydraulic
Model Testing.
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acre-foot

aquifer

consumption

discharge

ecology

evapotranspirtation

GPO

groundwater

instream uses

- interbasin

diversion

precipition

GLOSSARY

the volume of water required to cover 1 acre to a
depth of 1 foot, equivalent to 43,560 cubic feet.

a saturated underground geologic formation of
sand, gravel, or other porous material, capable of
transmitting water to wells or springs.

the amount of water lost between point of intake
and discharge, by incorporation into products,
gvaporation, etc.

the rate of flow of a stream, or of ground water to
a well; also rate of wastewater flow from treat-
ment plant or conduit.

the interrelationship between living things, each
other, and their environment.

combined loss of water to the atmosphere by
evaporation from water surfaces and plant
transpiration.

Gross product originating — the portion of the
Gross National Product originating in each
sector of the National economy.

water occurring beneath the ground in the
saturated pore spaces of the underlying geologic
formations.

uses for streamflows not requiring withdrawal,
such as recreation, fish and wildlife, and
navigation.

physical transfer of water from one river basin to
another.

any form of rain or snow falling to the earth’s
surface.
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Ieservolr

residual
population

riparian
doctrine

runoff

S.LC.

SMSA

WSA

water table

withdrawal

yield, dependable
or “Safe”
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a pond, lake, aquifer, or basin, either natural or
manmade, in which water is stored and/or
regulated.

the sum of those persons not served by any
central water supply facility; all those persons
supplying their own water by well or other
means.

unwritten law historically recognized in the
Eastern States guaranteeing streamflows be un-
diminished in quantity or quality due to un-
reasonable upstream uses.

the part of precipitation on a drainage basin
appearing as streamflow,

Standard Industrial Classification, as defined for
each type of economic activity by the Office of
Management and Budget.

Standard Metropolitan Statistical Area —
generally, a designation of the U.S. Bureau of
Census for cities of 50,000 population, or more,
and the socially and economically contiguous
counties.

Water Service Area — designation for cities or
town in the Chesapeake Bay Study Area of 2,500
population, or more, being served by a central
water supply agency or authority.

the upper surface of saturation of an under-
ground water body. '

the removal of water from a natural watercourse
or other source for use by industry, the cities,
agriculture, or other purpose — also “intake.”

refers to quantity of water available for use from
natural streamflow, or reservoir development,
with a shortage occurring only once in “n” years.
Dependability is relative to storage provided

and drought probability.

A

»



yield, ultimate
developable

e

Mg
A

»

for groundwater, refers to sustained perennial
amount of water that can be withdrawn—
amount cannot exceed recharge of the aquifers.
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ATTACHMENT 5-C

DEVELOPABLE GROUNDWATER RESOURCE

The following discussion presents an overview of data sources and methodologies
used to establish potential sustained groundwater 'yields in the 12 subregions

of the Chesapeake Bay Study Area.

SUBREGION 1: The sustained yields in this area were estimated at 200 mgd,
based on results computed in the Maryland Water Supply Study, (Part II by the
U.S. Geological Survey) 1965. These in turn were based on studies published

in various Bulletins of the Maryland Geological Survey.

SUBREGIONS 2, 3, & 4: Results presented in Professional Paper 822 of
the USGS: "Water Rescurces of the Delmarva Peninsula," 1973, were used to
establish sustained groundwater yields for these three subregions. Yields
from each of seven major aquifers were apportioned based on their areal extent

beneath each of the subregions. Results of this analysis appear in the following

table,
Total § U B R E G I O N
Aquifer mgd 2 3 4
Non-marine Cretaceous 80 60 0 0
Magothy 10 7 0 0
Aguia-Rancocas 190 132 0 0
Piney Point-Cheswold 80 45 0 10
Federalsburg 50 17 0 15
Fredericka 50 9 0 8
Manokin-Pokomoke—
Quaternary 1,040 480 248 209

749 248 241

Note: Balance of water available accrues to parts of Delaware out of Study Area.
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SUBREGION 5: Sustained yields in this area were based on USGS Circular
No. 697, 1974 (48), and estimates presented in the Northern Virginia Water

Quality Management Plan, 1973. These amount to 170 mgd and 11 med for

Maryland and Virginia, respectively.

SUBREGION 6: This area is estimated to have a sustained groundwater
yield of 234 mgd. The estimated 324 mgd by the Maryland Water Supply Study
was reduced by 40 mgd plus 50 mgd to compensate for that allocated to the
D.C. area (Subregion 5) from the Magothy and Patapsco aquifer, respectively.
This 90 mgd 1s included in the 170 mgd figure mentioned above.

SUBREGIONS 7 - 12: Using figures derived for purposes of the NAR Study
(49), sustained yields for Subregions 7 through 12 were found by apportioning
according to area, as shown in the following table. These are rough figures

that assume the supplies are everywhere equally available.

- - * NAR AREA - - -
19: Potomac 20: Rap- York 21l: James
Chesapeake Bay Coastal Coastal Coastal
Region Plain Plain Piedmont Plain Piedmont  TOTAL

7 28 7 37 - - 72

8 - 7 21 19 28 75

9 28 72 - 10 - 110

10 - 6 - 2 - 8

11 - - - 12 - 12

12 - 15 - 27 - 42(821)

lincludes an additional 40 mgd presently used at Franklin, Virginia, The later
figure is used for the overall total in Subregion 12.
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ATTACHMENT 5-D
- EXISTING STORAGE FACILITIES

Safe Yield
Name Location (mgd) Owner
SUBREGION 1
Loch Raven - Prettyboy
System Baltimore County 148.0 Baltimore
Liberty Lake Patapsco River 95.0 Baltimore
Atkisson Reservoir Harford County : 11.0 Edgewood Arsenal
254.0
SUBREGION 2
none
SUBREGIONS 3 and 4 none
SUBREGION 5
Triadelphia - Rocky Gorge Washington Suburban
System Patuxent River 43.0 Sanitary Commission
Occoquan Creek Reservoir Fairfax County 65.0 Fairfax County Water
Authority
Goose Creek - Beaverdam
Creek System Loudoun County 14.4 Fairfax City
Broad Run Impoundﬁent Prince William County 8.0
130.4
SUBREGION 6 none
Appendix 5

D-1



Name

SUBREGION 7

Beaverdam Run Reservoir

SUBREGION 8

Lake Chesdin

Swift Creek Reservoir

Falling Crgek

SUBREGION 9 none

SUBREGION 10
Lee Hall Reservoir
Harwoods Mill Reservoir
Skiffes Creek Reservoir
Diascund Reservoir
Big Bethel Reservoir

Jones Pond

Appendix 5
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ATTACHMENT 5-D (Cont'd)
EXISTING STORAGE FACILITIES

Location

Aquia Creek

Appomattox River

Chesterfield County

Chesterfield County

Newport News

York County

James City County
James City County
Hampton

York County

Safe Yield

—fmgd)

2.5

40.0

Quner

U. S. Marine Corps

Appomattox River
Water Authority

Chesterfield County

Chesterfield County

Newport News

Langley AFB

Cheatham Annex.



ATTACHMENT 5-D (Cont'd)
EXISTING STORAGE FACILITIES

Safe Yield
Name Location (mgd) Owner
SUBREGION 11
N North Landing Reservoir Virginia Beach
Lake Burnt Mills City of Suffolk
73.0 Norfolk
v Lake Prince City of Suffolk
Western Branch Reservoir City of Suffolk
Speight's Run Reservoir City of Suffolk
Lake Kilby City of Suffolk
Lake Cohoon City of Suffolk 21.0 Portsmouth
Lake Meade City of Suffolk -
94.0
SUBREGION 12
Waller Pond York County 2.0 Williamsburg

2 &
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ATTACHMENT 5-E

SIGNIFICANT INSTITUTIONAL WATER USERS,

BY SUBREGION

SUBREGION 1
Aberdeen Proving Ground
Edgewood Arsenal

._@;

U. S. Naval Academy (includes Naval Ship
R & D Center)

Crownsville State Hospital (Anne Arundel Co.)
Curtis Creek Coast Guard

Springfield State Hospital (Carroll Co.)

Fort Meade (A. Arundel Co.)

Maryland House of Correction (A. Arundel Co.)

SUBREGION 2
Bainbridge Naval Training Center (Cecil Co.)

Perry Point Veterans Hospital (Cecil Co.)

Use

(mgd)

2.5

2.0

2.2
1.1
0.6

l.3

3.5

Source

Deer Creek & Wells

Winter's Run & Wells

Wells
Wells
Surface

Piney Run, South
Branch Patapsco River

Little Patuxent River
& Wells

Dorsey Run & Patuxent
River

Susquehanna River

Susquehanna River
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ATTACHMENT 5-E (Cont'd)
SIGNIFICANT INSTITUTIONAL WATER USERS,
BY SUBREGION

Use
(mgd) Source
SUBREGION 3 . 3
no users of greater than 0.1 mgd
SUBREGION 4 e
no users of greater than 0.1 mgd
SUBREGION 5
Quantico Marine Base (Prince William Co.) 2.7 Chopawamsic & Aquia
Creek & Wells
Agricultural Research Center 0.7
Lorton Reformatory (Fairfax Co.) 1.6 Occoquan Creek
5.0
SUBREGION 6
Patuxtent Naval Air Station (St. Marys Co.) 1.3 Wells
U. S. Naval Ord nance Station (Charles Co.) 1.7 Wells
3.0
SUBREGION 7
U. S. Naval Ordnance Laboratory (King George Co.) 0.6 Wells
0.6
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ATTACHMENT 5~E (Cont'd)

SIGNIFICANT INSTITUTIONAL WATER USERS,

BY SUBREGION

SUBREGION 8
Central State Hospital (Dinwiddie Co.)

Richard Bland College (Prince George Co.)

SUBREGION 9

Camp A. P. Hill (Caroline Co.)

SUBREGION 10
Langley Air Force Base, NASA

Cheatham Annex (York Co.)

SUBREGION 11

Norfolk Naval Shipyard

SUBREGION 12

Frederick College (Suffolk Co.)

Source

Surface

Wells

Wells

Big Bethel Reservoir

Jones Pond & Wells

Surface (brackish)

Wells
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Subregion
1

ATTACHMENT 5-F

AGRICULTURAL WATER USE SUMMARY*, mgd

Type Use

Irrigation
Livestock
Domestic
Sub-Total

Irrigation
Livestock
Domestic

Sub-Total
Irrigation
Livestock
Domestic

Sub-Total

Irrigation

_Livestock

Domestic
Sub-Total
Irrigation
Livestock
Domestic
Sub-Total
Irrigation
Livestock
Domestic
Sub-Total
Irrigation
Livestock

Domestic

Sub-Total

*Derived from Appendix 6: Agricultural Water Supply.

1970 1980 1990 2000 2020
2,9 38.2 40,5 42,9 47.9
2.5 2.9 3.1 3.2 3.5

15.6 17.2 16.5 15.7 18.4

21.0 58.3 60.1 61.8 69.8

32.5 94.0 163.1 232,2 722,2
4,2 2,7 2.6 2.6 2.2
8.8 11.9 13.9 15.8 20.5

45.6 108.6 179.6 250.6 744.9

15.9 66.6 58.1 49,6 39.1
0,2 0.1 0.1 0.1 0.1
1.5 3.0 3.2 3.6 " 4.1

17.6 69.7 61,4 53.3 43,3

12,2 96.9 103.0 111.3 136.8
2.0 1.5 1.4 1.3 1.3
3.6 6.0 6.9 7.8 8.7

17.8 104.4 111.2 120.4 146.8
3.1 21,6 49,9 72,2 103.1
1.7 1.5 1.3 1.1 0.9

10.6 10.1 11.3 12.5 13.8

15.4 33.2 62,5 85.8 117.8
3.7 14.4 47.5 80.6 112.7
0.3 0.2 0.2 0.2 0.2
4.3 5.8 5.5 5.1 3.9
8.2 20.4 53.2 85.9 116.9
tr. 0.8 1.2 1.6 2.1
0.3 0.3 0.4 0.4 0.4
2.0 3.4 3.7 4,0 2.4
2,4 4,5 5.2 5.9 4.9
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ATTACHMENT 5-F (Cont'd)

-

Subregion Type Use 1970 1980 1990 2000 2020
8 Irrigation 1.8 21.6 42.1 62.5 70.7
Livestock 0.7 0.7 0.6 0.5 0.4

Domestic 4.9 7.9 8.5 9.1 9.9

Sub-Total 7.3 30,2 51.1 72,1 81.0

9 Irrigation 0.5 13.2 27.4 41.6 44,1
Livestock 0.6 0.6 0.6 0.6 0.6

Domestic 2.9 4.6 5.2 5.7 6.4

Sub-~Total 4.0 18,5 33.2 47.9 51,1

10 Irrigation 0.2 0.3 0.4 0.4 0.9
Livestock tr. 0.1 0.1 0.1 0.2

Domestic 1.2 1,1 0.8 0.5 0.6

Sub-Total 1.4 1.5 1.3 1.1 1.6

11 Trrigation 4.4 9.3 8.8 8.4 9.1
" Livestock 1.2 0.3 0.2 0.2 0.2

Domestic 0.6 3.3 3.1 2.9 2.5

Sub-Total 6.2 12,8 12,2 11,6 11.9

12 Irrigation 2.5 10.5 50.6 90.6 68.7
Livestock 0.6 0.9 1.0 1.0 1.3

Domestic 3.9 7.7 8.2 8.8 8.7

Sub-Total 7.0 19.2 59.8 100.5 78.7

tr. = trace

Note: Irrigation use is that during the maximum application month of the
dryest year in 10 for vegetables and specialty crops, and the dryest year
in 5 for field crops and orchards,
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CHAPTER I

THE STUDY AND THE REPORT

AUTHORITY

The authority for the Chesapeake Bay Study and the construction
of the hydraulic model is contained in Section 312 of the River
and Harbor Act of 1965, adopted 27 October 1965, which reads as
follows:

a. The Secretary of the Army, acting through the Chief of
Engineers, is authorized and directed to make a complete inves-
tigation and study of water utilization and control of the
Chesapeake Bay Basin, including the waters of the Baltimore
Harbor and including, but not limited to, the following: navi-
gation, fisheries, flood control, control of noxious weeds, water
pollution, water quality control, beach erosion, and recreation.
In order to carry out the purposes of this section, the Secretary,
acting through the Chief of Engineers, shall construct, operate,
and maintain in the State of Maryland a hydraulic model of
the Chesapeake Bay Basin and associated technical center. Such
model and center may be utilized by any department, agency, or
instrumentation of the Federal Government or of the States of
Maryland, Virginia, and Pennsylvania, in connection with any
research, investigation or study being carried on by them of any
aspect of the Chesapeake Bay Basin. The study authorized by this
section shall be given priority.

b. There is authorized to be appropriated not to exceed

$6,000,000 to carry out this section.
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An additional appropriation for the study was provided in Section
3 of the River Basin Monetary Authorization Act of 1970, adopted
19 June 1970, which reads as follows:

In addition to the previous authorization, the completion of
the Chesapeake Bay Basin Comprehensive Study, Maryland, Virginia,
and Pennsylvania, authorized by the River and Harbor Act of 1965
is hereby authorized at an estimated cost of $9,000,000.

As a result of the extensive damage caused by Tropical Storm Agnes
in the Chesapeake Bay, Public Law 92-607, the Supplemental Appro-
priation Act of 1973, signed by the President on 31 October 1972,
included $275,000 for additional studies of the impact of the
storm on the Chesapeake Bay.

The District Engineer, Baltimore District, was assigned the Chesa-
peake Bay Study on 3 December 1965. Subsequently, the Chief,
Planning Division, Baltimore District, entered into contract with
the Economic Research Service to perform a rural water use study
in support of the authorized Chesapeake Bay Study.

The Economic Research Service is authorized under Section 601 of
the Economy Act (31 U.S.C. 886) to enter into interservice agree-
ments or arrangements to work for reimbursement for other Federal
agencies. The products of the agreement between the Corps of
Engineers and the Economic Research Service were a section of the
Existing Conditions Report and this Appendix.

PURPOSE

The Rural Water Use Appendix is a component of the Chesapeake Bay
Study undertaken by the Baltimore Corps of Engineers. The objec-
tives of the Study, as stated in the Chesapeake Bay Plan of Study,
are to:

a. Assess the existing physical, chemical, biological, eco-
nomic and environmental conditions of Chesapeake Bay and its water
resources.

b. Project the future water resources needs of Chesapeake
Bay to the year 2020.
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c. Identify the additional studies to include hydraulic model
tests that are needed to formulate a water resources management
program for the Bay.

The Chesapeake Bay Existing Conditions Report, which was published
in 1973, met the first objective of the study by presenting a
detailed inventory and documentation of the existing condition of
Chesapeake Bay and its water resources. The report, divided into
a summary and four supporting appendices, presents an overview

of the people residing in the Bay area and the economy; a survey
of the land surrounding the Bay and its use; and a description of
the Bay itself, its life forms and hydrodynamics.

The purpose of the Future Conditions Report, as distinct from the
study itself, is to provide a format for presenting the findings
of the Chesapeake Bay Study. The report, which satisfies the last
two objectives of the study, describes the present use of the
resource, presents the demands to be placed on the resource to

the year 2020, assesses the ability of the resource to meet future
demands and identifies the additional studies required to develop
a management plan for the Chesapeake Bay.

The purpose of this Appendix on Agricultural Water Supply is to

(a) appraise the historical and existing rural water use by subarea;
(b) forecast future agricultural activity in the Chesapeake Bay
Area; (c) estimate future water use resulting from such activity;
(d) determine future water needs of rural nonfarm residents depend-
ent upon wells; and, (e) identify possible problems and conflicts
resulting from projected agricultural production and water use,

and (f) assess possible means to satisfy future needs.

SCOPE

This Appendix identifies and quantifies current agricultural uses

of water in the study area. Agricultural demands are then estimated
for the target date period through the year 2020. Finally, the
ability of the region to meet those demands is addressed, along

with their impacts and the potential problems and conflicts engen-
dered by the demands. An attempt is also made to test the sensi-
tivity of the water use projections by varying several of the

basic assumptions made in the analysis.
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The conclusions reached are based upon analyses of historical
and projected water use in rural areas of fifty-six counties
in the Chesapeake Bay area. The counties are located in the
States of Delaware, Maryland and Virginia, and are aggregated
into fourteen subarea groupings of counties which follow the
component state's planning districts. As shown in Table 6-1
and Figure 6-1, five of the subareas are in Maryland and eight
are in Virginia. The State of Delaware constitutes a subarea
by itself. Because this Appendix addresses rural water supply
needs, water use in major cities such as Baltimore and Wash-
ington .is not included.

Rural domestic water use for farms and for rural residents not
served by municipal systems, livestock consumption, and irrigation
water use are addressed in the analysis. In the estimation of
irrigation and livestock water demand, projections are made
separately for different types of agricultural production, includ-
ing 16 selected crops and 8 types of livestock, poultry and dairy
products.

Water use in the study area is projected to target years of
1980, 2000, and 2020, based upon historical data extending from
1949 to 1970. Among the historical data sources are the United
States Censuses of Agriculture and Population, projections of
aggregated agricultural production by OBERS (see Glossary for
definition), and selected demographic projections furnished by
the Baltimore District, Corps of Engineers.

SUPPORTING STUDIES

Nearly all of the comprehensive river basin studies have est-
imated future rural and urban water use as a part of their .
overall responsibilities. The North Atlantic Regional Water
Resources Study, which included the entire Chesapeake Bay area,
served as an important source to this Appendix. Future water
use rates were derived and updated from work reported in the
Water Supply Appendix to the Great Lakes River Basin Study
(1973).

Estimates of future agricultural production of crops and livestock,
upon which the water use calculations were based, were derived

Appendix 6
4



TABLE 6-1

CHESAPEAKE BAY STUDY

COMPOSITION OF SUBAREAS

Subarea County Subarea County
DELAWARE VIRGINIA
Kent 1. Accomack
New Castle Northampton
Sussex
2. Fairfax
Loudoun
Prince William
MARYLAND 3. King George
Spotsylvania
Anne Arundel Stafford
Baltimore
Carroll 4. Chesterfield
Harford Dinwiddie
Howard Hanover
Henrico
Caroline Prince George
Cecil
Kent 5. Caroline
Queen Annes Charles City
Talbot Essex
King & Queen
Dorchester King William
Somerset Lancaster
Wicomico New Kent
Worcester Northumberland
Richmond
Montgomery Westmoreland
Prince Georges
6. York
Calvert
Charles 7. Chesapeake City
St. Marys Virginia City
8. Gloucester
Isle of Wight
James City
Mathews
Middlesex
Nansemond
Southampton
Surry
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from State-level OBERS projections of the Water Resources Council.

Finally, an earlier special study of current and historical agri-
cultural water use was completed by ERS in 1972, for the Chesapeake
Bay Study. Summarized in the Existing Conditions Report, it

formed the basis for the analysis in this Appendix. There has

also been coordination with Appendix 5 of the Chesapeake Bay Study
in which municipal and industrial water supply are discussed.

STUDY PARTICIPANTS AND COORDINATION

The District Engineer of the Baltimore District, Corps of Engineers
has the overall management responsibility for the Chesapeake Bay
Study. Because of the magnitude of the study and the complexity
of the problems to be analyzed, a study organization composed of
representatives from Federal agencies and the involved states
was formed early in the study. Each agency represented has been
charged with exercising leadership in those disciplines in which
it has special competence and is expected to review and comment
on work performed by others. To facilitate coordination among
the study participants an Advisory Group, a Steering Committee
and five working task groups have been formed.

This Appendix was prepared under the general responsibility of
the Water Quality and Supply, Waste Treatment, Noxious Weeds
Task Group. The Economic Research Service, Agriculture's repre-
sentative to the Task Group, conducted the required technical
studies and prepared the Appendix. Membership and organization
of the Task Group is as follows:

WATER QUALITY AND SUPPLY, WASTE TREATMENT,
NOXIOUS WEEDS TASK GROUP

Environmental Protection Agency (Chairman)

Agriculture - Economic Research Service

Commerce -~ National Marine Fisheries Service

Corps of Engineers

Energy Research and Development Administration
Federal Power Commission

Interior - Bureau of Mines and U.S. Geological Survey
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Navy

State of Delaware

State of Maryland

State of Pennsylvania.

State of Virginia

District of Columbia

Susquehanna River Basin Commission
Transportation - Coast Guard

Substantial contribution was made to this Appendix by the Soil
Conservation Service, USDA, who provided the analysis and projec-
tions of irrigation water use. The Office of Business Economics,
Department of Commerce, and Corps of Engineers were also important
contributors, respectively, of data pertaining to population and ”
to the residual populations unserved by central water systems.
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CHAPTER II

AGRICULTURAL WATER SUPPLY IN THE CHESAPEAKE BAY REGION

DESCRIPTION OF REGION

THE CHESAPEAKE BAY REGION, RESOURCES AND HISTORY

The Chesapeake Bay Study Area is located in the southern portion
of the northeastern urban complex in the United States, a sprawling
chain of urbanized areas extending from Northern Virginia to
Massachusetts.

There has been a general postwar movement into urban areas from
rural areas in the United States, but along this urban complex
the movement has been even more pronounced than for the country
as a whole. (1) In the Chesapeake Bay Estuary Area, ( 2) the
population has increased by 60 percent since 1950; from 4,947,215
in 1950 to 7,872,041 by 1970. In the same period, however, the
urban population increased by almost 73 percent, while the rural
population increased only 16 percent. The urban share of the
Estuary Area total population jumped from 75 percent in 1950 to
81 percent by 1970.

During the same period, there has been a sharp shift from agri-
culture to other areas of employment. As a result of mechanization
and other changes, productivity per farm worker has risen at an

unprecedented rate. Thus, despite increases in food consumption,the
number of agricultural workers has decreased not only as a propor-
tion of all workers, but also absolutely. Again, this movement
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has been more pronounced in the Chesapeake Bay Study Area than

in the country as a whole. (3) 1In 1950 the farm population in the
study area was 345,541, or 29 percent of the rural population,

and the farm population constituted 7 percent of the total pop-
ulation. By 1970 it had decreased to 98,588, or 7 percent of the
rural population and slightly over 1 percent of the total popu-
lation.

The effect of these population shifts has been two-fold. First,
the shift in the rural population from farm to nonfarm has had

a significant effect upon domestic water use. The rural nonfarm
population has traditionally enjoyed a higher income than the farm
population, and can afford more water consuming conveniences.

Its water use rate is thus substantially higher than that of the
farm population. When the rural population shifts from farm to
nonfarm, therefore, rural domestic water demand is increased over
what it would be if the farm-nonfarm relation remained constant.

Second, the increase in the rural nonfarm population directly
affects both the quantity and distribution of land in farms, and
hence it significantly affects agricultural demand for water. The
rural nonfarm population has exerted an ever increasing demand for
land and housing, and it places a value on land with which

less profitable agricultural uses simply cannot compete. In
response to this pressure, the quantity of land in farms in the
Chesapeake Bay Study Area fell from 7.5 million acres in 1949

to 5.1 million acres in 1969, a reduction of thirty percent.
Remaining agricultural production is concentrated in the areas
with the greatest competitive advantage, where agriculture can

~ compete with alternative uses of land such as residential and
recreational uses. The increase in demands of the nonfarm pop-
ulation for land thus effects a spatial redistribution and concen-
tration of agricultural production.

Since the conversion of agricultural land to urban and industrial
uses has been most pronounced near the expanding centers of
Washington, Baltimore, and Norfolk, these demographic and water
use trends have been sharpest in those areas.

The Chesapeake Bay Study Area is situated largely in the Atlantic
Coastal Plain, with western portions in the Piedmont and Appalachian
physiographic provinces. The Atlantic Coastal Plain, separated

from the Piedmont by the Fall Line, stretches from Long Island,

New York, to the Gulf of Mexico. It is the center of deposition

for sediments from the uplifted areas to the west of the Fall

Line, and is underlain by a series of unconsolidated, coarse sedi-
mentary deposits. The deposits rest on a basement complex of
igneous and metamorphic rock, and they range in thickness from a
featheredge at the Fall Line, to 9000 feet at a location north of
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Ocean City, Maryland (see Figure 6-3). Their slope varies from
50 feet per mile to 160 feet per mile. The sediments thus dip
eastward from successive outcrop areas, and are encountered

at increasingly great depths.

The Piedmont is a relatively narrow, moderate relief plateau
between the Coastal Plain and the mountains. It is composed

of crystalline rock of the igneous and metamorphic classes, rock
which to the east forms the basement complex beneath Coastal Plain
sediments,

The climate of the study area is best described as temperate. The
average annual temperature is 57 degrees Fahrenheit, varying from
37 degrees in January and February to 78 degrees in July. The
average temperature during the crop growing season, from April

to September, is 70 degrees. (4)

Rainfall in the study area averages 44 inches per year. The
average varies, however, with location, from less than 40 inches
per year to more than 47 inches. Precipitation varies with the
season, as well, and most falls during the spring and summer months
(see Table 6-2 and Figure 6-2).

Descriptive Publications

An extensive survey of the water resources of the Delmarva Peninsula,
with maps, was completed in 1973 and is available from the U.S.
Geological Survey (1973). Also available from the Geological

Survey is a study of the water resources in the State of Maryland
(1970).

The State of Virginia has conducted an elaborate study of its
agricultural water resources, including projections to 2020
(1969).

PRESENT STATUS

. Historical rural water use in the Chesapeake Bay Study Area is

the summation of three major uses: rural domestic, livestock and
poultry, and irrigation. Rural domestic water use is by far the
largest component and consists of the water used by rural farm
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TABLE 6-~2

CLIMATIC SUMMARY-PRECIPITATION DATA
MONTHLY RORMALS~YEARS-1931 thru 1960

Station Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Annual
Elkton, Md. 3.46 2.99 4,19 3.60 4,25 3.9 4.35 5.02 3.56 23 3.55 3.19 45,35
Annapolis, Md. 3.4 2.57 3.62 3.3 3.83 3.51 4.14 4.50 3.&6‘ 2.63 2.78 2.85  40.34
Crisfield, Md. 3.56 3.15 4.01 3.66 3.69 3.31 5.05 5.05 3.83 3.37 3.24 2,92 44,89
Salisbury, Md. 3.‘66 .21 4.13 3.34 3.62 3.49 4.39 6.01 4044 3.50 3.21 3.13 46,13
Baltimore, Md. 3.43 2.89 3.82 3.60 3.98 3.29 4,22 5.19 3.33 3.18 3.13 2.99 43.05
Coleman, Md. 3.6 2.93  3.86 3.43 4,17 3.64 4.29 4.97 3.7 3.08 3.41 3.18 44,28
Splomons, Md. 3.55 2.78 3.61 3.50 3.76 3.45 5.57 5.00 3.59 3.11 3.33 2.97 44,22
Washington, D:C. 3.03 2.47 3. 3.15 4.14 3.21 4,15 4.90 3.83 3.07 2.84 2.78 40.78
Richmond, Va. 3.46 2,90 3.42 3.15 3.72 3‘.75 5.61 5.54 3.65 3.00 3.04 2.97 44.21
Norfolk, Va. A.P. 3.33 3.21 3.45 3.16 3.36 3.61 5.92 5.97 4.22 2.92 3.05 2.74 45,94

Source:

FIGUEE 6-2
Monthly mean precipitation.

Source:

Jan Feb Mar Apr May

Existing Conditions Report, Vol. II.

Jun Jul

Present Conditions Report, Vol II

Appendix 6

12

Sep

Oct

Nov

Chesapeake Bay Study Area.

Dec

£



r (.;- d
> Carrall Harles "
lallamm \ l W

BALTIM Clllll

Noword Keat ~
/ M Y n' Ul'l

” ) onigemery g Arundel s [ {T]]

ovdosa
7@‘“ . ‘ I Figure
WASHTGTN D.CY " e
\ fair
‘gm‘ / I sz'!.
- o ] S-ml

rert

Charles

6-3

Fall Line and Underlying Sediments,
Chesapeake Bay Study Area

g / 1
& Dorchester ¢
L) thmm
k.
é:uml "
PETEASBUAC
Dinwiddle
. t
~
‘y = ‘\?' ~ ‘~—-*_
; =~ £ =
38~ S Lo ETh
=2 v 38 >
il Q Q I :
~ ‘ : o g/ /4 )
“quaternary S\ s
“deposits - po, Sy
)/
v _"\‘,'\ oo . A
2 Y] // \ Y ‘/
"\n’\l - - /\’ \I“"\l g \ /, —~
PINTI NS NN S ‘,\I- [ ~N M-S (PAD> A
N d=ars m\’ SAEICON R AT SN ANy SR 4
\l\, I\ LNyT7a N \\,, ns AWIRS I,"l\‘l/"’/'~[\“ > \
SONRN A I T S AL AR S CRNAS ARV R ENACD !
»> ""I\\' AP S IRV NI IS IO NI Sy O UREAY
\« ,\r' ‘\" ’r‘-‘:‘\g\l \)‘I,\(‘ \/\—, \’\ -y :—\'//\\// L;/ N ,,\”-/ -,’\‘/:4
X -1 " "’\‘/ A TN N AN N A R VAP SR S AR N ON AN
COASTAL PLAIN DEPOSITS
¥

Sands,.Gravels,

Source: Modified from Maryland Geological Survey:
1976

Silts & Clays

Water in Maryland.

Appendix 6
13



and rural nonfarm populations. Irrigation water use is the sec-
ond largest rural water demand; it accounted for 25 percent of
rural domestic water use in 1970. The third largest rural water
demand is exerted by livestock and poultry, with about 25 percent
of the 1970 rural total. Rural industrial water use was not
evaluated for this Appendix, but it is included in the Municipal
and Industrial Water Supply Appendix.

This section of the report describes historical water use by the
nonsystem served domestic, livestock and poultry, and irrigation
sectors of the rural economy. Rural domestic water use is est-
imated for 1950, 1960, and 1970, livestock and poultry water use
for 1950, 1959, and 1969, and irrigation water use for 1964 and
1969. The historical years chosen for analysis of each major use
depended upon the availability of Census of Population and Census
of Agriculture information. The historical uses summarized in
this section are described in detail in Rural Water Uses 1950-
1960-1970 Chesapeake Bay Study Area by John W. Green and available
from Economic Research Service, USDA, Broomall,. Pa.

RURAL DOMESTIC WATER USE

The rural population, composed of a rural farm component and a
rural nonfarm component, are the major users of water in rural
areas. Table 6-4 presents population statistics for the Chesa-
peake Bay Study Area and its subareas. Rural population increased
16 percent in the study area between 1950 and 1970. Rural popu-
lation 1in 1970 was 1,368,364, of which 1,275,568 were classified
as rural nenfarm and 92,796 as rural farm. The rural farm pop-
ulation decreased significantly between 1950 and 1970 but the

loss was more than matched by the gain in rural nonfarm popu-
lation.

Water consumption rates differ for persons with and without run-
ning water in their homes. The first step in estimating rural
domestic water use was therefore to determine what proportion of
the rural population had running water and indoor plumbing in their
homes. Since the proportion of homes without such facilities was
not expected to be the same for nonfarm and farm households, a
dwelling unit analysis was carried out for each group and the data
aggregated to determine total rural domestic water use.

The dwélling unit analysis consisted of determining the percentage
of rural nonfarm and farm dwelling units with running water and
multiplying these percentages by the appropriate population number
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to determine rural nonfarm and farm population served by running
water. The population numbers were then multiplied by appropriate
water use rates and the results added to obtain total rural dom-
estic water use.

The Census of Housing reports the number of dwelling units with
various combinations of modern facilities. Table 6-B-1 of Attach-
ment B shows the total number of nonfarm dwelling units in 1950,
1960, and 1970, It also shows the number of units with running
water, toilet, and bath. From this data, the percentage of units
with modern facilities was computed. This percentage was then
multiplied by the corresponding rural nonfarm population shown in
Table 6-4 to determine the rural nonfarm population served by
running water, toilet, and bath. It was assumed that the average
number of persons per household does not vary with the availability
of modern facilities. Table 6-B-2 presents the results of a
similar analysis for the rural farm population.

Table 6-B-3 shows the aggregated data from Tables 6-B-1 and

6-B-2. The percentage of the rural population served by running
water increased substantially from 1950 to 1970, from less than

41 percent to almost 80 percent. In both 1950 and 1960 the per-
centage of rural farm dwelling units (and therefore population)
served by running water was less than the percentage of rural
nonfarm units so served. In 1970, however, the order was reversed
in all three state subareas.

Table 6-3 shows annual per capita water use rates for households
with and without running water in 1950, 1960, and 1970. The use
rates were obtained from information published in the U.S.
Geological Survey.

Table 6-3--Annual per capita use of water, households with and with-
out running water, Chesapeake Bay Study Area, 1950, 1960,
and 1970

State and water
facility available 1950 1960 1970

Delaware
With running water 18,250 18,250 21,900
Without running water 3,650 3,650 3,650
Maryland .
With running water 18,250 18,250 18,250
Without running water 3,650 3,650 3,650
Virginia
With running water 18,250 18,250 18,250
Without running water 3,650 "~ 3,650 3,650

Source: Estimated Use of Water in the U.S. - 1950-1960-1970, USGS
Circulars 115, 456, and 676, respectively.
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Attachment Table 6-B-4 presents rural population and water use
figures for households with and without running water for 1950,

1960, and 1970. Table 6-5 aggregates the with and without numbers

to present total rural domestic water use by state and subarea for
1950, 1960, and 1970. Rural domestic water use in the Chesapeake

Bay Study Area increased from 11.3 billion gallons in 1950 to 21.3
billion gallons in 1970. This 88 percent increase was due to
installation of plumbing facilities in older homes and to new home
construction for the increased rural nonfarm population. Delaware
accounted for 5 percent of the total rural domestic water use in
1970, Maryland for 55 percent, and Virginia for 40 percent. Delaware
increased its rural water consumption by 121 percent between 1950 and
1970, Maryland by 86 percent, and Virginia by 88 percent.

Tabdbla 6-4-Populat1on statistics by state and subarea, 1950, 1960 and 1970, Chesapeake Bay Study

Srate and B Total population : Rural population
subarea : 1950 i 1360 ; 1970 : 1950 : 1560 : 1970
CHESAPEAKE BAY 1,918,786 3,004,452 4,321,316 1,176,937 1,359,012 1,368,364
DELAMARE : 61,3%. 73,195 80, 350. 49,620 59,484 68,903
MARYLAND : 1,141, 305, 1,896,927 2,722,364 581,251 693,061 736,555
Study Ares
| PO —— 507,473 867,721 1,164,911 257,853 313,562 326,233
. 99,274 121,498 131,322 86,050 105,570 110,418
. 111, 348 122,072 127,007 78,978 86,662 93,512
: 358,583 698,323 1,183,376 93,744 - 106,993 107,410
[ S 64,626 87,313 115, 748 64,626 80,274 98,982
VIRGINIA . 716, 145 1,034,330 1,518,602 546,066 606,467 562,906
Study Area : )
p PR—— : 51,132 47,601 43,446 48,408 47,601 43,646
2mmmm i : 142,316 49,715 603,273 115,355 120,545 111,964
Jememmmoman . 30,532 37,938 49,050 30,532 37,938 49,050
[ - 158,243 258,539 322,836 113,721 139,288 122,249
L 76,549 79,639 81,818 76,549 79,639 79,218
[ —— . 11,750 21,583 33,203 11,750 15,629 25,437
2SSO 142,214 127,736 261,686 55,699 56,884 12,418
I 103,409 111,579 123,290 94,052 108,943 119,124

Source: 1950, 1960, and 1970 Census of Population. Population does not include Baltimore,
Washington, D.C., or independent Virginia citfes. Only Sussex County is included
in Delaware totals.
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Table 6_4-Populntion statistics by stste and subarea, 1950, 1960 and 1970,
Chesapeake Bay Study--Continued

State and : Rural nonfarm population B Rural farm population
gsubarea H 1950 : 1960 : 1970 H 1350 3 1960 3 1970
CHESAPEAKE BAY 848,203 1,176,934 1,275,568 328,734 182,078 92,796
DELAWARE : 32,202 47,679 63,335 17,418 11,805 5,568
MAR YLAND : 434,201 604,748 685,111 147,050 88,313 51,444
Study Ares :
lenmcaneans 204,796 284,294 307,961 53,057 29,268 18,272
Jomcwmmmm—a 60,170 88,198 100,248 25,880 17,372 10,170
54,879 72,275 85,735 24,099 14,387 7,117
71,852 95,199 101,394 21,892 11,794 6,016
42,504 64,782 89,773 22,122 15,492 9,209
VIRGINIA 381,800 524,507 527,122 164,266 81,960 35,786
t
3
: 34,296 40,142 41,342 14,112 7,459 2,104
H 91,642 110,693 108,374 23,113 9,852 3,590
19,309 33,870 47,338 11,223 4,068 1,712
: 80,376 123,969 113,224 33,345 15,319 9,025
H 43,539 62,471 72,263 33,010 17,168 6,955
B 10,535 15,208 25,175 1,215 421 262
P S 46,146 52,262 11,043 9,553 4,622 1,35
Bomemmm 55,957 85,892 108,363 38,095 23,051 10,761
Source: 1950, 1960 and 1970 Census of Populationm,

Table §—5-Rural domestic water use, by state and subarea, 1950, 1960 and 1970,
Chesapeake Bay Study

State and Domestic water use
subarea : 1950 1960 1970
memme—eeerecee—e-Million gallon
CHESAPEAKE BAY : 11,280.2 18,739.3 21,278.1
DELAVARE : 517.9 828.8 1,146.9
MAR YLARD H 6,323.8 10,038.4 11,780.4
Study Area :
) ] 3,046.9 4,851.3 5,462.2
: 828.2 1,441.6 1,675.8
H 665.9 1,061.0 1,325.8
H 1,145.8 1,602.7 1,823.0
637.0 1,081.8 1,493.6
4,438.5 7,872.1 8,350.8
367.4 501.9 528.1
871,9 1,793.3 1,868.3
e ] 269.2 481.3 753.6
fum e 1,019.8 1,982.8 1,945.9
Smmmmmmmm—s 572.5 873.8 1,017.2
[ ] 121.4 237.8 436.3
e remman— 555.2 793.9 184.7
frr—r———— 661.1 1,207.3 1,616.7
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LIVESTOCK AND POULTRY WATER USE

Livestock and poultry water consumption is another component of

rural water use. Water is required to sustain these animals and

to produce farm-marketed livestock and poultry products. Livestock
and poultry water use was determined by multiplying inventory

numbers or, where appropriate, numbers of animals sold alive listed in
Table 6-6 by the animal water use rates listed in Table 6-7.

The numbers of cattle and calves, hogs and pigs, and broilers
increased in the study area from 1950 to 1969. Numbers of the
other types of livestock and poultry decreased. Broiler numbers
increased 160 percent; the number of milk cows, sheep and lambs,
and horses and mules decreased 50 percent or more.

The number of cattle and calves in the State of Delaware decreased
33 percent from 1950 to 1969. This decrease was more than offset
by a 58 percent increase in the Virginia subarea. The Virginia
increase resulted from an increase in pasture farming which allowed
farm operators to hold fulltime, off-farm jobs. The number of milk
cows decreased substantially in each subarea; there was a 52
percent decline in the study area as a whole.

The number of hogs and pigs doubled in Delaware from 1950 to

1969 and it increased in Maryland and Virginia, for a combined

58 percent increase for the study area. The sheep and lamb popu-
lation diminished by 46 and 67 percent in Maryland and Virginia,
respectively, accounting for most of the 55 percent decline in the
study area. The number of horses and mules decreased significantly

in all three subareas, resulting in an overall decrease of 70 percent.

Chickens 3 months old and over declined in number in all three states

between 1950 and 1969, with the decline somewhat greater in Maryland

and Virginia than in Delaware. However, broiler production increased

in all three states. The 160 percent increase for the study area was
~largely the result of increases of 90 and 289 percent in Delaware

and Maryland, respectively.

Turkey production in the study area decreased 24 percent between
1950 and 1969. Maryland and Virginia production decreased 59
and 96 percent, respectively. Delaware, however, increased its
turkey production 170 percent.

In 1969 most of the production of all types of livestock and poultry,
except broilers and turkeys, occurred in Maryland and Virginia.

Most of the production of broilers and turkeys in 1969 occurred

in Delaware and Maryland.
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Table 6-8 shows total livestock and poultry water use for the
study area for 1950, 1959, and 1969. Total water used by these
categories increased from 3.5 billion gallons in 1950 to 5.3
billion gallons in 1969, a 51 percent increase. Livestock and
poultry water use in Delaware increased 88 percent from 1950 to
1969, but only accounted for 18 percent of total livestock and
poultry wateér use in the study area in 1969. Water use in Mary-
land increased 59 percent between 1950 and 1969, and accounted for
52 percent of total livestock and poultry water use in the study
area in 1969. Water use in Virginia increased 24 percent between
1950 and 1969, and accounted for 30 percent of the total live-
stock and poultry water use in 1969.

Cattle and calves and milk cows are easily the largest livestock
users of water in rural areas. In 1969, cattle and calves and
milk cows used 55 percent of all water used by livestock and
poultry. The 35 percent increase between 1950 and 1969 is a
result of both increased numbers and increased consumption per
head. For milk cows, the 52 percent decline in numbers from 1950
to 1969 was more than offset by a 133 percent increase in annual
consumptive use per animal because of more stringent sanitation
codes and greater production per milk cow. Total water use by
cattle and calves and milk cows increased in both Maryland and
Virginia between 1950 and 1969.

Total water used by hogs and pigs in the study area increased 67
percent between 1950 and 1969, accounting for 9 percent of all
livestock and poultry water use in 1969. Water used by hogs and
pigs in Delaware, Maryland, and Virginia increased 98, 37, and 102
percent, respectively, between 1950 and 196S. Water use by sheep
and lambs and by horses and mules decreased in the study area and
in each of the subareas between 1950 and 1969. Dramatic decreases

for both types occurred in Virginia. In 1969, sheep and lambs
accounted for only 0.3 percent of total livestock and poultry
water use in the study area. Horses and mules accounted for 2
percent.

Chickens 3 months old and over increased their water use in each
State, and by 94 percent in the study area between 1950 and 1969.
The increase in water use resulted solely from increases in per
bird consumption probably increased as a result of (1) increased
use of confinement between 1950 and 1969, (2) improved breeding,
resulting in larger birds and more eggs per bird, (3) increased
wastage from more automated watering systems, and (4) increased
use of water for sanitation. In 1969, water use by chickens 3
months old and over accounted for 1.5 percent of total water

use by livestock and poultry.

Water use by broilers increased a dramatic 429 percent. in the
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study area between 1950 and 1969. Increases of 288, 694, and

179 percent were registered in Delaware, Maryland, and Virginia,
respectively, for the same period. Increases resulted from both
increased numbers and increased consumptive use per bird. Broil-
ers accounted for only 8 percent of total livestock and poultry
water use in 1950, but by 1969 this share increased to 28 per-

cent.

Turkeys accounted for only 0.1 percent of total livestock and poul-
try water use in 1969. Total water use by turkeys in the State

of Delaware increased 420 percent between 1950 and 1969. This

large rise resulted from a 170 percent increase in turkey numbers
and a 95 percent increase in consumptive use per bird. The increase
in consumptive use per bird was probably the result of (1) great-
er confinement, (2) improved birds through breeding, (3) forced
feeding, (4) more wastage from automation, and (5) more water for

sanitation.

L J

Table -5 tivestock and poultry numbers, by state and subarea, 1950, 1959 a:.nd 1969
: Chesapeake Bay Study ’

State and : Cattle and calves :
subarea H 1950 1959 1969 : 1950 Mil}?;:“ 1969
’ -—~~-=--Inventory aumber Ioventory pumber-——-ceeema-
CESAPEARE BAY : 292,090 383,768 - 359,880 245,694 193,471 17,732
DELAWARE 28,25 26,396 18,996 31,452 23,500 11,957
MARYLAND i 145,378 195, 546 -154,102 139,701 120,843 13,570
Study Area
Lommm o : 54,35 89,281 79,353
— . 57,649 55,071 37,84
—— 1,904 471155 %,240 47,092 42,681 25:153
_______ : \ , 187 9,565 6,086
b 2923 31,867 20,893 18,930 13,941 et
— 8,523 14,481 11,429 5,465 3,064 "738
VIRGINIA Po418,458 161,826 186,782 74,581 51,126 32,205
Study Area
lomemmmmemnt 2,044 3,387 2,825 1,651
— . , 668 3
2 ¢ 52,25 58,844 57,582 27,018 19,448 m.o:g
I T 11,394 14,930 17,689 7,162 4,605 2,630
frmmmmmemmmi 18,234 30,550 31622 12,608 9,835 6,939
PR : 18,29 26,711 25,408 11,461 7,050 4,062
PR : 1,119 1,515 "33 767 "360
Fomomemmmam 5,005 7114 5,983 4,919 3,571 © 2,058
Brmrmmmmam i 10,954 19,171 44,158 3,389 - 5,184 5,728

v
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Table 6_6 Livestock and poultry numbers, by state and subarea, 1950, 1959 and 1969,

Chesapeake Bay Study--Continued

State and H Hogs and pigs : Sheep and lambs
subareg : 1950 1959 1949 H 1950 1959 1969
; -------- Number sold alive: Inventory number-----—----
CHESAPEAKE BAY : 485,527 548,398 765,451 71,865 57,775 32,379
DELAWARE H 40,978 43,328 81,272 2,838 4,349 2,057
MARYLARD H 181,559 185,704 248,714 36,003 26,217 19,409
Study Area 3
: 70,930 60,642 55,106 10,696 10,206 8,004
$ 52,540 58,340 63,844 11,564 7,938 6,508
: 24,314 33,093 83,468 5,622 3,369 1,169
t 22,605 18,616 16,923 5,641 3,406 3,155
L t 11,170 15,013 29,373 2,480 1,298 573
VIRGINIA : 263,390 319, 366 435,465 33,024 27,209 10,913
Study Area H
e -1 5,973 7,534 13,601 2,832 2,609 790
t 43,465 25,911 20,462 13,271 7,818 4,209
7,640 6,574 5,809 2,198 2,909 526
37,415 58,389 67,080 3,153 2,612 598
Smememmaean 31,118 47,081 72,006 5,103 3,941 1,487
e 525 1,115 919 4 205 196
I =i 20,485 25,769 42,238 2,854 1,095 720
e et | 116,769 146,943 213,350 3,539 6,020 2,387
Table GG ~Livestock and poultry numbers, by state and subarea, 1950, 1959 and 1969,
Chesapeake Bay Study-~Continued
State and : Horses and mules . : Chickens - 3 months and over
subarea : 1950 1959 1969 : 1950 1959 1969
—————————— Inventory number: Inventory number—------——--
CHESAPEAKE BAY : 89,038 28,513 26,576 5,062,745 3,835,506 3,566,849
DELAWARE H B,288 3,003 2,687 157,368 725,705 680,278
MARYLAND H 38,364 12,246 14,740 2,378,392 1,625,643 1,810,564
Study Area :
lememmanae= 12,328 5,175 7,355 1,087,477 753,494 765,892
: 7,849 2,006 2,412 472,662 331,314 206,209
H 6,398 1,631 1,023 427,697 254,525 745,098
H 6,014 2,187 2,891 2;24,302 105,827 26,538
5,775 1,247 1,059 166,254 180,483 66,827
VIRGINIA : 42,386 13,174 9,149 1,926,985 1,484,158 1,096,007
Study Area :
3,301 792 190 105,741 67,107 203,899
6,484 3,251 3,826 206,316 103,249 38,223
2,928 1,006 741 150, 042 98,385 28,530
8,511 3,119 1,646 469,088 408,061 171,300
8,784 1,998 895 473,497 313,614 171,650
238 96 136 10,161 23,697 15,295
1,762 715 722 130,516 135,098 58,465
10,378 2,197 993 381,624 334,947 408,645
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Table §-@ Livestock and poultry numbers, by state and subarea, 1950, 1959, and 1969,
Chesapeake Bay Study--Continued

State and H Broilers ! Turkeys

subarea : 1950 1959 1969 : 1950 1959 1569
) =~==r—==-Number sold alive: Number sold aliveee-—~wwnwe

CHESAPEAKE BAY :105,619,502 161,235,116 274,344,590 513,635 720,461 390,583
DELAWARE : 59,304,111 71,214,647 112,850,951 - 103,903 412,607 280,185
MARYLAND : 38,761,316 80,147,532 150,868,311 254,117 181,113 103,590
1,151,091 217,200 160,142 103,783 73,120 46,014

9,330,766 13,760,681 27,783,424 57,192 33,470 4,209

¢ 27,701,341 65,895,051 122,922,845 41,855 59,706 52,120

P457,620 224,300 0 23,607 9,070 112

120,698 50,300 1,900 27,680 5,747 1,135

VIRGINIA 7,554,075 9,872,937 10,625,328 173,615 126,741 6,808

Study Area :

T 4,506,916 4,882,870 8,568,931 39,375 1,624 0

2-- 292,903 66,000 0 33,993 51,697 0

3-- 148,037 160,000 99 11,750 562 ]

4= 1,457,976 3,993,250 2,048,597 15,722 19,248 3,815

5-= 386,273 253,130 2,951 26,183 6,063 993
= 13,388 0 0 136 20 0
Tommmmmmeeet 336,789 140,287 o 8,336 5,142 1,930
oo 411,793 377,400 4,750 38,120 42,385 70

Source: Census of Agriculture for 1950, 1959 and 1969.
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Table 6-7 —annua1 livestock and poultry water uge, Chesapeaks Bay
Study Area, 19,0, 19,9 and 1969

Type Subarea 1950 1959 1969
—=-w.(Gallons per head —
Cattle and calves Delaware 2,650 3,650 4,380
Maryland 3,650 3,690 L.BSOU
Virginia 3,650 38 3,6,0°
Milk cows Delaware k75 9,125 12,775/
Maryland 5,475 10,950 12,775
Virginia 50475 9,125 12,775
Hogs and pigs Delaware 1,460 1,460 1,460
Maryland 1,460 1,460 1,460
Virginia 1,460 1,460 1,460
Sheep and lambs Delaware 730 730 730
Maryland 730 730 730
Virginia 730 730 730
Horses and mules Delaware 3,650 3,650 1,380
Maryland 3,650 3,650 4,380,
Virginia 3,650 3,650 3,650~
———wma(Gallong per bird-e—e—emme———
Chickens-3 months Delaware 8.0 15,0 22.0
and over Maryland 8.0 15.0 22.0
Virginia 8.0 15.0 22.0
Broilers Delaware 2.7 c.0 3¢5
Maryland 2.7 3.0 el
Virginis 2.7 3.0 el
Turkeys Delaware 9.5 11.0 18.5
Maryland 9 11.0 18.5
Virginis 9.5 11.0 18.5

1/ This water use rate reflects lower water use rates in western Virginia.
The state average was used because of lack of specific evidence for higher
2/ The rapid incroase in the water use of milk
cows was due primarily to greater production per milk cow and to more
stringent sanitation codes.

Source: Kemneth A, MacKichan, "Estimated Use of Water in the U.S., 1950~
1955-1960-1965," U.S. Geological Survey Circulars; and Virginia
Polytechnic Institute in-house data.
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Table 6-8 Annual livestock and poultry water use, by state and subarea, 1950, 1959 and 1969,
Chesapeake Bay Study

State and : Cattle and calves B Milk cows
subarea 1950 195% 1969 ; 1950 1959 1969

Million gallons

CHESAPEAKE BAY : 1065.8 1400.8 1439.6 1345.2 2004.2 1503.8

DELAWARE : 103.1 96.3 83.2 172.2 2144 152.8

MARYLAND : 530.6 713.9 676.9 765.0 1323.3 939.6
Study Area :

boid : 198,5 325.9 37,6 315.7 603.0 483.5

: 152.9 1721 149.9 257.9 467.5 321.2

: 414 46.5 35.8 52.4 66.6 33.9

: 106.7 116.4 91.5 103.6 152.6 91.6

: 1.1 53.0 50.1 5.4 33.6 9.4

VIRGINIA : 432.1 590.6 681.5 408.0 466.5 411.4
Study Area :

bl 7.4 12.3 10.3 9.0 6.1 4.3

190.7 214.7 210.2 147.9 177.4 128.9

41.6 54.4 64.6 39.1 42.0 33.7

66.5 111.5 115.4 69.0 89.7 88.6

66.7 97,5 92.5 62.9 64,4 51.8

1.0 41 5.5 1.8 7.0 4.6

18.2 26.0 21.8 26.9 32.6 26.3

40.0 70.1 1612 51.4 47.3 73.2

Table 6-8— Annual livestock and poultry water uge, by state and gubarea, 1950, 1959 and 1969,
Chesapeake Bay Study--Continued

State and : Hogs and pigs : Sheep and lambs
subarea : 1950 1959 1969 : 1950 1959 1959

Million gallon

CHESAPEARE BAY 298.3 158.7 497.7 33.7 7.9 17.0

DELAWARE : 35.9 38.0 71.2 2.1 3.2 1.5

MARYLAND : 159.1 162.6 718.0 26.2 19.0 16.2
Study Area :

: 62.2 53.1 48.3 7.7 7.4 5.9

46.0 51.1 56.0 8.5 5.7 4.7

21.3 29.0 73.1 4.1 2.5 0.9

19.8 16.3 14.9 4.1 2.5 2.3

Semmmrmmmmmns 9.8 13.1 25.7 1.8 0.9 0.4

VIRGINIA : 103.3 158.1 208.5 5.4 5.7 1.3
Study Area :

IR 2.2 26,4 47.1 0.4 3 0.0

15.4 8.8 3.2 1.2 1.7 0.2

5.2 4.8 4.2 0.6 1.0 0.3

4.0 20.0 11.2 0.1 0.1 }_/

6.2 11.5 15.3 0.8 0.2 0.2

0.5 1,0 0.8 0.1 0.1 0.1

12.3 16.7 31.8 1.5 0.5 0.1

47.5 70.9 94,9 0.7 2.1 0.4
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Table ©-8 Annual livestock and poultry water use, by state and subarea, 1950, 1959 and 1969,
Chesapeake Bay Study--Continued

State and : Horses and mules : Chickens - 3 months and over
subarea : 1950 1959 1969 : 1850 1959 1969
; - > M1llion gallons
CHESAPEAKE BAY : 337.2 106.2 109,7 40,6 58.1 8.8
DELAWARE : 30.2 11.3 11.8 6.1 - 10.9 14,9
MARYLAND : 140.0 44,6 64,4 18.8 24.4 39.8
Study Area
45.0 18,8 32,2 8.6 11.4 16.9
8.6 7.3 10,5 3.7 5.0 4.5
23.4 5.9 4.5 3.4 3.8 16.4
21.9 8.0 12.6 1.8 1.6 0.6
: 21.1 4.6 4.6 1.3 2.6 1.4
VIRGINIA : 167.0 50.3 3.5 15.7 22.8 2.1
Study Area )
1 12,1 2.9 0.7 0.8 1.0 4.5
23.7 11.8 14,0 1.6 1.6 0.9
10.7 3.7 2.6 1.3 1.5 0.7
3.0 11.4 6.0 3.6 6.2 3.7
32,0 7.3 3,2 3.9 4.6 3.7
13.2 2.6 0.8 0.5 0.8 0.2
6.5 1.6 2.7 1.0 2,0 1.3
Bm ey 37.8 8.0 3.5 3.0 5.1 9.1

&

Table -8 Annual livestock and poultry water use, by state and gubarea, 1950, 1959 and 1963,
Chesapeake Bay Study--Continued

State and : Broilersg B Turkeys
subarea : 1950 1959 969 : 1550 1959 1969
: ~Mill{on gallc
CHESAPEAKE BAY 285.4 806.1 1,508.7 4.6 1.5 6.9
DELANARE : 160.0 356.1 620.6 1.0 4.5 5.2
MARYLAND : 1045 400.6 829.8 2.3 1.9 1.7
Seudy Area 3.0 1.0 0.9 0.9 0.8 0.8
. 25.2 68.8 152.9 0.6 0.3 1/
: 74.8 329.5 676.0 0.4 0.7 0.9
: 1.2 1.1 0.0 0.2 0.1 by
: 0.3 0.2 Y 0.2 i I
VIRGINIA : 20.9 49.4 58.3 1.3 1.1 0.0
Study Area :
’ ; 12.2 24,4 71 0.4 b, 0.0
: 0.8 0.3 0.0 0.3 0.6 0.0
0.5 0.8 bY] 0.1 1/ 0.0
4.0 20.0 1.2 0.1 o1 1/
1.2 1.2 1 0.1 Y] i
Y} 0.0 0%0 BY, U 4.0
1.0 0.7 0.0 1/ Y} Y
1.2 2.0 1/ 0.3 0.4 1/

1/ Lless than 0,1.
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IRRIGATION WATER USE

Irrigation water is the third component of total rural water use.
The amount of water used varies greatly from year to year, depend-
ing on climatological conditions and cropping patterns. In the
Northeastern United States the amount of moisture occurring nat-
urally as rainfall greatly influences the amount of supplemental
irrigation water needed. Cropping patterns, while not usually
subject to significant change, also influence the total amount of
irrigation water used.

The 1969 Census of Agriculture, for the first time, reported the
amount of water used for irrigation on Class 1-5 farms (99.5
percent of all irrigated acres in the study area). From this
information the amount of irrigation water applied per acre on
Class 1-5 farms was computed. That amount was then multiplied
by the total number of irrigated acres to obtain an estimate of
the total amount of irrigation water applied (Table 6- 9).

The same application methodology was used for 1964. This method
implicitly assumes that climatological conditions and cropping
patterns were similar in 1964 and 1969, which was not the case:
in 1964 there were five to ten inches less rainfall in the North-
east than in 1969.

In spite of these weather conditions, the number of acres irrigated
increased 19 percent between 1964 and 1969, from 48,922 acres to
58,314 acres. Maryland showed the greatest change between 1964

and 1969--a 39 percent increase. The total number of irrigated
acres was distributed fairly evenly among the three states.

Table 6- 10 shows the distribution of irrigated acres in 1969 by
crop. The major irrigated crops in the study area were field
corn (6 percent), other field crops (30 percent), vegeiubles (52
percent), and nursery and other crops (8 percent). Most of the
irrigated field corn (54 percent) was in Maryland, while most

of the other irrigated field crops (82 percent) were in Delaware
and Virginia. Most of the irrigated vegetable production (79
percent) was in Delaware and Maryland, and most of the nursery

~and other crop irrigation (60 percent) was in Virginia.

The land irrigated in 1969 constituted only a small share (2.7
percent) of the total number of irrigable acres in the study
Department of Agriculture. In that estimation, (see Table 6-11)
the total shown for each subarea was classified into acres potenti-
ally irrigable without additional treatment measures and acres
potentially irrigable but requiring additional treatment measures.
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SCS developed the data by summing 90 percent of the Class I crop-
land, 75 percent of the Class 2 cropland, 50 percent of the Class 3
cropland, and 25 percent of the Class 4 cropland from 1967 Conserva-

tion Needs Inventory reports. (5)

Over two million acres in the study area are classified as poten-
Two-thirds of this area (65 percent) would
require additional--treatment measures, such as land leveling or
In both Maryland and Virginia, over 300,000 acres
could be irrigated without additional treatment measures.

tially irrigable.

drainage.

Water use rates in 1969 varied from 4.3 inches in Maryland Subarea
3, to 17.8 inches in Virginia Subarea 6.

an insignificant amount of irrigated land (30 acres).

The latter, however, had

Among

the subareas with large amounts of irrigated land, the normal
application rate ranged from 3.5 to 5.5 inches, and the average

rate for the study area was reputed to be 5.1 inches.

The rates

for Delaware, Maryland, and Virginia were 4.4, 5.4, and 5.5 inches,
respectively.
the study area increased from 6,569.7 million gallons in 1964

to 8,022.3 million gallons in 1969,

With these rates, total irrigation water used in

Table 6-9-Irrigated farms, acres and water used, by state and gubarea, 1964 and 1969,
Chesapeaks Bay Study

All farms - 1964

All farms - 1969

State and Acre-feet Acre-feet
subarea Farms Acres water usedl/ FParass Acres water usad\?_/
CHESAPEAKE BAY : 969 48,922 20,157 917 58,314 24,614
: .
DELAWARE 158 17,542 6,522 164 20,421 7,463
MARYLAND . 419 14,307 6,256 491 19,825 8,873
Study Area :
m——me——— 108 1,684 1,009 104 1,195 676
2remm et 67 5,018 2,379 86 9,846 4,805
Jreenmn ey 124 5,817 2,017 113 6,214 2,210
fmmrnm e g 47 702 416 78 939 531
| S n 1,086 435 110 1,631 651
VIRGINIA ; 392 17,073 7,319 262 18,068 8,278
Study Ares
D ] 103 11,094 4,573 89 11,964 4,932
2 H 14 365 198 14 38?7 201
R ] 3 103 45 2 4 5
L it} 196 1,512 670 72 1,285 625
Semmmmmeeny 10 370 13r 11 309 135
[ ] 6 38 56 [ 33 49
e e H 38 3,127 1,379 24 3,099 1,352
| 22 464 327 46 987 979
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Table 6-0 Irrigated farms, acres and water uged, by state and subarea, 1964 and 1969,
Chesapeske Bay Study--Continued

Class 1-5 farms - 1959 Application rate

State and : ~Acre-feet Water uged-2 per acte
subares : Farms Acres water used 1964 1069 1969
~-Million galloma--  ——-Ac. in,--—-

864 51,988 24,419 6,569.7 8,021.8 5.1

154 20,385 7,452 2,125.6 2,432.3 [(X]

457 19,640 8,778 2,038.8 2,891.6 3.4

90 1,098 628 328.8 220.4 6.9

82 9,836 4,800 775.4 1,565.8 5.9

110 6,198 2,204 657.3 120.2 4.3

68 880 496 135.5 173.1 6.8

107 1,628 650 141.8 212.1 4.8

253 17,963 8,189 2,405.3 2,697,9 5.5

88 11,946 4,925 1,490.4 1,607.3 4.9

14 387 201 64.6 65.6 6.2

2 4 5 14,7 1.6 15.0

69 1,261 613 218.3 203.6 5.8

11 309 135 42,8 44.1 3.2

4 33 49 18.3 16,0 17.8

22 3,087 1,347 449.4 440.6 5.2

43 936 914 106.8 319.1 117

1/ Obtained by the following formula:
Acre-feet water used, all farms - 1964 _ Acres, sll farme - 1964
Acra-fest water used, all farms - 1969 Acres, sll farms - 1969
2/ Obtained by the following formula:

Acre-feet water used , all farms -~ 1969 - Actes, all farms - 1969

Acre-feet water uged, Class 1-5 farms - 1969 Actes, Class 1-5 faras - 1969
3/ One acre-foot water = 325,900 gallons.

Table 6~ ] (Krrigated acres by crop, by state and subarea, 1969, Chesapeake Bay Study

1 ] [ t All s Other : : : ! + Nursery:

State and tCropland: Field : : small @ fleld : t Vege- : Oreh- : and H
guba ipasture : : Sorghun ains : : Silage : tableg : Berries : ard _: other : Totall/
CHESAPEAXE RAY - 484 1,701 174 751 18,149 299 31,811 487 310 4,899 61,075
: 807 20 205 7,32 38 12,289 39 182 13 21,082

H
H 2,010 20 367 3,319 204 12,814 227 111 1,853 21,286
138 0 6 203 106 400 [ 34 132 1,084
1,383 20 281 A88 k1 7,264 15 42 1,253 10,933
[ W' 469 0 ] 778 5 5,060 184 0 259 6,792
fmmmrer ey 101 20 0 6 400 49 67 17 6 203 869
Sevmmmmwmne; 11 0 ] 74 1,450 10 23 5 29 6 1,608
VIRCINTA s 117 884 134 189 7,468 57 6,708 221 17 2,912 18,707
Study Area ;

b 2 0 0 0 6,506 ] 6,014 187 10 191 12,510
b i 4 Q 0 0 22 0 46 k] 2 7 28 108
ey O 1 0 0 0 0 0 0 0 3 4
b ey 48 600 ‘100 10 342 5 173 0 0 27 1,305
| P [ 50 34 0 0 6 13 10 0 200 313
[ S—— —t 0 1] 0 0 0 0 0 [ 0 32 32
Josmrammmnst 55 72 1] 97 316 [i] 137 22 [ 2,405 3,104
Bormm———: 12 161 0 60 304 0 368 0 [4 26 931

Source: 1969 Census of Agriculture

1/ This. total differas from the totals in Table 6~13, because of irrigation on acres not classified
by the Census as being "in farms."
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Table §— ] 1 Total potentially irrigeble land, with and without treatmeat, by state and subarea,
1969, Chesapeake Bay Study

H Potentially frrigable land
State and H “With Without

subarea : Total treatment treatmentl/
CHESAPEAKE BAY : 2,076,616 1,353,886 722,730
DELAWARE : 351,003 274,620 76,383
kS
MARYLAND : 877,134 575,380 301,754 : b
Study Area :

187,137 115,993 71,144
Pommmmmmmey 363,980 221,351 142,629
L A 192,964 145,939 47,025
et 59,682 3,226 23,456

B e 73,371 55,871 17,500 <
VIRGINIA : 848,479 503, 886 344,593

Study Area

1 90,224 47,059 43,165
70,358 42,849 27,509
: 41,142 24,163 16,979
A 122,148 74,491 47,657
PR 212,460 131,426 81,034
S : . 1,497 867 630
Fermmmm 69,616 42,516 27,100
Bt 241,034 140,515 100,519

1/ Doeg not include acres of land presently irrigated.

Source: Soil Comservation Service, USDA.

TOTAL WATER USE

The rural domestic population is by far the largest rural water
user in the study area,as shown in Table 6-12. In 1970, rural
domestic water use was five times that of livestock and poultry
in 1969, and nearly four times that of irrigation in 1969.

Rural domestic use is also the fastest increasing component; its
use nearly doubled from 1950 to 1970. This in part resulted
from the increasing exodus of suburbanites to the country: as
agricultural land is developed for nonagricultural uses, there
may be fewer numbers of livestock and poultry, and possibly
fewer potentially irrigable acres available for agricultural use.

Livestock and poultry use of water appears to be leveling off.
It increased 38 percent from 1950 to 1959, but only 9 percent
from 1959 to 1960. Most types of livestock and poultry are
declining in number. Water use rates per head or bird are not
likely to increase significantly, indicating a leveling off and
possibly a decrease in livestock and poultry water use. 2
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Irrigation water use has increased, mostly due to the increase
in the number of irrigated acres., It is difficult to draw any
further conclusions because of (1) the lack of historical data
describing irrigation in the Northeast, and (2} variations in
rainfall and its effect on supplemental irrigation.

Total rural water consumption in the Chesapeake Bay Study Area

in 1964, using the 1970 domestic consumption data was 36,340.8
million gallons (see Table 6-13). The State of Maryland accounted
for 17,454.4 million gallons, or 48 percent of the study area
total. Virginia accounted for 12,646.6 million gallons, (35
percent of the total), and Delaware for 6,239.8 million gallons
(17 percent of the total).

Table 6- 13also compares the distribution of rural water use in
the Chesapeake Bay with the distribution of rural population and
land area. Total water use in Delaware accounted for more of the
Chesapeake total than either its rural population or its land
area. In Maryland total water use accounted for almost as much
of the Chesapeake total as its rural population, and more of the
total than its land area. Rural water use in Virginia, on the
other hand, accounted for less of the total than either its rural
population or its land area.

Tab1e6_u12w.nter use by type of use, by atate and gubarea, reported years, Chasnpeaﬁe

Bay Stydy
State and : Domestic use t _Livestock and poultry use f Lrrigation use
subarea : 1950 1960 1970 : 1850 1959 1969 : 1964 1969

¥illion gall

CHESAPEAKE BAY : 12,116.3 20,189.3 22,977.5 3,544.,4 4,903.6 5,341,5 6,569.7 8,022,3

DELAWARE : 1,353.9 2,278.8 2,846,3 510.6 734.7 961.2 2,125.6  2,432.8
MARYLAND +  6,323.8  10,038.4  11,780.4 1,746.5  2,691.3  2,782.4 2,038.8  2,891,6
Study Area
froemmomemmt  3,046.9 4,851,3 5,462,2 641.6  1,021,4 936.1 328.8 220.4
P 828,2 1,441,6 1,675,8 523.4 778.8 699.7 775.4  1,565.8
P — 665.9 1,061,0 1,325.8 221,2 484.5 841.5 657,3 720.2
e m e mem : 1,145.8 1,602.7 1,823.0 259.3 298.6 211.5 135.5 173.1
s 637.0 1,081.8 1,493.6 101,0 108.0 91.6 141,8 212,1
VIRGINIA 1 4,438.6 7,872.1 8,350.8 1,287.3  1,477.6  1,597.9 2,405.3  2,697.9
Study Area :
| B : 367.4 501.9 528.1 49.1 55.2 79.4 1,490.4  1,607.3
Zmmmmmmmna 871.9 1,793.3 1,868.3 412,9 434.8 375.0 64.6 65.6
b 269.2 481,3 7536 101.6 110.4 107.1 14.7 1.6
fuvmemmmmma:  1,019.9 1,982.8 1,945.9 209.2 291.8 284.0 218.3 203.6
Semmremanns 572.5 873.8 1,017.2 197.9 219.0 215.4 42.8 46,1
Bmmm = 121.4 237.8 636.3 4.4 13.0 11.8 18.3 16,0
R $55.2 793.9 184.7 73.6 87.3 89.6 49,4 440.6
Brm e 661.1 1,207.3 1,616.7 '238.6 266.1 435.6 106.8 319.1
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Tnb1e6=1‘31’ercentage of water use;, by type and. comparison with population and land area, by
gtate and subarea, 1969-1970, Chesapeake Bay Study

: Total : Distribution of water uge :  Distribution of
State and : water use Total Domestic  Livestock Irrigation : Rural pop. Land area
subarea : 1969-1970 . 1969-1970 1970 1969 1969 H 1970 1870
[ P by
. Mil, gal, Percent
CHESAPFAKE BAY : 36,340.8 100,00 100.00 100,00 100, 00 100,00 100.00
DELAWARE 6,239.8 17.16 12.39 17.99 30.25 10.53 10,00
MARYLAND 17,454,4 48,01 51.27 52.10 35.95 50.71 38.35
Study Area :
lomommeens 6,618.7 37.93 46,38 33.65 7.62 44.30 28,69
H 3,941.3 22.58 14,22 25,15 54.14 14.99 21,04
H 2,887.5 16.54 11,25 30.24 24.90 12.69 23,58
] 2,209.6 12,66 15.47 7.67 5.98 14.59 12,89
| 1,797.3 10.29 12,68 3.29 7.3 13.64 13.80
"IRGINIA : 12,646.6 34.83 36.34 29.91 33.80 38.76 51.65
Study Ares H
l-—emen ey 2,214,8 17.51 6.32 4,97 59.14 7.72 6.80
2,308.9 18.27 22,40 23.47 2.41 19.90 12.30
862.3 6.82 9.02 6.70 .06 8.72 8.38
2,433.5 19.26 23.30 .77 7.50 21.71 19.00
1,276.7 10.09 12.17 12,66 1.38 16.43 23.87
464.1 3.67 5,22 0.74 0.59 4.52 1.20
714,9 5.64 - 2,21 5.61 16.21 2,20 5.85
2,371.4 18.74 19,36 27.26 11.74 21,16 21.50

1/ Subarea percentages are computed relative to state study area totals, and state study area
percentages are computed relative to the Chesapeake Bay Study Area total.

Appendix 6
30



]

&%

CHAPTER 1III

FUTURE AGRICULTURAL WATER SUPPLY NEEDS

FUTURE DEMANDS

nto subsections, the first of which
nature and the methodology applied to
all agricultural projections. Each of thg following three subz?c-
tions pertain to a specific aspect of agricultural water demand:

domestic, livestock, or irrigation. Methodology and assumptions o
particular to each are explained, and the demands are analyzed. e

demand projections are separated from the text, and given in Attach-
ment C at the end of the Appendix.

The demand analysis is broken i
lists assumptions of a general

GENERAL ASSUMPTIONS AND METHODOLOGY

The location of agricultural production is influenced by a variety
of factors, each of which must be taken into account in the projec-
tion of future activity. On the demand side, projected national
markets have been increasingly important with technological advances
in food processing. Transportation, population, and income estimates
must also be included. On the supply side, production capacity
changes with both availability of resources and technological prac-
tices.

To take these factors explicitly into account one would have to
employ a relatively elaborate econometric model which specifies each
of the causal variables leading to a shift in agricultural production
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toward one area over the others. The econometric approach to agri-
cultural projections will no doubt be increasingly refined as the
period for which appropriate measures are available lengthens and
more accurate causal relations are ascertained. At the present time,
however, this approach is severely limited by the paucity of relevant
data and information on factors which explicitly lead to changes in
the distribution of output.

Even after potentially causal factors are specified most econometric
forecasting models include as an independent variable the production
values from previous time periods, based on the usually high correla-
tion of production values across time. Because of fixed investments,
economic activity will rarely show a radical change from one period
to the next; and many of the factors which lead to comparative
advantage for an area at one time period are likely to be present in
another. In agriculture this is especially true where the physical
characteristics of soils, climate, and topography seldom change from
one period to the next.

Thus at the core of the method of projection used in this report is
the relation of a subarea's production in one time period to its pro-
duction in past periods; and the response of the subarea's agriculture
production to change in projected demands. Both of these elements

are present in a form of regional analysis called "shift-share'
analysis. A modified form of shift-share analysis is employed in the
projections in this Appendix.

SHIFT-SHARE ANALYSIS

In shift-share analysis it is assumed that the change in a subarea's
production from one time period to the next varies directly with the
projected change in the state’s production during that period. (This
assumption is particularly pertinent in the projection of agricultur-
al production, where the state's market is of great importance in the
determination of subarea production levels). The change in production
at the state level;, in turn, is assumed to be distributed among sub-
areas so that each reflects the change in production over the previous
period.

In addition to the state shift is a'Histributional shift", or the
shift in production whereby a subarea's share of its State's produc-
tion changes relative to that of other subareas. Again this assump-
tion is pertinent to agriculture in that many of the factors which
give one Subarea a comparative advantage over others - soil condi-
tions, climate, and topography - may be expected to continue from one
period to the next, and are reflected in a shift in production toward
that region.
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The change in a Subarea's production is thus accounted for by state
changes in production and the shifts in the distribution of State
production among its Subareas.

Each of these effects is taken into account when, by the method
used in this Appendix, a Subarea's share of State production is pro-
jected and applied to target date estimates of state total5. State-
level production changes are allocated among the subareas in propor-
tion to their projected shares. Subarea share changes, in turn,
take into account the distribution shifts in production among the
subareas. (This procedure is hereafter referred to as a ''shares
analysis." See Attachment A for graphical illustration).

A curvilinear projection of the subarea shares was found to be
appropriate in the projection of agricultural activity. If a Sub-
area's share increased rapidly in the historical period, it was
assumed that such increases would not be sustained through the tar-
get dates, and they would gradually be toned down. Similarly, if a
Subarea's historical shares of State production showed rapid decreases
in the historical period, it was assumed the decreases would not be
sustained through the target dates.

A projection function which was well suited to these characteristics
of agricultural production is the "Spillman" function. For rising
subarea shares, the Spillman sets limits by means of a linear regres-
sion (6); and it estimated target date shares to approach these

limits in a curvilinear fashion, thus registering less rapid increases
with time. For a falling trend, the shares were assumed always to
remain positive, and zero was set as a limit, with the share approach-
ing it again in a curvilinear fashion to register less rapid decreases
with time. The state totals which were allocated among the subareas
in this analysis were provided by OBERS. Since they were an import-
ant part of the projection procedure, it is desirable to go in some
depth into the assumptions which underline the OBERS state-level
projections.

OBERS ASSUMPTIONS

The OBERS projections are the output of a program of economic measure-
ment, analysis and projection conducted by the Bureau of Economic
Analysis and the Economic Research Service. The program is run under
cooperative agreement with the Water Resources Council, and it has
been an integral part of the comprehensive water resources planning
program and national assessments of water and related land resources.
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The objectives of the OBERS program, as listed in its manual, ( 7)
are the development of 1) a regional information system with provi-
sions for rapid data retrieval 2) near term (1980) mid-term (2000)
and long term (2020) projections of population, economic activity

and land use and 3) analytical systems for use in water resources and
other public investment planning.

There are two levels of assumptions in the OBERS projections which
are relevant to this report: those of a general nature underlying all
OBERS economic projections, and those specific to the projection of
agricultural production.

»

The general assumptions are those pertaining to the economic activity.
They include the following, which, being fairly straight-forward, are “
reproduced in their entirety:

a. Growth of population will be conditioned by a decline of
fertility rates from those of the 1962-1965 period. This is true of
both Series C and E projections. Series C projections are used in
this Appendix.

b. Nationally, reasonably full employment, represented by a 4
percent unemployment rate, will prevail at the points for which pro-
jections are made. As in the past, unemployment will be disproportion-
ately distributed regionally, but the extent of the disproportionality
will diminish.

c. No foreign conflicts are assumed to occur at the projection
dates.

d. Continued technological progress and capital accumulation
will support a growth in private output per manhour of 3 percent
annually.

e. The new products that will appear will be accommodated
within the existing industrial classification system, and, therefore,
no new industrial classifications are necessary.

f. Growth in output can be achieved without ecological disaster
or serious deterioration, although diversion of resources for pollu-
tion control will cause changes in the industrial mix of output.

The following are assumed for the state economic projections:

a. Most factors that have influenced historical shifts in region-
al "export" industry location will continue into the future with vary-
ing degrees of intensity.
5
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b. Trends toward economic area self-sufficiency in local-service
industries will continue.

¢. Workers will migrate to areas of economic opportunities and
away from slow growth or declining areas.

d. Regional earnings per worker and income per capita will con-
tinue to converge toward the national average.

e. Regional employment/population ratios will tend to move
toward the national ratio. ( 8)

In addition to this general class of underlying assumptions, there
is a set of assumptions which are specific to agricultural pro-
jections. ‘

Based on the Series C projections of population and per capita income
projections, per capita consumption of agricultural products were
estimated as follows:

1963-65 1968-70

Av. Av, 1980 2000 2020

--------------- Pounds--mcommcomca
Beef and veal 103 115 130 135 140
Pogltry 39 47 59 63 65
Dglry products 627 570 475 450 425
Citrus fruit 66 88 110 118 120
Non-citrus fruit 102 101 99 92 86
Potatoes 110 117 110 110 110
Wheat 158 153 150 141 134
Total 1205 1191 1133 1109 1080

Source: OBERS projections, Vol. 1 (1972).

These figures take into account a rising trend of prices of livestock
products relative to those of field crops, but the demands for agri-
Cultural products are projected under the assumption that the price
of agricultural products relative to all other consumer products "will
not be materially altered." There are assumed to be no shortages. (9)
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In addition to food demands for agricultural products, there are
assumed to exist several nonfood uses of crops, which are incorpora-
ted into the OBERS projections. The livestock and poultry populations
are assumed to exert a significant demand on feed grains, protein
feeds, and roughage, the extent of which depends upon feed utilization
per unit of livestock output. Feed utilization in 1980 is assumed to
be consistent with current practices and performances. From 1980 to
2020, however, feed utilization is assumed to decline by ten percent,
as more efficient use of feed concentrates, expanded use of sub-
stitutes for concentrated food sources, and improvements in manage-
ment and breeding take effect.

Other domestic nonfood uses of crops are in manufacturing and seed
production. The rate of change between the 1959-61 average and the
1980 level was utilized in making the 2000 and 2020 projections of
the other nonfood uses of feed grains. Nonfood uses of vegetables,
potatoes, and noncitrus fruit were projected to change at the same
rate as their respective food uses; and projected changes for other
agricultural products were based on extensions of historical data.

A final component of the projected agricultural demands is net
exports. Underlying the OBERS projections in this area is the
assumption that beyond 1980 U.S. exports will, despite their con-
tinued increases, represent a smaller share of total U, S§. produc-
tion. No attempt was made to predict changes in national trade and
food aid policies. The export projections are considered an inter-
pretation of the policies as they existed when the projections were
made.

In sum, the OBERS agriculture projection incorporates several under-
lying assumptions pertaining to all economic activity. From projec-
tions of gross national product and population use are derived per
capita and total domestic food consumption; the livestock require-
ments, in turn, exert a further demand on crop production, as do the
projected nonfood uses and exports.

The procedure is schematically represented in the OBERS documentation,
and it is reproduced here in a summary reference (Figure 6-4).
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Figure 6-4 -- Projected National Framework of
Production Requirements
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Source: Water Resources Council 1972, OBERS Projections Volume 1,
"Concepts, Methodology and Summary Data."
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DOMESTIC WATER DEMANDS

ASSUMPTIONS AND METHODOLOGY -

A substantial demand for water in rural area is expected to be exerted
by the rural population. Some of it will be satisfied by central
water systems, which are addressed in Appendix 5 - Municipal and
Industrial Water Supply. In this Appendix, water demands are estima-
ted for the remainder of the rural population, or the "residual" popu-
lation: the population not served by central water supply systems.

The residual, in turn, is divided into its farm and nonfarm components.

a. Farm water demand. The farm population was projected as a
function of historical land in farms, number of farms, and average
per farm population. These factors were selected as measures which
most directly affect the farm population.

First, state-level projections of land in farms were allocated among
the subareas by a shares analysis, taking into account the distribu-
tional shifts among the subareas. These estimates of land in farms
were then combined with projections of a second factor, average farm
size, to estimate the number of farms in each subarea at the target
dates. Finally, the average per farm population in each subarea was
projected (1) and applied to the projected subarea number of farms,
yielding estimates of farm population. The estimates obtained by
this method--incorporating projections of land in farms, average size
farm, and persons per farm-- were commensurate with past trends in
farm population.

In the determination of farm water use rates, a major factor is the
large scale conversion of farm households to running water systems.
There is assumed to be a changing mix of farm households with and with-
out running water, with the former consuming substantially larger
quantities of water per capita than the latter. The consumption
differential is recognized by the United States Geological Survey in -
its estimates of use rates for rural households: in Maryland and
Virginia, the 1970 use rate was 50 gallons per capita per day

(60 gpcd in Delaware), while for farm households without running water
the comparable rate was only 10 gpcd. The domestic water demand
exerted by farms with running water is thus estimated at five times
that exerted by households without running water.

A further difference between farm households with running water
and those without is that only for the former do water use rates
regularly rise (11]. Since per capita income has also tended to
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rise, the increase in water use may be due to the use of income to
purchase water using conveniences. This was assumed to be the case
in the projection of use rates for households with running water:
that as per capita income rises during the target period (see
Appendix 3, Economic and Social Profile), there will also be a rise
in per capita water consumption.

The water use rates of households with running water were therefore
simulated by a function which grew over time. To take into account
the satisfaction of demand for conveniences, though, the rate of
growth was assumed to diminish over time, leading to a leveling off
of the water use rate as its absolute size increases. (12) (See
Table 6-14). The use rate for households without running water was
held constant at 1970 levels (10 gpcd).

Table 6-14. Running water use rates, farm population

1970 1980 2000 2020

_____ gals. per capita per day - - -

Delaware 60 69 86 103
Md., Va. 50 60 77 94

The overall farm water use rate in a subarea was estimated for the
target period by projecting from census data the proportion of farm
households with and without running water. The farm water use rate
varied between the projected rates of farms with and without running
water according to this proportion.

b. Domestic nonfarm water demand. The domestic nonfarm water
use referred to in this section pertains to the population not served
by central supply systems or the 'residual'’ population.

The population served by central supply systems was projected in
Appendix 5 by breaking it into two components: the population served
by large systems (serving more than 2500 persons) and that served
by small systems (serving less than 2500 persons). The former was
estimated individually in each subarea and for each large system,
the latter as a function of total county population. (13)

The remainder of the population was the residual. The nonfarm re-
sidual population was estimated,under the assumption that the farm
population is not served by central supply systems, by subtracting

the projected farm population from the total residual. (See Figure
6-5.).
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Nonfarm residual users of water are assumed to consume more per
capita than farmers but less than the population served by small
water supply systems. In subareas in which farm houscholds dominated
the residual, it was assumed that nonfarm residual use rate would
approach the farm rate. Conversely, in subareas with relatively

few farms, the nonfarm residual population was assumed to have income
and demographic characteristics similar to the population served by
small central supply systems and its water use rate would
accordingly approach the small systems users' rate. (13) (See

Table 6-15).

Table 6-15. Small system water use rate (20)

1970 1980 2000 2020

The water use rate for the nonfarm residual was therefore estimated
to vary between the farm and small system use rates in direct propor-
tion to the percent of the total residual represented by nonfarm
component. Where the nonfarm component was largest, its water use
rate approximated most closely that attributed to small systems, and

- where it was smallest, its use rate approximated that attributed to

the farm population.

PROJECTED DEMANDS

a. Delaware. Only Sussex County was considered in projections
of domestic water demand. In 1970, water use of the residual popula-
tion totaled 1.73 billion gallons. By 1980, the annual rate of con-
sumption is expected to jump to 2.18 billion gallons; by the year
2000, use is expected to total 2.83 billion gallons, and by 2020,the
annual consumption rate is expected to rise again to 3.19 billion
gallons. Compared with the 1970 total figure, these estimates
represent increases of 25 percent for 1980, 63 percent in 2000 and
84 percent by 2020, all substantially greater increases than those
projected for the study area as a whole.

As in each of the subareas, the farm population in Sussex County is
projected to diminish during the target period: from 5570 in 1970 to
4,930 in 1980, and to 5,500 by the year 2020. The decreases represent,
however, a much less steep rate of change than the average for the
Chesapeake Study Area. This reflects the OBERS projection that land
in farms in Delaware, in contrast to the rest of the study area, will

Appendix 6
41



diminish only slightly, and the expectation that Sussex' share of
state land in farms will increase.

As the running water use rate reported for Delaware by the United
States Geological Survey for 1970 was somewhat larger than that of
the other States in the study area, farm water use rates are somewhat
higher in Sussex than in other subareas. Domestic farm water use 1is
projected to rise from 120 million gallons in 1980 to 131 million
gallons by 2020.

The nonfarm residual population in Sussex county is projected to

rise from the 1970 total of 54,000 to 62,000 in 1980, and to 68,900

in the year 2020. That these increases do not fully reflect the pro-

jected rise in population in Sussex during the target period indicates "
that conversion to central water systems is expected as incomesrise.
Following 2000, such conversions outstrip the population increases,

and the residual population is projected to fall to 67,800. The

water use of the nonfarm residual is expected to rise from 2.06

billion gallons in 1980 to 3.06 billion gallons by 2020. (See Figure 6-6)

Figure 6-6 - Residual water demand in Delaware: projections to 1980,
2000 and 2020.
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b. Maryland. The total population in the Maryland portion of
the study area is projected to rise from its 1970 total of 2.7 million
to 6.8 million in the year 2020, a rise of 150 percent. During the
same period the residual population is projected to decline from the
1970 total of 418,000 to 357,000. This drop would indicate that most
of the population growth will occur in areas which will be served by
central water supply systems. The proportion of the population which
is independently served is expected to decline from 15 percent in 1970
to slightly more than 5 percent in the year 2020. Residual water use
is expected to rise from the 1970 level of 11.6 billion gallons to
15.8 billion gallons in 2020.

The farm population in the Maryland Study Area is projected to fall
from 51,400 in 1970 to only 19,000 by 2020, and its annual water use
to drop during the same period from 831 million gallons to 649 million
gallons. Because of the decline in land in farms during the target
period -- from 2.2 million acres in 1970 to 1.7 million acres in 2020 --
and the expected increase in the average farm size, the number of
Maryland farms is expected to fall from 13,700 to only 5,600. This

is coupled with a slight drop projected for the average size of farm
family, from 3.7 persons to 3.4 persons, in the projection of farm
population. The farm water use rate is expected to rise from the

1970 figure of 44 per capita gallons per day (gpcd) to 94 gped in 2020,
an increase attributed to a rise in both the running water use rate
and the proportion of households served with running water.

'Figure 6-7. Residual water demand in Maryland: projections to 1980,

2000, and 2020.

1970 1980

Source: Attachment C, Tables 6-C-2 and 6-C-3.
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The nonfarm residual population is expected to decline, in the Maryland
Study Area, from 367,000 - in 1970 to 338,000 by the year 2020.
Outweighing the decline, however, is a projected increase in its water

use rate, from 80 gpcd in 1970 to 123 gped in 2020 as it is expected

to more closely approximate that estimated for small systems users.

The estimated annual water use of the nonfarm residual therefore rises

from 10.8 billion gallons in 1970 to 15.2 billion gallons in 2020,

an increase of 41 percent. (See Figure 6-7)

Subarea 1. This subarea, composed of Baltimore and its
contiguous counties, had in 1970 the largest residual domestic water
use of any of the subareas, 6.20 billion gallons per year. By 1980
the total is expected to increase to 6.27 billion gallons per year,
but by the year 2000 the size of the residual is projected to diminish, ig
and its water use is expected to drop to 5.76 billion gallons. By 2020,
the general rise in use rates begins once again to outweigh the popu-
lation decrease, and estimated water use rises to 6.70 billion
gallons per year.

The historical data show a decline in land in farms and an increase
in the average size of farms which are somewhat sharper than the
average for the study area, and this trend is expected to continue
into the target period. In 1970, there were 4,360 farms in Subarea
1, a total which is expected to decrease to 3300 farms in 1980, and
1,550 farms by the year 2020. The farm population is expected to
drop from 18,272 in 1970 to 13,170 in 1980, and to only 5,760 in
2020. 1Its estimated water demand is 274 million gallons in 1980,
and 198 million gallons by 2020.

The nonfarm residual population is projected to diminish from 198,000
in 1970 to 181,000 in 1980. The sharpest drop is projected to fall
between 1980 and 2000, when there is projected only 141,000 persons.
As the Subarea's population is projected to increase during this
time, it can be inferred that large scale conversion to central
systems will occur between these dates. Following 2000, population
increases once again predominate, and by 2020 the nonfarm residual
population is expected to number 144,000. Its water use, following
the population trends,-is projected to fall from 6.00 billion
gallons in 1980 to 5.52 billion gallons in 2000, and it rises to
6.50 billion gallons by the year 2020.

Subarea 2. In this subarea domestic water consumption by
the residual is expected to climb continuously, from 2.00 billion
gallons in 1970 to 2.51 billion gallons of annual use by 1980,

2.82 billion gallons by 2000 and 3.04 billion gallons by the end of
the target period, in 2020. Again, these increases are substan-
tially in excess of those projected for the study area as a whole.

]

Although land in farms in Maryland is projected to fall during the %
target period, the share of land in farms accounted for by Subarea
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2 rises to offset the change. In contrast to the rest of the study
area, then, land in farms is projected to decline only slightly dur-
ing the target period. Thus, though the average farm size in this
Subarea is largest of any, and it increases to offset the change,
the farm population in Subarea 2 is projected to decrease at a slightly
more gradual rate than in the study area as a whole.

In addition, a high proportion of farm households in Subarea 2 have
historically utilized running water, so that, by 1980, over 95 per-
cent are expected to have this convenience. Reflecting this trend
the farm water use rate for Subarea 2 is somewhat higher than the
Chesapeake average.

Both the farm population figures and high use rates were considered
in the projection of relatively slight declines in farm water use:
from the 1970 total of 169.2 million gallons of annual use, it only
declines to 165.0 million gallons in 1980 and 148.8 million gallons
by the end of the target period.

In Subarea 2 the total population is projected to rise at a rate
somewhat less than that of the study area as a whole: from the 1970
total of 131,000, the total is projected to rise to only 153,000 in
1980, 198,000 in 2000 and 247,000 in 2020. The size of the residual
population in Subarea 2 is not expected to substantially change
during the target period, reflecting the projection that conversion
to central supply systems will roughly keep pace with the population
increase. The residual population is estimated at roughly 65, 000
and, the projected increase in the water use - from 2.25 billion
gallons in 1980 to 2.84 billion gallons by 2020 - is largely due to
the increase in its water use rate,

Subarea 3. The largest growth in water use of the residual
population is expected to occur in this subarea. From the 1970
residual consumption of 1.44 billion gallons, water use is projected
to increase to 1.93 billion gallons in 1980. By the year 2000 annual
use is expected to reach 3.03 billion gallons and 4.48 billion
gallons is the annual use projected by 2020. Compared with the 1970
total, this represents a 100 percent increase by 2000 and more than
a 200 percent increase by the end of the target period.

The farm population in Subarea 3 is not expected to diminish as much
as other subareas in the Chesapeake Study Area. This is a reflection
of relatively slight decreases in land in farms, and the fact that
the average number of persons per farm in Subarea 3, only 2.8 in
1970, is not exvected to fall much lower in the target period. The
farm population, 7,700 in 1970, is thus expected to diminish

to 6,200 by 1980, and to start to level off at 4,800 in the

year 2000 and 4,100 in 2020. Like others in Maryland a high
proportion of farms in Subarea 3 use running water, and the

Appendix 6
45



water use rate for farms is and is expected to remain relatively
high. Thus despite the estimated reduction in farm population, its
- water use is expected to rise from 129 million gallons in 1980 to
140 million gallons by 2020.

The bulk of the increase in Subarea 3's domestic water use is due to
the expected expansion of water consumption by the nonfarm residual
population. As in the rest of the study area, much growth in total
population is expected in Subarea 3: from the 1970 total of
127,000, the population is expected to almost double to

247,200 by the year 2020. The nonfarm residual population is ex-
pected to grow at an even greater rate than the total population.
It is expected to jump from the 1970 total of 45,600 to 96,400 in
2020, and it is projected to represent a rising proportion of the
total Subarea 3 population. It can be inferred that a substantial
portion of the Subarea's population growth will occur in areas not
served by central water supply systems.

The water use of the nonfarm residual is expected to grow from 1.80
billion gallons in 1980 to 4.34 billion gallons by 2020.

Subarea 4, Subarea 4 is composed of the two Maryland coun-
ties which are contiguous to Washington, D.C. Perhaps because of the
extensive use of central water supply systems, its residual popula-
tion - approximately 5,900 in 1970 and through the target period - is
the smallest-of any of the subareas, and its water use reflects this.
Only 93.8 million gallons per year were consumed in 1970. The total
is expected to jump to 128.0 million gallons in 1980, 194.2 million
gallons in 2000, and 244.9 million gallons in 2020.

The sharp declines in the domestic water demand of farms is a re-
flection of several trends which would tend to diminish the farm
population. Both the Maryland total and the Subarea's share of
Maryland land in farms are expected to drop during the target period,
so that from the 1970 total of 208,000, only 177,000 acres in 1980
and 89,000 acres by the year 2020 are expected to remain in farms.
The increase in the average size of farms is greater in Subarea 4
than the Chesapeake average, and the relatively high average number
of persons per farm, 4.1 in 1970, is likely to fall rapidly during
the target period. Taking these trends into account, the farm
population is projected to drop from 6,020 in 1970 to 1,170 by the
year 2020.

Since the size of the total residual population is not expected to
vary from the 5900 registered in 1970, and since at that time the
residual was entirely composed of farm families, the decline projec-
ted for the farm population are matched by the appearance of a non-
farm residual population in the target period. It may be inferred
that in Subarea 4 large areas formerly devoted to agriculture will
be developed for nonfarm residential use under independent water

supply.
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The high water use rates of this new nonfarm residual population

account for the large increases in domestic water use estimated for
Subarea 4. From 1980 to 2020, nonfarm water use is expected to rise
from 49 million gallons to 205 million gallons, a fourfold increase.

Subarea 5. This subarea is the only one in Maryland for
which a decline in residual water use is projected for the target
period. From an estimated level of 2.16 billion gallons of annual
demand in 1980, the total is expected to decline to 1.87 billion
gallons in 2000 and 1.43 billion gallons in the year 2020.

The farm population is expected to fall from 9,200 in 1980 to 7,980
in 2000 and to 3,600 by 2020. This projection reflects a trend
toward a Subarea decline in land in farms which is sharper than
that projected for other subareas, although it is mitigated somewhat
by the relatively small average size of farms characteristic of the
region. Since only 78 percent of farm families had running water
in 2000, the farm water use rate lagged behind that of most other
subareas. The difference i5 expected to narrow during the target
period, as many farm households convert to running water systems.
Farm water use is projected to decline from 147 million gallons in
1980 to 123 million gallons in 2020.

Most of the decline in water use is expected to occur as a result
of a shrinking nonfarm residual. Totaling an estimated 60,700

in 1970 and 1980, the nonfarm residual is expected to drop to
45,000 by the year 2000 and to 29,500 by 2020. Since during the
same period, the total population is expected to increase, this
decline represents a diminishing proportion of population independ-
ently served: from 60 percent of the total population in 1970, the
residual is expected to represent only 11 percent by the end of the
target period. Most of the Subarea's population growth may be
expected to occur in areas served by central water supply systems.

In the period from 1980 to 2020, nonfarm residual water use is
projected to fall from 1.75 billion gallons to 1.31 billion gallons.

c¢. Virginia. The total population in the Virginia portion of
the Study Area is estimated to increase even more than that of
Maryland: from the 1970 total of 1.5 million it is expected to reach
4.9 million by 2020. As in the other states, however, the residual
population is projected to decline during that period, from 468,000
to 389,000. The estimated proportion of the total population which
is independently served thus drops sharply from 31 percent in 1970
(the highest of the three States) to only 8 percent by the end of
the target period. Estimated residual water use rises from 13.4
billion gallons in 1970 to 17.4 billion gallons in 2020.
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The farm population in the Virginia Study Area is expected to diminish,
during the target period, by more than 70 percent from 35,800 in 1970
to only 10,300 in 2020. During that period, its annual water demand
is also projected to decline, though at a lesser rate, from 530 mil-
lion gallons to 354 million gallons. Land in farms in the Virginia
Study Area is expected to decline during the target period from 2.1
million acres to 1.3 million acres. Coupled with the characteristi-
cally large Virginia farms (the 1970 average was 194 acres), this trend
leads to an estimated decrease in the number of farms from 10,900 in
1970 to only 3,000 in 2020. The farm water use rate is expected to
rise from the 1970 figure of 41 gallons per capita per day (gpcd) to
93 gped in 2020, as the proportion of farm households which are served
with running water rises from the 1970 figures of only 77 percent to
almost 100 percent in 2020,

The projected nonfarm residual population in the Virginia Study Area
declines from 432,500 in 1970 to 378,200 by 2020. Despite the decline
its annual water use is expected to increase from 12.9 billion gallons
in 1970 to 17.1 billion gallons in 2020. This one-third rise is
largely a reflection of the expected increase in the per capita use
rate from 82 gpcd in 1970 to 124 gpcd in 2020. That increase, in
turn, is attributed to a projected rise in the small-system water use
rate, which the nonfarm residual rate is expected to approximate as
the number of farm households decreases. (See Figure 6- 8

Figure 6-.8- Residual water demand in Virginia: Projections to 1980,
2000 and 2020.
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Source: Attachment C, Tables 6-C-2 and 6-C-3.
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Subarea 1. This subarea, located on the southern tip of
the Delmarva Peninsula, is one of the most rural in the Chesapeake
region. The water use of the residual population, 0.98 billion gal-
lons in 1970, is expected to rise at a rate somewhat higher than the
Study Area average: annual use is expected to jump to 1.17 billion
gallons in 1980, 1.33 billion gallons by 2000, and 1.50 by the year
2020.

Although Subarea 1 is expected to lose some land in farms to other
uses during the target period, its loss is the least of any of the
subareas. Its 156,000 acres in farms is projected to remain virtu-
ally constant through 1980, diminish only slightly to 153,000 acres
in 2000, and only to 145,000 acres by the end of the target period.
The increasingly large average size of farms in the Subarea, and a
fall in the number of persons per farm are reflected in projections
of diminishing population, but the decline is expected to level off
after the year 2000. The steepest drop in population is expected be-
tween the years 1980 and 2000 - from 1,640 to 1,180 - and the farm popu-
lation is expected to level off to just under 1,000 by the year 2020.

The farm population in this relatively isolated subarea has histori-
cally exhibited the lowest proportion in the Chesapeake of households
with running water: only 67 percent of all farm households used runn-
ing water in 1970. Although the total is projected to rise to 80
percent by 1980, and over 92 percent by the year 2000, the paucity
of running water facilities is reflected in projections of low farm
water use rates in the first part of the target period. Estimated
domestic use of water on farms is 30 million gallons in 1980, and it
rises slightly to 32 million gallons by 2020.

Subarea 1 is projected to have the smallest increase in total popula-
tion of any subarea: the total of 43,000 persons in 1970 is expected
to rise only 17 percent to 51,000 by the end of the target period.
During this time the residual population is expected to remain
constant, at roughly 34,000.

Two points of note emerge from these figures: first, Subarea 1 has
the highest proportion of independently served population of any of
the subareas - close to three-quarters were so served in 1970, and
the figure is estimated to drop to only 64 percent by the year
2020. Second, the decline in the farm population is expected to be
offset by a rise in the nonfarm residual, signaling the development
of farmland for residual use.

The water use of the nonfarm residual is projected to increase from
1.09 billion gallons in 1980 to 1.46 billion gallons by the end of
the target period.
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Subarea 2. Subarea 2, in contrast to Subarea 1, is a rapidly
urbanizing area which touches the District of Columbia to the
southwest. It is expected to exhibit one of the largest growth rates
in total water use of any of the subareas: from 2.83 billion gallons
of annual use in 1970, the residual population is expected to con-
sume 3.56 billion gallons annually by 1980, 4.36 billion gallons by
the year 2000, and 4.81 billion gallons by 2020.

A large drop in land in farms is projected for Subarea 2: from

315,000 acres in 1970, the total is expected to drop to only 187,000
acres by the end of the target period. In addition, large increase
are projected for the size of farms, and the conjunction of these

two trends makes likely a large drop in the Subarea's number of

farms. From the 1350 farms operating in 1970, only 840 are expected
to survive tc 19803 and by the end of the target period, only 320

are estimated to remain in operation. The loss of these farms is

the major factor behind the projected reduction in the farm population
from 3,590 in 1970 to only 1,070 in the year 2020. Its estimated water
use totals 47 million gallons in 1980, and 37 million gallons in the
year 2020.

The total population of the Subarea is expected to increase more than
fourfold, from 603,000 in 1970 to over 2,650,000 by the year 2020.
Much of this growth is expected in areas served by central supply
systems, but enough is expected to occur in areas characterized by
independent water supply that the nonfarm residual is projected to
grow, as well. Estimated at 90,800 in 1970, the nonfarm residual is
estimated to increase to 109,000 in 2000 before it drops to 105,200
in the year 2020. By that time, only four percent of the Subarea's
population will be independently served. The water use of the nonfarm
residual is projected to rise from 3.51 billion gallons in 1980 to
4.78 billion gallons in 2020.

It is the expected increase in the nonfarm residual population, with
its high rate of water consumption, which is the principal factor
in Subarea 2's increase in domestic water use.

Subarea 3. Water use by the residual population in Subarea
3 is expected to rise in the early part of the target period, and then
fall off sharply. In 1970 an estimated 0.98 billion gallons of water
were consumed, a total which is expected to rise to 1.23 billion
gallons of annual use by 1980, and 1.44 billion gallons by the year
2000. Before the end of the target period, however the total is
expected to fall off to only 0.86 billion gallons annual use.

Trends which affect the farm population in Subarea 3 almost directly
parallel those of Subarea 2. The region is marked by a large decline
in land in farms (from 148,000 acres in 1970 to an expected 60,000
acres by the end of the target period). At the same time, the
average size of farms in the Subarea, already larger than the average
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for the study area as a whole, is expected to increase rapidly. As
a result, the number of farms in Subarea 3 is projected to fall off
rapidly from 770 in 1970 to 500 in 1980 and only 150 by the end of
the target period.

The domestic water use on farms is further reduced in Subarea 3 by
the low average number of persons per farm (only 2.2 as recorded in
the 1970 Census). It is expected to drop from 27 million gallons in
1980 to only 16 million gallons in 2020.

The steep increase 1in population estimated for Subarea 2 does not
carry over into Subarea 3. Though the total population is expected
to more than double in the target period, from 49,000 in 1970 to
114,000 by 2020, the rate of increase is substantially less than

the Study Area average, and is expected to level off toward the end
of the target period.

The residual population follows the general population growth early
in the target period, but, perhaps reflecting a large scale conver-
sion to central water supply systems, it is expected to fall off
rapidly toward the end of the target period, from 36,000 to slightly
over 19,000.

It is this expected falloff in the residual population which is
reflected in the downward turn in the subarea's residual water use,
as it outweighs even the increases in the per capita water use rates
of the residual population. Nonfarm residual water use, projected
to rise between 1980 and 2000 from 1,202 to 1,420 million gallons,
accordingly is expected to fall ¢ff to only 845 million gallons by
the year 2020,

Subarea 4. Residual water consumption in Subarea 4 of
Virginia is expected to increase at a rate above the study area aver-
age, although not as great as the rates of increase in Subareas 2 and
3. An estimated 2.41 billion gallons were consumed in 1970, a total
which is projected to jump to 3.61 billion gallons by the end of the
target period in 2020.

Although the Subarea's acreage in farms is expected to fall at a
slightly greater rate than the study area average, it is the rapid
increase in the average size of farms which is primarily responsible
for the ‘reduction in the subarea's number of farms, and hence its
farm population. The farm population, numbering 9030 in 1970, is
expected to fall to only 2,510 by the year 2020. Since only 80 per-
cent of the farms in 1970 utilized running water, farm water use
rates are somewhat lower than the average. The domestic demand on
farms is thus expected to drop from 138.1 million gallons of annual
use in 1970 to 85.4 million gallons in the year 2020,

Projections of total population rise, in Subarea 4, from the 1970
figure of 322,000 to 428,000 in 1980, and to over 1,000,000 in the
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year 2020. The rate of increase is somewhat above the rate for the
Chesapeake Study Area. Despite the population increases, however,
the size of the residual population is expected to remain in the
range of 80,000 to 90,000, and exhibit only a slight decline during
the target period.

The rise in the nonfarm residual water use projected for Subarea 5

is therefore almost entirely due to the expected increases in its per
capita use rate. Its estimated water use increases from 2.75 billion
gallons in 1980 to 3.53 billion gallons in 2020.

Subarea 5. Despite the size of Subarea 5, its domestic
water use in 1970, at 1.35 billion gallons, was relatively small.
By 1980, however, annual residual consumption is expected to increase by
25 percent, to 1.70 billion gallons, and by the year 2000, is expected
to reach 2.09 billion gallons. By the end of the target period resid-
ual water use is expected to total 2.35 billion gallons, an increase
of 73 percent over the 1970 figure.

This increase, at a rate twice that of the study area average, is ex-
pected to occur despite the diminution of the farm population.
Numbering 6,040 in 1970, this component of the residual is projected
to drop to 4,920 by 1980, and to only 2,040 by the end of the target
period. The projected fall in the Subarea's farm population has
historically been due to the rapid increase in the average farm size
of the Subarea, a trend which is expected to continue into the future.
Domestic farm water use is estimated to diminish from 94 million
gallons in 1980 to 69 million gallons in the year 2020,

‘The expected growth of the domestic water consumption stems from

a projected increase in the size of the nonfarm residual population,
which is expected to grow from 43,600 in 1970 to 50,600 in 2020.
This portion of the population constituted 53 percent of the total
Subarea population in 1970, and it is expected to constitute no

less than 37 percent by the end of the target period. Its annual
demand, estimated to be 2.06 billion gallons in 1980, is projected
to rise to 3.06 billion gallons by the year 2020.

Subarea 6. The diminutive size of Subarea 6, on the other
hand, is directly reflected in its residual water use - one of the
smallest of any subarea - and the total is expected to diminish
through the target period. Only an estimated 687 million gallons
were consumed in 1970. The total is projected to fall off sharply
to 406 million gallons in 1980 and to 198 million gallons by the
year 2000. By the year 2020 annual water consumption is expected to
rise slightly, to 228 million gallons.

The small farm population, only 260 in 1970, is expected to be
further reduced, during the target period, to less than 100.. The
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reduction is largely a reflection of the trend toward larger farms
in Subarea 6, and the expected decline in acreage in farms - from
10,600 in 1970 to 6,600 by the end of the target period.

Almost 99 percent of the total residual population is composed
of nonfarm households, but this population, too, is expected to
fall off sharply, particularly in the early part of the target period.
The residual population was estimated at 22,100 in 1970, but it is
projected to decrease by almost half - to 11,900 - by the year 1980,
and by half again - to less than 5,000 - by the year 2000.

Although the nonfarm residual population is projected to level off
at the latter figure, its estimated sharp reduction in the beginning
of the target period leads to projection of total water use which
also fell off sharply. From 403 million gallons of annual use in
1980, the nonfarm residual is expected to consume only 195 million
gallons in 2000, a total which rises but slightly, to 225 million
gallons, by the year 2020.

The decrease in the size of the residual would reflect conversion
of parts of the Subarea to central supply systems, as the total
population is expected to almost double - from 33,000 to 63,000 -
between 1970 and the end of the target period. While almost 68
percent of the total population was recorded as independently
served in 1970, the comparable figure projected for the year 2020 is
a mere 8 percent.

Subarea 7. Like Subarea 6, Subarea 7 is one of the few
subareas for which a decline in the total residual water use is
expected during the target period. The major decline is projected
for the decade between 1970 and the start of the target period in
1980, in which annual consumption is expected to drop from 1.86
billion gallons to 1.19 billion gallons. During the target period
the estimated reductions are considerably more gradual, as consump-
tion is projected to fall to only 1.07 billion gallons in the year
2000 and 0.92 billion gallons in 2020.

Subarea 7 is one of the few in which domestic water consumption on
farms is expected to rise during the target period. Although the
farm population is projected to decline - from 1,380 in 1970 to

750 by 2020 - the decline is not as steep as the average for the
study area. Only a slight decrease in land in farms is expected,
from 121,000 acres in 1970 to 109,000 acres in 2020. In addition,
the relatively high percentage of farm households with running
water - 90 percent,in 1970 - is reflected in the farm water use
rate, the highest in the Chesapeake Study Area. Domestic farm
water consumption is expected to rise from the 23 million gallons
consumed in 1970 to 25 million gallons by 1980, and 26 million
gallons by the year 2020,
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It is the estimated decline in the nonfarm residual population which
is reflected in the diminishing total residual water demand, as the
nonfarm component consumes 98 percent of the residual water used in
Subarea 7. There are two factors prominent in the estimated decline
in the residual population between 1970 and 1980: first, a less than
average increase projected for the total population and second, a
sharply decreased proportion of the population which is expected

to be independently served. In that decade, the population of
Subarea 7 is projected to increase by only 17 percent, from 261,000
to 306,000 persons. During the same period, the proportion of the
population which is independently served is projected to decline
from 23.4 percent to only 11.7 percent. As a result of these
trends, the residual is expected to decrease sharply, from 59,800
persons in 1970 to only 34,800 in 1980, and its water use from %
1,840 million gallons to 1,170 million gallons.

Rd

After 1980 the proportion of the population which is independently
served is expected to continue to fall rapidly, but the decline is
offset by the sharp population growth expected in the Subarea. The
fall in the residual population is somewhat moderated, therefore,
and its water use is projected to fall only to 894 million gallons
by the year 2020.

Subarea 8. The residual domestic water demand in Subarea 8
is estimated at 2.33 billion gallons of annual use in 1970. Con-
sumption is expected to rise fairly rapidly, in the early part of
the target period, to 2.80 billion gallons in 1980 and to 3.21
billion gallons by the year 2000. During the latter part of the
target period, however, annual consumption is expected to fall off
slightly, to 3.17 billion gallons. :

The number of farms in Subarea 8 is projected to fall rapidly, from

the 3,070 farms in operation in 1970 to 2070 in 1980, and to only

760 by the year 2020. This is a reflection of the projected decline

in the Subarea's share of Virginia land in farms - of 444,000 acres

in farmland in 1970, only 245,000 acres is expected to remain in

farms by the end of the target period - and increases in the relatively
small average size of farms. The farm population is expected to fall
accordingly, from a total of 10,760 in 1970 to 7240 in 1980 _and to
2,580in the year 2020, and its water use is expected to diminish from
149 million gallons in 1970 to 87 million gallons in 2020.

The nonfarm residual population is expected to increase slightly from

75,400 in 1970 to 81,700 in 1980, and fall to 68,500 by the end of : X
the target period. Though it constituted 61 percent of the total in

1970, the projected decline in that proportion to 35 percent in 2020

more than outweighs the relatively slight increase estimated for the

Subarea's total population. The estimated nonfarm residual water

demand is 2.67 billion gallons in 1980, 3.10 billion gallons in 2000, -
and 3,08 billion gallons in 2020, an increase due entirely to pro-

jected growth in the water use rate.
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LIVESTOCK WATER DEMAND

ASSUMPTIONS AND METHODOLOGY

Livestock consumption and sanitary uses represent a second major de-
mand for water in the target years. As in the estimation of irriga-
tion water demand, water use was projected by estimating production

in each subarea by shares analysis. Livestock water demands were then
estimated using livestock number and water use coefficients.

In this procedure the shares analysis was modified somewhat to take
into account the form of the OBERS state livestock projections,
which were in terms of live weight demanded at the market in the
target date years. Once state level estimates of live weight at
market were allocated among the subareas, it was necessary first, to
convert market weight into livestock numbers, and second, to take
into account the supportive livestock population.

State-level demands for livestock and livestock products were con-
verted to livestock numbers by dividing them by a set of average
livestock weights and - in the case of chickens and milk cows -
productivity. The set of average livestock weights developed for

the conversion of production to livestock numbers is given in

Table 6-16. While the weights roughly parallel the 1970 market
weights for the Chesapeake region, they nonetheless reflect changes

in livestock production now underway. The conversion weights for pork
and sheep are slightly higher than current levels, taking into

account the development of more efficient feeding practices and
improved breeds. Similarly, milk and egg production are assumed to
increase over current levels, due to improvements in nutrition and
management practices permitting performance tests and selective breed-
ing. The average weight assumed for turkeys, however, is assumed to
be slightly below current levels, due to market preferences for
slightly smaller birds.

Marketed livestock represent only part of the total livestock popu-
lation, and only part of livestock water demands. In support of the
marketed livestock are breeding flocks and herds, which exert a sub-
stantial demand for water. In addition, not all animals are

expected to reach marketable age, and those who do not also exert
demand for water. Given the numbers of livestock needed to meet de-
mands as projected by OBERS, it was possible to estimate the breed-
ing stock through fertility coefficients and mortality numbers through
mortality rates. Livestock numbers were thus expanded to include the
supportive livestock population.
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Table §-16-- Average market weights, livestock and live-
stock products, target projection years 1/

Product Unit 1980 2000 2020
Hogs - pigs 1b 230 230 230
Sheep - lambs 1b 110 110 110
Broilers 1b 3.5 3.5 3.5
Turkey 1b 15 15 15
Egga/chicken eggs 240 265 280
Milk/cow 1b 10818 12097 12218

1/ Weight figures represent weighted averages of young stock and fully
grown livestock, derived through examination of historical state data and
future projections of average weights. For future average weights, source
was Lee A. Christensen, The Economic Base of the Southeast Wisconsin Rivers
Basin with Emphasis on the Agricultural Sector: reference Report 13, USDA,
ERS, 1970. These figures were used when it was demonstrated that in
historical livestock weights the gap between the two study areas was
rapidly closing, and that by 1970 most were within 52 of each other.

The water demands of the estimated livestock population were pro-
jected on an annual basis, to take into consideration the differ-

ent time periods during which each of the three components exert
demand. Breeding stock or flocks were assumed to exert demand

for water during the entire year,” while livestock to be marketed
only exert demand during the period in which they are raised. Given
that mortality had an equal chance of occurrence at any moment dur-
ing that time, it was assumed that mortality exert demand during
roughly half the longevity of marketed animals,

Approximate water use coefficients for each of the components of
the livestock population were developed, and applied to project the
water demands of each component. In practice, it was found most
straightforward to combine these coefficients with the fertility
and mortality rates and with the livestock weight and productivity
parameters, to derive single number and water use coefficients

(see Tables 6-17 and 6-18). The latter, when applied to the sub-
area demands for livestock and livestock products, yielded
estimates of livestock numbers and water use.
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Table 6-17-- Livestock water use rates: 1980, 2000, and 2020, Chesapeake Bay Study

: : 1980 : 2000 : 2020 :
Livestock Prod-: Water Use : Coeffi- : Water use : Period: Coeffi-: Water use : Period: Coeffi-: Water use : Period:
ucts Marketed : Component : cient 1/: coefficient: of use: cient : coefficient: of use: cient : coefficient: of use:
Gallons Days Gallons Days Gallons Days
HOGS
Marketed animals 1.0 4/day 180 1.0 4/day 180 1.0 4/day 180
Breeding stock 14.5 4/day 365 16.0 4/day 365 17,0 4/day 365
Mortality .10 1/day 82 .07 1/day 78 .05 1/day 75
SHEEP
Marketed animals 1.0 1.5/day 180 1.0 2/day 150 1.0 2/day 140
Breeding stock 1.2 2/day 365 1.25 2/day 365 1.25 2/day 365
Mortality .10 .8/day [: ] .07 1/day 75 .05 1/day 70
EGGS :
Laying flock 1.0 26/yr. * 1.0 26/yr. * 1,0 26/yr. *
Mortality .08 2.5/day/100 2/ 180 .06 3/day/100 180 .05 3/day/100 180
BROILERS
Marketed Birds 1.0 1.5/yr. - 1.0 1.5/yr. » 1.0 1.5/yr. *\
TURKEYS
Marketed birds 1.0 18/yt. * 1.0 18/yr. * 1.0 18/yr. *
Breeding flock 50,0 12/day/100 365 50.0 14/day/100 365 S0.0 14/day/100 365
Mortality .08 6/day/100 70 .06  6.5/day/100 62 .05 6.5/day/100 62
MILK
. 14/day 365 { 14/day 265 { 14/day 365
Milk cows 1.6 {Zd/day (for mi1lk) 300 17 Vr/day (for mitk) 300 V0 Vzg/day (for milk) 30
calves®/ .6 12/day 368 .6 12/day 365 .6 12/day 365

Mortality .04 6/day 180 .03 6/day 180 .03 6/day 180

l/ Coefficients relate (1) numbers of marketed animals, or producing animals, to (2) numbers of breeding flocks or herds,
and (3) mortality. Numbers of marketed animals or producing animals are estimated by relating projected demands for
livestock products to average weights or productivity, Numbers in breeding flocks or herds are estimated by dividing
(1) by the coefficients pertaining to {2)., Mortality is estimated by multiplying (1) by the rates listed for (3).

2/ Gallons per day per 100 birds. ’

3/ Dairy calves not sold for beef or veal. Numbers are determined by multiplying number of milk cows by factors listed,

Table 6-]18, Livestock number and water use coefficients l/

1980 2000 2020
HOGS number 0.0051 0.0049 0.0048
water use 3.6039 3.5509 3.5201
SHEEP number 0.0176 0.0170 0.0168
water use 8.0503 8.0841 7.8864
CHICKENS number 0.0045 0.0040 0.0038
water use 0.1098 0.0993 0.0938
BROTLERS nunber 0.2857 0.2857 0,2857
water use 0.4286 0.4286 0.4286
TURKEYS number 0.0733 0.0720 0.0713
water use 1.2808 1,2843 1,2816
MILK COwWS number 0.0002 0.0001 0.0001
water use 1.3977 1.3208 1.3144

1/ Applied to estimated demand for live weight at market
or livestock product (milk, eggs).

Source: Tableg -16 and 6-17.
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Two exceptions to this procedure were the estimation of beef cattle
and dairy cow water demand. For beef cattle, the dairy cow popula-
tion is expected to contribute salvage, heifers, and veal calves to
beef demand , and the feedlot beef population was estimated only after
these dairy components were subtracted from the beef demand allocated
to each subarea. In addition, backup inventory was estimated in pro-
portions consistent with each subarea's historical trend. Dairy cow
water use was projected to rise proportionally with the increase in
milk output per cow.

In the analysis of future livestock water demands, it i1s evident that
per unit livestock water use is almost uniformly lower than the per
unit use listed in the U.S. Geological Survey (15), the main source
of data for the livestock section of the Existing Conditions Report.
The difference in rates is largely attributable to the methodology
employed in the projections.

The point of departure in the projection of livestock water use was
the estimation of market numbers, the portion of the livestock popu-
lation which would be required to meet subarea demands. It was
assumed that for most livestock (16) the water use rate for this
portion of the population would approximate the average rate for a
mature animal, the rates given in the U.S. Geological Survey.

From the portion of the livestock population needed to meet demand,
however, breeding flocks and mortality numbers were derived, each
with explicit reference to the number of days per year they consume
water and their consumption rate. The analysis of the livestock
population with respect to water consumption was therefore more
detailed than a simple measure of inventory or sales, and it was
judged that the aggregate nature of the Geological Survey water use
rates were no longer appropriate. Yearly per unit use rates were de-
veloped as an end product of the analysis of each of the three
components of the livestock population required to meet the OBERS
estimates of livestock demand.

On a more explicit level, several factors can be listed which would
tend to depress the annual per unit water use rates for livestock.

a. Inclusion of backup herd with lower water use rates. This
is the case in the analysis of water demands exerted by milk cows.
The back-up herd - including heifers and calves - swelled numbers by
an average of 64 percent, yet its average water use rate was estima-
ted at only 35 percent that of a milk-producing cow.

b. Inclusion of demand numbers with lower water use rates.
Measurement of numbers by inventory in some cases excludes demand
numbers from the analysis. An inventory of sheep taken on January 1
(as in the 1969 Census of Agriculture) would not include lamb sales,
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whose 180-day period of water consumption does not begin until later
in the year. Though their use rate approximate those of the backup
herd, lambs are assumed to have a shorter life span. Annual water
use for this portion of the sheep population is thus cut to a
fraction of that of the backup herd, and it depresses the aggregate
per unit use rate.

c. Inclusion of mortality numbers. Inclusion of mortality
numbers has a dual effect on the per unit water use rate aggregated
over all components: not only does this component tend to swell the
numbers of livestock counted, but, due to the truncated life span
of the animals it represents, its annual use rate is below that of
the rest of the herd. The use rate over all components is thus
diminished by its inclusion.

d. Combination of factors. The largest differences in per unit
use rates are due to 2 combination of the above three factors. In
the case of beef, the water use of one and two year calves is in-
cluded in the annual use of the backup herd, and their relatively low
use rates depress the average. In addition, demand numbers include
animals, such as veal, who are marketed before maturity and whose
consumption over a shortened life cycle sharply reduces the overall
annual use of this portion of the herd. Finally, the overall use rate
is reduced by the inclusion of mortality numbers, which were assumed
to consume water at an annual rate much reduced from that of mature
animals.

In some cases water use rates were projected to increase, due
largely to expected increases in per unit output. This effect is
seen, for example, in the per unit rate for chickens. The basic
rate is projected to jump from 22 gallons per year to 26 gallons per
year in the target period, an increase due to an expected increase
in annual egg production per bird.

Because of these factors, and the influence of changing average live-
stock weights, the numbers and per unit water use between 1970 and
the target dates are not comparable.

PROJECTED DEMANDS

a. Delaware. Though livestock and poultry water demands in
Delaware are among the largest in the study area, they are expected
to decline from a total of 527 million gallons per year in 1980 to
479 million gallons in 2000 and 460 million gallons in 2020.

The major livestock users of water in Delaware are broilers. The
demand for broilers from Delaware is expected to jump from the 1964
total of 415 million pounds (17) to 541 million pounds in 1980 and
to 581 million pounds in 2020. Numbers of broilers are expected to
rise commensurately. From the 1969 census total of 112 million, the
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total number of broilers sold is projected to increase to 154 million
in 1980 and to 170 million in 2020. Broilers are expected to consume
232 million gallons of water in 1980, or 44 percent of all Delaware
livestock and poultry water use, a figure which rises to 249 million

gallons (52 percent) in 2000 and 255 million gallons (55 percent)
in 2020.

The second major users of water are milk cows. The demand for milk
from Delaware is expected to fall from the 164 total of 165 million
pounds to 118 million pounds in 1980, and to 100 million pounds in
2020. In 1980, this part of livestock demands is projected to
represent 31 percent of the total in Delaware, a proportion which
falls slightly during the rest of the target period. Milk cows are
expected to consume 164 million gallons of water in 1980, 144 million
gallons in 2000, and 131 million gallons in the year 2020.

Hogs and pigs account for the other major use of water among live-
stock in Delaware. Their estimated consumption is 50 million gallons,
or about ten percent of the total. (see Figure 6-9)

Figure 6-9. Livestock water demand in Delaware. Projections to
1980, 2000, and 2020.
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b. Maryland. The total livestock demand in the Maryland portion
of the study area is projected to rise slightly from 2.31 billion
gallons in 1980 to 2.43 billion gallons in 2020.

The major livestock users of water in the Maryland Study Area are milk
cows, projected to account for 46 percent of the total 1980 water use
and 55 percent of the 2020 total. Although the proportion of state
production accounted for by the study area is expected to diminish
from 50 percent in 1980 to 37 percent in 2020, the decline is outweighed
by the projected increase in state-level milk production, from 1.6
billion pounds in 1980 to 2.8 billion pounds in 2020. In addition,
per unit consumption is expected to rise due to increased productivity
and sanitation needs. Water use by milk cows is therefore projected
to increase from 1.07 billion gallons in 1980 to 1.34 billion gallons
by 2020.

The second major users of water are cattle and calves, projected to
account for 770 million gallons in 1980 and 660 million gallons in
2020, or 33 and 27 percent, respectively, of the Maryland Study Area
total for livestock in each of those years. The expected decline is
attributed to the projected fall in state beef production during the
target period, from 111 million pounds in 1980 to 102 million pounds
in 2020. The study area's share of state production is expected to
remain roughly constant at 70 percent.

Broilers are the third major users of water in the Maryland Study Area,
with a projected demand of 266 million gallons in 1980 and 307 million
gallons in 2020. Broiler production in Maryland is expected to be
increasingly concentrated in the study area portion of the state, with
88 percent of the State total in 1980 and almost 95 percent by 2020.
Broilers are expected to consistently account for 12 percent of the
livestock total in the Maryland Study Area.

Hog production in Maryland is also expected to be concentrated in
the study area portion of the State, with 95 percent of Maryland hogs
in 1980, and almost 100 percent in 2020. Despite this increase,
however, state pork production is projected to fall off from 44
million pounds in 1980 to 28 million pounds in 2020, with the result
that estimated hog water use falls off from 150 million gallomns to
97 million gallons. (See Figure 6-10 below).

Subarea 1. Total livestock and poultry use is projected
to increase, in this subarea, from 1.07 billion gallons of annual use
in 1980 to 1.18 billion gallons in 2000 and 1.33 billion gallons in
2020. It has by a substantial margin the largest livestock water use
of any of the subareag,

Easily the largest users of water among livestock and poultry are
milk cows. The demand for milk in Maryland is expected to almost
double by the end of the target period, and Subarea 1 is projected
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Figure 6-10- Livestock water demand in Maryland.
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to hold a constant twenty-five percent

share of the total. Water

demands by milk cows are estimated to increase from 599 million gal-
-lons in 1980 (56 percent of the Subarea total} to 730 million gallons
in 2000 (62 percent) and to 893 million gallons (67 percent) by the

end of the target year.

Most of the remaining livestock water in Subarea 1 is used by cattle

and calves.
to increase from 40 percent in 1969 to

Although the Subarea's share of beef sales is expected

close to 50 percent by the

end of the target period, such increases are offset by projected

declines in Maryland beef production.

The net result is that water

use by beef is expected to remain constant during the target

period, at approximately 430 million gallons annually.
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Subarea 2. Aggregate water use by livestock and poultry
is projected to diminish, during the target period, from 597 million
gallons in 1980 to 544 million gallons in 2000 and 513 million
gallons in 2020.

Once again the major livestock users of water are milk cows. Although
the Subarea share of Maryland milk sales is expected to diminish from
18 percent in 1970 to 17 percent in 1980 and to 10 percent by the end
of the target period, the large increase in demand at the state level
more than balances the distributional losses. The number of milk cows
and backup herds is expected to remain constant during the target
period at around 40,000 animals, and their water use is pro-
jected to be 380 million gallons, or 65 to 75 percent of the Subarea
total.

Cattle and calves represent the next largest users of water, although
they are expected to consume diminishing amounts of water during the
target period. The decline is due to a falling share of state beef
sales - the 16 percent share in 1969 is expected to fall to 11 per-
cent by 2020 - and to the projected decline in beef demand at the
state level. Thus the estimated water demand of cattle and calves,
155 million gallons and 26 percent of the Subarea's livestock demands
in 1980, is expected to drop to 90 million gallons and 18 percent by
the end of the target period.

Hogs and pigs are expected to account for a roughly constant propor-
tion, eight percent, of Subarea livestock demands. Their water
demand is projected to fall from 53 million gallons in 1980 to 36
million gallons in 2020, as the increasing Subarea share of State
production is offset by the projected decline in Maryland demand
for pork.

Subarea 3. In Subarea 3, water use by livestock and
poultry is projected to increase slightly during the target period,
from 390 million gallons of annual use in 1980 to 412 million gallons
in 2000 and 422 million gallons in 2020. The small magnitude of the
changes in aggregate demand conceals large shifts in its composition.

The major livestock consumers of water in the Subarea are broilers.
Broiler production in Maryland is expected to rise sharply during the
target period, from 151 million in 1969 to 201 million in 1980, 211
million in 2000, and 215 million in 2020. Further, this production

is expected to be increasingly concentrated in Subarea 3, where the

81 percent share in 1970 is projected to rise to 85 percent in 1980,
and to 95 percent by 2020, Water use by broilers is projected to rise
from 260 million gallons in 1980 to 306 million gallons by 2020, an
increase of eighteen percent and from two-thirds to almost three-
quarters of the total.

Another increase in water demand is expected for cattle and calves.
This is mainly due to projected increases in the Subarea's share
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of State beef production, from 2.2 percent of beef sales in 1969

to 4.1 percent in 1980 and to 5.5 percent by the end of the target
period. The estimated cattle and calf water demand rises from 50
million gallons in 1980 to 61 million gallons by 2020, and it repre-
sents roughly thirteen percent of the Subarea's livestock demand
throughout the target period.

These increases are offset, however, by declines in the water use of
hogs and pigs and milk cows. The main factor which contributes to
the diminishing water use of hogs is the expected decrease in Mary-
land pork production; and a steadily falling Subarea share of
Maryland milk production accounts for the diminishing water demand
by milk cows. Together the two account for a decline in estimated
Subarea water use of 23 million gallons between 1980 and 2020.

Subarea 4. Livestock water use is projected to decrease
sharply in this subarea, from 180 million gallons annually in 1980
to 120 million gallons in 2000 and 83 million gallons in the year
2020. Most of the decline is accounted for by milk cows and cattle
and calves, the major livestock water users in the Subarea.

Milk cows represent about half of the Subarea's livestock water

use. Although state-level demand for milk is expected to rise in
Maryland during the target period, Subarea 4's share of production
is expected to decrease from 5.2 percent in 1969 to 4.0 percent in
1980, and to 1.2 percent in 2020. As the distributional decline
far outweighs the prodocution increase projected at the state level,
water use in milk production is expected to fall sharply, from 89
million gallons annually in 1980 to only 45 million gallons in 2020.

Cattle and calves are expected to account for much of the remaining
livestock water use in the Subarea, with approximately 45 percent of
the total. As with milk cows, the Subarea's share of the State

total beef demand is expected to fall sharply during the target period,
from 8.0 percent in 1969 to 6.8 percent in 1980 and to 3.2 percent

by 2020. Since the distributional effect is augmented by a projected
decline in State demand for beef, cattle and calf water use is ,
expected to fall from 82 million gallons in 1980 to 36 million gallons
in 2020, a decline of more than fifty percent.

Subarea 5. While a changing mix of water-consuming live-
stock is projected for this subarea, the annual livestock water
demand is expected to remain constant. In 1980 and 2000, demand is
projected to total 77 million gallons, and it is expected to rise only
slightly, by the year 2020, to 80 million gallons. Livestock water
use in Subarea 5 is among the lowest in the Chesapeake Study Area.

The relatively high water use rates of beef cattle and their backup
herds lie behind their projection as the major livestock water consum-
ers in the Subarea. Though only 4 percent of the Maryland beef
demand is expected to be filled by Subarea 5, they account for 60 per-
cent of the total estimated livestock water demand. Projected
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consumption by cattle and calves totals 49 million gallons in 1980,
a figure which drops slightly to 47 million gallons by the year
2020,

Also declining is the water demand expected to be exerted by hogs
and pigs. The major factor in this projection is the expected
reduction in demand for Maryland-produced pork during the target
period, as the subarea's proportion of State demand is projected

to rise only slightly from the ten percent it accounted for in 1970.
Hog water use is expected to fall from 16 million gallons in 1980
to 12 million gallons in 2020.

The effect of the reduction in water use by these two kinds of live-
stock is counterbalanced, by the end of the target period, by an
increase in the water demand of milk cows. Although Subarea 5 has
historically accounted for less than 0.4 percent of state milk pro-
duction, its small share is rising. Since, in addition, milk demand
is projected to increase at the state level, the number of milk cows
is expected to double during the target period (to slightly more

than two thousand cows and their backup). Their estimated water
demand rises from 9 million gallons in 1980 (12 percent of the Subarea
total) to 20 million gallons by the end of the target period (25 per-
cent).

c. Virginia. Because of a changing mix of livestock water
demands in the Virginia portion of the study area, the estimated
aggregate fluctuates. From 1.44 billion gallons in 1980, it drops
to 1.37 billion gallons in 2000, but it rises again to 1.43 billion
gallons in the year 2020.

In contrast to both the Delaware and Maryland portions of the study
area, the major livestock users of water in Virginia are cattle and
calves, They are expected to consume 55.9 million gallons in 1880,

a total which rises to 66.2 million gallons in 2020 -- or 56 percent
and 66 percent of the State livestock total, respectively, in each of
those years. Since the share of the Virginia total accounted for by
the study area is expected to drop slightly from the 13 percent regis-
tered in 1970, this increase in water use is largely attributed to the
sharp increase projected for Virginia beef production in the target
period. State beef and veal production is projected to rise from 535
million pounds in 1980 to 931 million pounds by the end of the target
period.

The second major users of water in the Virginia Study Area are hogs
and pigs. Over half of Virginia's production is concentrated in the
study area portion of the State, a proportion which is projected to
rise slightly to 60 percent by 2020. This is counterbalanced,
however, by a projected decline in State production, from 161 million
pounds in 1980 to 123 million pounds in 2020. As a result, the
estimated water demand of hogs and pigs dips from 297 million gallons
in 1980 to 184 million gallons in 2020, a drop from 20 percent to

13 percent of the Virginia Study Area total.
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Milk cows are the third major users of water among Virginia livestock,
accounting for 297 million gallons in 1980 (21 percent of the total),
and 183 million gallons in 2020 (13 percent of the total). This
decline in water use is principally attributed to a shift in Virginia
milk production away from the Chesapeake region. From 13 percent of
Virginia State production in 1980, the study area's portion is pro-
jected to fall to only 7 percent by 2020.

Also expected to exert a significant water demand in Virginia are
chickens, with 33 million gallons in 1980 and 40 million gallons in
2020. Slightly over one-fourth of Virginia egg production has been
concentrated in the study area, a proportion which is expected to
continue into the target period. Thus the increase projected for
chicken water use is almost entirely a reflection of the rise pro- ®
jected in Virginia egg production, from 95 million dozen in 1980 to

127 million dozen in 2020. (See Figure 6-11)

Figure 6-11. Livestock water demand in Virginia. Projections to
1980, 2000, and 2020.
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Subarea 1. In this subarea, as well, a changing mix of
livestock is projected, and the water demand aggregated over all
livestock uses is expected to fluctuate during the target period.
The annual livestock water demand projected for 1980 is 37 million
gallons, By 2000 the total falls slightly to 35 million gallonms,
but by 2020 the projected demand rises to 39 million gallons.

The major users of water among livestock in the subarea are
expected to be cattle and calves. The OBERS projections show
substantial increases in the Virginia demand for beef: from 352
million pounds in 1964 to 535 million pounds in 1980, and 931
million poounds in 2020. Subarea 1 is expected to account for a
roughly constant share of the State total during the target period,
and therefore its number of beef cattle are expected to rise
accordingly. In 1980 beef cattle are projected to exert 40 per-
cent of the Subarea's livestock water demand at 15 million gallons,
figures which rise to 59 percent and 23 million gallons by the end
of the target period.

Production and water use of broilers, on the other hand, is expected
to drop during the target period. As the Subarea's share of

Virginia demands for broilers is projected to rise only slightly dur-
ing the target period, once again the projected change is a reflec-
tion of OBERS state-level estimates of broiler demand. OBERS projects
Virginia broiler production to drop, during the target period, from
the 1964 level of 146 million pounds to only 12 million pounds by the
end of the target period. The projected number of broilers in Sub-
area 1 thus drops sharply during that period, and their water demand
is expected to fall from 8 million gallons in 1980 to only 1 million
gallons by 2020,

The final significant users of water in Subarea 1 are hogs and pigs.
Increases in the Subarea's share roughly cancel projected decreases
at the state level, and water use remains fairly constant at 11
million gallons, or thirty percent of the subarea total.

Subarea 2. The annual livestock and poultry water demand
is expected to decline, in this subarea, from 368 million gallons in
1980 to 295 million gallons in 2000 and 256 milljon galloms. in 2020.
Almost all of this reduction is accounted for by declines in the
water use of cattle and calves and milk cows,

The large increases in Virginia demand for beef are outweighed, in
the subarea, by the distributional effect, as the Subarea's share

of the State total is expected to decline from 5.5 percent in 1969

to 4.3 percent by 1980 and 2.1 percent by 2020. The number of cattle
and calves is expected to drop, during the target period, from

65,000 in 1980 to 55,000 in the year 2020, and projected water

use accordingly drops, from 260 million gallons to 227 million
gallons, '
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Similarly, a projected decline in the Subarea's share of milk de-
mand outweighs the estimated increases in milk demand at the state
level. From an 8.5 percent share of milk sales in 1969, Subarea 2
is projected to account for 4.4 percent in 1980 and only 0.9
percent by the end of the target period. Thus the water demands by
milk cows are projected to drop sharply, from 99 million gallons in
1980 to only 24 million gallons in 2020.

Subarea 3. Livestock and poultry water demands are expected
to increase in Subarea 3 from an annual total of 119 million gallons
in 1980 to 134 million gallons in 2000 and to 162 million gallons in
2020.

The increase is almost entirely due to expected increases in the
cattle and calf water demand which, in turn, is primarily a reflec-
tion of the state-level increases projected by OBERS. The Sub-
area's share of state beef sales is not expected to vary from the
1969 level of 1.5 percent. Due to the state-level increases, the
number of cattle and calves is expected to jump from 23,000 in

1980 to 36,000 by 2020. Since water use by beef is high relative

to that of other livestock, the water use of this component is expec-
ted to rise from 92 million gallons in 1980 to almost 150 million
gallons by 2020, or 91 percent of the Subarea total.

The projected increase in water use by beef cattle easily overshadows
projected declines in water use by milk cows. The Subarea's share
of state milk sales is projected to fall from 1.5 percent in 1969 to
1.0 percent in 1980, and to 0.5 percent by 2020, a decline which
again outweighs the projected increase in State milk demand. Water
demand by milk cows is thus expected to fall in the target period,
from 24 million gallons in 1980 to 13 million gallons in 2020,

Subarea 4. Livestock water use in Subarea 4 is expected
to decline sharply during the target period, from'an annual rate of
244 million gallons in 1980 to 185 million gallons in 2000 and 154
million gallons in 2020.

Again, major users of water are cattle and calves, although their
water consumption is expected to drop from 108 million gallons in

1980 to only 24 million gallons by the end of the target period. The
major factor behind this projection is the estimated reduction in the
Subarea's share of State beef sales, from 2.5 percent in 1969 to 1.6
percent in 1980 and 0.3 percent in 2020. Thus beef water consumption,
projected to represent 44 percent of total Subarea livestock water
use in 1980, is expected to drop to only 16 percent of the total by
2020.

A rising proportion of livestock water use in the Subarea is
accounted for by milk cows. The number of milk cows is projected to

Appendix 6
68



L
&

f;'r

fall slightly, from 8,000 in 1980 to 7,200 after 2000, and water use,
accordingly, is expected to drop only slightly from 74 million gal-
lons in 1980 to 71 million gallons in 2020. Neither the Subarea's
share (approximately three percent) nor Virginia consumption of’

milk is expected to dramatically change during the target period.

Finally, hogs and pigs are projected to account for 20 to 33 percent
of Subarea livestock demands. Changes in the projected levels of
Virginia pork demands, the Subarea's share of those demands, and
water use rates tend to cancel each other out, and annual hog water
use is expected to remain constant in the target period at approxi-
mately 50 million gallons.

Subarea 5. The water demanded by livestock in 1980 is
projected to remain fairly stable in the target period, declining
only slightly from 223 million gallons of annual use in 1980 to
219 million gallons in 2000 and 210 million gallons by the end of
the target period in 2020. For each of the major three livestock
water consumers in the Subarea, the projected distributional effect
roughly balances the projected changes in demand at the State level,
and both numbers of animals and their water use show no appreciable
change.

Approximately 55 percent of the Subarea's livestock water use is
accounted for by cattle and calves, in which the Subarea's share

of State production is projected to drop from 2.00 percent in 1969
to 1.75 percent in 1980 and to 0.95 percent in 2020. The shift is,
however, balanced by projected increases in Virginia demand for
beef, and water demand is expected to remain constant at roughly 125
million gallons per year.

Almost 30 percent of Subarea 5's livestock water demand is pro-
jected for hogs and pigs. Projected declines in Virginia demand
for pork are expected to be balanced by the Subarea's share of
State sales, which rises from 9 percent in 1969 to an estimated
14 percent in 2020. Hog and pig water consumption is expected
to total approximately 60 million gallons throughout the target
period.

The third major users of water among the Subarea's livestock are
milk cows, where a slightly falling share of milk production (from
1.8 percent in 1969) is expected to balance projected increases in
Virginia milk demand. The estimated milk cow demand for water
declines slightly from 33 million gallons in 1980 to 26 million
gallons in 2020.

Subarea 6. York County is expected to have the lowest
livestock water use of any of the subareas, although such water
demands are expected to increase sharply during the target period.
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Total annual livestock water demands are projected to be 30 million
gallons in 1980, a figure which jumps to 42 million gallons by 2000
and 58 million gallons by 2020.

Over half the livestock demand for water in Subarea 6 is exerted by
milk cows. The share of Virginia milk production accounted for

by the Subarea is expected to rise from 0.5 percent in 1969 to 1.2
percent by the end of the target period, and this increase is matched
by state-level expansion in demands for milk. The number of milk
cows and their backup is thus projected to rise from 2,000 in 1980

to over 3,300 by 2020. Projected water use rises accordingly, from
19 million gallons in 1980 to 33 million gallons in 2020.

Most of the remaining livestock water use is accounted for by cattle
and calves. Although the Subarea's small share of the State total
is expected to increase only slightly during the target period,
massive projected increases in the demand for beef at the state
level would lead to a large jump in both beef cattle numbers and
their water use. Water consumption by cattle and calves is expected
to rise from § million gallons in 1980 to 22 million gallons by the
end of the target period.

Subarea 7. Livestock water use is expected to be low in
this subarea as well. From only 92 million gallons of annual use
in 1980, the total dips to 79 million gallons in 2000 and 72 million
gallons in 2020.

The major livestock water demand in the Subarea, representing 40
percent of the total, is exerted by cattle and calves. The number

of animals is expected to dip slightly, during the target period,

from 8,900 in 1980 to 7,000 in 2020. This is primarily a reflection
of a sharp decline in the Subarea's share of Virginia beef produc-
tion, which is projected to fall from 0.49 percent in 1980 down to
0.22 percent in 2020, and counterbalance the increase in the estimated
demand for beef at the state level. Cattle and calf water consump-
tion is expected to decline from 35 million gallons in 1980 to 28
million gallons in 2020.

The principal decline in water use, however, is projected for milk
cows. Although state-level demand for milk is expected to rise dur-
ing the target period, the increase in demand for milk is far out-
weighed by the declining share of sales projected for the Subarea.
From 1.9 percent of State sales in 1969, the portion of State milk
demand supplied by Subarea 7 is projected to drop to 1.0 percent

in 1980, to 0.5 percent in 2000 and, 0.2 percent by 2020. The
estimated water demand of milk cows falls from 22 million gallons

in 1980, approximately 24 percent of the Subarea livestock total,

to 6 million gallons in 2020, or 8 percent of the Subarea total.
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Thus in the projections of water use by cattle and calves and milk
cows, the historically declining Subarea share of State production
has been the major factor. In the latter case, the decline is so
severe that the Subarea's milk production is expected to be almost
entirely distributed to- other areas within the gtate.

Hogs and pigs are the other major users of water among livestock, and
their water use is projected to remain roughly constant at an annual
rate of 30 million gallons. The declining production of pork projected
at the State level is balanced by an expected increase in the Subarea's
share of State production.

Subarea 8. The already substantial livestock water use
in this subarea is expected to increase sharply during the study
period. Three hundred twenty-five million gallons of annual live-
stock water use are expected by 1980; this figure is projected to
increase to 381 million gallons by 2000 and to 479 million gallons
by the end of the target periad.

Most of the gain reflects an expected increase in the water use of
cattle and calves. OBERS projects almost a threefold rise in the
gtate demand for beef between 1964 and 2020. At the same time,
Subarea 8 is expected to account for an ever-increasing share of the
State total: the 1969 share of 2.2 percent with respect to State
beef sales is projected to rise to 2.7 percent by 1980 and 3.5 per-
cent by the end of the target period. As a result of these changes
the water demands of beef are expected to rise from 160 million
gallons in 1980 to 351 million gallons, or almost three-quarters of
the total livestock demand in 2020.

Another major water demand in the Subarea is that of hogs and pigs.
In the past the Subarea's share of State production has remained
roughly constant at one-fifth, and this situation is expected to
continue into the target period. The slight decline projected in
the water use of hogs, from 126 million gallons in 1980 to 97
million gallons in 2020, is almost entirely a reflection of the
projected pork production at the state level.

The volume of water expected to be consumed by cattle and hogs
somewhat overshadows the demands of milk cows. Though milk cows have
the highest water consumption rates of any of the types of livestock
considered, only a small portion (less than one percent) of State
demand for milk is expected to be supplied by Subarea 8 during most
of the target period. A declining Subarea share of State milk pro-
duction accounts for the projected fall in water demand by milk

cows, from 26 million gallons in 1980 to 11 million gallons in 2020.
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TRRIGATION WATER DEMAND

ASSUMPTIONS AND METHODOLOGY

Water demands for irrigation were estimated with reference to crop
demand, yield, and total crop acreage.

To begin, crop production in each subarea was projected by a shares
analysis, to take into account both distributional shifts among the
subareas and the projected changes in state-level demands for each

crop.

Yields were then projected. It was assumed, as in the OBERS projec-
tions, that the rapid rate of increase in agricultural research and
development since the second World War would continue, but at a
slower rate, during the period 1970 - 2020. Although more extensive
use of fertilizers and pesticides, and improved crop varieties and
management practices are cxpected in the target period, investment

in agricultural research and development may be dampened. In addition,
a lag is expected in the implementation of new technologies.. Both of
these factors would tend to diminish the rate of yield growth.

Historical yields were found to vary consistently and significantly:
for each crop there appeared differences not only between the
Chesapeake Bay Study Area and the rest of the States involved (a
discrepancy which was especially large for Virginia), but among the
subareas themselves. In the most obvious example, yields of subareas
in the Delmarva Peninsula differed for almost all crops from the
yields for the Western Shore subareas. It was therefore decided to
individually estimate target date yields by crop, for each subarea.

Yields were projected by the function employed in the projection of
subarea production shares, with a slight alteration to allow them
to vary with time more than the subarea shares of state production
were allowed to. (18)

It was possible to estimate acreage for each crop from the estimates
of future crop production and expected yield (production per acre).

Irrigation water demand was then projected for each crop and subarea
as a function of crop acreage. From past trends and knowledge of
present irrigation usage, individuals in each subarea estimated the
proportion of subarea acreage to be irrigated in the target period.
These proportions were applied to the estimates of total crop acreage
to obtain total irrigated acreage.

The net irrigation water requirement in acre-feet per year for the
estimated irrigated acreage of each crop was projected by the
Soil Conservation Service Computer Center which, using a computer
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program in its library, followed the procedure outlined in SCS
Technical Release Number 21. Data considered were subarea averages
of latitude, temperature, and rainfall; and crop transpiration
curves for water use during the growing season.

Of major importance in the calculation was potential evapotranspira-
tion (PE), or the amount of water which would be lost to the atmos-
phere through transpiration from a green crop and evaporation from
the soil surface. For each subarea, potential evapotranspiration was
calculated using a modified Blancy-Criddle formula, as a function of
daylength (itself a function of latitude), temperature, and the trans-
piration rates of the crops under study at different stages of their
growth. The net irrigation requirement was then calculated as the
difference between PE and effective rainfall plus carry-over soil
moisture.

Factors entering into the calculation of effective rainfall were
percolation and runoff losses, assuming storms of average intensity
and duration, and the chance of precipitation occurrence. For small
vegetables and other specialty crops (19), effective rainfall during
the growing season in each subarea was determined assuming a 90 per-
cent chance of occurrence, or assuming the rainfall which is expected
to be equalled or exceeded nine years out of ten. For field crops
and orchards, effective rainfall was determined assuming an 80 per-
cent chance of occurrence. Irrigation water demand is therefore
expected to be less than or equal to the estimated amount in nine
years out of ten for field crops and orchards. This demand is
indicative of water use during years which are drier than the average
because critical water needs were judged most important. Irrigation
demand in normal precipitation years is discussed in the Sensitivity
section below.

In the calculation of carry-over soil moisture, the soil water hold-
ing capacity was assumed to be uniformly that of a loam soil (medium
capacity). The amount of water available to a crop under study varied,
however, with its rooting depth, with relatively more water available
to deeper rooted crops.

Once the net irrigation requirement was determined, gross demands
were estimated under the assumption of a 65 percent rate of irriga-
tion efficiency. Only 65 percent of the total water application is
assumed to be available for crop use, with the remainder lost through
evaporation or conveyance. (20)

The divergence between the historical records of irrigation water

use and the projected demand is partly due to the method of projecting
demand as a function of the crops' net water requirement. Since

this is an ideal amount, it may be in excess of the applications
currently recorded, which are often determined by each farmer on the
basis of experience. The divergence is further compounded by bias in
the Census determinations of irrigation water usage. A comparison

of data obtained from irrigation water suppliers with that obtained
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from farmers suggests that 1) farmers underestimate the amount of
water used for irrigation 2) the suppliers overestimate, or 3) both
conditions are true. As stated in the 1969 Census of Agriculture

It was evident, in reviewing the records received
from farms in some parts of the country, that
some irrigators had no basis for estimating water
use in terms of gallons, acre-feet, or depth of
application. (2)

Finally, since it has been found relatively easy to correct for

errors in responses which overestimate irrigation water by com-

paring farmers' reports with acceptable maximum application rates,

a greater number of underestimation errors in the Census data go "
undetected than overestimation errors.

The combined effect of ideal .demand projections and underestima-
tion bias in historical data - plus the fact that projected demands
were given for extremely dry years - leads to larger projected
increases in irrigation water demands than for any of the other
water uses.

PROJECTED DEMANDS

a. Delaware. This state is expected to exert one of the
largest irrigation water demands of any of the subareas. Total
irrigated acreage is expected to increase from 20,000 acres in 1970
to 67,000 in 1980 and 91,000 in 2020. Water demands for irrigation
are expected to reach over 16 billion gallons in 1980, 19 billion
gallons in the year 2000, and over 22 billion gallons in 2020.

Approximately 40 percent of the estimated Delaware irrigation water
demand is accounted for by vegetables. State production is expected

$o to increase that, even with improved yields, total acreage will

rise from 39,000 acres in 1970 to 49,000 acres in 1980, and 55,000
acres in 2020. By 1980, three-quarters of all acreage in vegetables

is expected to be irrigated, and the proportion is expected to increase
until virtually all vegetable acreage is irrigated by the end of the
target period. The projected demand of vegetable crops rises from

6.1 billion gallons in 1980 to 9.0 billion gallons in 2020.

Most of the remaining water demand by irrigation is accounted for by
soybeans, nursery crops, and Irish potatoes, with each representing

a fifth of the Delaware total irrigation water demand. “

Although soybean production is projected to increase in Delaware,

these gains are expected to be balanced by increases in yield, so

that by the end of the target period total acreage will remain about

the same as current levels, at 144,000 acres. It 1s estimated .
that only slight increases in the proportion of these acres are to
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be irrigated, with that proportion hovering around ten percent. Ir-
rigated soybean acreage in Delaware, then, is projected to remain
roughly constant in the target period, at 15,000 acres, with a water
demand of approximately 4.0 billion gallons annually.

The two other crops which are expected to exert significant water
demands are nursery crops and Irish potatoes. The number of irriga-
ted acres in nursery crops is expected to jump from 7,500 in 1980 to
10,000 acres by 2020, and their projected water demand rises from an
annual rate of 3.2 billion gallons to 4.3 billion gallons in the
same period. The estimated water demand for Irish potato irrigation
is expected to rise from 3.4 billion gallons on 6,200 acres in 1980
to 4.0 billion gallons on 7,400 acres in 2020. (see Figure 6-12}.

Figure 6-12., Irrigation water demand in Delaware. Projections
to 1980, 2000, and 2020.
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Source: Attachment C, Table 6-C-12.

b. Maryland. A tenfold increase in total irrigated acreage
in the Maryland portion of the study area is expected in the target
period, from 19,800 acres in 1970 to 217,800 acres in 2020. The
estimated 1rr1gat10n water demand dwarfs other agricultural water
demands, as it rises from 3 billion gallons in 1970 to 11 billion
gallons in 1980, 31 billion gallons in 2000, and by 2020, 78 billion
gallons.
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Much of this demand is expected to be exerted by corn. Total State
production is projected to increase from 37 million bushels in 1970
to 80 million bushels in 2020, almost all of which (93 percent in
2020) is expected to be concentrated in the study area portion of the
State. Total acreage in corn is projected to rise from 350,600 in
1970 to 496,800 by 2020. Even more rapid than the total acreage
expansion, however, is the increase in irrigated acreage, which is
projected to rise from a diminutive 0.5 percent of the total in 1970
to 23 percent in 2020, or from 1,900 acres to over 112,000 acres. All
these trends, but especially the latter, are reflected in the projec-
tions of the irrigation water demand of corn, which rises from 2
billion gallons in 1980 to 45 billion gallons in 2000 and 59 billion
gallons by the year 2020.

The second major users of irrigation water in the Maryland Study
Area are nursery crops, due primarily to the high application rates
(almost 1.5 feet per acre) characteristic of nursery irrigation.
Though only 340 acres were registered as irrigated in 1970, the total

is expected to rise to 5.900 acres by 1980 and to 23,000 acres in
2020. Estimated water demands for nursery crops are 2.6 billion

gallons in 1980 and 10.4 billion gallons in 2020.

The irrigation water demand of soybeans in the Maryland Study Area

is also projected to rise sharply during the target period, from 0.8
billion gallons in 1980 to 9.7 billion gallons in 2020. Since study
area soybean production is projected to diminish slightly in the face
of large yield increases, total acres in soybeans is projected to
diminish from 161,000 in 1980 to 98,000 by 2020. Counterbalancing
this trend, however, is an expected rise in the proportion of acres
irrigated, from less than 2 percent is 1980 to 32 percent by the end
of the target period,so that from a total of 2,700 in 1980, the esti-
mated irrigated acreage in soybeans rises to 32,000 by 2020.

A fourth major user of irrigation water in Maryland is tobacco, the
demand of which is projected to rise from 0.9 billion gallons in 1980
to roughly 3.8 billion gallons in 2000 and 2020. As with soybeans,
the increase is almost entirely due to, an expansion of tobacco
irrigation. From 20 percent in 1980, the proportion of tobacco acre-
age expected to be irrigated rises to close to 95 percent in 2000

and virtually 100 percent by the end of the target period. The
estimated number of tobacco acres under irrigation rises from 4,500
in 1980 to roughly 19,000 after the year 2000.

Finally, vegetables are expected to exert a significant and roughly
constant demand for irrigation water in the Maryland Study Area, at
2.6 billion gallons annually throughout the target period. In this
projection the estimated decrease in Maryland vegetable acreage -
from 62,000 in 1970 to 23,000 in 2020 - is again counterbalanced by
an increase in the estimated proportion of acres irrigated from 21
percent in 1970 to almost 65 percent in 2020. (See Figure 6-13)
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Figure 6-13. Irrigation water demand in Maryland. Projections
to 1980, 2000, and 20290.
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Source: Attachment C, Tables 6-~C-13 thru 6-C-17.

Subarea 1. In this Subarea, located to the north and west
of the Chesapeake Bay, both the number of irrigated acres and the water
demands for irrigation are expected to show dramatic increases during
the target period. Land in irrigation is expected to increase from
8800 acres in 1980 to 10,800 acres in 2020, and water demands will
jump from 2.9 billion gallons to 3.8 billion gallons annually.

Over 75 percent of these water demands is expected to be generated

by nursery crops. The number of acres in irrigation is projected to
increase from 5,000 acres in 1980 to 7000 acres in 2020. Since

these increases are expected to be coupled with relatively high appli-
cation rates of close to sixteen inches per acre per year, the
irrigation water demand is projected to total from 2 to 3 billion
gallons annually.
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One-quarter of all Maryland vegetables are produced in Subarea 1.
Although higher yields and a decrease in total acreage in vegetables
are projected, the proportion of irrigated acres in vegetable produc-
tion is expected to rise from-20 to 40 percent during the target
period. Thus, a constant 3,000 acres of vegetables are expected to
be irrigated, generating annual water demands of 500 million gallons,
roughly fifteen percent of the Subarea irrigation total.

The remaining ten percent of the expected irrigation water demand in
the Subarea is accounted for by corn, silage, and fruits and nuts.

Subarea 2. Irrigated acreage in this subarea on the Delmarva
Peninsula is projected to soar in the target period. From slightly
less than 10,000 acres in 1970, the projected irrigated acreage
rises to over 15,000 in 1980, to almost 47,000 in 2000, and by
2020 to over 150,000 acres of irrigated crops. In line with the
projected acreage, the water demands for irrigation in Subarea 2
are enormous. The Subarea is expected to use 4.3 billion gallons
for irrigation in 1980; 16 billion gallons in 2000; and over 55 billion
gallons annually by the year 2020. It is the largest single water
use in the target period, and accounts for much of the sharp increase
projected for the total irrigation water demand of the Chesapeake
Bay Study Area.

Most of this projected water demand is accounted for by corn, a crop
in which all indicators seem to point to irrigation increases. First,
total State production of corn is expected to increase from 37 million
bushels in 1970 to 53 million and 65 million in the years 1980 and
2000, respectively. By 2020, State production will have doubled, to
close to 80 million bushels. Second, this Subarea, with 40 percent

of State production in 1970, is expected to increase its share still
further to over 50 percent by the end of the target period. Thus,
even though yields are increasing - a factor which would tend to
decrease acreage - the net effect is that acreage in corn is expected
to jump from 180,000 in 1970 to almost 300,000 by 2020. Finally, the
proportion of acres which are irrigated is expected to rise. From a
minute 0.75 percent in 1970, the proportion of acres to be irrigated
is expected to rise to 1.50 percent by 1980 and to 10.00 percent by
the year 2000. By 2020, fully one-third, or 33 percent of the

300,000 acres in corn are projected to be irrigated. Its water demand
is expected to rise from 1.6 billion gallons in 1980 to 10.3 billion
gallons and 41.2 billion gallons in 2000 and 2020, respectively. The
latter figure represents 75 percent of the irrigation water demand

of Subarea 2 at that date.

Another substantial irrigation water demand in this Subarea is that
projected for soybean production. Subarea 2 produces almost half
the State's soybeans at the present time, a figure which is expected
to increase slightly during the target period. Although the increase
in the Subarea's share of State soybean production is offset by
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declining total State production and yield increases, which lead to
a decrease in the number of acres in soybeans in Subarea 2, the pro-
portion of acres to be irrigated is expected to rise sharply from
1.4 percent in 1980 to 12.0 percent in 2000 and 45.0 percent in 2020.
The number of irrigated acres in soybeans is projected to rise
accordingly, from 1,000 acres in 1980 to 25,000 acres in the year
2020, in which period the projected annual water demand increases
from 0.3 billion gallons to 7.7 billion gallons.

Silage represents the third major demand for irrigation water in
Maryland Subarea 2. Total State production is expected to double,
and, as the Subarea's share is expected to rise from 17 percent in
1970 to roughly 20 percent in the target period, silage production

in this Subarea is expected to more than double. Though slight

yield gains will tend to moderate the effect of production increases
in determining Subarea acreage in silage, the proportion of silage
acres in irrigation is projected to jump from a fraction of one
percent (0.2 percent) in 1970 to 1.5 percent in 1980, 12.0 percent in
2000 and close to 40.0 percent by 2020, at which time 12,000 acres are
projected to be irrigated. The rise in acreage under irrigation is
the major factor behind the sharp increases in silage demand for
irrigation water, from 0.1 billion gallons in 1980 to 3.7 billion gal-
lons in 2020.

As the water demand of these three crops increases, those of vegetables
and nursery crops are expected to diminish in relative importance in
Subarea 2. Although the estimated gross annual water requirement for
these two crops increases from 2.3 billion gallons in 1980 to 3.1 bil-
lion gallons in 2020, its share of the Subarea total falls from 67
percent to 9 percent during the target period.

Subarea 3. This Subarea, located in the middle section of
the Delmarva Peninsula, demonstrates the effects of expected in-
creases in water application rates. Total irrigated acreage is
expected to decline, in the target period, from 9,200 acres in 1980
to 8,400 in 2020. At the same time, however, the average gross
application rate is estimated to jump from 8.2 acre inches per year
to 12.7 acre inches. The combined effect is that the projected total
water demand increases from 2.1 billion gallons in 1980 to 2.7 b11110n
gallons in 2000 and 2.9 billion gallons in 2020.

As in Maryland Subarea 2, a major demand for irrigation water is corn,
expected to constitute over 70 percent of the Subarea total by the end
of the target period. In 1970, Subarea 3 accounted for 30 percent

of State corn production, and the share is expected to increase to

40 percent by the end of the target period. The State total for corn
production in Maryland is expected to double by 2020, and thus, despite
substantial yield increases, total acreage in corn is projected to

rise - from 125,000 acres in 1970 to 160,000 in 1980 and close to
190,000 acres by 2020. Its expected annual water demand jumps from
0.8 billion gallons in 1980 to 2.1 billion gallons in 2020. While
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such acreage in corn might potentially exert a large demand for
irrigation water, however, only a small portion of the Subarea's

corn acreage is expected to be irrigated: 1.3 percent in 1980, a pro-
portion projected to climb to only 3.0 percent by 2020. Corn acreage
under irrigation in the target period is thus not expected to exceed
6,000 acres, and its projected water demand in 2020 does not exceed
2.1 billion gallons.

Of lesser importance in the subarea are vegetables. and soybeans.
Forty-two hundred acres of vegetables are projected to be irrigated
by 1980, a number which drops to 1,200 acres by 2020. Its expected
water demand totals 700 million gallons in 1980, or 33 percent of

the Subarea irrigation total, and 200 million gallons in 2020, or

7 percent of the total. Irrigated land in soybeans is expected to
decline from 1,700 acres in 1980 to 750 acres in 2020, due principally
to a diminishing Subarea share of State production. Its irrigation
water demand is expected to fall from 500 million gallons in 1980 to
200 million gallons in 2020.

Subarea 4. This Subarea is expected to show one of the
largest increases in irrigated acreage in the Chesapeake Bay Study
Area. The 1970 total of only 900 acres in irrigation is projected
to double to over 1,900 acres by 1980, and to jump to over 14,000 acres
by the end of the target period. Annual water demands for irrigation,
only 0.2 billion gallons in 1970, are expected to rise to 0.6 billion
gallons by 1980 and to 6.1 billion gallons by the year 2020.

Over half the demand for irrigation water in Subarea 4 is accounted
for by nursery crops. While only 200 acres of such crops were irri-
gated in 1970, the total is expected to increase to 600 acres in
1980, and to 8,000 acres in 2020. These acreage increases are coupled
with the high application rates characteristic of irrigation for this
type of crop, to generate water demands which account for 50 to 60
percent of the subarea's total for irrigation water and close to 4
billion gallons in 2020.

Large increases are also projected in the water demands for corn
irrigation in the Subarea. While an insignificant portion of corn
acreage, 0.1 percent, was recorded as irrigated in 1970 - a figure
which is expected to change little by 1980 - 25 and 50 percent of

all acres in corn are projected to be irrigated, respectively, in

2000 and 2020. Although a falling share of State production mitigates
these changes, irrigation water demand for corn is expected to in-
crease to 1.1 billion gallons annually by 2020.

Other water demands in ‘the Subarea are thoseof irrigated tobacco
and soybeans. Though for tobacco the proportion of acreage in
irrigation is expected to rise from 20 percent in 1980 to 95 per-
cent after the year 2000, Subarea production is projected to fall to
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less than half the 1970 level, and initial increases in water de-
mands for tobacco are expected to fall off toward the end of the
target period, to 500 million gallons. Soybeans are projected to exert
demand for irrigation water not in the immediate future, but only by
the year 2000, when 850 acres (25 percent of the soybean total) will
be irrigated. The water demand for soybean irrigation at that time

is expected to total 300 million gallons. The number of irrigated
soybean acres, their proportion of the total, and the soybean water
demand are all expected to double between 2000 and 2020.

Subarea 5. This Maryland Subarea, located west of the Chesa-
peake Bay and just north of the Potomac River, is expected to show
the largest proportional increases in irrigated acreage and water
demands of the subarea in the Chesapeake Study Area. In 1970, only
1,600 acres in the Subarea were irrigated, a use of approximately
0.2 billion gallons. By 1980 over 4,000 acres are projected to be
irrigated; by 2000 the figure jumps to 24,000, and it rises over
33,000 acres by the year 2020. Annual water demands are projected
to jump to 0.8 billion gallons in 1980, to 5.7 billion galloms in
2000, and to 9.5 billion gallons in 2020.

An increasing proportion of demands for irrigated water in the Sub-
area stems from nursery crops. The number of irrigated acres in this
category is expected to rise from an insignificant quantity in 1970

to 300 acres in 1980, 1,500 acres in 2000, and 8,000 acres in the year
2020. With the high application rates characteristic of nursery
irrigation, nursery crop water demands are expected to rise from 12
percent of the Subarea's total in 1980 to nearly 40 percent of the
total in 2020, accounting for 0.1 billion gallons at the former date
and 3.5 billion gallons at the latter.

As irrigated nursery crops in the Subarea increase in relative
importance, tobacco is expected to decline: from seven-eighths of the
Subarea irrigation water demands in 1980 to only one-third in 2020.
Since tobacco demands substantially less water per acre than nursery
crops (0.5 as opposed to 1.5 feet per acre), it is projected to use
less irrigation water -- 3.1 billion gallons in 2020 -- than the
smaller quantities of irrigated acreage in nursery crops.

Corn and soybean irrigation water demands, though insignificant in
the beginning of the target period, are expected to be increasingly
important in Subarea 5, and account for one-third of the total
irrigation water demand in the Subarea after 2000. By 2000, 25 per-
cent, and by 2020, 50 percent of the Subarea's corn acreage is pro-
jected to be irrigated, and- to exert a demand, respectively, of 1.2
billion gallons and 1.5 billion gallons. Three-quarters of the
soybean acreage in 2000 and virtually all of that acreage in 2020 is
projected to be irrigated, exerting a demand of 1.2 billion gallons
and 1.5 billion gallons, respectively, in those target years.
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c. Virginia. Irrigated acreage in the Virginia portion of the
study area, while not expanding at the Maryland rate, is projected
to rise sharply from the 18,100 recorded in 1970 to 68,300 in 2020.
Annual water use, 2.9 billion gallons in 1970, is expected to total
14.6 billion gallons in 1980 and 24.0 billion gallons in the years
2000 and 2020.

Among the major users of irrigation water in the Virginia Study Area
are nursery crops. Irrigated acreage in nursery crops 1s expected
to rise from the total of 2,800 in 1970 to 7,500 in 1980, 16,000 in
the year 2000, and 20,500 in 2020. Their estimated annual demand
for irrigation water rises proportionately, from 2.8 billion in
1980, to 7.9 billion gallons in the year 2020. The latter figure
represents close to one third of the Virginia Study Area total for A
all crops.

»,

Of similar significance is the water demand expected to be exerted

by corn. From a total of 1.1 billion gallons in 1980, its estimated
demand rises sharply to 8.0 billion gallons in the year 2000 before
dropping once again in 2020 to 6.3 billion gallons. In 1970, only

1 percent of all acreage in corn was recorded as irrigated, a pro-
portion which, however, is expected to rise to 2 percent in 1980,

28 percent in 2000, and 37 percent in 2020. At the same time, total
corn acreage in the Virginia Study Area is expected to diminish from .
178,600 in 1970 to only 45,000 in 2020, a reflection of a similar
decline at the state level. It is the interaction of these two trends
which leads to the fluctuating levels of water demand expected of
Virginia corn, the estimated increase in the proportion of irrigated
acres first outweighing the decrease in total corn acres, then the
reverse.

A third major user of irrigation water in the Virginia Study Area is
Irish potatoes, accounting for an estimated 5.4 billion gallons in
1980, 4.3 billion gallons in 2000, and 3.4 billion gallons in 2020.
This decline is principally a reflection of the drop in potato pro-
duction projected at the state level, from the 1970 total of 6.2
million bushels to 3.3 million bushels by 2020. It is tempered some-
what by the projected concentration, by 2020, of virtually all of
Maryland production in the study area portion of the State.

Vegetables are expected to exert the last major demand for irrigation
water in the Virginia Study Area, at 3.0 billion gallons in 1980 and
1.3 billion gallons in 2020. The decline once again reflects a
projected drop in state-level production, from 36,500 acres in 1970

to only 13,400 acres by 2020. The estimated share of State production
accounted for by the study area rises only slightly, from the 64 per-
cent recorded in 1970 to 72 percent at the end of the target period
(see Figure 6-14).

&
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Figure 6-14. Irrigation water demand in Virginia. Projections
to 1980, 2000, and 2020.
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Source: Attachment C, Tables 6-C-18 thru 6-C-25.

Subarea 1. In contrast to each of the Maryland subareas
and Delaware, this group of counties - located at the tip of the
Delmarva Peninsula - is expected to show a decline in irrigated
acreage and water demands. From 22,000 acres in 1980, cropland with
irrigation is projected to drop to 16,000 acres in 2000 and 12,000
acres in 2020. Its water demand of 8.4 billion gallons in 1980, the
largest of any subarea but Delaware, is expected to fall to 6.3
billion gallons in 2000 and 4.7 billion gallons in the year 2020.

The largest demand for irrigation water in this subarea is that of
Irish potatoes, constituting over two-thirds of the total. In 1970,
90 percent of all potatoes produced in Virginia were raised in Sub-
area 1; the proportion is expected to rise to 95 percent by 1980 and
to 98 percent by the end of the target period. This increase is off-
set, however, by diminishing State production of potatoes, a decrease
of 20 percent by 1980 and close to 50 percent by the end of the tar-
get period. Thus, total acreage in potatoes in this subarea is ex-
pected to fall from 11,000 in 1980 to 6,800 in 2020, and irrigated

acreage, consistently half the total, is projected to fall accordingly.

The estimated water demand for potato irrigation drops from 5.4
billion gallons in 1980 to 3.4 billion gallons in 2020.
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A second major demand for irrigation water in this subarea is that

of vegetables. As in the case of potatoes, Virginia state production
is expected to diminish during the target period, total acres in
vegetables falling from 21,000 in 1980 to 14,000 in 2000 and 9,600

in 2020 - close to a 60 percent decline from the 23,000 acres in
vegetable production in 1970. Again, as a constant half of the total
acreage in vegetables is projected to be irrigated, irrigated acreage
in vegetables is expected to show a sharp drop, and the irrigation
water demand for vegetables is estimated to fall from 3.0 billion
gallons in 1980 to 1.3 billion gallons in 2020,

Subarea 2. 1In this subarea, irrigated acreage is expected
to jump from less than 1,000 acres in 1970 to 3,000 acres in 1980,
7,100 acres in the year 2000, and 8,100 acres in 2020. Water use is
expected to increase from 0.1 billion gallons in 1970 to 1.1 billion
in 1980, 2.7 billion in 2000, and 3.1 billion gallons in 2020,

Over half of the increase in water demands is accounted for by
nursery crops. From a negligible number in 1970, irrigated acreage
of these crops is expected to rise to 1,500 acres in 1980, 3,400 acres
in 2000 and 4,000 acres in 2020. In addition, nursery crops are pro-
jected to require high application rates, 15 inches per acre per

year. Their projected water use therefore rises from 0.6 billion
gallons in 1980 to 1.7 billion gallons in 2020.

Other crops which are expected to exert significant water demands
in this subarea are corn, hay, and silage.

Although corn production for the state of Virginia is expected to
fall to one-third the current amount in the target period, and the
share of state production accounted for by Subarea 2 is projected

to fall (from 4 percent to just under 3 percent), the proportion

of acres in corn to be irrigated is expected to rise from a
negligible amount to over 40 percent. The net effect is an increase
in irrigated acres in corn from a negligible amount in 1970, to

240 in 1980, and 1,000 in the years 2000 and 2020. The projected
irrigated water demands in the latter years, at 400 million gallonms,
represent roughly 10 percent of the Subarea total.

Of similar magnitude are the water demands of hay and silage. The
state-level increases in hay production are expected to be counter-
balanced in the target period both by the Subarea's declining share
of that production and by increased yields. The initial increases
estimated for hay acreage in the target period are thus not expected
to be sustained through the end of the target period. Irrigated
acreage is projected to remain a small proportion of the total (only
three percent by the end of the target period), and water demands
from this source are not expected to exceed 420 million gallons
annually. The rise in State production of silage is expected to be
counterbalanced by a falling Subarea share and increased yields to
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produce a drop in total acreage in silage. This drop is counter-
balanced, however, by a rapid increase in the proportion of total
acres to be irrigated - from less than 1 percent in 1970 to 3 per-
cent in 1980, to 27 percent in 2000 and to almost 60 percent by the
year 2020, The number of irrigated acres is therefore expected to
level off at approximately 1,100 acres, with an annual water demand
of approximately 350 million gallons.

Subarea 3. The irrigation water demands exerted by this
subarea on the western edge of the study area are the lowest of any
except York County., From a negligible amount of irrigated acreage
in 1970, the total is not expected to rise above 600 acres at any
time in the target period. There are expected to be only 230 irriga-
ted acres in 1980, exerting a demand of 84 million gallons; 430 acres
in the year 2000, with demands of 164 million gallons; and 560 acres
in 2020, exerting demands of only 217 million gallons annually.

Roughly two-thirds of the total acreage and water demands are pro-
jected to go to nursery crops. Other demands in the Subarea include
those exerted by corn and vegetables.

Subarea 4. In this subarea, located also on the western
edge of the study area but farther south than Subarea 3, irrigated
acreage is expected to increase rapidly. From 1,300 acres and a de-
mand of 0.2 billion gallons in 1970, the number of irrigated acres
is expected to increase to 6,000 in 1980; 17,000 in 2000 and close
to 20,000 in 2020. Water demands are expected to amount to 2.0
billion gallons in 1980, 5.8 billion in 2000, and 6.7 billion gallons
in 2020.

Over half the projected total water demand is accounted for by nursery
crops. Although only a negligible amount of ‘irrigation has been em-
ployed in this subarea in the past, total irrigated acreage is pro-
jected to rise to 2,600 in 1980, 7,800 and then 9,600 in the years
2000 and 2020. Irrigated water demand is projected to rise from

1.0 billion gallons in 1980 to 3.6 billion gallons in the year 2020.

A second major demand in this subarea is that exerted by corn. The
expected decline in total corn acreage - from 23,500 in 1970 to
18,000 in 1980, 9,500 in 2000, and 5,470 in 2020 - roughly matches
the falloff in the projected Virginia total corn production, since
the Subarea's falling share of State production, and its expected
increase in yield relative to the rest of the State tend to cancel
each other out. The proportion of these acres to be irrigated, how-
ever, is expected to rise during the target period from 2 percent

in 1970 to 3 percent in 1980, and to 47 percent in 2020. The number
of irrigated acres is expected to rise from 600 acres in 1980 to
2,600 in the year 2000, where it is expected to level off with an
annual water demand of 1 billion gallons.
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Silage and hay are expected to each account for 10 percent of the
irrigation water demand during the target period. Although the

total number of acres in silage is expected to increase only 10
percent from 1970 to 1980, and only 30 percent from 1970 to the end
of the target period, the proportion of acres in irrigation is ex-
pected to rise from a negligible amount to 6 percent in 1980 and

25 percent in 2000 and 2020. Six hundred acres are expected to be
irrigated in 1980, and 3,000 acres in each of the latter years, with
water demands jumping from 200 million gallons in 1980 to 800 million
gallons after the year 2000.

In hay production, the Subarea's share of the Virginia total is

expected to decline but slightly from the three percent share recorded

in 1970, and the 40 percent increases in State production over 1970 4o
levels are accordingly reflected in Subarea production and acreage.

Irrigation demands are kept down, however, by the small proportion

of hay expected to be irrigated, a total not exceeding 10 percent even

by the end of the target period. Annual water demand is expected not

to exceed 800 million gallons during the target period.

Subarea 5. One of the largest subareas, Subarea 5 is
located on the Western shore of the Chesapeake Bay and encompasses
ten counties. Despite its size, however, the irrigation demands of
this subarea are relatively moderate. By 1980, only 4,100 acres are
expected to be irrigated, a figure which increases to roughly 10,000
acres in the latter part of the target period. Total water demands
are expected to increase from 1.2 billion gallons in 1980 to 3.3
billion gallons by the year 2000 and 3.6 billion gallons by 2020.

The largest component of the projected irrigation water demand is the
demand of corn, a crop whose share of total Subarea water demands

is expected to rise from 33 percent in 1980 to over 50 percent after
2000. As in some of the other subareas, the major factor in the in-
crease is expected to be a sharp rise in the proportion of corn acre-
age which will be irrigated. In 1970, only 0.1 percent of all corn
acreage was reported to be irrigated - by 1980, the proportion is
expected to increase to 1.9 percent, by 2000, 14.4 percent, and by
the end of the target period in 2020, 24.6 percent. Thus, despite
falling State totals and Subarea production of corn, irrigated
acreage is expected to rise to 1,100 acres in 1980, and to 5,000
acres after the year 2000. Its estimated water demand jumps from

0.4 billion gallons in 1980 to 1.9 billion gallons in the latter part
of the target period.

Other irrigation water demands in Subarea 5 are those of nursery

crops and silage. Irrigated acreage in nursery crops is expected

to increase from 200 acres in 1970 to 670 acres in 1980, 1,500 acres
in the year 2000 and 2,000 acres in 2020. With relatively high appli-
cation rates of fourteen inches per acre per year, nursery crops are
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projected to account for roughly 25 percent of the irrigation water
demand in the Subarea, at 300 million gallons in 1980 and 800 million
gallons in 2020. ‘

The large increase in silage production estimated for the State of
Virginia (a doubling of production by 2020) is moderated by a pro-
jected increase in yield. Total Subarea acres in silage production,
then, are expected to increase from 5,700 in 1970 to only 5,800 by
1980, and 6,800 by the year 2020. Since the proportion of silage acres
in irrigation, however, is projected to increase (from 1 percent in
1970 to 18 percent in 1980, and 30 percent after 2000}, silage is
expected to exert a significant demand for irrigation water in

Subarea 5: 300 million gallons in 1980, and 600 million gallons after
the year 2000.

Subarea 6. Consisting of only one county, York, this sub-
area 1s expected to exert the weakest demand for irrigation water of
all the subareas: from 16 million gallons in 1970, the total jumps
to 25 million gallons in 1980, 42 million in 2000 and only 83 million
gallons in 2020.

The only significant use of irrigation water in Subarea 6 in 1970
occurred in the production of nursery crops, a fact which is not ex-
pected to change in the target period. In 1970, 33 acres of

nursery crops were irrigated. The total is projected to rise to 60
acres by 1980, and to 200 acres by the year 2020. Application rates
though, are expected to decrease from 17.8 inches per acre recorded

in 1970 to 15.4 inches per acre per year. Thus, the increase expected
in the irrigation water demand in Subarea 6 - from 25 million gallons
in 1980 to 83 million gallons in 2020 - is attributable to increased
acreage in irrigated nursery crops.

Subarea 7. In this subarea, consisting of Virginia Beach
and Chesapeake City, water demands for irrigation are also expected
to be relatively slight. Total irrigated acreage is projected to
decline slightly from an estimated 3,100 acres in 1980 (the 1970 total)
to 2,950 acres in 2000 and 2,850 acres at the end of the target
period. An increase in application rates, however, is expected to
offset the decline, and, from 670 million gallons in 1970, projected
irrigation water use jumps to 970 million gallons in 1980, 920 million
gallons in 2000 and 930 million gallons in 2020.

Nursery crops are expected to account for over 80 percent of all

irrigation water demands in the Subarea. The irrigated acreage in
nursery crops is projected to decline from the 1970 level of 2,400
acres to 2,260 acres in 1980 and 2,100 acres in 2000. The slight
increase to 2,300 acres in 2020 still leaves the irrigated acres pro-
jected for nursery crops below the 1970 level. Annual irrigation
water demand in the target period is expected to fluctuate in the
range from 730 to 790 million gallons.
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The remaining irrigation water demands in Subarea 7 are expected to
be exerted by corn (approximately 100 million gallons annually) and
vegetables (70 million gallons in 1980 and 2000, to drop to half that
amount in 2020.

Subarea 8. TIrrigated acreage in this subarea is expected
to jump sharply in the target period from current levels. In 1970,
only 1,000 acres of cropland were irrigated; by 1980, this total is
projected to reach 2,700 acres, and by 2000, the total is expected to
be 18,500 acres. In the latter part of the target period, however, a
reduction in the level of crop production in the Subarea is expected
to lead to a reduction in irrigated acreage, and the total will fall
to 14,900 acres.

Paralleling the trend in acreage irrigated is the demand for irriga-
tion water. 1In 1970, 0.3 billion gallons of water were the recorded
demand in the Subarea. Demand is expected to rise to 0.8 billion
gallons in 1980 and to 6.3 billion gallons in 2000; but by 2020,

the total is projected to fall off to 5.0 billion gallons.

The most significant crop use of water in the Subarea is that of
corn. The Subarea share of Virginia corn production during the
target period is expected to remain at roughly 20 percent (up slightly
from 16 percent in 1970). Although, following State reductions, sub-
area production of corn is expected to fall, the proportion of acres
in irrigation in the Subarea is expected to rise from 0.3 percent re-
corded in 1970 to 1.9 percent in 1980, and to close to 50.0 percent
after the year 2000. It is largely due to this increase in the pro-
duction of corn acreage irrigated that estimated annual corn water
demand rises from 0.4 billion gallons to 4.7 billion gallons between
1980 and 2000. In the latter part of the target period, however,
projected declines in State corn demand lead to an estimated falloff
in that demand to 2.9 billion gallons in the year 2020.

A second major user of water in the Subarea is expected to be
peanuts. By 1980, Virginia state production is projected to increase
by 66 percent, and as the Subarea share is expected to diminish only
slightly, Subarea production and acreage are both expected to increase
dramatically (a 56 percent increase in production, and 41 percent
increase in acreage). One percent of all acreage in peanuts, or 500
acres is expected to be irrigated, exerting an annual demand of 200
million gallons. In the latter part of the target period a declining
Subarea share of State production (from 34 percent in 1980 to 12 per-
cent in 2020) is more than offset by increases in irrigation and in
production at the state level. Two thousand acres are expected to

be irrigated in 2000, and 2,500 acres by 2020, and water demand is
projected to jump to 600 million gallons and 800 million gallons
respectively in each of those years.
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Other major users of irrigation water in the Subarea are expected to
be nursery crops and hay. The total number of irrigated acres in
nursery crops is expected to increase from 200 in 1980 to 2,000 in
2020, exerting an annual water demand which rises from 100 million

to 700 million gallons in the same period. Projected increases in
the proportion of hay to be irrigated, from 1 percent in 1980 to
roughly 6 percent after 2000, are expected to account for most of the
increase in the annual water demand of hay irrigation - from 100
million gallons to 400 million gallons.

TOTAL AGRICULTURAL WATER DEMAND

In 1980 the agricultural water demand in the Chesapeake Bay Study
Area is projected to total 76 billion gallons. 42 billion gallons,
or 55 percent of the total is accounted for by irrigation; 30 billion
gallons (39 percent) is accounted for by domestic water use, and 4
billion gallons (6 percent) is accounted for by livestock.

In the year 2000, the agricultural water demand in the study area

is projected to total 114 billion gallons. Seventy-six billion
gallons, 67 percent of the total, is attributed to irrigation; 33
billion gallons, or 29 percent of the total is attributed to domestic
water consumption and 4 billion gallons, 4 percent of the total, is
attributed to livestock.

In the year 2020, agricultural water demand in the study area is pro-
jected at 165 billion gallons. Irrigation water demand is projected
to account for 76 percent of the total, at 125 billion gallons. Dom-
estic water demand is estimated at 36 billion gallons, or 22 percent
of the total, and the water demand exerted by livestock is projected
to total 4 billion gallons, or 3 percent of the total. The enormous
rise in irrigation water use is due principally to a large increase

in the proportion of crop acreage which is expected to be irrigated.

See Table 6-19, Figure 6-15, and Attachment C for tabular and
graphical representation of these demands. Attachment C contains
a detailed breakdown of water demands by subarea.
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Figure 6-15 - Total Agricultural Water Demands, Chesapeake Bay Study Area 1
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FUTURE SUPPLY

The agricultural activity projected for the study area is decentral-
ized and in most cases dependent upon ground water for its source of
supply. It is fortunate, then, that the Chesapeake Bay is located

in one of the most water-rich areas in the United States, the Atlantic
Coastal region. The water resources of the Chesapeake have the
potential to meet all the demands imposed by agriculture in the
foreseeable future.

In this Appendix the agricultural water demands are projected with
reference to farming activity in the target years, and especially

to factors such as population and food requirements. The factors
which influence water supply, however, are somewhat less affected by
man's activity. Some of the factors - including climate and the
geological underpinnings of a region - will change little if at all
during the period under study.

ASSUMPTIONS

Meteorological conditions are assumed to remain constant, essentially
unaltered by nature or manmade forces during the period under study.
Rainfall is assumed to continue in the area at its present rate, as
will temperature, wind, and other factors which affect the rate of
evapotranspiration. Soil conditions, which affect the rate of seepage,
are also assumed to remain constant. No net withdrawals or additions
to the ground water reservoir are assumed in the long run.

This Appendix represents an analysis of supplies and demand of water
within the agricultural sector alone. As in all partial analyses,

the interrelations with other demand sectors is kept to a minimum,

and it is assumed that these competing demands do not severely deplete
the ground water reservoir in agricultural areas. Appendix 5 includes
additional information on the availability of water supply.
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SOURCES OF SUPPLY

Water to fill the agricultural water demand in the study area is
supplied by streams or other surface water, wells tapping the ground
water reservoir, and by farm ponds of the impoundment and excavation

types.
SURFACE WATER

a. Streams. Flowing streams are depended upon by farmers with
access to them. Only a small portion of study area water demands are
met by streams, though, because of lack of access, variable quality,
and poor dependability of flow, especially during periods of drought
when spot demands are high. Streamflow is heavily dependent upon
precipitation, and where the latter is erratic, supply becomes
irregular. (See Chapter IV,"Future Needs and Problem Areas')

b. Impoundment Farm Ponds. One solution to the problem of
erratic rainfall has been the "impoundment' type farm pond. Designed
to capture surface flow and store it for times of shortages, such
ponds are, in effect, earth filled dams protected with spillways and
vegetation. They vary in size from small livestock watering ponds
to sizeable ponds over forty acres in surface area,which have the
capacity to store over two hundred acre-feet of water.

The impoundment farm pond has been especially important as a supply
source in the Piedmont, where ground water is not as available as it
is in the Coastal Plain and the water table is not so easily tapped.
Such ponds have been the chief source of water for irrigation and for
livestock in the historical period from 1949 to 1969, and they are
expected to continue as such into the future. (22)

With an abundance of impoundment sites of all sizes, the Piedmont
is especially fortunate in its large and well distributed impound-
ment sites (in excess of 640 acres), which have the potential,

if developed, to meet rural nonfarm and even industrial needs

well into the future: It is anticipated that in areas where farm
pond sites and streams are scarce there will be an increasing need
for ponds of this type to meet farm and nonfarm demand on a
community basis.

GROUND WATER

The aquifers in the Coastal Plain, wherein most of the study area
lies, furnish far greater quantities of fresh water than the streams
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and rivers. Because its unconsolidated sediments contain ap abund-
ance of water bearing sands and gravels, the Coastal Plain's ground
water from the aquifers is its most widely used source of water.

The sediments of the Atlantic Coastal Plain consist of layers of

sand, shelly sands, and gravels separated by clays, each part of a
complex system rich in water bearing potential. Much of the Atlantic
Coastal Plain, including most of the Delmarva Peninsula, is blanketed
by the Quaternary group, a group of geologically recent sediments up
to 220 feet in thickness. Characterized by a scarcity of interstitial
clay and silt, they possess extremely high water transmissivity. The
Quarternary sediments are the most productive water bearing unit in
the study area.

The other physiographic province in the study area is the Piedmont,

a relatively narrow, moderate relief plateau between the Coastal Plain
and the mountains. It is composed of crystalline rock of the igneous
and metamorphic classes, rock which to the east forms the basement
complex beneath Coastal Plain sediments. Although it is characterized
by a wide variety of water yielding properties, the rock of the

Piedmont is not generally considered to be good water bearing material.

Ground water may contain unacceptably high concentrations of minerals,
depending upon the type of rock from which it was obtained.

a. Wells. Springs and wells are an important source of supply
for domestic use throughout the study area, for both the farm and
the nonfarm residual populations. .

In the Coastal Plain the majority of wells are dug or shallow bored.
The quality of the water is excellent, and because of the high trans-
missivity of the aquifers, yields generally run from 300 to 1000
gallons per minute (gpm), with up to 4000 gpm in portions of the
study area where the Quaternary aquifer is especially thick. There
are several layers of aquifers in the Coastal Plain available to be
tapped by wells on the surface. Over most of the Delmarva Peninsula,
for example, there are more than five alternative sources of fresh
ground water (containing less than 1000 mg/liter dissolved solids).
The choice of aquifers is based upon desired water temperature,
quality and quantities of the water desired, and the cost of well
construction.

Despite its drawbacks, the Piedmont's supply of ground water is
available almost everywhere from springs and wells of all depths.
The influence of topography is frequently more important to the
yield of wells in this region than the composition of the underlying
rock: yields of wells in valleys are often significantly greater
than the yields of wells located on hillsides. In general, however,
Piedmont yields are substantially lower than those of the Coastal
Plain, running from five to fifty gallons per minute. Though
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sufficient to meet domestic needs, wells may not meet irrigation
and crop requirements.

b. Dug Farm Ponds. 'Dug" or '"excavated" ponds are large,
shallow pits usually ten to fifteen feet in depth which tap the
ground water reservoir.

In the Coastal Plain, the ready accessibility of ground water makes
the dug pond the most common source of supply. The high recharge
rate of ponds of this type outweighs their generally limited storage
capacity to make them a good source of water for irrigation and live-
stock.

AVAILABLE WATER SUPPLY

Water for the purposes of irrigation, livestock and the rural domestic
population is derived from wells, farm ponds and, to the lesser extent,
surface flowing streams as discussed in the previous section. The
amount of fresh water that will ultimately be available to meet future
demand was estimated under the assumption that the ground water
reservoir is under equilibrium; that is, in the long term, ground
water discharge from an area is equal to the recharge from precipita-
tion and other sources.

In the hydrologic cycle, the first demand for precipitation is the
replenishment of soil moisture which is depleted by evaporation and
transpiration (evapo-transpiration). After this demand is met,
water percolates downward through the soil to the water table, or
ground water reservoir. Once in the reservoir, most of this water
moves downgradient and discharges into streams, the Bay, or the
ocean, though a small amount is transmitted to the deeper artesian
aquifers to replenish water withdrawn from artesian sources.

The base flow of streams is that part of total stream flow which

is discharged from underlying aquifers; it is therefore a measure
of the perennial ground water yield of the study area. This base-
flow has been estimated as high as 26 percent of the 44-inch aver-
age annual precipitation, and as low as 15 percent. Weighting its
measurements by drainage area upstream, the U.S. Geological Survey
in the Existing Conditions Report (Appendix B) estimates the stream
baseflow to be 20 to 25 percent of the mean annual precipitation,
or an annual flow of about 10 inches.

These ten inches represent an annual yield of approximately

275,000 gallons per acre, or 3,521,300 million gallons for the
Chesapeake Study Area as a whole (9647.3 mgd). The yield of ground
water for farmland, similarly calculated, is presented in Table 6-21.
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Table 6-20 - Farm acreage and availlable ground water:
Chesapeake Bay Study Area

1980 2000 2020
Acreage 4,686,000 4,128,800 3,601,150
Million gallons 1,272,500 1,121,200 977,900 &
annually
Million gallons 3,486.2 3,071.7 2,679.1
daily

It should be noted in the interpretation of Table 6-20 that the
estimation of agricultural water supply for the study area is

heavily weighted toward supplies within the Coastal Plain phys-
iographic province, which are more dependent than Piedmont supplies
upon ground water. Due to the relative impermeability of the under-
lying basement rock in the Piedmont, its water supply is of necessity
oriented toward surface water supplies in the form of streams and,
primarily, the impoundment type farm pond. It is difficult to
estimate the proportion of precipitation which is gathered in impound-
ments.

A complete inventory of the available water supply from all sources
which is available for all uses, is given in Appendix 5 of the
Future Conditions Report, "Industrial and Municipal Water Supply."

FUTURE NEEDS AND PROBLEMS

Since in any subarea agricultural demands will be competing with
municipal and industrial demands for the available water supply, it
is necessary to compare demands of each of these uses with the
fresh water supply. Only by such a comparison can the various
demands' overall impact on available resources be determined. That
analysis is discussed in Appendix 5 of the Chesapeake Bay Future
Conditions Report.
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Among the problems discussed in this Appendix are agriculture-
related problems of erratic supply, salinity, environmental pol-
lutants, and sedimentation.

ERRATIC SUPPLY

PROBLEM

Although the water supply in the Chesapeake Bay Study Area is
more than sufficient to meet projected demands when both are con-
sidered in aggregate, the analysis would not be complete unless
the erratic natures of agricultural demands and of the supply
necessary to meet them were considered.

On the demand side, it is important in the efficient production of
crops for the soil in which they are raised to have adequate

soil moisture in the rooting zone at all times. If the soil
moisture in the root zone of a crop is insufficient to ensure its
development at the normal rate, its yield is reduced and the crop
suffers "moisture stress", a condition of drought.

The quantity of water needed varies not only by crop and by
rooting depth, but also by stage of crop growth, by soil type and
by temperature and humidity. From Table 6-21 it can be seen that
shallow rooted plants are not as drought resistant as those with
deeper rooting systems. Virginia data show that shallow rooted
plants such as vegetables can be expected to experience 58 days
of water shortage 5 out of every 10 years. Another variable

is the stage of a crop's growth. Yields can be drastically
reduced by water shortages at crucial times. It is generally
most important for a crop to receive adequate moisture late

in the growing season. Figure 6-16 shows that soybean yield
reductions are much greater if moisture stress is experienced in
later stages of growth. When soil moisture available to corn
during tasselling or pollination is reduced to the wilting level,
yields are reduced by as much as 50 percent. If wheat is

exposed to moisture stress late in the season, yield is sharply
reduced through the shriveling of grain.
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Table 6-21  Drought Frequency 1/
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“Agricultural Drought in Virginia.”
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The agricultural water supply

can be equally erratic. Although

an enormous quantity of ground water is stored in the sediment
beneath the study area, only a small portion is recoverable by
wells. Further, under the conditions of water table equilibrium
assumed in the supply analysis, heavy withdrawals of ground

water in one location will both draw down the water table and
curtail the base flow of local streams unless sufficient recharge
enters the system to cover its losses. The variability which most
affects agricultural activity, however, is that associated with

precipitation.

Annual precipitation in the Chesapeake region averages 40 to 45
inches, of which 8 to 10 inches is runoff. This supply is more
than adequate to meet the total agricultural demands of the study

area listed in Table 6-19.

The aggregate supply of water

(see page 90)

available for agriculture, though -

and especially to crops - is highly variable, and this variability
is the key to many of the problems of agricultural water supply.
Precipitation in the study area varies from one month to the next,
(as seen in the monthly precipitation averages given in Figure
6-17), and in summer months it is often in the form of high
intensity thundershowers of brief duration.

April May June

July Aug. Sept.

Figure 6-17. Rainfall by month: mean, and 80 percent chance of occurrence,
and 90 percent chance of occurrence. Chesapeake Bay

1

-

Study Area.
Source:

Monthy Precipitation Probabilities by Climactic Divisions:

23 Eastern Study. Miscellaneous Publication No. 1160. Economic

Research Service and
1969.

Environmental Source Services Administrations.
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Precipitation is also highly variable from one year to the next
(see Figure 6-17), and the rain expected to be exceeded eight or
nine years in ten is reduced in some parts of the study area to
only 40 and 25 percent, respectively, of its monthly mean. This
variability has a particularly adverse effect upon crop produc-
tion, for which the main source of supply might be precipitation.
It also affects the water supply of excavated farm ponds, as the
water table, the surface of such ponds, varies in response to
precipitation.

[y

Thus in any question of water sufficiency for agricultural demand,

it is not yearly aggregates but local supplies and demands which

are important. If supply problems do arise, they are likely to

be location and time specific. 4=

SOLUTIONS

The unpredictability of precipitation in the study area and the
poor holding capacity of many of its sandy soils (23) have led to
a sharp increase in supplemental irrigation in the region, an in-
crease reflected in the projected demands for irrigation water.
Irrigation is expected to be applied not only to highly valued
crops, but with increasing frequency to crops with low per-acre
value so that the yield reductions attendant upon moisture stress
are avoided.

To meet the goal of efficient crop production it is as important
in irrigation to achieve the proper distribution of water as it
is to achieve the proper volume. It has been shown, for example,
that a total application of 21 inches, infrequently distributed
over a season, can result in a 58 percent reduction in potato
yield over that obtained using 19 inches frequently and evenly
applied. (24) If the water needs of a crop cannot be met through
irrigation, the damage to crop yield is permanent, and it cannot
be rectified by heavy water applications later in the season.

The need for adequate irrigation is particularly important toward
the harvest time, for if a crop cannot be brought to maturity
because of water shortages, all previous irrigation water will have
been wasted.

It is thus not only aggregate volume of water, therefore, but a
proper distribution of the supply throughout a season which

must be ensured if the supply problem is to be met. The monthly
distribution of irrigation water requirements is listed in

the Sensitivity Analysis below. Measures to meet this need
might be the construction of deep wells for irrigation purposes
and the development of large storage ponds for community use. »
The latter measure might be particularly effective in areas 2
where storage sites are limited. During times of extreme dryness,
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perhaps a necessary measure is the monitoring of ground water
withdrawals by other large users of water, such as food processors,
located in agricultural areas.

Another solution to spot shortages is the use of stream water.
The problems in stream water use are more numerous, though, than
those of ground water use. Streams are more susceptible to v
pollution than groundwater, for example, and a major problem in
their employment up to the present time has been their lack of
accessibility. Further, the base flow of streams can be reduced
sharply when the gound water table drops in times of drought.
This reduces the water available from streams when it is most
needed. Nonetheless, the value of streams as a potential source
of water cannot be neglected - particularly in areas with

skimpy ground water supplies,and where sediment and pollution
problems are minimal.

SALINITY
PROBLEM

If streams are to be considered as potential sources of water, the
problem of salt water intrusion must be addressed. Crops, live-
stock, and humans all have a limited tolerance for salt consumption.
Irrigation and livestock watering practices must each be altered

to take into account the presence of even low concentrations of
salts in the water supply.

When salt concentrations reach a conductance of 8 to 10 millimhos
per centimeter (8,000 to 10,000 micromhos), all crops show some
yield reduction, and for many the reduction is more than fifty
percent. In recognition of this data, and the fact that salt
accumulates exponentially with evaporation in the top layers of
soil, the Report of the National Technical Advisory Committee to
the Secretary of the Interior (1968) recommends the following
classification for crop salinity hazard:
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08 mg/l EC mmhoa/cm

Water for which no dotri-

mental effects will usually -

be noticcd.vesess veasenens . 500
Water which can have det=

ffeects on senaie _ _
:i::n.:ﬁp:“” ..... 500-1,000 0,75-1,50 Table 6-22-Crop

Water that may have ad- Salinity Hazard
verse effects on many . and Total Dis-
crops and requiring care- . . :
ful management practices.., 1,000-2,000 1.50-3,00 solved Solids

VWater that can be used for (TDS) ]
tolerant plants on perme~

able soils with careful
management practices..... W 2,000-5,000 3.00-7.50

0.75

Source: Report of 'the Natiosal Technical Advisery Comnitteq
to the Secretary of the Interior (1968).

Like its demand for fresh water, a crop's tolerance for salt water
varies according to its stage of growth. A germinating seedling

is most sensitive to salinity, and well established plants tend

to be more salt-tolerant than younger plants. Tolerance of salinity
also waries from one crop to the next. As seen in Figures 6-18
through 6-20, vegetables are more sensitive to salinity than

field or forage crops. (Also shown in the figures is the non-
linear crop response to increases in salinity. For many crops, once
the threshold concentration is reached in which yields are re-
duced, additional concentrations tend to further reduce yield
rapidly).

Tolerance of salinity varies for each type of consumer. Adult
sheep have the highest tolerance, as they can safely consume
water containing 12,900 part per million (ppm) dissolved solids.
(See Figure 6-21). Pigs and poultry, respectively, can tolerate
4,290 ppm and 2,860 ppm dissolved solids. Most stringent are

the standards in water for human consumption. Water containing
less than 500 ppm dissolved solids can be safely consumed without
awareness of salinity.

Ground water in the study area is generally of good quality,
containing less than 250 mg/1 dissolved solids. Where it is
available, it is generally suitable for all agricultural and
domestic uses, except for iron and acidity problems in some
locations. :
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Streams in the study area, as well, are low in dissolved solids,

and are suitable for most agricultural uses, except in the down-
stream reaches of streams which are subject to tidal intrusions

of saline water. Figure 6-22 documents the extent of salt water

in Maryland and Delaware.. While data on the extent of salinity

in Virginia is not available, salt water may be expected to in-
trude to Fredericksburg along the Rappahannock River, to West

Point on the York River, and to Hopewell along the James River. (25)

The actual extent of salinity in stream water depends in part upon
quantity of fresh water stream flow, which, in turn is affected

by precipitation, overland flow, and base flow water. In a dry
year, the fresh water flow can be expected to be considerably
reduced, and brackish water may intrude further upstream than it
would if more precipitation fell on the region. Base flow can also
be reduced by the use of ground water resources to a degree where
the water table is drawn down. This practice tends to reduce stream
flow at surrounding locations, leading to more intrusion of saline
water than would be the case without such withdrawals.

To the extent the withdrawals reverse the normal gradient of ground
water, saline water might also intrude into ground water supplies.
Although the rate of intrusion into ground water aquifers is minute
compared to the surface water rate, (26) the effects can be much
more damaging since wells may be unusable for years.
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6-22. Extent of brackish water in Maryland.

Extent of Brackish Water in the Tidal Rivers of
Maryland, Maryland Geological Survey, 1970.
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Another problem is posed by evaporation. While the above-listed
crop salinity tolerances are rough limits within which, under
experimental conditions, yields are not affected, in actual prac-
tice a considerable part of the gross amount of water applied to
crops can be expected to evaporate. Salt concentrations in the
soil thus tend to be greater than in application water, and a sur-
plus of water over plant needs must be used to flush them from the
soil. In this fashion the use of brackish water entails greater
applications of irrigation water than would otherwise be necessary,
and it creates a danger of salt contamination in ground water
supplies. Evaporation factors must be especially taken into account
in times of drought, when salt concentrations of even mildly
saline water are much increased after application.

SOLUTION

It is largely a management problem to ensure that withdrawals of
water fall within safe consumption limits. Similarly, it is up

to the individual manager to safeguard his fields from the effects
of concentration buildups due to evaporation.

Large withdrawals from the groundwater reservoir, if saline water
intrusion is the result, may on the other hand pose a public
problem. The effects of such withdrawals should thus be carefully
monitored and, where necessary, accompanied with regulation to
protect the reservoir from contamination.

ENVIRONMENTAL POLLUTANTS

As the trend toward larger farms continues, pollutants from
agricultural activity can be expected to become a potential source
of serious water quality degradation. Large livestock farms require
greater gquantities of high quality water than the smaller ones,

and they accordingly result in larger, more concentrated discharges
of pollutants. Livestock wastes are a potential problem since
during the target period production is expected to be located more
often in large, concentrated feedlots; much of the projected yield
increases for crops are predicated upon increased use of chemical
fertilizers.

As in the case with other agricultural water problems, these
wastes are characterized by variability. Unlike municipal
sewage systems in which, as one source states, "a liquid waste
stream of reasonably predictable composition and quantity
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arrives continuously through a well-defined outfall line",
agricultural wastes are generated in a series of remote functional
units, where distance precludes central disposal. (27) The
wastes so generated are often discharged only intermittently

into the environment - the result, for example, of the flushing
action of storm waters, or the periodic exercise of an agricul-
tural function such as pumping a manure storage pit or applying
pesticides.

Agricultural wastes are further characterized as "point" or '"non-
point' sources according to whether or not the wastes are released
in a well-defined flow from a clearly identifiable source. While
some agricultural pollutants, such as large feedlots or irrigation
wastewaters, fall under the definition of agricultural point
sources used by the Environmental Protection Agency (EPA), (28)
most are released into the environment in nonpoint, or diffuse,
flows which are more difficult to control.

The three major types of environmental pollutants discussed in
this section are fertilizer, pesticides, and livestock wastes.

FERTILIZER

a. Problem: In recent years the trend toward more wide-
spread use of chemical fertilizer on agricultural land has been
largely responsible for their increased productivity. It is an
unfortunate side effect of fertilizer use that it may also
increase the fertility of streams where agricultural runoff is
received. When such streams feed into ponds, the process of
"eutrophication' begins, in which nutrients present in the water
stimulate the growth of aquatic plants. Algae blooms spread
across the surface of the water, and taste and odor problems
arise; the aging process is quickened, with a bog or swamp the
eventual result.

Nitrates in the runoff from fertilized agricultural areas can

also cause health problems. If such runoff contaminates water for
consumption, the presence of nitrate causes methoglobinemia, a
disease in which the blood is deprived of needed oxygen. In
livestock the symptoms are watery eyes, a rough hair coat, and
loss of appetite resulting in weight losses or diminished pro-
ductivity.

The United States Public Health Service defines the standard

of nitrate nitrogen consumption at a maximum of 10 parts per
million (ppm), an amount considered safe for infant feeding.

Alga blooms are generated, however, when the nitrate concentra-
tion of pond water reaches only 0.30 ppm and phophorous concen-
tration only 0.01 ppm. The environmental impact of fertilization
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must be considered, then, even where small amounts are involved.
Where large amounts of fertilizer are used, as in the high yield
production levelsprojected in the target period, impacts may be
even more significant.

The use of fertilizer in the Chesapeake Bay Study Area is estimated
for recommendations for fertilizer applications presented in
Attachment D,Table 6-D-1. These rates are not expected to change
by 1980, but by the latter part of the target period they may repre-
sent application rates which are somewhat lower than the appropriate
amounts. Even where yield increases are attributed to improve

crop varieties, fertilizer application rates would tend to rise,

for it is often the efficient utilization of fertilizer which lies
behind the productivity of new varieties.

Table 6-D-2 lists the recommended fertilizer applications for

the estimated level of production in the study area. An estimated
63,000 tons of nitrogen was used in 1970, a total which is
expected to rise to 73,000 tons by 1980, and to 77,000 tons

by the year 2020. Estimated phosphorous applications rise from
68,000 tons in 1970 to 78,000 tons by 2020; and potassium applica-
tions in the same period are expected to rise from 73,000 tons to
82,000 tons. '

The small increase in fertilizer use, in the face of a general
reduction in crop acreage, points to greater concentration of
fertilizer.

Given these increased concentrations, the question arises as to
the amount of this fertilizer which may be expected to enter the
surface and ground waters. Rough estimates of losses range from
0.1 percent to 1 percent of all nutrients applied in a watershed
to 6 to 10 percent of nutrients applied on steeply sloping
experimental plots. But beyond the simple generalizations that
nitrates, the most mobile of nutrients, are likely to enter both
gound and surface water, and phosphates are likely to be 'fixed"
in the soil, little can be said without referring to specific
crops, fertilization practices, precipitation, slopes, and soil
conditions.

Nutrients are commonly lost through leaching, or percolation
down through the soil, and through runoff.

For leaching to occur, it is generally necessary that large
quantities of water in excess of the evapo-transpiration require-
ment of crops be present in the soil; otherwise evaporatic» near
the surface and capillary action tend to hold nutrients near che
surface. Leaching losses are thus more likely during the
winter and spring than during the crop season.
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The influence of the field capacity of a soil on leaching is seen
in Figure 6-23. Nitrates accumulate near the surface in clays and
silts, which are relatively high in their water holding capacities.
Conversely, the low capacity sandy soils contain relatively small
nitrate accumulations.

' 1000~ N APPLIED ANNUALLY
Figure 6-23, Nitrate-N in the Lbs/A
upper 8 feet of 4 soil types E:] 0
after the annual application __ 8oor zlgg
of N fertilizer for 7 years g XA 300
to continuous corn in Missouri. =

: 600
Source: G,Smith, 1968. '&'3

o

e 400

F

mn

g 200

Large amounts of nitrogen, added to the soil as fertilizer, increase
the nitrate available for leaching in some cases, but according to
one source, no general statement can be made that this is true on

a widespread basis. The effect of excess nitrogen fertilizer on

the environment is not fully known: in many cases, the nitrate re-
mains within the root zone, and is available for succeeding crops
even after irrigation (29), (See Figure 6-24)

The issue of nitrate accumulation is further clouded by the import-
ance of inherent soil fertility. In one experiment (Stewart, 1970),
no nitrate accumulated under levels of fertilization (143 kg/ha)
which were the average for the test area. Even under very heavy
fertilization, there were no accumulations below 30 feet (Table 6-23).
The author concludes that the soil fertility level, and not its
source, largely determines whether nitrate accumulates.
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Flgure 6—24~Nitrate~nitrogen found

©1n Sharpsburg silty clay loam
profiles after corn harvest, as
affected by irrigation and amounts
of applied nitrogen.

Source: Herron, et al., 1968.
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The other type of nutrient loss occurs through runoff. Such losses
vary by crop, runoff volume, nutrient application level and season.

Figure 6-25 graphically depicts the relation between runoff and

nutrients, the impact of increased fertilization on nitrate concen-

trations and seasonal variations in runoff and nutrient loss.

Nitrate losses were substantially higher in the highly fertilized

Watershed 2 than in Watershed 1, and in the winter months than in

the summer and fall. The effect of the presence of crops in the

summer and their absence in winter is seen in both runoff and nitrate
concentration patterns. Despite the facts that summer is the season “
with most precipitation in the watersheds studied and that snowmelt
is not an important factor, runoff is highest in the early spring,
and it is reduced in summer months when crops are present. Nitrate
concentrations, as well, are sharply reduced during the summer
months.
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Figure 6-25 - Monthly losses of NO_-N as related to
runoff amounts, NO -ﬁ concentration in runoff,
and fertilization.

a = surface application of 112 kg N/ha;
b = surface application of 56 kg N/ha.
Source: V. J. Kilmer, et. al.

Table 6~24 shows nutrient loss data pertaining to various
crops. The concentration of nutrients in runoff is greatest
for fallow fields, followed by continuously planted corn and
corn, oats, and hay in rotation. 1In 1967, ‘the concentration
of total nitrogen in runoff ranged from a high of 85.71 ppm
in a fallow field to a low of 0.39 ppm in a hay field in rota-
tion. Runoff rates clearly vary between crops.
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Table 6-24-Annual soil and nutrient losses, by crop

B ¢ Average : H H H H
Crop and year : S0l : ameugl : Total N :  NE,-N +  HO,N : P : 4

;  loss runoff t 4 [ 3 : :

. Ib/ac inches Ib/ac ppel/ 1bfac ppmt/ 1b/ac ppml/  1b/ac ppmt/ 1bfac
3966 H
‘Fallow i 7,600 3.80 25,96 30.16 .29 34 .80 93 .04 04 1,78
‘Corn~contiouous 720 91 4,00 1%.39 .10 48 .10 .48 .10 .48 .50
-Corn-rotation : 380 2.05 2,00 4,31 .10 W21 29 63 .10 .21 .60
Bats-rotation : 20 .20 10 2,16 0.0 0.0 L1000 2,16 0.0 0.0 ;10
Hay-rotation H 0 3.41 .30 .3% 0.0 0.0 .10 A3 .10 .13 .80
1867 H :
Fallow s 20,560 4.63 ¥9.93 85.71 .20 .19 .48 .46 2.59 2.47 4.55
Gorn-continuous : 6,280 2.98 . 19.18 28.44 .30 .45 .80 1,19 .04 .05 1.16
LCorn-rotation L2 2,35 6,69 12,58 .10 18 .07 .13 .10 148 .60
‘Oats-rotation 2,060 2,09 9.37 15,81 .10 .21 A6 L34 .10 21 .60
Hay-rotatios : 0 3.83 5.71 6.58 0.0 0.0 .04

.04 .29 .34 5.17

1/ Average concentration of nutrients in runoff.

Source: Timsons, D. R., Burwell, R. E., and Eolt, R. F. 1968. Lloss of crop sutrients through runoff.
Minnesota Sci. 24 (4): 1.

b. Solutions: It is difficult to state the exact extent of
nitrate losses through leaching. Under some conditions nitrates
move into groundwater supplies after only one growing season,
while under others, it takes ten to fifty years to move through
a forty-foot soil profile to enter the groundwater.

It is clear, however, that chances of leached nitrate entering
groundwater are considerably reduced if nutrients are not applied
in amounts substantially in excess of crop needs, particularly on
sandy soils. Growing cover crops in the off season also reduces
leaching losses. Such measures are especially important if the
water table is close to the surface, as it is on some parts of the
Delmarva Peninsula. '

Runoff losses of nutrients, while a much greater problem in the
study area than leaching losses, can also be controlled through
proper applications of fertilizer. If both crop needs and inher-
ent soil fertility are taken into account in fertilizer application,
excess nitrate available for runoff is sharply reduced.

Fertilizers can be applied in solution for efficient crop
utilization. This technology is likely to be employed to an
increasing extent with the spread of irrigation systems, as it
cuts both labor costs for the farmer and production costs for
manufacturers. The quantity of nitrate available for runoff

is also reduced by slow-release fertilizers, applied only once per
season.
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PESTICIDES

a. Problem: The years following World War II marked a new
era in the use of pesticides in the United States with the in-
troduction of DDT and others in the chlorinated hydrocarbon group.
These pesticides were noted for their toxicity and persistence,
and soon became the most popular pesticides used.

The very properties responsible for their popularity, however,
have made pesticides the source of adverse environmental effects
such as mortality, loss of production, and changes in estuarine
plant life. A concentration of only one part per billion (ppb)
DDT has resulted in a twenty percent reduction in oyster growth,
and a similar concentration of another chlorinated hydrocarbon,
endrin, has caused the death of fish and aquatic life.

The greatest pesticide danger stems from sudden discharges into

the environment of relatively high concentrations of the toxic
material. A heavy flushing rain over agricultural fields can
result in the sudden occurrence in a receiving stream of a
pesticide concentration which is overwhelmingly toxic to aquatic
life. Seepage from the industrial waste lagoons of pesticide
producers, pesticide formula tors, and pesticide users has polluted
ground and surface waters and rendered them unfit for agricul-
tural use. ’

More common than a single large discharge is the steady

almost continuous discharge from agricultural land of pesticides
in small concentrations. Many pesticides, though insoluble, are
tightly held by soil particles, and when soil is washed away by
agricultural runoff, the pesticide is carried with it in minute
quantities. Such losses rarely account for concentrations of more
than one part per billion in receiving streams, though up to

five percent of all pesticides applied may be lost with sediment.

Table 6-28& is noteworthy, not just for the minute levels of
pesticides which are found in the major rivers of the United
States, but for the widespread nature of the rivers' contamina-
tion. Though the levels of pesticides present amount to only
fractions of one part per billion, they are generally found in
well over 70 percent of the rivers and lakes surveyed, and some,
such as DDT and DDE, are found in 95 percent of the sampled
waters.

The danger to the environment of such small, persistent con-
centrations is considerably greater than their size would seem
to indicate. Many pesticides, with DDT a prominent example,
leave water preferentially for soil and sediment. Thus, in
waters containing only 0.1 ppb of the substance, bottom
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Sampling Stations

Geographic Distribution Positive
(No. States with Positive Positive and
_ or presumptively Positive No. Rivers and Quantified Range
Compound samples) Lakes Positive No. pp Table 6-25-Ch R
dicidrin 36 39 S6  0.002-0.11% adle b-25- l?rlnat?d
gg?“ 28 A 30 0.003-0.094 hydrocarbon insecti-
.28 22 3 0.007-0.087 ;
DDE 28 17 18 0.002-0.018 cides and ?elated
225 né 1 1 0.083 compounds in major
aldrin i ! 0.085 s :
heptachlor 16 0 0 - Tivers ?7 the United
heptachlor epoxide 0 0 0 - States,= -
BHC 2 (V] 0 trace
MExcept Alasks and Hawaii. Adapted from dats in “Chiorinated Hydsocarbon Peatici ' .
s, Rirer Basing” by Weaver, Gunnerton, Breidenbach, & Lichteaborg ~ Publie Hooin Hoor Source: H.P. Nicholson
" " 1965, and D.W. Hill, 1970

inimum detectable concentrations of dieldrin, endrin, DDT, DDE, sldrin and heptachlor ranged
from 0.002 to 0.010 ppb. Comparable values for TDE, heptachlor epoxide and BHC were 0.07s,
0.075, and 0.025 ppb, reapectively.

sediments have been found to contain from 20 to 500 ppb. Exchange
of materials in aquatic life is rapid, and DDT can be found shortly
after it appears in the bottom sediments in aquatic plant life.
Shortly after it appears in plants it is found in fish. At each
step in the food chain, the toxic substance becomes increasingly
concentrated, until, by the third or fourth level, the substance
reaches a concentration which can cause considerable harm. It is
for this reason the minute concentrations of persistent, toxic
pesticides are hazardous.

b. Solutions: Since most pesticides from agricultural use
enter streams through runoff and soil erosion, the problem of
pesticide runoff and hazard can be ameliorated with many of the
methods used to control soil erosion. One method, for example,
has been to create buffer strips of filiage along the banks of
streams to prevent pesticides and herbicides from entering them.
In some controlled experiments, concentrations in the receiving
stream have been considerably reduced using this method.

Another solution has been the sharp regulation of industrial wastes
in which pesticides have been present. In contrast to pesticide
concentrations in agricultural runoff, concentrations in indus-
trial wastes have generally been of lethal levels.

The problem of small and widespread pesticide concentrations will
not be solved until the very persistent pesticides are no longer
used. As in the case of fertilizer, an environmental constraint
must be added to the optimization procedure, so that a balance

is achieved between effectiveness and cleanliness. Recent
technological advances in pesticides appear to be making this
possible.
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LIVESTOCK WASTE

a. Problem: A major factor in the modern production of live-
stock has been the concentration of facilities. Broilers are now
grown and processed in large enclosures; the production of hogs in-
creasingly takes place in confinement operations; and beef feedlot
operations are increasingly concentrated.

Enormous quantities of wastes are generated by such operationsr:
a cattle feedlot with 10,000 head has the same scwage output as
a city of 160,000 people. Operations of over one thousand live-
stock units (30) have been designated point sources of effluent
by the Environmental Protection Agency.

Although it represents a considerable reduction from current
levels, some 18 to 20 million tons of livestock raw waste can be
expected to be generated annually in the Chesapeake Bay Study
Area during most of the target period (see Attachment D, Tables
6-D-3 and 6-D-4 ).

The dangers of runoff from feedlots are well recognized, and it
may be expected that during the target period, the combination of
environmental controls on small livestock operations and existing
controls on increasingly widespread . large operations will solve
much of the problem. Even if runoff is eliminated, however, two
major problems in livestock operations will remain: the seepage
of pollutants from livestock wastes into ground water, and the
ultimate disposal of such wastes.

Although the soil beneath feedlot operations tends to be com-
pacted and its permeability reduced, enormous concentrations of
nitrates nevertheless accumulate beneath such operations. In the
experimental results shown in Figure 6-26 and Table 6-26 , an aver-
age of 1436 pounds of nitrate per acre were found in the soil cores
taken beneath feedlots, in contrast to the 261 pounds per acre
taken from dryland farms. In the groundwater beneath feedlots

was found up to 38 parts per million (ppm) of ammonium nitrogen,
and an average of 13 ppm nitrate nitrogen.

The second major problem in livestock production is the ultimate
disposal of waste matter. At present, the chief means of disposal
of captured runoff and the vast quantities of livestock wastes

is land spreading. In one ton of manure, there are roughly 10
pounds of nitrate, 5 pounds of phosphate, and 10 pounds of
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Figure 6-26- Average nitrate-nitrogen distribution
with depth of profiles as affected by
different land uses in eastern Colorado.

Source: B. A. Stewart et al., 1967

Profiles
— O20feet Water table
No. NOIN No. NO3 N
Land use sampled sampled
Wean Range
ib./acre mg/l. mg/l.
Virgin grassland......... 17 %0 8 115 0119
Dryland farming.......... 2] 261 4 14 595
Irrigated land
(except alfaifa) ...... 28 506 19 111 0-36
Irrigated land
(alfalfa)........ccocece 13 19 1 95 144
Feedlots...............occonn. 4 1,436 33 134 041

Source: B.A. Stewart, F G. Viets, Jr, G.L. Hutchinson, and W.D. Kemper. Ni-
trate and other pollutants under fields and feedlots. Environ. Sci.
Technol. 1:736-739. 1967.

Table 6-26-Nitrate content of soil cores and
water beneath various land-use patterns in
Colorado.
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potasium (31). The nutrients can be utilized as fertilizer in
crop production, and even under large applications of wastes, crop
yields are generally not reduced until the rate exceeds a range
of 120 to 240 tons per acre (32).

Long before this limit is reached, however, the nutrient with-
drawal requirements of most crops will have been satisfied. The
surplus of nutrients in the manure then pose serious problems to
water quality through runoff and seepage into groundwater. Since
land is at a premium in the Chesapeake Bay Study Area, the owner
of a livestock operation may not possess enough land to dispose
of his wastes without serious impact on the quality of water.

b. Solutions: Fortunately, the concentrations of nitrates
from feedlots fall off rapidly with distance, as their lateral
movement through the soil is slow. There is little evidence of
nitrates more than two or three hundred feet from the polluting
area (33).

Where domestic water supplies are contaminated, therefore, the
problem largely reduces to the location and depth of the well.

As seen in Figure 6-27, if the source of water is located down
the groundwater gradient from the livestock enclosure, pollutants
are likely to be picked up, particularly if the well is relatively
shallow (Location D). Since feedlots are often located close to
the farmhouse, this has frequently been the cause of trouble

when nitrate contamination has been found (34). The problem is
averted by locating a well up the groundwater gradient from the
pollution source and sinking it to a depth sufficient to avoid
contaminants (Location A).

One of the solutions to the waste disposal problem has been the
sale of wastes from concentrated livestock operations to large
cropping operations. This involves high labor and transport costs,
however, and the practice is frequently not competitive with the
use of chemical fertilizer.

An alternative solution has been the use of aerobic or anaerobic
waste ponds for the purpose of degrading the wastes and reduc-
ing the acreage of land required for its safe disposal.

The nitrate content of livestock wastes, for example, can be
reduced by up to 50 percent in an aerobic waste lagoon, and
total solids can be reduced up to 80 percent. (See Tables 6-27
and 6-28. It is expected that the use of waste lagoons will
become increasingly important, particularly as public awareness
of the problems of nonpoint sources of pollution increases.
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Figure 6~27- Location of wells and nitrate contamination from
feedlots.

Source: R. A. Engberg (1967)

Table 6-27-Average reductions of volatile
solids, COD, and Kjaldahl nitrogen in
12- to 15-day laboratory aeration studies
conducted at two temperatures.

Temperature
Criteria 24C 4C
Volatile sofids reduction............... 42.3% 20.1%
C0D reduction (dichromate) ........ 53.6% 24 5%
435% 15.9%

Kjeidahi nitrogen reduction. .......

Source: Miner, J. R., Farm Animal-Waste

Managements., (1971)

Appendix 6
118

»



e

®

Table 6-28-Anticipated results of an

anaerobic lagoon receiving animal
wastes in a moderate climate.

ltem Effiuent compared with influent
BOD concentration......... 70 to 90% reduction
Settleable solids............. Nearly complete removal
Total solids 60 to 80% reduction
1] Little change, remains neutral
Ammonia nitrogen.......... Large increase

Source: Miner, J. R., Farm Animal-
Waste Managements. (1971)

Another solution to the problem of waste disposal is the technique
of mixing dried wastes with hay and silage for feed. The practice,
though still in the experimental stage, is confined to poultry and
beef waste processing. Such feed supplements have been found to
carry no danger of disease, parasites, or carcass quality degrada-
tion, and they are competitive in cost with conventional feed.

SEDIMENTATION

a. Problem: A discussion of the impact of agriculture on
the waters of the study area would not be complete unless its con-
tribution to sedimentation were mentioned. In addition to nutri-
ents and pesticides, enormous quantities of sediment enter those
waters each year, and agriculture lands and conversion of crop-
land to other uses are the greatest sources.

Sediment losses involved in the shift of land from rural to urban
use stem from activities such as highway construction, land grad-
ing without precautionary measures, and the construction of hous-
ing developments. (See Figure 6-28). Also a major source of sedi-
ment is untreated cropland, as the average sediment loss for

this land use is a relatively high 5.5 tons per acre per year.

The sediment load interferes with fish production, reduces the
capacity of reservoirs, changes the flow of streams, and increases
their chances of flooding. ‘

Although it is somewhat less a problem on the Delmarva Peninsula
than in the rest of the study area overall sediment loads
on the Peninsula have been estimated at 2.5 tons per year. (35).
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Figure 6-28 - Urban uses displace agricultural lands in the
Chesapeake Bay Study Area

b. Solutions: Sediment control laws have recently been
passed in all three states in the study area and the losses are
expected to be considerably reduced in the target period. Since
many of the laws involve conservation measures, agricultural
runoff volumes are also expected to be diminished. Hence such
measures may reduce the level of nutrient and pesticide pollut-
ants released into the environment through such runoff.

Sediment control measures are expected to be increasingly
stringent during the target period, not only for their value in
controlling water turbidity, but for their value in reducing the
levels of other agricultural pollutants as well.
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PROCESSING WASTES

Final mention should be made of pollutants emitted during the
processing of agricultural products, an activity which often
takes place in the region of agricultural production.

Since processing most commonly involves the removal of organic
matter, the biochemical oxygen demand of wastes emitted is con-
siderable, Table 6-29 lists the wastes of various agricultural
activities in terms of their five-day biochemical oxygen demand.
0f particular significance is the pollution load emitted in the
processing of poultry, as it is projected to remain an important
and concentrated activity on the Delmarva Peninsula.

The effluents from agricultural product processors should be
strictly monitored for their pollutant content.

SENSITIVITY ANALYSIS

This section explores the effects of varying some of the assump-
tions made in the foregoing demand projections. Some cases are
easily quantified, such as variations in the rate of irrigation
efficiency or in estimates of irrigated acreage. Others, however,
are variations whose effects are impossible to gauge precisely,
such as changes in the technology of livestock sanitation. 1In
these cases only the general direction of the variations is dis-
cussed.

POPULATION

One of the major shifts in the demographic profile of the United
States in recent years has been the sharp decline in the birth
rate. This lowered rate would reduce population in the target
period from levels estimated with more births, and to take this
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Table 6-29

Estimated pollution keadings of selectost agriculturd processing industrics

Salny HUD

Putentinl

Anuuad i
Processing production, Pounds Potenting mdn; y. -
industey iflion . _— BOD per dai kit
industry ;I;l\'ll:':l‘: Data in literature 1000 '“, l(::d" equivalent,
processed 1004 1 siflions
Cunneries
Apples 1,218 32 gal 3600 ppm BUD per cuse
of 24 no. 24 cuny 133 11 0.26
Penclics 2,970 54 gal 2000 ppm BOD per case
of 24 o, 2} cans 208 169 L2
Corn 2,364 19.5 1b BOD per ton gorn
Processed 9.8 63 .38
Tomutay 9,700 B4 W BOD por Lo Llomatoes
provesast 1.2 113 - 0.08
Conning, totad e e ven 370 [
Corn wet milling 10,800 § b e 1-2 P1 4.5 133 0.50
Cartlon, processed tirongh husic PE (per 1000 a gomds)
dycing step Sizing
Plesiving
Kiering
4,600 Mhenching o8 857 514
Seourig
Mereerizing
Rasic dycing
Dairy Pouls BOE per 10,000 1b
ikl oguivakent
Fhuid matk 54,000 (] [ KU 102 e
Evnpornted nilk 1,888 10.5 205 11.6 0.07
Nonfut Jey nitk 217 %0 .4 157 0.93
Chotlar cheese 3,107 245 2.0 716 - 07
Chivdduy whey, dricd 20/ of total 7.6 26,0 9.1 ol
Cheddur wley 509 ul ot 350 ees i U
Cattage cheese 1,424 50 168 645 0.38
Cottoge chuese whey 7,500 350 ver 1,000 (X1}
Hides and leather 1,300 " 650 gal 1560 ppm per 100 1b
bides 81 300 0.16
Meat
Stuuglitering and packing 59,400 14 I ROD per 1000 b live
: weight 140 2,300 139
Paper and pulp
Woud pulp 66,000 300 Jb NOD per ton of puip 150.0 27,000 162
Paper und paper board 40,600 68 Jb BOD per ton of puper 310 4,000 34
Potatoes
Chips 7.3 29.3 )b BOD per Lon raw
potatoes 14.6 106 0.64
Dehydrated 27 71.11b BOD per ton raw
. potatocs 35.6 93 050
Flour and starch’ 32 57.0 1b BOD per lou raw
potatoes 285 9% 0.55
Frozen French fries 54 22.0 1 BOD per ton ruw ]
potatocs 1.9 57 (R4}
Tronteey 8,200 S BOD per 1000 birds 100 amnn 1y
Noybean e £.7 1 BOD per 1000 by 019 (310 0K
Sugnr relining
Cane 48,000 5301 BOD peor bon .
Neet ST.000 6.61 1h BOD pur um} Avono ot Ly
Wouk sétmiring i 1 and 000 Py [mv b woul 7 10 a6

Source: S. R. Hoover (1967)
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into account, a new series of OBERS projections were advanced in
1974.

The new projections, entitled Series "E'", showed reduced levels of
population and of the many economic indices which are re}ated to
population. In the Chesapeake Bay Estuary Area, the Se?les E )
population projections represent a decline from the Series C projec-
tions which amounts to 4.5 percent in 1980, 7.3 percent in the year
2000, and 13.3 percent in 2020, as shown in Table 6-30

Table 6-3() - Series "C'" and "E" population grojections,
Chesapeake Bay Estuary Area Y

Percen Percent Percen
1969 1980 changeé/ 2000 [poetta/ 2020 changpzl

Series C 7,776,041 9,273,603 19.3 10,850,097 39.5 16,320,028 109.9
Series E 7,776,041 8,858,920 13.9 10,343,520 33.0 14,142,280 81.9

Percent change
Series C to E -4.5 -7.3 -13.3

1/ Series C projections were used in demand projections in this Appendix

2/ Percent change measured from 1969 total.

The effect of a reduced population would normally be expected to
reduce agricultural production demands as well. Coupled with the
reduction in population however, is another, more recent develop-
ment: the prospect of large scale exports of American agricultural
products. If because of a changing political situation the United
States becomes committed to exports of its food products to help
alleviate a world shortage, the effect of the reduced domestic
population will be mitigated and might well be overcome. If exports
increase sufficiently, levels of agricultural production might
actually rise over levels projected to support a large domestic
population, and the use of water in agriculture will increase over
the levels projected in this Appendix. Until the export factor
can be taken into account more precisely, as it will be in the
newest OBERS projections, the effect of a reduced domestic popula-
tion on agricultural demand cannot be measured.

The reduction should, however, be reflected in the large portion
of the rural population which is not connected with farms or farm
services - a population analyzed in this Appendix as the nonfarm
residual population. The effect of a population reduction depends
to a large degree upon its distribution. If the reduced birth rate
is largely an urban phenomenon, the effect upon the residual popu-
lation will be minimal. If, however, the reduction is evenly
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distributed or a rural phenomenon, the size of the nonfarm residual
can be expected to fall, and its water demand will be reduced
accordingly.

LIVESTOCK

In the projection of the livestock water demand, the ratio of
the costs of raising livestock to the revenues brought by their
sale is of major significance. As the costs of feed. increase
relative to the revenues farmers receive for the sale of livestock
and their products, production is curtailed. Conversely, as the
profit margin increases, livestock production increases.

In recent years, cost increases have outpaced revenues received

for livestock, a situation which forces many livestock producers

to curtail or even halt their operations. If the profit squeeze

continues into the target period, the level of livestock production
and livestock water demands can be expected to fall below the

levels projected in this Appendix. Under these conditions trends

of increased per capita consumption of livestock products which

are implicit in the OBERS projections will be reversed.

On the other hand, improvements in the technology of livestock
sanitation and the movement toward raising livestock in larger lots
and enclosures would tend to increase livestock water use. Improve-
ments in sanitation machinery and practices entail a capital outlay
which gives the high volume livestock producer an advantage over
the low volume producer, insofar as he can spread his investment
costs over more animals. The result will tend to accelerate the
current movement toward concentration in livestock production. At
the same time, the water use rates of livestock raised in concen-
trated lots would increase with improvements in sanitation
technology, since, as with consumer applian¢es  improvements in
sanitation generally involve greater water use.

The interaction of cost-related curtailment of production, and
sanitation-related increases in livestock water use, will de-
termine the deviation of actual livestock water use from the
projections presented in this Appendix.

IRRIGATION

To remain consistent with published state level projections of
agricultural production and acreage, the demand projections in this
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Appendix were closely tied to the OBERS totals. In contrast to the
effects of a population reduction, however, the effects of a change
in the estimated number of irrigated acres can be easily quantified.

Alternative projections were made on the basis of opinions of
individuals in each of the subareas who were familiar with local
agricultural practices. According to some, the OBERS projections
overestimate the extent of agricultural activity and irrigated
acres in their subarea, while according to others, the OBERS
projections underestimate such activity. As seen in Figures 6-29
through 6-34 which chart such divergences, the latter is more
often the case.

A second source of variation in the irrigation projections is the
amount of assumed precipitation. Irrigation needs were projected
for extremely dry conditions: the assumed levels of precipitation
would be exceeded 8 years out of 10 for field crops and 9 years
out of 10 for vegetables and specialty crops. Under more normal
conditions of precipitation, the demand for water can be expected
to be considerably reduced. Table 6-32 shows, by subarea, the
effect of such reductions upon the projected irrigation water
demands, and Figure 6-35 shows their effect upon the aggregate
water demand projected for the study area during the target period.

A third assumption whose variation might sharply affect the levels
of projected irrigation water is the rate of irrigation efficiency.
In the projections in this Appendix, 65 percent of the gross water
application is assumed to be utilized by crops, with the rest lost
through evaporation or drainage. As the utilization percentage of
gross applications drops, more water is necessary to meet crop
needs, and, conversely, as it rises, less water is necessary. The
rate of irrigation efficiency depends upon a number of factors,
including topography, temperature, wind velocity, and soil types.
Since it is impossible to exactly predict the figure for large
aggregates of irrigated land, the effect of its variation on
thésfmounts of water projected for crop demands is shown in Table
6- o1,

Table 6-31 Effect of varying rate of irrigation efficiency
on projected irrigation water demand

Rate of Percent change in projected
Irrigation Efficiency irrigation water demand
.50 +30%
.55 +18%
.60 + 8%
.65 h 0
.70 - 7%
.75 -13%
.80 -19%
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Figure 6-29-Irrigation Water Demand in Maryland Suba¥ea ?:
Projections based upon OBERS Acreage Projections and

Individual Acreage Estimates.
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Figure 6-30-Irrigation Water Demand in Maryland Subayea ?:
Projections based upon OBERS Acreage Projections and

Individual Acreage Estimates.
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Figure 6-31-Irrigation Water Demand in Virginia Subarea 1:
Projections based upon OBERS Acreage Projections
and Individual Acreage Estimates.

KEY
----- Irrigation water demand based upon individual acreage
estimates.

Irrigation water demand based upon OBERS acreage
projections.

Appendix 6
126

-



300 T

Million
-y

225 Individual - =T
Gallons

150 4
Annual

75
Use

1
1980 2000 2020

Figure 6-32-Irrigation Water Demand in Virginia Subarea 3:
Projections based upon OBERS Acreage PrOJectlons
and Individual Acreage Estimates.
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Figure 6-33-Irrigation Water Demand in Virginia Subarea 4:
Projections based upon OBERS Acreage Projections
and Individual Acreage Estlmates
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Figure 6-34-Irrigation Water Demand in Virginia Subarea 8:
Projections based upon OBERS Acreage Projections
and Individual Acreage Estimates.
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If the rate of irrigation efficiency varies between 60 and 70
percent, the demand for irrigation water would stay within 8
percent of projected levels. An increase in the efficiency rate
to 80 percent, however, would result in a 20 percent reduction in
the level of demand, while a fall in the efficiency rate to 50
percent would result in a 30 percent increase in the gross water
demand.

Other factors which are less susceptible of quantification

are variations in the water holding capacity of soils, and in the
technology of irrigation. On sandy soils of low holding capa-
city, the irrigation water requirement would be slightly greater
than that projected assuming a loam soil, and it would be slightly
less on clay-loam soils. With respect to technological changes, _ e
as irrigation becomes more widespread and the demand for irrigation

systems increases, the cost of installing and operating such

systems can be expected to fall. The drop in price can be expected

to follow not only from economies of large scale manufacture, but

from advances in the technology of the systems themselves. Such

developments would tend to increase the use of irrigation over

levels expected using the current technology.

SUMMARY

Among the major factors which would tend to reduce the total
agricultural water demand in the study area are an increase in the
rate of irrigation efficiency, and the presence of more precipita-
tion than is assumed in the dry-year projections. Water demand
would be further reduced by a decline in the birth rate, affecting
both domestic demand and the demand for agricultural products, and
by a reduction in livestock production due to profit squeezes.

The agricultural water demand in the study area would tend to be
increased by a reduction in the rate of irrigation efficiency, by
the presence of irrigation conveyance losses,and in areas where
sandy soils prevail. The water demand would also be increased by
improvements in the technologies of livestock sanitation and of
irrigation by exports of agricultural products to foreign countries,
and by a redistribution of population to rural areas.
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CHAPTER IV

REQUIRED FUTURE STUDIES

In the projection of the residual population, the population

served by small central systems was estimated by relating its

rate of growth to the rate of growth of small towns. The population
served by large systems was projected individually for each

system, and the residual remained after these two components

were subtracted from estimates of total population. Since the

size of the residual is an important part of the projection of

rural domestic water use, the reliability of estimates of such

water use in this Appendix would be considerably improved if

more exact studies of this population were undertaken,

Also concerning population, it is important to know the distribution
of expected changes: whether birth rates are most reduced in

urban areas or in rural areas, where major movements to and from
rural areas will occur. In this regard, demographic data per-
taining to birth rates among different portions of the population,
and to migration within the Study Area, might be profitably
analyzed. A study of the age structures in different subareas

would also be useful,

There is a need for more accurate data concerning water use rates
of the residual population. Only crude data is currently avail-
able pertaining to per capita water use rates: despite the
increased use of water-using appliances from 1950-1970, one source
lists the rate as unchanged during that period. The accuracy of
domestic water use projections would be considerably improved

if data pertaining to use rates and factors affecting their

growth became available.

One of the major needs for agricultural water in the Study Area
is the elimination of spot shortages of water, a need especially
important to the efficient production of crops. As the solutions
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to this problem will most likely involve a pooling of resources,
feasibility and cost benefit studies might well be conducted to
bring such projects closer to existence. Such studies would

be especially pertinent to the Piedmont region, where availability
of ground water is erratic.

If central water supplies are to be used in agriculture, studies
will be needed as to:

a. the areas where agricultural activity is likely to
persist, considering both comparative advantage of the area's
agriculture and pressures for urbanization,

b. the potential sources of water supply in such areas --
water impoundment, ground water, or stream--which can supply the
needs of surrounding farms, and

c. the least cost location of the source of supply.

In addition, the costs of community supply from streams or from

a location where ground water can be obtained should be estimated,
as they affect the individual farmer who utilizes the service.
Such central services will be important if the value of fertile
farmland is not driven down--because of spot shortages of water——
to the point where it cannot compete with other land uses.

A program of studies is needed which directly correlates water
quality with agricultural practices in the Chesapeake Bay Study
Area. Such studies have been successfully undertaken in other -

areas of the country such as California, Texas, Missouri, and Alabama.

Many of the factors which affect the environmental impacts of agri-
culture, however--such as topography, soil types, and precipitation--
are location specific.

The results of studies which directly apply to conditions in the
Chesapeake Bay Study Area would thus be of greater reliability than
the results of studies conducted elsewhere in measuring the extent

of agricultural impacts on the environment. The accurate measure-
ment of the extent of agricultural impacts on the Chesapeake environ-
ment is a necessary step in seeking appropriate and reasonable levels
of control consistent with agricultural production goals.
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Finally, the hydraulic model constructed in connection with the
Chesapeake Bay Study may be of some use in tracing the flow of
materials associated with agricultural runoff - notably, sediment,
agricultural wastes and nutrients, and pesticides. Problems would
be posed in such an endeavor by the dispersion and locational
interminacy of agricultural activity. Unlike industrial waste
sources, the source of potential agricultural pollutants is diffi-
cult to pinpoint, since not only does the location of a type of
farming shift, but agricultural pollutant sources within a given
area shift as well.

Despite this drawback, the magnitude of agricultural impacts upon
the environment are such that such a study would be a useful effort.
The drawback may be overcome in several ways. Historical levels of
agricultural production at the subarea level may be varied and the
effects of the variation upon the impacts traced. Percentages of
pollutants which reach the waterways may be also varied, to explore
the effects of pollutant regulation. (Since programs which regulate
agricultural pollutants are in their incipient stages, a measure of
their effectiveness may be thus determined using the hydraulic
model). Subareas on the Delmarva peninsula are characterized by
high levels of agricultural activity and, in some places, poor
drainage: more exacting breakdowns of agricultural activity, and
the potential flow of its pollutants from various agricultural
activities might be justified for these subareas.

Alternatively, existing data could be used, in connection with the
hydraulic model, to identify the source of existing flows of agri-
cultural pollutants. Working backward from effect to cause, the
sources of current pollutants may therefore be more effectively
monitored. This would be useful not only from the point of view

of regulatory agencies, but, since the levels of livestock production
and nutrient and pesticide applications can be determined for the
source areas, a more exact relationship could be developed linking
agricultural activity with its impact upon the Bay. Such a relation
would be valuable too in projecting the impact of future agricultural
production more exactly than was possible for this Appendix. By
continually linking agriculture-related pollutants in the Bay system
with the known levels of agricultural activity, the actual effects

of regulation, of shifting agricultural activity, and of changing
technologies can be estimated as the changes occur. This information
would be valuable in assessing the economic and environmental
trade-offs associated with alternative water quality standards,
various regulations and control methods, and practices that could

be used.
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(11)

AGRICULTURAL WATER SUPPLY

FOOTNOTES

In 1950, for example, 40% of the total population in the
United States was rural, and 60% urban. By 1960 the rural
population was dropped to 37% and 63% was urban, and in
1970 the population distribution was 26% rural and 74%
urban. It should be noted that some of the change in
population in 1970 was due to a new urban place definition.

See Chesapeake Bay Study Existing Conditions Report for
definition of Chesapeake Bay Estuary Area.

On the national level, evidence of this movement is seen
in the decrease of the farm population from 23.0 million,
or 15.3 percent of the total population in 1950 to 9.7
million, or 4.8 percent of the total population in 1970.
The farm population in 1970.

The Land, Resources and Use. Chesapeake Bay Study

Existing Conditions Report, Appendix B, Volume I.

See Conservation Needs Inventory (1967) published by
Maryland and Delaware. Total potentially irrigable acres
do not include acres presently irrigated.

U. S. Water Resources Council: OBERS Projections, Vol. 1:
Concepts, Methodology, and Summary Data. Washington, U.S.

Water Resources Council, 1972.
Ibid.
Ibid.

There is cited in support of these assumptions 'the known
reserves of potential cropland." Since the date of the
OBERS projections, however, these reserves have been
released and there have been both shortages and increases
in the price of food relative to other consumer products.

The projections were accomplished using the Spillman func-
tion. The average per farm population was not expected to
fall below 2.5 persons.

Estimated Use of Water in the United States: 1960, 1970.

United States Geological Survey Circulars 456 and 676.
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(12)

(13)

(14)

(15)

(16)

(17)

(18)

In this function, when water use is 40 gpcd, the annual

rate of increase is 30 percent. When the use rate increases
to 80 gpcd, the rate of increase drops to 1.0 percent, and
it tapers off to 0.5 percent when the use rate is 150 gpcd
is reached. This relation, used by the Corps of Engineers
in the projection of use rates of the population served by
central systems, was first developed for the Ohio River Basin
Framework Study, U.S. Department of the Interior, Federal
Water Pollution Control Administration, 1963.

Assuming continuous compounding, use rates may be projected,
through an integration procedure, from the equation,

U, - [T(3.735966) ‘U 1.279948] .781282
where
UT = use rate at time T
U = base rate at time T
0 o
T = elapsed time, in years from base year To.

See Chesapeake Bay Study Future Conditions Report, Appendix 5;
Municipal and Industrial Water Supply for details of pro-
jection procedure for small systems served population.

To project water demand for small systems, an estimated 1970
use rate of 100 gallons per capita per day (gpcd) was judged
appropriate, roughly 85 percent of which would go to non-
industrial uses. See Chesapeake Bay Study Future Conditions
Report, Appendix 5: Municipal and Industrial Water Supply
for details of projection procedure for small systems water
use rate.

Geological Survey Circular No. 556. Estimated Use of Water
in the United States, 1965.

A notable exception is the case of broilers, whose assumed
ninety-day market cycle would not permit maturity. The
water use rate per bird, when averaged over the ninety days,
is significantly lower than the water use rate reported for
mature birds in the U.S. Geological Survey.

In the OBERS projections, 1964 was the most recent
historical date in the trend.

The procedure by which the limits are set is well documented
in the methodology statement of the OBERS report. OBERS
Projections, Vol. 1: Concepts, Methodology, and Summary Data.
Washington, U. S. Water Resources Council, 1972,
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(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

(31

The estimated irrigation water demand of nursery and
specialty crops is based upon individuals' estimates of
nursery and specialty acreage in their subareas. Included
in this category are nursery stock, golf courses, and other
miscellaneous crops not addressed in the OBERS projections.

See Sensitivity section for effects of varying this
assumption.

U. §. Census of Agriculture, 1969. Volume II: General
Report. Chapter 9: '"Irrigation and Drainage on Farms."

In the State of Virginia, where most farm ponds are in the
coastal plain and Piedmont Provinces, ponds were constructed
at a rate of 1200 per year in the decade from 1960 to 1970.
See Water Resources Report: Opportunities for Virginia
Agriculture (1969).

Table 6-21 shows the importance of soil texture in drought,
since the effect of a sandy soil with poor holding capacity
is much the same as the effect of reduced root length.

J. S. Robins and C.E. Domingo, '"Potato Yield and Tuber
Shape as Affected by Severe Sub-Moisture Activity and
Plant Spacing." Agronomy Journal, 48 (1956).

See Appendix 5 of the Future Conditions Report, Municipal
and Industrial Water Supply for detail.

In ground water supplies the rate of intrusion is quite
slow. It has been estimated that if withdrawals totaled
1’5 mgd at Dover, where the aquifer, thickness, at 30
percent porosity, is 200 feet, it would take 7000 years
for the nearest saline water to move 12 miles to the
pumping center. (See Water Resources of the Delmarva
Peninsula, U. S. Geological Survey Professional Paper
822, (1973).

J. R. Miner, "Agricultural Waste Management,'" (1974).

See Amendments to the Federal Water Quality Act. Public
Law 92-500, 92nd Congress S$.2770 (1972).

.B. A. Stewart, "A Look at Agricultural Practices in

Relation to Nitrate Accumulation, (1970).

See Amendments to the Federal Water Quality Act. Public
Law 92-500, 92nd Congress S$.2770 (1972).

George E. Smith, "Land Spreading as a Disposal Process,"
(1968).
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(32) B. A. Stewart and A.C. Mathers, "Soil Conditions Under
Feedlots and on lLand Treated with Large Amounts of
Animal Wastes," (1971).
(33) George E. Smith, '"Nitrate Pollution of Water Supplies,"
(1969).
(34) 1Ibid.
(35) North Atlantic Regional Water Resources Study Coordinating -
Committee. North Atlantic Regional Water Resources Study.
Appendix Q: Erosion and Sedimentation, (1972).
5
:"(
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GLOSSARY

agricultural production production of 1) assorted crops and
vegetables and 2} livestock including
poultry and milk cows.

aquifer: a water-bearing stratum of permeable rock, sand, or
gravel.

breeder numbers: the stock of animals needed to re-establish
the marketed population after sale.

ceiling/base values: 1limits within which a projected value is
expected to fall. For use in a Spillman
extrapolation.

control totals: A future estimate for an area which is to be
allocated among subareas using the shares
technique.

demand derived numbers: livestock numbers projected by dividing
estimated livestock weight demands by
average weights of livestock.

distributional effect: the shift in regional or subarea pro- .
duction which is due to a shift in distri-
bution relative to others’' production.

farm ponds:

a. Impoundment: A natural depression backed by an earth filled
dam, designed to capture surface runoff and to
store it for times of shortage.

b. Dug: A large shallow pit, usually ten to fifteen feet in
depth, which taps the ground water reservoir.

kg/ha.: killograms per hectare, equal to approximately 1.21 pounds
per acre.
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land-capability classifications: An interpretation of soil informa-

— tion made primarily for agricultural
purposes. The first four classes are
capable under good management of
producing adapted plants, such as
forest trees, and the common culti-
vated field crops and pasture plants.

Class I. Few limitations that restrict their use. s

Class II. Some limitations that restrict the choice of plants
or require moderate conservation practices.

Class III. Severe limitations that reduce the choice of plants or -
require special conservation practices, or both.

Class IV. Very severe limitations that restrict the choice of
plants, require very careful management, or both.

large water supply system: central water supply systems serving
more than 2500 people.

mgd: million gallon per day

mg/l.: milligrams per liter

mho; the meter-kilogram-second unit of electric conductance, equal
to the conductance of a conductor in which a potential
difference of one volt maintains a current of one ampere.

micromho (umho): one millionth of a mho.

millimho (mmho): one thousandth of a mho.

mortality numbers: 1livestock which are not expected to reach
marketable age.

state effect: the effect upon subarea production of increases
in production at the state level.

OBERS projections: projection of economic activity accomplished
by the Bureau of Economic Analysis, the U.S,
Department of Commerce, and Economic Research .
Service, U. S. Department of Agriculture.

~
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residual population: population not served by central water supply
and sewage systems.

rural population: "Rural" population is defined by the 1970 Census

of Population as '"'that portion of the population
not classified as urban." Urban population is
defined as "all persons living in - a) places of
2500 inhabitants or more incorporated as cities,

& villages, borougns (except Alaska), and towns
(except in the New England States, New York, and
Wisconsin), but excluding those persons living in
the rural portions of extended cities; b) unincor-
porated places of 2500 inhabitants or more; and

~ ¢) other territory, incorporated or unincorporated
included in urbanized areas.

shares analysis: technique for estimating futute subarea pro-
duction whereby a control estimate of an area's
production is disaggregated among subarea in
accordance with the trends exhibited by the
subarea shares in the past.

small water supply system: central water supply systems serving
fewer than 2500 people.

Spillman projection function: function used in the projection of
economic activity, which permits pro-
jected value to vary, within limits,
along a curvilinear trend.

subarea: a grouping of counties for projection purposes. Com-
position of Chesapeake Study subareas is listed in Table
6-1, and illustrated in Figure 6-1.
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Attachment A:

Projection By Shares Analysis--
Graphical Illustration.
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Attachment A,

This Attachment gives a graphical illustration of the share project-

ions used in this Appendix.

First a situation is examined in which only the change in pro-
duction at the state level bears upon the subarea's production.
Where Ry, RP’ Sts and S; represent production in the subarea and
state, respectively, at times T (present) and F (future),

S
Rp = §£ - Rp
T
S . .
<EE>, the state's rate of production growth, is applied to

ST

production in a subarca at the base time T. This implies that

_fR
RF = §I . SF
T

or that the subarea's share of state production remains constant
from time T to time F, as seen in Figure 6-4-]

~

Figure 6-A-1
- Rr
Subarea share S
of state T
production
T F Time

Now a distributional effect--the shift in production toward one
subarea over others--is introduced. Let R, represemnt the quantity
a subarea produces over or under the production attributed to

the national effect.
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which may be put in terms of state production in the future at F as

R R
RF= §_T_ + '_S_é_ . SF
T F
This equation, which expresses regional production as a share of

the projected state production, is fundamental to the method of
projection employed in this Appendix.

All subarea production estimates for the target period were
derived by projecting the subarea's share--the term in brackets--
and applying it to the published OBERS state totals. Its share
at time T,

R
_T1, when multiplied by SF, yields the regional production at F
ST,

accounted for by the state effect. The change in the region's share

R
(_A), when similarly multiplied, indicates the distributional effect.

S
F

(See Figure 6-A-2)

Figure 6-A-2

Subarea share
of state
production

Time
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Attachment B:

Rural Population Dwelling
Unit Analysis--Tables,
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Attachment C:

Water Demands Projected to 1980,
2000, and 2020--Maps and Tables.
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Y Attachment C.
Figure 6-C-1
Total Agricultural
Yater Use; Projections
to 1980:  Chesapeake
Bay Study.
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Figure 6-C-2
Total Agricultural
Water Use; Projections
to 2000: Chesapeake
Bay Study.
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¢ Attachment C.
Figure 6-C-3
Total Agricultural
Water Use; Projections
to 2020: Chesapeake
Bay Study.
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Attachment C.

Figure 6-C-4
Annual Domestic Water,
Farm Population, Projections
to 1980, 2000, and 2020:
Chesapeake Bay Study.
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Figure 6-C-5

Annual Domestic Water Use,
Non-Farm Residual Population.
Projections to 1980, 2000,
and 2020: Chesapeake Bay
Study.

0-999

1000-2499

2500-3999

4000+



Attachment C.

Figure 6-C-6
Annual Domestic Water Use,
Residual Population. "Pro-
jections to 1980, 2000, and
2020: Chesapeake Bay Study.
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Attachment C.
1980 Figure 6-C-7 /
Livestock Numbers— , Pro-
jections to 1980, 2000, and
2020: Chesapeake Bay Study.
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Attachment C.

Figure 6-C-8 \
Milk Cow Numbers—~ ,
Projections to 1980,
2000, and 2020:
Chesapeake Bay Study.
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Attachment C.

Figure 6-C-9
Poultry Numbers. Pro-
Jections to 1980, 2000,
and 2020: Chesapeake
Bay Study.
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Figure 6-C-10
Total Irrigated Acreage;
Projections to 1980, 2000,
and 2020: Chesapeake Bay
Study,
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Figure 6-C-11
Irrigated Acreage, Food
Grains. Projections to
1980, 2000, and 2020:
Chesapeake Bay Study.
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Attachment C.
Figure 6-C-12
1980 Irrigated Acreage, Feed
Grains. Projections to
1980, 2000, and 2020:
Chesapeake Bay Study.
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Figure 6-C-13 :
Irrigated Acreage, Roughage,
Projections to 1980, 2000,
and 2020: Chesapeake Bay Study
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Attachment D.

Table 6-D-i--Recommended per acre application rates, fertilizer, herbicide and insecticide
by crop and yield, Chesapeake Bay Study

. - . . . .
. . . . . .

Crop P Yield @ N : P05 K0 : Lime : Herbicidel! : Insecticidel/
: Poundsg
Wheat——=r—m—wo—eemee : 35 bu. 50 60 60 667 0 0
: 50-60 bu, 100 70 70 667 0 0
Rye. : 30 bu. 50 60 70 667 0 0
CoTnmmmmmmmmmmmmmmmm? 75 bu. 85 60 60 667 2 0
: 100 bu, 110 80 80 667 2% 0
: 125 bu. 135 100 100 1,000 2 0
: 150 bu. 160 120 120 1,000 2% 0
Silage~—==-seemwemex: 12 tons 90 60 90 667 2 0
: 15 tons 112 75 112 1,000 2% 0
: 20 tons 150 150 150 1,000 2% ]
Sorghup——=——-——~—u—n * 90 60 60 667 0 0
Oats : 50 bu, 40 50 50 500 0 0
: 55 bu, 50 60 60 500 0 0
Barley----—--—-——: 50 bu, 50 60 60 667 0 0
Fruits and nutg2/-—-:
Del, www==: 40 41 40 0 24 9
Md.,————: 78 94 25 0 24 9
Va,~——-: 244 58 53 0 24 9
Vegetable v/
Del,ewemwna: 35 71 70 0 8 5
Md, - 86 101 100 Q0 -8 5
va,————: 30 51 70 0 8 5
Hay t 1~1.5 tons 20 40 40 0 0 0
Soybeaus-—--—-—-—~——-; 25-30 bu, 10 50 50 1,000 1 V]
Peanut g=———=——me———a: * 0 0 31 0 7 3
Tobacco————eew=wemesz 1100 1ba. 40 80 160 500 0 0
: 1300-1400 1bs, 60 120 240 500 0 0
:
Irish potatoes————-: 175 cwt. 150 200 200 0 16 6
Sweet potatoes=-—-=: 350 bu. 75 150 300 250 1 4

e s as ss

#Yield unspecified.

1/ Pounds of active ingredients. '

2/ For fruits and nuts and vegetables, aggregate application rates were determined from
historical use by sppropriate state subregion, as listed in Fertilizer Use in the United States,
By Crops and Areas, 1964 Estimates, Statistical Bulletin No. 408, USDA. 1967.

Source: Farm Data Manual, Planning Data for Farming in Maryland, Information Series Number 6,
Cooperative Extensicn Service, University of Maryland, 1970. '
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Attachment D.

Table 6-D-2 -annual Fertilizer Requirements, Chesapeake Bay Study: 1970,
1980, 2000, and 2020.

T 1970 : 1980 : 2000 : 2020
* Require- : Require- : Percent : Require-: Percent : Require-: Percent
State and Subarea ' ment : ment : Change )/: wment :Change _1‘/ H ment :Change v
' Tons : Tons : : Toms i ; Tons
CHESAPEAKE BAY :
I ! $3,750.9 72,569.8  13.8 76,383.4 16,7 77,582.4 21,7
P205 = ~ = - «: 68,716.5 78,307.3 14,0 76,906.1 11.9 78,758.1 14.6
K20- -~ -~ - T 73,223.7 83,487.0 14,0 B6,279.6  17.8 82,485.1 12,6
Lime - - - - - 1 711,012.3 763,947.9 7.4  765,825.6 7.7 736,763.5 3.6
Herbicide 2/ -: 3 514,5 2,494,9  -0.8 2,067.1 -17.8 1,898,8 ~24.5
Insecticide 2./ 589.7 573.6  -2,7 434,9  -26.3 366.0 -37.9
IELAWA FE :
| S : 10,971.0 9,375.1 -14.5 10,189.8  ~7.1 10,399.0  <5.2
P205 - = = - - T 12,824.8 12,824.1 0.0 13,163.2 2.6 13,351.8 4,1
Ky0- =~ = = = - v 12,954.9 13,059.0 0.8 13,415.4 3.6 13,329.9 2.9
Lime - - - - ~ : 146,309.2 143,266.7  -2,1  150,366.7 2.8  140,900.0  -3,7
Herbicide 2/ - 523,8 462,3  ~11,7 469.6 -10.3 477.2 <B.9
Insecticide 2/ 133.5 152.4 4.2 159.1  19.2 168.3  26.1
MARYLAND
Study Area :

------ : 31,252.1 42,268.8 35,3 47,713.9 52,7 53,436.7  71.0
1=205 ----- : 31,067.4 39,288,0 26,5 42,295,7 36,1 46,5747  49.9
K20 - - - - -% 32,836.9 41,526.5  26.5 46,087.3  40.4 48,770.3  48.5
Lime - - = - =:309,892.1 344,821.9 11,3 388,127.2 25,2  397,790.6 28,4
Herbicide 2/ -: 984,7 1,068.0 8.5 944.1 4,1 923.0 6.3
Insecticide 2 ft 190.8 165.2  -13.4 106.9  -44.0 74.0  -g1.2

Subarea 1 t
N- - - -=--=t 7,036.8 8,318.4  18.2 6,630.9  ~5.8 5,947.2  -15.5
Py0g = = = = =i 6,768.0 7,666.9 13.3 6,162.4  ~8,9 5,516.4 -18,5
K30 ~ ~ - - - P 07,2709 8,271.3 13,8 6,958.3  =4.3 6,323.1 -13.0
‘Lime - = = =~ ~: 51,250.4 T 49,061.5  -4,3 41,603.1 -18.8 41,253.1 -19.5
Herbicide 2 /- 211.1 199,46  ~5,5 149,7  -29,1 119.8  -43.2
Insecticidé 2 r 51,4 444 =13.6 29,7 =42,2 20.4 -60.3
Subarea 2
N - =- -~ -1 13,2068 19,578.4 48,2 22,977.5  74.0 28,917.1  119:0
P205 - = = = =1 12,206.6 17,115.3  40.2 19,400.4  58.9 24,461.7  100.4
K20~ - - - - - 12,4350 17,524,7 40,9 19,886.1 59,9 24,492,3 97,0
Lime - - - - -3 126,873.7 155,137.5  22.3  198,770.8  S56.7  '11,625.0  66.8
Berbicide 2 /-: 395.9 480,2 21,3 469.4 18,6 489.6 23,7
Insecticide 2 ,4 76.8 - 70.6  =5.6 50,8 ~32,1 36.7 ~50.9
Subarea 3 N ' .
N - == ==t 7,561,7 11,026,4 45,8 15,153,2  100.4 16,266.7  115,1
P05 - - - - - 1 8,270.9 10,556,2  27.6 13,086.2  58.2 13,515.8 63,4
K90 - = = = =3 §,441.2 10,765.9  21.5 13,688.5  62.2 13,715.3  62.5
Lime - ~ - - - 98,700,8 106,541,7 7.9 122,078.3 23,7 122,864.6 24,5
Herbicide 2 /-: 296.2 316.1 6.7 279.4 =5,7 279.6  <5.6
Insecticide 2/ 57.0 44,6 -21.8 23.4  -58,9 Wb =74,7
Subarea 4 :
N=-=~ == - 1,707.4 1,511.4  -11.5 1,096.9 -35.8 718.2 -57.9
P05 - - - — - T 1,78L.9 1,653.8 7.2 1,160.6  -34.9 810.0  -54,5
K20~ - - - =% 2,048.8 1,911.1  -6.7 1,336.4  -34,8 955.8  =53.3
Lime = = = = =% 14,175,0 12,819.8  -9,6 8,861,5 37,5 6,228.1 56,1
Herbicide 2 /- 43,2 6.1 -16.4 20,9 -51.6 132 J69.4
Insecticidd 2f 6.1 45 =26.2 2,2 =$3.9 1.3  -78.7
Subarea 5 :
Ne === = = P1,739.3 1,834:2 5.5 1,855.5 6.7 1,587.4  «8,7
Pg05 -~ ~ ~ - =t 2,039.9 2,297.9 12,6 2,486.1 21,9 2,270.8  11.3
Kz0- - - - =t 2,641,1 3,053.6 15,6 4,218.0  59.7 3,283.7 24,3
Lime - - - - -t 18,892,1 21,261.5 12,5 16,813,5 -11,0 15,819.8  -16.3
Herbicide 2 /-t 37.6 36.1  «4,0 24,7  =34.3 20.7  -44.9
Insecticidé 2 2 1.5 L1 . -26.7 0.8 -46,7 1.3 -13.3



Attachment D.

6-D-2 - Annual Fertilizer Requirements, Chesapeake Bay Study: 1970,
Table 1980, 2000, and 2020,
{Cont.)
1970 1980 : 2000 : 2020

State and Subarea . Require-

Require- ; Percent ; Require-; Percent ;

Require~: Percent

*  ment : ment ; Change 1k ment ;Change 1/: ment  :Change 1/
v Tone H Tons ¢ ! Tons ¢ H Tons
VIRGINIA :
Ne - m o 21,527.8 20,925,9  -2.8 16,479.6  -23.4 13,746.7  -36.1
P05 ~ - - - T 24,824,3 26,195.2 5.5  21,447.2  -13.6  18,831.6 -24.1
K20™- = - - - 27,431,9 28,901.5 5.4 26,776.8  -2.4 20,384.9  -25.7
Lime- - - - =% 254,811,0 275,859,4 8.3  227,33L,7 -10.8  198,072.9 -22.3
Herbfeide 2/-° 1,006,0 964.5 -4.1 653.5 -35.0 49B.6  =50.4
Insecticide 2/ 265.4 256.1 =3.5 168.9 -36.4 123.7  -53.4
Study Area I
Ne - - - - - 3,515.8 3,090.6 -12.1 2,548.46  -27,5 2,218.7  -36.9
Py0s- = = ~ -1 5,396,8 5,331.1  -1,2 4,659.3  -13.7 4,350.4  -19.4
K20- ~ - - =t §,371.4 6,214,7 2.5 5,666.7 ~11.1 5,142,7  -19,3
Lime- - - ~ =} 25,265.4 38,175.0  51.1 39,323.7 55,6 41,743.7 65,2
Herbicide 2/-: 378.8 323.8  -14.5 251.2 33,7 212,64 -43.9
Insecticide 2/ 160.2 133.4 -16.7 97.8 <39.0 77.5  =51.6
Study Area 2
Ne - = - - = 2,159.0 1,889,4  -12.5 1,190,464  -44.9 898.4  -58.4
Py05 = = ~ =i 2,112.3 2,072.4  -1,9 ,428,2  -32.4 1,136.6  -46.2
K0= - - = -1 2.324,1 2,216.0  -4.7 »310.7 35,0 1,176.7  -49.4
Lime- - - - =% 14,568.7 10,074.0  -30.9 5,929.2  -59.3 4,158.3  -71.5
Herbicide 2/-! 54.6 37.8  -~30.8 21,2 -61.2 13.6 -75.1
Insecticide 2/ 7.9 6.2 =21.5 4,8 239,2 3.8 -51.9
Study Area 3
N- = -~ = -2 916.,0 953.4 4.1 932.4 1.8 1,110,7  21.3
Py0s - - - - 1,003,.2 1,094,7 9.1 1,052,0 4.9 1,360.5  35.6
K20= = = - -: 1,062.0 1,187.8  11.8 1,167.8  10.0 1,361.6  28.2
‘Lime - ~ - -t 9 099,4 9,194,8 1.0 7,975.0  ~12,4 8,108,3 -10.9
Herbicide 2/-: " 18.9 16,9 -10.6 13.5 -28.6 13.2  -30.2
Insecticide 2/ 0.7 0.8 14.3 0.4 =429 0.4 =42.9
Study Area 4 ’
Ne = == o 2,615.2 2,457.2 -6.0 2,329.1  -10.9 2,018,7 -32.8
PyOs - - - - 2,919.5 3,127.0 7.1 2,859.0  -2,1 2,489.7  -14,7
K0- - - - —: 3,369.6 3,568.5 5.9 »306.3 1,9 2,924,4  -13.2
Lime - ~ - -t 31,608.7 35,969.8  13.8. 32,936.5 4,2 28,883.3 8.6
Herbicide 2/: 84.4 93.0 10,2 72,9 -13.6 63.6 -24.6
Insecticide 2/ 14,2 17.8 25,4 14,2 0.0 12,5  «12.0
Study Area 5
I T 5,961.3 6,057.6 1.6 4,933,2  -17.2 4,080,3 -31.6
P05 - -~ - -3 6,632.6 7,292,8 10,0 6,069.5  -8.5 5,079.4 -23.4
K20- - - ~ - : 6,752.1 7,449.2  10.3 8,779.7  30.0 5,098.3 24,5
Lime - - - -: 89,4196 94,711.5 5.9 75,652.7 -15.4 63,264.6 -29.2
Herbicide 2/: 157.3 46,1 -7.1 97.8 -37.8 69.5 -55.8
Insecticide 2/ 8.6 6.2 -27.9 3.1 -64.0 1.5 82,6
Study Area 6 )
L 69,6 95.6  37.4 112.¢ 61,5 110.1 58,2
P05 - - - - 73.7 94.1 27,7 126.5  71.6 134,6  82.6
Kp0- - - - - 87.1 108.9  25.0 427.7  391.0 135.4 55,5
Line - - - -: 695.0 692,7  -0.3 210.2  -69.8 443,7  =36,2
Herbicide 2/: 3.0 3.5 16.7 3.3 10.0 2.6 ~13,3
Insecticide 2/ 1.0 1.0 0.0 1.0 0.0 0.7 =300
Study Area 7
N - --- 2,297.3 2,090.2  -9.0 1,368.4 =~40.4 900.7 ~60.8
Py0g - = - - 2,563 2,229,1 -13.0 1,327.9 -48.2 836.9 -67.3
K’io_ ---- 2,638.4 2,257.1 -14.5 1,465,6  -44.5 841.7 -68.1
Lime - - - ~ 31,449.,2 26,787,5 -14,8 13,320.2 -57.6 7,594.8 <75.9
Herbicide 2/: 64.2 48,2 -24.9 24.0 -62.6 15.9 -75.2
Insecticide 2/ 10.6 6.8 =35.8 3.4 -67.9 3.0 -71,7
Study Area 8
N = == - =t 3,993,6 4,292.1 7.5 3,065.3  -23.2 2,409.1  -39.7
PO - -~ - 4,123.1 4,954.0  20.2 3,924.6  -4.8 3,443.4  -16.5
K07 - - - - 4,827.2 5,899.3  22.2 4,452.5  -7,8 3,704,2  -23.3
Lime - - - - 52,705.0 60,254.2 14,3 51,984.4 ~-1.4 43,876.0 -~16.8
Herbicide 2/: 244,8 295,3 20.6 169.7 -30,7 107.8 -56.0
Insecticide 2/ 62.2 84.0  35.0 44,2 -28.9 26,3 -60.9
1/ Percent changes from 1970 requirement.
2/ Herbicide and Insecticide measured in pounds of effective ingredients.

.



*€L-%T-9 POSTAdY ‘I-Q-MV 3i0daa Ty
9977TUIO) JUSWUOITAUY Pue §910300a3§ woaj poidepe eiep ‘Sa92UTsug TeaininoTa8y jo A19TD0§ UBDTIWY :9DIROG

sutan snyd s8931 /7

*sooprioead juoweSeuewm pue ‘98¢ ‘UOTIIEI UT SOOUaISJITP O3 oNp SonTea 9s9yl woij Liea Lew s3InTea [enidy /I

1°C £°2 '€ 6°% 9°¢ 9°Z S1 3o ¥
9¢* 1€ ze” og* €z® [z* Lep/qr A
S T I°2 99° ST 9°T 6°€ L SL 30 g%
9T"* 8Z" 990"* eT"* Iit° 9€0" €L0° Lep/qT d
8°9 VAR Sy ] 6% S'¢ v°g 6°€ SL 30 %
9T°T rda Gy* TN vE® oy® 1€ %° Lep/qT N
- 06 ‘8TT 06 *G6 ‘G6 0°88 SI 3° ¥
- 0°¢t 8 1T z°S L°q 9°9 T°6 Kep/qT . aoo
- 042 0'6 *0€ s €2 G'9T SI1 30 %
- '€ 6°0 €T T'C g°'T 9°T Lep/qr : Saog
‘oL ‘0L "Gg Y4 ‘08 *qs G'Z8 SL 30 %
0°7T 76 <°g 2°¢ 8y 6°S . 9°'8 Aep/q1 SPFIOS STI3IBTOA
7°6Z Z2°62 *ge 9°8 2°6 9°TT 8°ZT 80T L°TT MY 3O %
T°IT ¥ €T ‘0T €9 09 6°9 S 1T 7°6 7°0T Lep/qt (S1)sPTIOS T®BIOL
0T 1 VAR 8T °1 Tk of3ex
SuTif}/sao03yg
‘Tt ‘€9 oY ‘oS ‘g9 ‘09 06 *GR *Z8 Lep/qt  7(M¥) IsEN MEY
: : : : QT Q0L 940 @  Q0L-00%: : : :
IDTTOAg 19487 . 19poog .I1opdolg ;Is9poej .___isp@s4d 90038 . IDJTIDH +  MOD s3T U : ma3ll
dazynod : da9ys . aUTNg : 3o9g : Li1ed : :

\Muswﬂws 8ATT spunod Q0T Xad SOT31STI230vILRYD puk UOI3onpolad BINUEH -¢-(-9 9[qeRL
‘@ juswWyde1Iy



Attachment D.
Table 6-D-4- Annual Livestock & Poultry, Wastes and Pollutants,
Chesapeake Bay Study; 1970, 1980, 2000, and 2020. 1/

T 1970 : 1980 ' 2000 : 2020
: 'R . ; Percent s Pereent :p,j1yrant ¢ Percent
State and Subarea ; pollutant , Pollutant g, o0 uﬁPollutant :Change 1/: :Change 1/
* Thousand : Thousand § ¢ Thousand? 1  Thousand:
+ Tons $ Tons ¢ t Tons ¢ H Tons 3
¢
CHESAPEAKE BAY H
Rav Waste- - = 37,288,8 20,313.4  ~45.5 18,854,0  =49.4 18,885.0 -49.4
Total Solids =  4,478,6 2,468.2 44,9 2,292,5 -48.8 2,304.0 -48.6
Volatile Salids 2,429.9 1,189.6 -51.0 1,073.0 -55.8 1,059.2  -56.4
BOD5 - - - - - ; 635.1 302.1 ~52.4 270.5 =57.4 261.7 ~58,8
COD- - = - = = ©2,710.5 1,321,9 -51.2 1,189.7 -56.1 1,169.7 -56.8
TRN- - - = - - : 193.8 103.3  -46.7 95.3 =50.8 94,8 -51,1
P- - - - - - - 41,2 18.3 -55.6 16.3  -60.4 15.7 -~61.9
K- - = - - - = : 96.7 45.0  ~53.5 40,4 -58.2 39.4  -59.3
DELAWARE : '
Raw Waste- - -* 9 gu6 2 1,555.2  -45.4 1,159.8 -59.3 870.0 =69.4
Total Solids -f 348.9 U 193.9 4404 143,1  -59.0 106,7 -69.4
Volatile Solids 202.8 118.5 =41.6 95.4 -53.0 72,2 -bb.4
BOD; - ~ = - - : 54,1 0.7  -43.3 25,0 ~53.8 20.0 -63.0
oD - - - - ~ 227.5 132,3  -41.8 106.4 -53.2 81.2 -64.3
TEN= = - = = = 15,4 8.6 —44,2 6.5 -57.8 5.0 =67.5
Prmm e = : 3.5 1.9 -45.7 1.5 =57.1 1.3 -62.9
K- - - = - - - 7.9 4.6 -64.3 3.5 =55.7 2.8  -64.6
MARYLAND : :
Raw Waste- - -* 20 585,8 11,071.3  -46,2 10,584,5 -48.6 10,805.0 -47.5
Total Solids - 2 486.0 1,350.7  -45.7 1,289.0 -48.1 1,315.7 -47.1
Volatile Solids  3,321.8 672.6 =49.1 642.4 -51.4 - 675.4 ~48.9
BODg. = - - - - : 331.9 153.6  =53.7 142.3  -57.1 144.5  =56.5
COD- - - - - = 1,464,6 733.5  ~49.9 696.4 =52.5 727.9  =50.3
R - - - - - : 105,3 54,5 -48.2 51,5 -5l.1 52,0 -50.6
- - 21,3 8.9 =58.2 8.0 -62.4 8.0 -62.4
Ko = o mm e 51.3 23.9  -53.4 22.5 =561 23,2 =54.8
Study Area 1
Raw Waste- - -f 10,745.8 5,788.3  -46,.1 6,060.9 -43.6 6,703.1 =37.6
Total Solids -*  § 307,3 714.8  -45.3 747.8 ~42.8 825.,9 -36.8
¥latile 501148_ 671.7 337.5 =49.8 353.7 =47.3 407.9  -39.3
BODg - - ~ - : 162,3 72,0 -55.6 72,0 -55.6 80.6 -50.3
COD- - - - - - . 739.2 364.8  =50.6 379.2  -48.7 435.3  =4l.1
TR - - - - 54.1 27.9  -48.4 8.7 =47.0 31.5 -41.8
§: ------ : 10,3 4.0 61,2 3.9 -62.1 4,3 -58.3
Study Avea 3 ¢ 25.5 11,5 -54.9 11,8  =53.7 13.3  -47.8
Raw Waste- - -
. 5,564.5 3,167.2  =43.1 2,800.2 ~49.7 2,618.2  -52.9
VT°1=81HS°11“ - 664.7 381.7 -42.6 336,3  -49.4 31,1 =52.7
atle Solidd 374.3 212,0 -43.4 1923 -48.6 186.5 =50,2
COD%_ ----- ; 92,7 47,4 -48,9 82,4 =54.3 40.3  ~56.5
Mol : 413,5 230.6 -44.2 208.5 -49.6 201,5 -51.3
oI : 28.3 15.5 =45.2 13.7 =51.6 12,7 =535.1
e oCoooo : 5.8 2.7 =53.4 2.3 -60.3 2,2 -62,1
Study Aren 3 ¢ 14,4 7.5 -41.9 6.7 =53.5 6.4 -55.6
Raw Waste- - -} 21,8 726,2  -40.1 690.7 -43.0 649.6 -46.4
Total Soldds -* 146.7 85.4  -41.8 79.9  ~45.5 76,7 -49.1
Wlatile Solids 89.4 46.2 . 48,3 41,1 =540 36.3  -59.4
BODg -~ ~ - - : 28.3 15.1  =46.6 4.1 =50.2 12.6 =55.5
CO- - = - = - : 104,1 53.3 -48,8 47.5 =54.4 41,8 ~59.8
bl i : 7.2 42 =417 4.0 =444 3,7 -48.6
Po e m - - : 1.9 1.0 =47.4 0.9 =52.6 0.9 -52.6
koo 3.8 2.0 -47.4 L9 -50.0 1.7 =55.3
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Attachment D.

Table 6-D-4. Annual Livestock & Poultry, Wastes and Pollutonts,
Chesapeake Bay Study; 1970, 1980, 2900, and 2020, 1/
(cont. -

i 1970 A 1980 . s 2000 % 20120
3 .
Subarea H t Percent 1utant? Fereent 3pai1iurane ! Percent
State and : Pollutent P“ﬂ““ 1 Change Fot *sChange 1/ iChange 1/
* Thousand 3 Thousand ¢ 3 Thousand! ¢ Thounand!
s Tous ] Tons $8 Tons ' Tona
Study Area 4 .
Raw Waste - ~ ~ -, 2,198,1 966.5 -56.0 616.1 -72.0 413,7 -81.2
Total Solids~ - - 265.1 118,2  ~55.4 75.5  -7L.5 50.8 ~80.8
Volatile Solids -, 135.3 55.6 -58.9 34,8 =74.3 23,5 -82,6
BODs- - - - ~ - - . 33.5 12,3 -63.3 7.5 -77.6 4,9 ~-85.4
COD - = == ~ = = . 149.4 60.3 -59.6 37.7  -74.8 25.4 =83,0
TKN - ~ = = ~ - = X 1.1 4,7  =51.7 3.0 -73.0 2.0 -82.0
Peww-mmm oo - . 2.2 0.7 -68.2 0.4 -81.8 0.3 ~-86.4
K~o=mmaa o ) 5.3 2,0 -62.3 L2 -77.4 0.8 -84.9
Study Area S . ’
Raw Waste - - - - 864.5 423.1  -51.1 416.6 -51.8 420,3  ~51,4
Total Solids- - - 102.1 50,6 -50.4 49.6 =5l.4 50.1 -50.9
Volatile Solids - 51.2 21,2 -58.6 20.5 ~60.0 21,1 =-58.8
BOD§- - - - - - - : 15.1 6.7 -55.6 6.3 ~58.3 6.1 -59.6
€D - - -~ - — - - . 58.3 24,5 =58.0 23.6  -59.5 23.9  -59.0
TEN -~ = = = = - = : 4.6 2,2 -52.2 2.2 -52,2 2,2 =52,2
. s 1.0 0.4 -60.0 0.4 =60.0 0,4 =60.0
Ko = oo o ) 2.2 0.9 -59.1 0.9 -59.1 0.9 -59.1
VIRGINIA .
Raw Waste - - - -, 13,856,8 7,686.9 -44.5 7,109.7 ~-48.7 7,209.9 -48,0
Total Solids~ - ~  1,643,7 923.6 - ~43.8 860.4 =47.7 881.7 =46.4
Volatile Solids = 905,3 398,7 -56.0 335.3  -63.,0 11,7 -65,6
BODg- - ~ - - - - . 249.1 117,9  -52.7 103.2  -58.6 97,2 -61,0
I . 1,018.4 456,1 =55,2 386.8 -62,0 360,6  ~64,6
TKN - - - = = = " 73.1 40,2 -45.0 37,3 ~49.0 37,7 -48.4
Poee e o . 16.4 7.6 -53.7 6.7 =59.1 6.4 ~61.0
Ko ww oo oo : 37.6 16,7  -55.6 4.4 -61.7 13,4 -64.4
Study Area 1 :
Raw Waste - - - - 264,3 156.2  -40.9 173.2 =34.5 195,3 -26.1
Total Solids~ - - 31.9 19.1 <=40.1 21,4 =32.9 24,5 =23.2
Volatile Solids - 18.0 8.0 -55.6 8.0 -55,6 8.1 -55.0
BODS ------ H 5.5 3.0 "45.5 3.1 “,‘3|6 3'2 -41'8
COD = = ~ = = = o X 20.8 9.7 -53.4 9.8 -52.9 9.9 -52,4
L R . 1.5 0.9 -40.0 1.0 -33.3 1.1 -26,7
G X 0.4 0.2 ~50.0 0.2 =50.0 0.2 =~50.0
Keooomen 0.8 0.4 -50.0 0.4 =50.0 0.4 =~50,0
Study Area 2 .
Raw Waste - - -~ —' 4 1369,0 2,011.9  -54.0 1,530.9 -65.0 1,263,1 -71.1
‘Total Solidse- - -, 526.3 247,9  -52,9 189.9 -63.9 157.3  -70.1
Volatile Solids - 272.1 8.8 -68.8 51.2 =81.2 35.8 =-86.8
BODg~ - = - - . 69.1 19.8 71,3 12,4 -82,1 8,9 -87.1
COD - v = = = . . 01.7 92.8 -69.2 56.3 -81.3 39.5 -86.9
TKN = = = = = = o . 22,3 9.6 -57,0 7.3 -67.3 6.0 -73.1
Pocoemoao 3 4.5 1.2 -73.3 0.8 -82,2 0.6 -86.7
Romo oo m e : 10.9 3.2 =70.6 2.0 =-81.7 1.4 =87.2
Study Area 3 :
Raw Waste - - - - 1,230.7 643.8 =47,7 696.5 =43.4 . 798,3  =35.1
Total Solids- - - 148,0 79.0 ~46,6 86,3 -41.7 98,8 -33,2
Volatile Selids -, 9.2 28.1  -64,5 26,1  ~67.0 26.0 -~67.2
BODg- - - = - - - : 20.3 7.0 =65.5 6.5 ~68.0 6.7 =67.0
CoD - - - - - = : 87.9 31,1 -64.6 29.0 <67.0 28.8 ~67.2
TRN - - - - - - o X 6.3 3.1  -50.8 3.6 <46,0 3.8 =39,7
Pom e = 1.3 0.4 -69,2 0.4 -69.2 0.4 ~69,2
L 3 3.2 1.1 -65.6 1.0 -68.8 1.0 =68.8



Attachment D.

Table 6-D-4- Annual Livestock & Poultry, Wastes and Pollutants,
Chesapeake Bay Study; 1970, 1980, 2000, and 2020. 1/

(Cont.)
1970 1980 1 2000 : 2020
Statc and Bduru‘: Pollutant : Pollutant :P““:‘ :l'ouutnt: ;:::‘:ﬁ:""u““‘“‘ :a:::e:nt
* “Yhousand ¢  Thousond $ S8 andd ~ 1 Thounand$ -
t Tons s Tons & $ Tons t  Tomm 8
H
Study Area 4 s . ‘
‘Réw Waste- - - -% 2,658.8 1,293.7 -51.3 942.0 -64.6 773.3 ~70.9
Total Solids - -3 314.8 156.0 ~50.4 112.5 -64.3 92.2 =70.7
Volatile Solids~-: 178.9 79,9 -55.3 65.5 -63.4 59.6 -66.7
BODg ~ = = = = =2 48.4 23,0 ~52.5 19.3 -60.1 17.6 -63.6
o ----=-- :© 200.4 91.0 =-54.6 75.0 -62.6 68,2 -66.0
TR = = ===~ : 14.0 7.0 =50.0 5.2 -62.9 4.4 -68.6
) Sl 3.2 1.5 -53.1 1.2 -62.5 1.1 -65.6
Kem= === =~ : 7.3 3.2 -56,2 2.7 -63.0 2.4 =67.1
Study Area § H ] :
Raw Waste~ - ~ =: 2,092.0 1,185,5 -43,3 1,125,5 46,2 1,071,6 -48,8
Total Solids - =: 246.0 138.4 -43.7 129.4 -47.4 . 122.6 -50.2
Volatile Solids-: 139.2 63.2 =54.6 57.8 ~58.5 53.8 =61.4
B0D5 = -~ -~ = - H 39.4 19.9 ~49.5 18,7 =52.5 17.6 - -55.3
coDp- - -~ =~ =~ 157.4 72,9 -53.7 66.8 =57.6 62,2 «60.5
TN~ ~ = = - ~ - : 11.2 6.3 -43.8 5.9 -47.3 3.6 -50.0
P -~ - - s 2.6 1.3 =50.0 1.2 ~53.8 1Y =57.7
K- === === 5.9 2.8 -52.5 2.6 =55.9 2.5 -57.¢6
Study Area 6 : '
Raw Waste~ =~ ~ =: 143.3 165,0 15.1 220.7 . 54,0 298,1 108,00
Total Solids - -~ 17.6 21.0 19.3 28.3 60.8 ©38.2 117.0
Volatile Solids~: 8.5 10.1 18.8 12.3 44,7 15,5 82.4
sons ------ H (2.2 2,2 0.0 2.7 22,7 3.3 50.0
COD = =~~~ =2 9.5 1.} 16.8 13.4 41,1 16.9 17.9
TEN = = = = = = 0.7 0.8 14.3 1.1 57.1 1.5 114.3
| ol : 0.1 0.1 0.0 0.2 100.0 0.2 100.0
| S : 0.3 0.3 0.0 0.4 33.3 0.5 66,7
Study Area 7 : .
Raw Waste~ = = ~: 737.9 481.9 =347 406.2 ~45.0 359.8 =51.2
Total Solids - -: 84.9 58,0 =31.7 49,7  <41.5 45,3  =46.6
Volatile Solids-: 51.7 32,1 -37.9 27.3  =47.2 25,2 -51.3
BODg = = = = ~ = t 15.1 10,2 -~32.5 9.5 -37.1 9,2 -39.1
TCOD - - - - == 58.8 37.4  ~36.4 32.5 =44.7 30.4 -48.3
TEN = = = = = =; 4,0 2.8 =30.0 2,5 «37..5 2.3 42,5
Pr- = - -t 1.0 0.7 =30.0 0.6 -40,0 0.6 =40.0
| Sl H 2.2 1,4 <36.4 1.2 -45.,5 ¥.1  =50.0
Study Area 8 : .
Baw Waste- - - -32,360,6 1,748.7 =25.9 2,014.7 ~14.7 2,450.4 3.8
Total Soldds - -: 274.3 204,1 25,6 243,00 ~11.4 302.8 10.4
Volatile Solids-: 157.7 92.4 ~41.4 87.1 -44.8 B7.7 =44.4
BODg ~ - - = = =t 49,0 32.8 =331 3l1.1 =36.5 30.8 =-37.1
cp -~ ~-~-~: 181.8 110.0 -39.5 104.0  -42.8 104.6 -42.5
KN - -~~~ = $ 13,1 9.7 =26.0 11,0 =-16.0 13.0 ~0.8
s -- : 1.3 2.2 -3 2.1  -36.4 2.1 . =36.4
S i 1.0 4.3 =386 4.1 =414 4.0 -42,9
s

1/ Percent change from 1970 polluntants.
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