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UNITED STATES WATER RESOURCES COUNCIL

SUITE 800 » 2120 L STREET, NW WASHINGTON, DC 20037

Dear Mr. President:

I am pleased to submit the Second National Water Assessment, prepared

under the authority of the Water Resources Planning Act of l965,

Public Law 89-80.

This National Assessment presents for the first time nationally

consistent current and projected water use and supply information

by region and subregion for the entire United States. This infor-

mation will provide basic data for the Administration and the

Congress to decide water policy and program direction.

Information contained in this Assessment provides a basis to initiate

those water resources actions needed to help alleviate the Nation's

serious water and related land resources problems. Water management

problems occur in varying single and multiple forms — water quality,

water quantity, flooding, erosion, loss of wetlands, drainage, dredging,

filling, and preservation of fish and wildlife habitat.

The National Assessment has already proven useful in documenting the

extent of the serious l977 western drought; implementing water policy

reforms concerning water conservation, ground water supply and instream

flow requirements; and directing water research.

Because it is important that sound and consistent data be used to

formulate water policy, I recommend that you transmit this report to

the Congress for use in its deliberations on this most important

resource.

The President

The White House

Washington, D.C. 20500

MEMBERS: SECRETARIES OF AGRICULTURE, ARMY, COMMERCE, ENERGY, HOUSING AND URBAN DEVELOPMENT,

INTERIOR, TRANSPORTATION; ADMINISTRATOR, ENVIRONMENTAL PROTECTION AGENCY - OBSERVERS: ATTORNEY

GENERAL; DIRECTOR, OFFICE OF MANAGEMENT AND BUDGET; CHAIRMEN, COUNCIL ON ENVIRONMENTAL QUAL ITY,

TENNESSEE VALLEY AUTHORITY, BASIN INTERAGENCY COMMITTEES; CHAIRMEN AND VICE CHAIRMEN, RIVER BASIN

COMMISSIONS

JAN 2 5 197S

Chairman
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U.S. WATER RESOURCES COUNCIL

MEMBERS

Secretary of the Interior,

Chairman:

Secretary of Agriculture:

Secretary of the Army:

Secretary of Commerce:

Secretary of Housing and

Urban Development:

Secretary of Energy:

Secretary of Transportation:

Administrator, Environmental

Protection Agency:

Cecil D. Andrus

Bob Bergland

Clifford L. Alexander, Jr.

Juanita M. Kreps

Patricia Roberts Harris

James R. Schlesinger

Brock Adams

Douglas M. Costle

ALTERNATES

Assistant Secretary of the Interior:

Assistant Secretary of Agriculture:

Deputy Under Secretary of the

Army:

Deputy Assistant Secretary of

Commerce:

Deputy Assistant Secretary of

Housing and Urban Development:

Assistant Secretary of Energy:

The Commandant, U.S.

Coast Guard:

Assistant Administrator,

Environmental Protection

Agency:

DIRECTOR

Guy R. Martin
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GLOSSARY AND CONVERSION TABLE

Definitions of terms as used in the

Second National Water Assessment

"1975"—base year for the Second National Water Assessment

data; it represents assumed average conditions and quotation

marks are used throughout to indicate that the 1975 data are not

actual data.

1985—10-year date from the base year "1975" for which water

supply, water use, and other assessment data are projected.

2000—25-year date from the base "1975" year for which water

supply, water use, and other assessment data are projected.

aquifer—an underground formation that contains sufficient

saturated permeable material to yield significant quantities of

water to wells and springs.

base year or base conditions data—data based on typical

conditions of fresh-water use compared to long-term average

fresh-water supply; for the second assessment, the base year is

"1975" with projections for 1985 and 2000.

bgd—billion gallons per day.

consumption—portion of water withdrawn for offstream uses and

not returned to a surface- or ground-water source.

cropland—land used for agriculture but not in permanent pasture,

native hayland, rangeland, or woodland.

evaporation (net)—limited to evaporation from manmade reser-

voirs that have more than 5,000 acre-feet usable storage

capacity and from farm and stock ponds; if rainfall exceeds

evaporation, value is zero.

functional water use—category of offstream use of water (e.g.

domestic, commercial, manufacturing, agriculture, steam elec-

tric generation, minerals industry).

gcd—gallons per capita per day.

ground-water overdraft—that part of the ground-water with-

drawals which exceeds recharge; sometimes referred to as

ground-water mining.

ground-water mining—see ground-water overdraft.

mgd—million gallons per day.

overdraft—see ground-water overdraft.

percent streamflow exceedance—a statistical estimate of proba-

bility of flow. For example, a 5-percent exceedance flow will be

exceeded only in about 5 years of a 100-year period and

represents a year with very high streamflows. A 95-percent

exceedance flow will be exceeded in about 95 years of a 100-

year period and represents a year with very low streamflows.

region—water resources region as designated by the U.S. Water

Resources Council; there are 21 regions—18 in the contermi-

nous United States and one each for Alaska, Hawaii, and the

Caribbean.

subregion—subdivision of a region; there are 106 subregions used

exclusively in the Second National Water Assessment.

withdrawal—water taken from a surface- or ground-water source

for offstream use.

CONVERSION TABLE FOR

WATER-MEASUREMENT TERMS

QUANTITY

1 acre-foot = 325,851 gallons

= 43,560 cubic feet

1 million gallons = 3.07 acre-feet

1 cubic foot = 7.48 gallons

FLOW

1 million gallons per day (mgd) = 694.4 gallons per minute

= 1.55 cubic feet per second

= 1,120 acre-feet per year

1 billion gallons per day (bgd) =1.12 million acre-feet per year

1 cubic foot per second = 1.98 acre-feet per day
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2 | HIGHLIGHTS

Overview

The Second National Water Assessment shows that in the past decade significant

achievements have been made in preserving water and harnessing its power. Although

interest in water conservation and environmental protection is growing, still

greater efforts are needed. Without intensified dedication to careful management

of water resources, pressures from our technological society will continue to

deplete and degrade the Nation's water supply.

The many water and related land problems are complex, and any attempt to solve

these problems is hampered by competing forces with legitimate interests. No easy

answer to the many varied problems exists, and the findings of the second assess-

ment are not free of conflict. The information presented here, much of it available

for the first time, will contribute to the planning and decisionmaking that will lead

to adequate resolution of the more critical water-management problems.

Specific findings of the second assessment are highlighted below.

Water Supply

Nationally, the United States has an ample supply of water from both surface and

underground sources. However, there can be regional or local shortages of water

because of the uneven distribution of precipitation. Water shortages, which can

occur in any season and in any part of the Nation, generally are associated with the

arid West, but many humid eastern localities also have periodic water-supply

problems. At times, inadequate water supplies can be caused by poor quality of

water or by economic, social, and environmental constraints.

Water supplies can be and are being augmented by better management practices

that include conservation efforts, reuse and recycling, desalination, weather modi-

fication, and integration of surface- and ground-water sources.

Water Use

The term "water use" in this report means withdrawal use (the amount of water

withdrawn from its source). The principal requisite for withdrawal use is that

water must be taken from a ground-water or surface-water source and conveyed

to the place of use (offstream use). "Water consumed," "consumptive use," or

"consumption," refer to that part of the water withdrawn that is evaporated,

transpired, incorporated into products and crops, consumed by humans or live-

stock, or otherwise removed from the immediate water supply.

Nonwithdrawal uses are referred to in this report as "instream use" and encompass

all uses taking place within the river channel itself.

• Offstream Use. In "1975," the United States withdrew 338 billion gallon per

day of fresh water (surface and ground) for such offstream uses as agriculture,

manufacturing, minerals production, domestic and commercial use, and steam

electric generation. By the year 2000 this amount is projected to decrease to 306

billion gallons per day, a 9-percent reduction from "1975." This decrease will be

due to more efficient use of water as a result of conservation efforts and better

technology in recycling and similar procedures.

Consumptive use of fresh water was 107 billion gallons per day in "1975." By

the year 2000, consumptive use is expected to increase to 135 billion gallons per

day, an increase of almost 27 percent. The projected increase is a result of

growth in manufacturing and mineral industries, steam electric generation, and
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HIGHLIGHTS

agriculture, and also as a result of evaporation due to higher water temperatures

from increased recycling. Agriculture is, and will continue to be, the major con-

sumptive user of water. In some respects, consumptive use is more critical than

the total quantity withdrawn for use because the water consumed is not available

for downstream uses.

• Instream Use. Fish and wildlife needs, hydroelectric generation, navigation,

and recreational activities are considered instream-llow uses. Of these, the largest

use is for maintaining fish and wildlife habitat. For the conterminous United

States, the estimated ideal flow for fish and wildlife is 1,035 billion gallons per

day, which is somewhat below the estimated average daily streamflow of 1,233

billion gallons. The adequacy of streamflow to meet instream-flow needs is similar

to that of water supply—it varies from region to region. An example of a rather

extreme situation is the Lower Colorado Region which presently has an average

flow of 1,550 million gallons per day, well below the 6,864 mgd preferred for

ideal fish habitat.

Intensive use and competition for water to satisfy a wide variety of purposes have Critical

created a number of problems. The critical problems that need attention are: Problems

• Inadequate surface-water supply. Localized problems of inadequate surface-

water supply have been identified in all 21 water resources regions. However, 17

subregions have or will have a serious problem of inadequate surface-water supply

by the year 2000.

• Overdraft of ground water. The most dramatic instances of ground-water over-

draft are found in the High Plains area that extends from Texas to Nebraska.

Central Arizona and parts of California also depend heavily on ground water. In

some of those areas ground-water levels are declining from 7 to 10 feet per year.

Extensive ground-water overdraft is occurring in 8 of the 106 subregions. Mod-

erate ground-water overdraft is occurring in an additional 30 subregions.

• Pollution of surface water. Occurrences of surface-water pollution were reported

in most of the 21 water resources regions. Dispersed agricultural sources, municipal

and industrial wastes, acid mine drainage, and accelerated urban runoff are the

significant sources.

• Pollution of ground water. Ground-water pollution, whether existing or po-

tential, natural or man-made, poses a significant health threat inasmuch as 40 per-

cent of the population derives drinking water from ground-water sources. Areas

of ground-water pollution have been recognized in practically all 21 regions.

• Quality of drinking water. Pollution of surface and ground sources of public

water supplies has serious potential public-health consequences. For that reason,

maintenance of both surface- and ground-water quality for drinking is of concern

nationwide. At the community level, most surface water receives extensive moni-

toring and treatment, and ground water receives at least chlorination. In rural

areas, however, where many people obtain drinking water from individual domes-

tic wells, the water receives little or no treatment and the potential health hazard

is significant.

• Flooding. In 1975, 107 people were killed by flood waters, and potential

property damage was estimated to be $3.4 billion. By the year 2000, potential
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HIGHLIGHTS

flood damage is expected to increase to $4.3 billion annually unless there is ex-

pansion of flood-plain management efforts and the regulation of flood plains.

• Erosion and sedimentation. The "1975" average cropland soil loss from

erosion was nearly 9 tons per acre; in some areas the soil loss exceeded 25 tons per

acre. In addition, forest and pasture lands sustain soil losses of about 1 ton per

acre per year.

• Dredging and disposal of dredged material (dredge and fill). The large volume

of sediment deposited each year in navigable stream channels, reservoirs, and

harbors requires regular removal and disposal. In order to maintain the national

navigation network, continued dredging is necessary. Disposal of the dredged

material can disrupt or destroy aquatic life in adjacent wetlands that have im-

portant environmental and economic values. Between 1955 and 1975, a total of

6 million acres of wetlands was lost for use by aquatic life, from filling as a result

of development, disposition of dredge material, or other causes.

• Wet-soils drainage and wetlands. Wet soils comprise an estimated 400 million

acres, of which about 104 million acres is used for cropland, and 43 million of

those acres need improved drainage. An additional 70 million acres of wet soils in

forest, pasture, or other types of wetland could be converted to cropland, but it

is estimated that by the year 2000 only 11 million additional acres will have been

converted to cropland. This conversion will be offset to some degree by croplands

that revert to wetlands and by the creation of new wetlands. Competition between

agricultural and wildlife interests is particularly acute in some wetland areas.

• Degradation of bay, estuary, and coastal water. Much of the coastal-area

water is being degraded by domestic and industrial waste, particularly in the

densely populated New England, Mid-Atlantic, and Great Lakes Regions. These

coastal waters provide major recreational opportunities for more than 80 percent

of the population.
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INTRODUCTION

Water Resources Regions
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6 | INTRODUCTION

The Second

National

Water

Assessment

in Brief

The Water Resources Planning Act of 1965 (Public Law 89-80) directs the U.S.

Water Resources Council to maintain a continuing study of the Nation's water

and related land resources and to prepare periodic assessments to determine the

adequacy of these resources to meet present and future water requirements. In

1968, the Water Resources Council reported the results of its initial assessment.

The Second National Water Assessment, a decade later, provides a comprehensive

nationally consistent data base for the water resources of the United States. This

report summarizes the results of the Second National Water Assessment, which

was conducted in three phases.

Phase I: Nationwide Analysis.—The Council member agencies researched, ana-

lyzed, and prepared estimates of current and projected water requirements and

problems and the implications of the estimates for the future.

Phase II: Specific Problem Analysis.—Regional sponsors, one for each of the 21

water resources regions, surveyed and analyzed State and regional viewpoints about

(1) current and future water problems, (2) conflicts that may arise in meeting

State and regional objectives, and (3) problems and conflicts needing resolution.

Phase III: National Problem Analysis.—The Council conducted this final phase

in three steps: (1) An evaluation of phases I and II, (2) an analysis that identified

and evaluated the Nation's most serious water resources problems, and (3) the

preparation of a final report entitled "The Nation's Water Resources—1975-2000."

Organization

of the

Assessment

Report

The final report of the Second National Water Assessment consists of four sepa-

rate volumes as described below. These volumes can assist Federal, State, local, and

other program managers, the Administration, and the Congress in establishing and

implementing water-resources policies and programs.

Volume 1, Summary, gives an overview of the Nation's water supply, water use,

and critical water problems for "1975," 1985, and 2000 and summarizes sig-

nificant concerns.

Volume 2, Water Quantity, Quality, and Related Land Considerations, consists

of one publication with five parts:

Pan I, Introduction, outlines the origin of the Second National Water Assessment, states its

purpose and scope, explains the numerous documents that are part of the assessment, and

identifies the individuals and agencies that contributed to the assessment.

Part II, Water-Management Problem Profiles, identifies the 10 general water-problem issues

and their implications and potential consequences.

Part III, Water Uses, focuses on the national perspectives regarding existing ("1975") and

projected (1985 and 2000) requirements for water to meet offstream, instream. and flow-

management needs. State-regional and Federal perspectives are compared.

Part IV, Water Supply and Water Quality Considerations, analyzes the adequacy of fresh-

water supplies (ground and surface) to meet existing and future requirements. It contains

a national water budget; quantifies surface- and ground-water supplies, reservoir storage,

and transfers of water within and between subregions; describes regional requirements and

compares them to supplies; evaluates water-quality conditions; and discusses the legal and

institutional aspects of water allocation.

Part V, Synopses of the Water Resources Regions, covers existing conditions and future

requirements for each of the 21 water resources regions. Within each regional synopsis is a

discussion of functional and location-specific water-related problems: regional recommenda-
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INTRODUCTION

tions regarding planning, research, data, and institutional aspects of solving regional water-

related problems; a problem-issue matrix; and a comparative-analysis table.

Volume 3, Analytical Data, describes the methods and procedures used to collect,

analyze, and describe the data used in the assessment. National summary data are

included with explanatory notes. Volume 3 is supplemented by five separately

published appendixes that contain data for the regions and subregions:

Appendix I, Social, Economic, and Environmental Data, contains the socioeconomic baseline

("1975") and growth projections (1985 and 2000) on which the water-supply and water-use

projections are based. This appendix presents two sets of data. One set, the National Future,

represents the Federal viewpoint; the other set, the State-Regional Future, represents the

regional sponsor and /or State viewpoint.

Appendix II. Annual Water Supply and Use Analysis, contains baseline water-supply data

and baseline and projected water-withdrawal and water-consumption data used for the

assessment. Also included are a water-adequacy analysis, a natural-flow analysis, and a

critical-month analysis.

Appendix 111, Monthly Water Supply and Use Analysis, contains monthly details of the

water-supply, water-withdrawal, and water-consumption data contained in Appendix II

and includes an analysis of monthly water adequacy.

Appendix IV, Dry-Year Conditions Water Supply and Use Analysis, contains both annual

and monthly baseline and projected water-withdrawal and water-consumption data for dry

conditions. Also, a dry-conditions water-adequacy analysis is included.

Appendix V, Streamflow Conditions, contains detailed background information on the

derivation of the baseline streamflow information. A description of streamflow gages used,

correction factors applied, periods of record, and extreme flows of record are given for

each subregion. Also included is the State-Regional Future estimate of average streamflow

conditions.

Volume 4, Water Resources Regional Reports, consists of separately published

reports for each of the 21 regions. Synopses of these reports are given in Volume

2, Part V.

PHASE 1: NATIONWIDE

ANALySIS

FEDERAL AGENCy

DATA

WASHINGTON,

D.C.

REGIONAL OFFICE

NATIONAL FUTURE DATA

(Federal Viewpoint)

PHASE 2: SPECIFIC PROBLEM

ANALySIS

REGIONAL STUDy

TEAM DATA

STATE/REGIONAL

FUTURE DATA

(State and Regional

Viewpoint)

STATE AND LOCAL

DATA

PHASE 3: NATIONAL

PROBLEM

ANALySIS

FINAL REPORT

THE NATION'S WATER

RESOURCES- 1975 2000

Volumes T4

Information Flow for the Second National Water Assessment
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8 I INTRODUCTION

Water

Resources

Regions

For compiling and analyzing water-resources data, the Nation has been divided

into 21 major water resources regions and further subdivided into 106 subregions.

Eighteen of the regions are within the conterminous United States, the other three

are Alaska, Hawaii, and the Caribbean area.

The 21 water resources regions are hydrologic areas that have either the drainage

area of a major river, such as the Missouri Region; or the combined drainage areas

of a series of rivers, such as the South Atlantic-Gulf Region, which includes a

number of southeastern States that have rivers draining directly into the Atlantic

Ocean and the Gulf of Mexico.

The 106 subregions, which are smaller drainage areas, were used exclusively in

the Second National Water Assessment as basic data-collection units. Subregion

data point up problems that are primarily basinwide in nature. Data aggregated

from the subregions portray both regional and national conditions, and also show

the wide contrasts in both regional and national water sources and uses.

Limitations

of the

Assessment

Data

The Second National Water Assessment and its data base constitute a major step

in the identification and definition of water-resources problems by the many State,

regional, and Federal institutions involved. However, much of the information in

this assessment is general and broad in scope; thus, its application should be viewed

in that context, particularly in the area of water quality. Further, the information

reflects areas of deficiencies in availability and reliability of data. For these reasons,

State, regional, and Federal planners should view the information as indicative,

and not the only source to be considered. When policy decisions are to be made,

the effects at State, regional, and local levels should be carefully considered.

In a national study it is difficult to reflect completely the regional variations within

the national aggregation. For example, several regional reviewers did not agree

with the national projections made for their regions. These disagreements can be

largely attributed either to different assumptions by the regional reviewers or to

lack of representation of the national data at the regional level. Therefore, any

regional or State resources-management planning effort should consider the State-

regional reports developed during phase II and summarized in Volume 4 as well as

the nationally consistent data base and the other information presented in this

assessment.

Additional years of information and experience show that considerable change

has occurred since the first assessment was prepared in 1968. The population has

not grown at the rate anticipated, and the projections of future water requirements

for this second assessment are considerably lower than those made for the first

assessment. Also, greater awareness of environmental values, water quality, ground-

water overdraft, limitations of available water supplies, and energy concerns are

having a dramatic effect on water-resources management. Conservation, reuse,

recycling, and weather modification are considerations toward making better use

of, or expanding, available supplies.
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WATER SUPPLY
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12 I WATER SUPPLY

Water Budget

Source

On the average, about 40,000 bgd (billion gallons per day) of water passes over

the conterminous United States in the form of water vapor. Of this, approximately

10 percent (about 4,200 bgd) is precipitated as rainfall, snow, sleet, or hail. The

remainder continues in atmospheric suspension. Of the 4,200 bgd—equivalent to

the average rainfall of 30 inches falling on the conterminous United States—about

two-thirds (2,750 bgd) is evaporated immediately from the wet surfaces or trans-

pired by vegetation. The remaining 1,450 bgd accumulates in ground or surface

storage; flows to the oceans, the Gulf of Mexico, or across the Nation's boun-

daries; is consumptively used; or is evaporated from reservoirs.

Only part of the potential 1,450 bgd can be developed for intensive beneficial

uses. To date, with existing surface storage and because of the extremes of annual

precipitation that cause floods and droughts, only 675 bgd is considered available

in 95 out of 100 years.

}

Atmospheric moisture

40,000 bgd

>

Streamflow to

Pacific

Ocean—

300 bgd

Subsurface

flow—

25 bgd

.'■■>J O Y\>> ^

Evaporation from wet surface—2,750 bgd \!

Reservoir net evaporation

15 bgd (measured)

\

Streamflow to Mexico— 1.6 bgd

Streamflow to

Atlantic Ocean

and

Gulf of Mexico—

920 bgd

Subsurface flow-

75 bgd

Water Budget of the conterminous United States
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WATER SUPPLY-WATER BUDGET I 13

Surface water can be available for use as fresh water in the United States from Availability

the time it strikes the land surface as precipitation until it is discharged into the

ocean; mixes with saline water in estuaries, landlocked seas, or saline lakes; or

passes across the border of Canada or Mexico. It is usable only so long as it is

not excessively polluted with natural or manmade pollutants.

Average annual runoff for the conterminous United States is highest in the Pacific

Northwest and lowest in the Southwest and some of the intermountain valleys.

The average annual runoff is sometimes assumed to be the theoretical upper limit

of surface supplies. However, the increased storage required to make this quantity

of water available for use would be so large that the resulting evaporation from the

required reservoirs would substantially decrease the available water. Thus, a mix

of increased storage and other alternatives seems to offer the most effective solu-

tion. To sustain desired withdrawals 95 percent of the time, considerable additional

storage would be needed, but in many areas neither the reservoir sites nor the

uncommitted flows are available. Consequently, if projected water requirements

are to be satisfied, there is a strong need for water conservation to save water,

weather modification to increase precipitation, and improved methods to reduce

evaporation.

In "1975," the conterminous United States withdrew a total of 393 bgd from

surface and ground sources. Of this total, 254 bgd was from fresh surface-water

sources, 58 bgd from saline surface sources, and 81 bgd from aquifers (ground

water). Hence, 85 percent (335 bgd) came from fresh surface- and ground-water

sources and 15 percent from saline sources.
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14 I WATER SUPPLY

Surface Water

Fresh-Water Surface water occurs in rivers, streams, lakes, swamps, marshes, and manmade

Streamflow reservoirs, whereas ground water occurs in the zone of saturation below the land

surface. Streamflow varies from region to region, from season to season, and from

year to year. For example, within a normal year and for a given region, the ratio

of maximum streamflow to minimum streamflow can be more than 500 to 1.

Annual variations in flow also are substantial. Even in areas of high precipitation

and streamflow, a series of dry years sometimes occurs, resulting in serious

droughts such as those in the Northeast in 1961 and 1966, and in the West and

other parts of the United States in 1976 and 1977.

Effects of droughts are particularly serious in areas that use a high proportion of

the available average annual runoff or where storage and distribution facilities

are inadequate to provide sufficient carryover during prolonged periods of low

streamflow. In the humid East, streamflow tends to vary less from year to year and

from month to month than in the other regions.

Variations in annual streamflow are expressed in terms of flow that is expected to

be exceeded in a specific percentage of years. For example, a flow of 5-percent

exceedance represents an extremely high flow that will be exceeded in only 5 out

of 100 years, on the average. Many flood plains will be inundated when flew is

at or above this level. The 50-percent exceedance flow is the median flow; stream-

flow will exceed the median flow half the time. The 80-percent exceedance flow,

on the other hand, represents a low flow, one that will be exceeded 80 years out

of 100, on the average. During those years when flows are at 80-percent exceed-

ance, water shortages varying in intensity can occur. The 95-percent exceedance

flows represent extreme low flows.

As the following table shows, a few of the 5-percent exceedance (high) flows are

twice the mean flow or more, but most are about 1 Vi times the mean. The 95-

percent exceedance (low) flows generally range from 0.4 to 0.7 that of the mean

flow.
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Streamflow frequency—"1975"

[Italic numbers not included in total because these are inflows to another region]

Water resources

region and No.

Streamflow, in billion gallons per day

Mean

Percent exceedance

5

50

80

95

107.7

77.4

62.7

48.3

115.1

77.8

61.2

48.4

356.6

219.3

164.1

121.8

103.9

71.7

57.3

44.9

254.0

178.0

141.0

105.0

57.9

40.8

35.9

31.4

189.0

121.0

91.8

65.3

757.0

433.0

282.0

202.0

11.4

5.6

3.4

1.8

74.3

43.2

29.9

17.6

120.7

59.1

37.4

21.6

62.4

22.9

12.3

6.3

4.4

.6

.3

.2

15.6

10.0

7.0

3.9

1.7

1.6

1.4

1.2

4.7

2.4

1.6

1.2

344.7

254.3

213.3

179.7

87.4

44.3

29.8

19.5

1,956.9

1,210.9

889.4

675.3

1,030.0

898.0

795.0

705.0

10.3

6.3

4.9

3.8

7.1

4.5

3.3

1.6

New England (1) 78.2

Mid-Atlantic (2) 79.2

South Atlantic-Gulf (3) 228.0

Great Lakes (4) 72.7

Ohio (5) 178.0

Tennessee (6) 40.8

Upper Mississippi (7) 121.0

Lower Mississippi (8) 433.0

Souris-Red-Rainy (9) 6.0

Missouri (10) 44.7

Arkansas-White-Red (11) 62.6

Texas-Gulf (12) 28.3

Rio Grande (13) 1.2

Upper Colorado (14) 70.0

Lower Colorado (15) 1.6

Great Basin (16) 2.6

Pacific Northwest (17) 255.3

California (18) 47.4

Total, Regions 1-18 1,233.4

Alaska (19) L_ 905.0

Hawaii (20) 6.7

Caribbean (21) 4.9

Total, Regions 1-21 2,150.0

3,004.3

2,119.7

1,692.P-

1,385.7

High

n

s

5

Low

n n

- 50

c

CD

80

20-Year Period

Hypothetical example of streamflow frequency
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Average annual precipitation

Regiotlal-dafal
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WATER SUPPLY-SURFACE WATER I 17

Large Reservoirs.—Storage of all large reservoirs (50 acre-feet or more) in the

Nation is about 450 million acre-feet (about 146,800 billion gallons). Thirty-one

of these large reservoirs are over 2 million acre-feet in size, have an aggregated

usable storage capacity of 191 million acre-feet, and account for about 41 percent

of the Nation's total storage. In addition, 1,600 reservoirs have storage capacities

that range from 5,000 to 2 million acre-feet and account for 37 percent of the

total storage capacity. Approximately 47,500 reservoirs have storage capacities

that range from 50 to 5,000 acre-feet and account for another 20 percent of the

storage capacity.

Small Reservoirs.—Over 1.8 million small reservoirs and farm ponds have been

developed for water supply, fire protection, and recreation. These smaller water

bodies have about 10 million acre-feet of storage capacity or about 2 percent of

the total.

Reservoir

Storage

The major sources of saline water are the oceans, bays, and estuaries. Sea water

is used for cooling in steam electric generating plants and in manufacturing, and

as a supply to desalination plants. By definition, water is saline if its dissolved

solids concentration is 1,000 milligrams per liter or more, regardless of the kind

of constituents in solution.

Saline Water
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18 I WATER SUPPLY

Ground Water

Availability Most of the aquifers, or reservoirs of ground water, are located near (within 2,500

feet of) the land surface. The term "aquifer" describes a body of rock (including

unconsolidated material such as sand, gravel, clay, and soil) that is saturated with

water and is permeable enough to carry or yield water in useful quantities. Aqui-

fers may be thick or thin, extensive or local, near the land surface or many hun-

dreds of feet below. Aquifers are recharged primarily by downward percolation of

rain or snowmelt. In some areas the quantity of recharge is less than the quantity

of water withdrawn on a long-term basis, and in these areas water is being taken

from storage; that is, the aquifer is being "overdrawn."

About 30 percent of the Nation's streamflow, in an average year, is supplied by

ground water that emerges as natural springs and other seepage. In turn, seepage

from streams, rivers, canals, and reservoirs is a source of ground-water recharge.

Most of the flow in many smaller streams comes from ground water during the low-

flow months. In years of below normal precipitation, all the streamflow during low

stage may be ground water. Ground water, therefore, is important to the con-

tinuity of streamflow.

Ground-water overdraft is substantial in some areas of the Nation—14 million

acre-feet or more than 12,500 mgd (million gallons per day) annually in the

Texas-Oklahoma High Plains area, an amount about equal to the natural flow of

the Colorado River. A balance between withdrawals and recharge is, of course,

desirable.

Ground-water withdrawals and percentage of overdraft—"1975"

Total

Water resources withdrawal

region and No. (mgd)

New England (1) 635

Mid-Atlantic (2) 2,661

South Atlantic-Gulf (3) 5,449

Great Lakes (4) 1,215

Ohio (5) 1,843

Tennessee (6) 271

Upper Mississippi (7) 2,366

Lower Mississippi (8) 4,838

Souris-Red-Rainy (9) 86

Missouri (10) 10,407

Arkansas-White-Red (11) 8,846

Texas-Gulf (12) 7,222

Rio Grande (13) 2,335

Upper Colorado (14) 126

Lower Colorado (15) 5,008

Great Basin (16) 1,424

Pacific Northwest (17) 7,348

California (18) 19,160

Regions 1-18 81,240

Alaska (19) 44

Hawaii (20) 790

Caribbean (21) 254

Regions 1-21 82,328

Overdraft

Subregions

Total

Number

Number

Range in

(mgd)

Percent

in

with

overdraft

region

overdraft

(percent)

0

0

6

0

—

32

1.2

6

3

1- 9

339

6.2

9

8

2-13

27

2.2

8

1

30

0

0

7

0

—

0

0

2

0

—

0

0

5

0

—

412

8.5

3

3

7-13

0

0

1

0

—

2,557

24.6

11

10

4-36

5,457

61.7

7

7

2-76

5,578

77.2

5

5

24-95

657

28.1

5

4

22-43

0

0

3

0

—

2,415

48.2

3

3

7-53

591

41.5

4

4

7-75

627

8.5

7

6

4-45

2,197

11.5

7

5

7-31

20,889

25.7

99

59

1-95

0

0

1

0

—

0

0

4

0

...

13

5.1

2

1

5

20,902

25.4

106

60

1-95
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20 I WATER SUPPLY—GROUND WATER

Quantity

The quantity of ground water in storage is much greater than the quantity of

available surface water in streams and lakes. Within the conterminous United

States, estimates of total ground water within 2,500 feet of the land surface

range from 33,000 trillion to 59,000 trillion gallons (100 billion to 180 billion

acre-feet). To gain some perspective, compare the 59,000 trillion gallons of ground

water with the 1,290 trillion gallons of water in Lake Michigan or with the 33,000

trillion gallons of water that the Mississippi River discharged into the Gulf of

Mexico during the last 200 years. Because of environmental considerations and

the cost of extraction, however, much less than the total quantity of ground water

is regarded as available supply.

Patterns of

Present Use

In the United States, use of ground water for fresh-water supplies has been in-

creasing gradually. During the last 25 years total fresh-water withdrawals in-

creased at an annual rate of 2 percent, whereas fresh ground-water withdrawals

increased 3.8 percent each year, on the average.

In "1975," ground water provided more than 40 percent of the total fresh water

withdrawn in 23 of the 106 subregions. California extracted more ground water

than all of the eastern regions combined. For example, 48 percent of the total fresh

water used in California in "1975" was obtained from wells; this accounted for

23 percent of the total national ground-water withdrawal.

The principal use of ground water is for irrigation. In "1975," 82 bgd of fresh

ground water was withdrawn for use. Of this quantity, 56 bgd was used for irri-

gation, about 68 percent of all ground water withdrawn and about 35 percent of

all the water used for irrigation.

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

7
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



WATER SUPPLY I 21

Conservation and Augmentation

The goal of water conservation is to avert critical water shortages and to get the Water

greatest use from existing supplies. If better management and technology can Conservation

reduce water withdrawals while producing the same services, the efficiency of

water use (output produced for each unit of water) can be increased. Although

improvements in wa*er management and technology will be constrained by costs

and other considerations, conservation efforts can focus on technologies to reduce

water requirements. For example:

• Irrigation is a prime candidate for water conservation because of the large quan-

tities of water used and its concentration in the relatively water-short Western

States. Irrigation accounts for 47 percent of total national withdrawals and 81

percent of consumptive use. Recent reports indicate that the potential for sav-

ing in irrigation withdrawals is from 20 to 30 percent, or a 30 to 45 bgd savings.

Improvements to off-farm delivery systems, such as lined and covered canals,

computer monitoring and scheduling of releases, and automated weirs and gates,

can reduce withdrawals by as much as 10 percent. Better on-farm water-

management practices, such as closer scheduling of water applications to meet

crop needs without over irrigating, irrigating at night instead of during the day,

improved irrigation systems such as sprinkler and drip systems and well-designed

surface systems, and better land preparation, can reduce withdrawals an addi-

tional 10 to 40 percent.

• Water provided by central domestic-use systems is only 6 percent of total

national withdrawals. This use seems an unlikely candidate for conservation, but

ways to reduce water use substantially at little cost do exist. Substantial

reductions in water use can be achieved within the home. Bathing and toilet

flushing, for instance, represent over half of all household water use. Retro-

fitting showers and toilets with more efficient fixtures can reduce by one-third

the water used for these purposes. Reductions in outside uses of water (largely

lawn and garden watering, car washing, and swimming pools), which account

for over one-third of all water used by urban systems, also can be obtained. In

addition, leakage in some central systems results in considerable losses of

valuable treated water.

• Steam electric generation water withdrawals could be reduced by 25 to 30

percent by means of dry cooling towers that use no water but do require more

energy to operate and are expensive.

• Manufacturing water withdrawals already are being reduced significantly by

in-plant treatment and recycling and by the use of processes and equipment that

require less water.
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22 I WATER SUPPLY-CONSERVATION AND AUGMENTATION

Neither "availability" nor "requirements" should be treated as unalterable in water

conservation. Technology and management can bring supply and demand into

balance in the best public interest. The challenge for water conservation is to

ensure the best allocation of available supplies among users. Findings of the

Second National Water Assessment can be used to target priority problem areas

that need new or accelerated conservation programs.

Improved Surface-

Water Management

Water supplies can be improved by better management of water storage and dis-

tribution facilities and by the construction of additional reservoirs to store free-

flowing surface water. A more unified operation of existing facilities would result

in additional water supplies. An important part of surface-water management is

the allocation of water for artificially recharging the ground-water body where a

temporary surplus of surface water exists and where ground-water levels are far

enough below the land surface that artificial recharge is feasible.

Weather

Modification

Efforts to induce or modify precipitation by seeding clouds with silver iodide,

frozen carbon monoxide, and other nuclei have been the subject of considerable

applied research and development over the past three decades. Seeding of winter

storms in local areas of the West has increased total precipitation from 5 to 25

percent. Cloud seeding that increases snowpack on the western slopes of the west-

ern mountain ranges also adds to spring runoff and snowmelt in downstream storage

reservoirs.

Seeding of summer cumulus clouds to produce additional rainfall is considerably

more complex than seeding of winter clouds. Experiments on single cumulus

clouds have had mixed results. Some experiments have decreased rainfall; the

causes for this are not fully understood. However, seeding of multi-cloud formations

has had positive results. For example, experiments in the Dakotas increased total

seasonal rainfall by 10 to 20 percent. In Florida, results ranged from a plus 18

percent to minus 6 percent. Whether the same results can be obtained in other

parts of the country is not yet known.

Desalination

Water desalination, or desalting, is the process by which potable water is produced

from saline or brackish waters. It is one method that can be developed to meet

threatening water shortages and pressures caused by increasing requirements in

water-short areas.

Since 1955, the number of desalination plants has increased from about a dozen,

that produced 2 mgd, to more than 330, that are producing almost 100 mgd—

about 0.1 percent of the Nation's total fresh-water withdrawals for domestic and

manufacturing use. Although most desalination is for industrial purposes, its use

for domestic purposes has increased in recent years—in "1975" it was over 30 mgd.
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Most of the desalination plants (54 percent) are in California, Texas, and Florida.

However, about 61 percent of the installed capacity is east of the Mississippi River,

and a significant number of the plants are in the industrialized Northeast.

Desalination operations are still expensive and they also use significant quantities

of energy; therefore, desalination facilities are constructed only if alternative

sources of water are unavailable or more costly.

Limitation of supply, increased delivery costs, and water pollution control laws

for higher quality waste-water discharges have increased the national interest in

water reuse and waste-water reclamation. Some ways of reusing water are:

• Use of treated waste water for manufacturing, steam-powered electric generation,

and irrigation.

• Routing storm water to recharge basins to augment aquifer recharge.

• Use of treated waste water to augment water supply either by aquifer recharge

or blending in surface-water reservoirs.

• Use of treated waste water to create a pressure barrier to protect fresh-water

aquifers from salt-water intrusion.

Obviously, the feasibility of reusing waste water depends on the ease with which

the quality can be improved to meet the requirements of the intended use. Further

research—including development and operation of prototype facilities to determine

acceptable practices—is needed.

Water Reuse
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"1975" and 2000

Water Supply—Overview

The Nation's water resources have been extensively developed to satisfy a wide

variety of beneficial uses. However, these developments have not always made the

best use of the resource. Water projects generally supported a dominant single

purpose such as urban water supply, irrigation, flood control, or navigation. Addi-

tional purposes were sometimes incorporated to more fully justify the project.

When possible, hydroelectric generation was incorporated to provide additional

revenue to reduce the cost of water for the dominant project purpose. As a result

of this limited-purpose approach, adverse environmental effects sometimes occurred

and water was not available for some purposes that could have been incorporated

into the project.

In some areas ground-water overdraft has been underway for a number of years.

This overdraft is complicated by inadequate planning for long-term consequences of

the loss of ground-water supplies. Moreover, the discharge of poor-quality water

to stream systems and the resulting percolation to ground water has lowered the

quality of the ground water.

Because of public concern for environmental values and because of the limitations

on the water supplies remaining for development in some areas of intensive water

use, there has been a substantial shift towards better and more comprehensive

water-resources management to provide a balanced program for all beneficial

purposes. Adverse water-quality conditions now receive additional attention,

ground-water overdraft conditions are being better defined, and flood-plain man-

agement procedures are being further developed. As a result, much of the future

increase in water needs will be satisfied by better management and more balanced

procedures to manage the resource for all.
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Total fresh- and saline-water withdrawals—"1975"

Water resources

region and No.

Withdrawals, in millon gallons per day

Fresh water

Surface

Ground

Total

Saline

water

Total

New England (1) 4,463

Mid-Atlantic (2) 15.639

South Atlantic-Gulf (3) I 19,061

Great Lakes (4) 41,598

Ohio (5) 33,091

Tennessee (6) , 7,141

Upper Mississippi (7) R 10,035

Lower Mississippi (8) '9,729

Souris-Red-Rainy (9) I 250

Missouri (10) 27,609

Arkansas-White-Red (11) 4,022

Texas-Gulf (12) I 9,703

Rio Grande (13) 3,986

Upper Colorado (14) | 6,743

Lower Colorado (15) 3,909

Great Basin (16) 6,567

Pacific Northwest (17) 30,147

California (18) 20,476

Total, Regions 1-18 254,169

Alaska (19) 261

Hawaii (20) 1,089

Caribbean (21) 653

Total, Regions 1-21 256,172

635

2,661

5,449

1,215

1,843

271

2,366

4,838

86

10,407

8,846

7,222

2,335

126

5,008

1,424

7,348

19,160

81

,240

44

790

254

82,328

5,098

18,300

24,510

42,813

34,934

7,412

12,401

14,567

336

38,016

12,868

16,925

6,321

6,869

8,917

7,991

37,495

39,636

335,409

305

1,879

907

338,500

5,216

19,625

7,460

0

0

0

0

1.253

0

0

0

9,163

0

0

0

0

131

14.569

57,417

57

1,139

1,124

59,737

10,314

37,925

31,970

42,813

34,934

7,412

12,401

15,820

336

38,016

12,868

26,088

6,321

6,869

8,917

7,991

37,626

54,205

392,826

362

3,018

2,031

398,237
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WATER USE
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Offstream Uss

Water withdrawn for offstream use consists of two variables: (1) the part returned

to the surface-water or ground-water source after being used, and (2) the part

consumed or not returned to the source after use. A typical example of consump-

tion is vegetation transpiration. Much of the water used for irrigation, particularly

sprinkler irrigation, either is transpired by the plants or is evaporated from the soil.

Withdrawals may include saline water, but the major concern of this assessment

is with fresh-water withdrawals and consumption in the various regions and for

each category of use. Water uses and available water supplies (streamflow.

ground water, imports, and exports) were analyzed to identify where critical water

imbalances now exist or may develop in the future.

Withdrawals Total fresh-water withdrawals for all offstream uses—agriculture, domestic and com-

mercial uses, manufacturing, minerals production, steam electric generation, public

lands, and other uses—for "1975" were 338.5 bgd. By the year 2000, fresh-water

withdrawals are projected to decrease to 306.4 bgd, a 9-percent reduction from

"1975." This expected decline is based on certain assumptions about water-use

efficiency and recycling that result from technology and conservation. The most

significant contribution to this reduction in offstream use will be made in the manu-

facturing sector where fresh-water withdrawals are projected to decline from 51.2

bgd to 19.7 bgd, or 62 percent. Although the quantity of withdrawals for irrigation

and steam electric generation will decrease slightly between "1975" and 2000, the

percentage of total withdrawals for these two uses will remain essentially unchanged,

at about one-half for irrigation and one-fourth for steam electric generation. All

other offstream uses will increase both in amount and percentage in their share of

the Nation's total withdrawals.
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Consumption of water in some respects is more critical than the total quantity

withdrawn for use because consumed water is not available for downstream uses

or for ground-water recharge. Consumptive use is not equally proportionate to

withdrawals among the functional use categories. Offstream consumption was

106.6 bgd in "1975" and is projected to increase by 27 percent to 135.1 bgd by

the year 2000. Agriculture (irrigation and livestock watering) has the highest con-

sumptive use of water. Agriculture was responsible for 83 percent of the

total water consumed in "1975"; this percentage will decrease to about 70 percent

in 2000 because of higher consumption expected in steam electric generation and

manufacturing.

Consumption

Total withdrawals and consumption, by functional use, for the 21 water resources regions—

"1975," 1985, 2000

[million gallons per day]

Functional Total withdrawals Total consumption

use "1975" 1985 2000 "1975" 1985 2000

Fresh water:

Domestic:

Central (municipal) 21,164 23,983 27,918 4,976 5,665 6,638

Noncentral (rural) 2,092 2,320 2,400 1,292 1,408 1,436

Commercial 5,530 6,048 6,732 1,109 1,216 1,369

Manufacturing 51,222 23,687 19,669 6,059 8,903 14,699

Agriculture:

Irrigation 158,743 166,252 153,846 86,391 92,820 92,506

Livestock 1,912 2,233 2,551 1,912 2,233 2,551

Steam electric generation 88,916 94,858 79,492 1,419 4,062 10,541

Minerals industry 7,055 8,832 11,328 2,196 2,777 3,609

Public lands and others1 1,866 2,162 2,461 1,236 1,461 1,731

Total fresh water 338,500 330,375 306,397 106,590 120,545 135,080

Saline water,2 total 59,737 91,236 118,815

Total withdrawals 398,237 421,611 425,212

1 Includes water for fish hatcheries and miscellaneous uses.

2 Saline water is used mainly in manufacturing and steam electric generation.
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WITHDRAWALS

I I Domestic and Commercial

Agriculture

I Steam Electric Generation

26.3%

I Manufacturing and Minerals

I Public Lands and Other

17.2%

8.5%

0.5%

25.9%

10.1%

1975 TOTAL

2000 TOTAL

1955 1960 1965 1970 1975

1985 2000

Total fresh-water withdrawals
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CONSUMPTION

1 I Domestic and Commercial

j Agriculture

Steam Electric Generation

I Manufacturing and Minerals

I Public Lands and Other

1.3%

1.3%

7.8%

13.6%

1975 TOTAL

2000 TOTAL

and

1955 1960 1965 1970 1975

consumption, by functional use

1985

2000
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Domestic and Commercial

For domestic and commercial purposes, central water-supply systems in "1975"

provided water to approximately 179 million people (83 percent of the total

population) in municipal areas. Of the population that lived outside the service

areas of the central-supply systems, 33 million had their own domestic systems,

usually wells, and about 4 million people had no piped water supply. Projections

indicate that by the year 2000, central-supply systems will serve 242 million or 90

percent of the population; 26 million will depend on individual domestic water

systems.

The percentage breakdown of total water used for domestic and commercial

purposes varies slightly from region to region, mostly as a result of lawn care and

swimming pools. Little change is projected; the total domestic use in "1975" was

28.8 bgd, and the projected increase to 37.0 bgd by the year 2000 is based largely

on population increases.

Average daily domestic (central) withdrawal in "1975" was 118 gallons per capita

per day (gcd). However, a typical family of four used about 87 gcd for drinking,

culinary, washing, and sanitary needs. The 31-gcd difference is accounted for by

delivery losses, fire protection, street washing, city and park maintenance, and other

similar items. Most central systems have the capacity to deliver 150 gcd, but this

amount includes some water for manufacturing which is accounted for in manufac-

turing water use. In a typical rural household (noncentral), domestic use averaged

about 66 gallons per person—22 gallons outside the home and 44 gallons inside.
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Domestic and commercial fresh-water withdrawals and consumption—"1975," 1985, 2000

[million gallons per day]

Water resources

region and No.

New England (1)

Mid-Atlantic (2)

South Atlantic-Gulf (3)

Great Lakes (4)

Ohio (5)

Tennessee (6)

Upper Mississippi (7)

Lower Mississippi (8)

Souris-Red-Rainy (9)

Missouri (10)

Arkansas-White-Red (11)

Texas-Gulf (12)

Rio Grande (13)

Upper Colorado (14)

Lower Colorado (15)

Great Basin (16)

Pacific Northwest (17)

California (18)

Total, Regions 1-18

Alaska (19)

Hawaii (20)

Caribbean (21)

Total. Regions 1-21 28,786

Withdrawals

Consumption

"1975"

1985

2000

"1975"

1985

2000

1,483

1,616

1,798

212

231

254

4,604

5,193

5,994

796

891

1,010

2,841

3,433

4,254

998

1,217

1,506

4,277

4,705

5,283

589

642

703

2,337

2.597

2,914

411

456

498

353

421

499

70

81

90

1,965

2,161

2,411

345

369

398

805

880

960

343

370

398

68

71

70

31

31

31

1,246

1.351

1,497

331

352

380

945

1,028

1,132

348

377

409

1,490

1,697

1,921

507

570

659

327

352

380

168

181

195

80

86

94

28

31

33

498

612

772

234

288

364

378

444

530

147

170

200

1,078

1,145

1,264

265

276

298

3,388

3,809

4,360

1,434

1.610

1,839

28,163

31,601

36,134

7,257

8,143

9,265

91

114

147

7

10

12

177

208

255

55

64

78

355

428

514

58

72

88

32,351

37,050

7,377

8,289

9,443

160

140

120

100

—

80

60

-

40
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34 I WATER USE-OFFSTREAM

Manufacturing

In the United States, approximately 20 million people (almost 25 percent of the

work force) are employed in 300,000 manufacturing plants that provide 27

percent of the total United States earnings. These plants are concentrated largely

in areas of high population density. The concentration is so great that about 80

percent of the manufacturing earnings come from urban areas that represent about

2 percent of the Nation's total land area.

In 1954, manufacturing industries withdrew about 32.4 bgd of fresh and saline

water from surface- and ground-water sources and recycled this water within the

plant about 1.8 times before returning 93.2 percent to a water source. By "1975"

the combined amount of water withdrawn increased to 60.9 bgd, which was recycled

about 2.2 times before 90.5 percent was returned to surface-water sources.

By the year 2000, total in-plant manufacturing water requirements are projected

to increase to 312 bgd. However, because of pollution control limitations on waste

discharge, the technology of water management within plants is expected to

change, and the result will be a tenfold in-plant recycling increase. Combined

fresh- and saline-water withdrawals are thus projected to decline from the present

60.9 bgd to about 29.1 bgd in the year 2000. Fresh-water withdrawals, which

amounted to 51.2 bgd in "1975," are expected to decline to 19.7 bgd by the

year 2000. This projected decrease in withdrawals for manufacturing might be

considered overly optimistic by some; however, experts from both Europe and

the United States have indicated that the projection is within reason.
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Manufacturing fresh-water withdrawals and consumption—"1975," 1985, 2000

[million gallons per day]

Water resources

region and No.

Withdrawals

Consumption

•1975"

1985

2000

•1975"

1985

2000

New England (1) 2,170

Mid-Atlantic (2) 5,416

South Atlantic-Gulf (3) 4,103

Great Lakes (4) 13,220

Ohio (5) 10,881

Tennessee (6) 2,093

Upper Mississippi (7) 2,030

Lower Mississippi (8) 4,163

Souris-Red-Rainy (9) 102

Missouri (10) 669

Arkansas-White-Red (11) 713

Texas-Gulf (12) 1,932

Rio Grande (13) 19

Upper Colorado (14) 4

Lower Colorado (15) 89

Great Basin (16) 112

Pacific Northwest (17) 2,324

California (18) 796

Total, Regions 1-18 50,836

Alaska (19) 134

Hawaii (20) 252

Caribbean (21) N/A

Total, Regions 1-20 51,222

N/A = data not available

1,022

2,526

3,377

4,106

3,323

765

886

1,634

44

315

476

2,559

42

2

92

93

1,321

830

23,413

93

181

N/A

23,687

781

1,942

3,318

2,821

2,341

671

728

1,365

31

292

480

2,444

32

2

138

98

1,132

828

19,444

86

139

N/A

19,669

192

607

611

1.474

817

147

240

314

13

136

165

571

5

2

55

24

329

257

5,959

26

74

N/A

6,059

332

934

1,203

1,719

1,095

266

309

552

19

122

232

1,003

15

1

54

42

501

375

8,774

41

88

N/A

8,903

567

1,361

2,532

2,059

1,757

514

506

1,067

23

202

360

1,917

24

2

104

77
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14,519
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Agriculture

Water in agriculture is used for irrigation and livestock. Livestock watering is only

1 percent of the total water withdrawal for agricultural use. Of all functional

water uses, irrigation is the largest use of water—there are about 45 million acres

of irrigated farmland—and offers the greatest opportunity for conservation of

water that could be diverted to additional agricultural production or other uses.

In "1975," irrigation water withdrawals were 158.7 bgd, and consumptive use

was 86.4 bgd. Withdrawals are projected to decline somewhat as a result of

ground-water overdraft in the Southwest and some increase in irrigation efficiency

elsewhere. Consumption, however, is projected to increase slightly. In "1975,"

irrigation accounted for 81 percent of the total water consumed by the Nation, and

the California Region used almost one-third of the total water consumed by

irrigation. It should be pointed out that since the data were compiled for this report

there has been a significant increase in irrigated cropland in the South Atlantic-Gulf

Region.

Currently, the United States has about 2 billion acres used in agriculture and

forestry of which about 422 million acres is in cropland. Since 1950, the

Nation's agricultural crop production has increased 50 percent. This increase

resulted from significant improvements in productivity—not from major increases

in the total cropland harvested. The most significant improvements were more

productive varieties of crops; increased use of chemical fertilizers, pesticides, and

herbicides; larger and more efficient machinery; and improved management.

Productivity is expected to continue to increase, but at a slower rate. Projections

indicate that by the year 2000 domestic consumption of agricultural products

will have increased by about 25 percent.

Irrigated agriculture is important to total agricultural production, particularly in

specialty crops. Overall, national agricultural production has responded to

domestic needs as well as to the international exports. Recently, the $20 billion

to $25 billion annual export of agricultural products helped improve the Nation's

balance of trade.
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Irrigation fresh-water withdrawals and consumption—"1975," 1985, 2000

[million gallons per day]

Water resources

region and No.

New England (1)

Mid-Atlantic (2)

South Atlantic-Gulf (3)

Great Lakes (4)

Ohio (5)

Tennessee (6)

Upper Mississippi (7)

Lower Mississippi (8)

Souris-Red-Rainy (9)

Missouri (10)

Arkansas-White-Red (11)

Texas-Gulf (12)

Rio Grande (13)

Upper Colorado (14)

Lower Colorado (15)

Great Basin (16)

Pacific Northwest (17)

California (18)

Total, Regions 1-18

Alaska (19)

Hawaii (20)

Caribbean (21)

Total, Regions 1-21

Withdrawals

Consumption

"1975"

1985

2000

"1975"

1985

2000

35

41

46

25

29

33

265

366

481

196

269

354

3,464

4,008

4,509

2,752

3,184

3,597

145

211

282

114

169

232

47

68

91

37

53

74

14

18

21

11

153

14

17

192

283

387

230

323

4,580

4,559

4,444

3,065

3,204

3,272

46

144

434

37

116

350

31,636

39,376

36,236

14,214

17,597

17,607

9,980

10,483

9,776

7,048

7,468

7,125

11,538

9,333

7,427

9,347

7,597

6.100

5,684

5,498

4,873

3,886

3,920

3,570

6,400

7,223

6,672

2,194

2,657

2,741

7,989

7,299

6,343

4,026

3,962

3,720

6,969

6,120

5,825

3,225

3,082

3,196

33,181

34,639

29,961

11,026

13,362

13,213

34,611

34,863

34,764

24,282

25,134

26,311

156,776

164,532

152,572

85,638

92,047

91,835

4

4

4

3

474

3

3

1,447

1,226

951

481

473

516

490

319

276

289

195

166,252

153,846

86,391

92,820

92,506
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Energy Production

Steam-powered generation of electricity accounted for 95 percent (88.9 bgd) of the

fresh-water withdrawals for all energy production in "1975." As a result of

advances in cooling technology, by the year 2000 fresh-water withdrawals for

steam electric generation are projected to decrease by 11 percent (79.5 bgd)

but will still constitute 94 percent of the fresh-water withdrawals for energy'

production. Although steam electric generation requires large amounts of water,

its consumptive use of water was only 2 percent of the fresh-water withdrawals

for steam electric generation in "1975." However, along with the projected decrease

in withdrawals by the year 2000 due to cooling technology, consumption is

projected to increase to 13 percent of the fresh-water withdrawals for steam

electric generation. This significant increase is due largely to greater evaporation

resulting from higher temperatures in the recycling process.

Other types of energy production (mining and processing of coal and oil shale,

and extracting and refining of oil and natural gas) account for the remaining

5 percent of the total fresh-water withdrawals for energy production. This

percentage is accounted for in manufacturing and minerals industry water use.

As coal-produced energy becomes more significant, so will water used in its

production. The problems of water for energy production will emerge first in

the Missouri, Ohio, and Upper Colorado Regions where there are large coal and

oil-shale deposits.

In addition to the fresh-water withdrawals described above, large amounts of

saline water also are used in energy production.
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Steam electric generation fresh-water withdrawals and consumption—"1975," 1985, 2000

[million gallons per day]

Water resources Withdrawals Consumption

region and No. "1975" 1985 2000 "1975" 1985 2000

New England (1) 1,263 1,069 375 21 18 167

Mid-Atlantic (2) 7,463 7,130 4,657 103 224 644

South Atlantic-Gulf (3) 12,768 12,912 13,952 153 722 1,857

Great Lakes (4) 24,362 22,689 16,061 175 497 1,384

Ohio (5) 21,022 21,008 10,574 324 656 1,692

Tennessee (6) 4,799 5,738 4,581 42 231 417

Upper Mississippi (7) 7,644 6,347 3,537 129 352 1,079

Lower Mississippi (8) 4,175 9,313 16,687 54 118 291

Souris-Red-Rainy (9) 82 23 0 1 0 0

Missouri (10) 3,540 5,834 4,938 68 239 637

Arkansas-White-Red (11) 498 1,026 1,012 89 237 457

Texas-Gulf (12) 724 1,000 1,713 99 270 991

Rio Grande (13) 34 16 10 18 9 5

Upper Colorado (14) 103 157 201 39 106 151

Lower Colorado (15) 68 150 154 63 134 126

Great Basin (16) 33 65 82 3 42 52

Pacific Northwest (17) 260 203 580 13 104 344

California (18) 42 158 367 25 101 242

Total, Regions 1-18 88,880 94,838 79,481 1,419 4,060 10,536

Alaska (19) 36 20 11 0 2 5

Hawaii (20) 0 0 0 0 0 0

Caribbean (21) 0 0 0 _0 0 0

Total, Regions 1-21 88,916 94,858 79,492 1,419 4,062 10,541
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Minerals Industry

In the minerals industry, water is used for mining metals, nonmetals, and fuels.

Metals include lead, zinc, manganese, gold, silver, copper, and molybdenum.

Nonmetals are lime, clay, barite, phosphate, rock salt, pumice, cement, sand and

gravel, and stone. Fuels include coal, oil shale, petroleum, natural gas, and natural

gas liquids.

The minerals industry withdrew an average of 7.1 bgd or 2.1 percent of the

Nation's fresh-water withdrawals in "1975." Water withdrawals for the minerals

industry are projected to increase 61 percent by the year 2000 to an average of

11.3 bgd, or 3.7 percent of the Nation's fresh-water withdrawals. Water with-

drawals for the minerals industry will grow concurrently with increased use of

minerals unless there are improvements in water-use efficiency or recycling. This

projected increase of 61 percent is in contrast to other water uses inasmuch as

the Nation's total fresh-water withdrawals are projected to decline 9 percent be-

tween "1975" and 2000. Consumption of water for the minerals industry is

expected to increase 64 percent by the year 2000; however, it is expected to

remain fairly constant at 2 to 3 percent of the Nation's consumption of water.

Water withdrawals for nonmetals mining in "1975" accounted for more than

half the industry's total. However, fuels mining and processing, which accounted

for about 36 percent of the industry's total withdrawals, was responsible for 62

percent of the industry's total consumption. Water used in fuels mining is

important in the Missouri and Upper Colorado Regions where coal and oil-shale

mining and processing are developing.

Water withdrawals and consumption for metals mining is stable at about

12 to 14 percent of the industry's total.
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Minerals industry fresh-water withdrawals and consumption—"1975," 1985, 2000

[million gallons per day]

Water resources

region and No.

New England (1)

Mid-Atlantic (2)

South Atlantic-Gulf (3)

Great Lakes (4)

Ohio (5)

Tennessee(6)

Upper Mississippi (7)

Lower Mississippi (8)

Souris-Red-Rainy (9)

Missouri (10)

Arkansas-White-Red (11)

Texas-Gulf (12)

Rio Grande (13)

Upper Colorado (14)

Lower Colorado (15)

Great Basin (16)

Pacific Northwest (17)

California (18)

Total, Regions 1-18

Alaska (19)

Hawaii (20)

Caribbean (21)

Total, Regions 1-21 7,055

Withdrawals

Consumption

"1975"

1985

2000

"1975"

1985

2000

90

115

153

11

16

20

459

548

700

70

82

102

1,178

1,538

2,077

214

274

349

696

831

1,044

155

175

211

493

662

808

91

132

160

110

140

186

15

21

27

333

417

533

46

58

74

799

1,010

1,318

206

253

416

8

9

10

3

3

3

269

356

424

111

139

163

448

469

571

173

184

218

1,044

1,133

1,245

555

588

632

190

221

255

103

129

150

132

195

355

47

72

144

184

252

311

151

217

280

145

206

273

28

44

64

118

141

167

18

19

27

297

359

375

183

225

213

6,993

8,602

10,805

2,180

2,631

3,253

30

192

476

12

141

350

1

1

1

0

0

0

31

37

46

4

5

6

8,832

11,328

2,196

2,777

3,609
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Instream Use

The First National Water Assessment did not address instream-flow uses due tc

lack of data, but stated that "in future assessments, a more complete analysis ol

the adequacy of flow for instream uses will be undertaken."

In fulfilling that promise, this second assessment provides the first nationwid*

examination of instream-flow conditions—and the implications of acceleratec

offstream uses of water—through a volumetric analysis of the consumptive anc

nonconsumptive water uses in relation to water supply.

Instream-flow use, often referred to as instream-flow need, is that amoun

of water flowing through a natural stream channel needed to sustain the instrean

values at an acceptable level. Values of instream flows relate to uses made 01

water in the stream channel that include fish and wildlife population maintenance

outdoor recreation activities, navigation, hydroelectric generation, waste assimilatior

(sometimes termed water quality), conveyance to downstream points of diversion

and ecosystem maintenance that includes fresh-water recruitment to the estuaries

and riparian vegetation and flood-plain wetlands. Streamflow sufficient to maintair

all these uses establishes the acceptable level for the "instream-flow uses." Under-

standably, at a given location in a given stream system, only certain uses may be

applicable. The actual instream-flow needs are based on the dominant of those

instream-flow uses, or alternatively, on the resulting best mix after tradeoffs within

the instream-use sector have been made.

The second assessment has quantified minimum streamflow levels for fish and

wildlife population maintenance and for navigation. In all subregions, the fish and

wildlife use is the dominant instream-flow use.

Also, in this assessment, streamflows for treaties and compacts were cited for

those subregions where a compact or treaty affected the flows to be discharged

from the subregion.

Approximately 50 interstate compacts and international treaties affecting water

resources have been approved by the Congress; still others are in negotiation. The

purpose of most of these compacts and treaties is to allocate the amounts of

water among political subdivisions for existing or potential uses downstream.
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Fish and Wildlife

In order to reflect the relative severity of problems in management and use of the

Nation's water supplies, instream-flow approximations (IFA's) for fish and wildlife

were developed. However, an analysis of the instream-flow approximation for a

group of streams comprising a major river basin cannot be made without sacrifice

in precision.

Instream-flow approximations were prepared solely for use in the water-data

analysis of the Second National Water Assessment. These estimates are for the

outflow point(s) of each subregion. They represent judgmental estimates of monthly

flow regimes sufficient to support habitat of aquatic life and outdoor recreation.

These estimates are useful for guiding decisions, but better or more definitive

methods are available and should be applied in site-specific studies.

The percentage of total streamflow represented by the instream-flow approximations

is shown in the map below. The variability of the percentages reflects the different

methods used and the relative recognition of water-resources development.

Explanation

I | 0-25%

2 26-50%

51-75%

76100% Instream flow approximations for fish and

over 100% wildlife, as a percentage of total streamflow
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Outdoor Recreation

Water-related outdoor recreation activities are divided into two types—water-

dependent and water-enhanced—that require a substantial supply of accessible

water and supporting lands and facilities. These recreation activities are measured

in "activity occasions," which is denned as participation by a person 12 years or

older in a specific activity without regard to the duration of the activity. In

■'1975," there were 2 billion activity occasions; by the year 2000, activity occasions

are projected to increase by 34 percent to 2.7 billion.

Water-dependent activities consist of beach swimming (43 percent), sport fishing

(28 percent), boating (20 percent), water skiing (5 percent), and sailing and

canoeing (about 2 percent each). In "1975," activity occasions for water-dependent

recreation were estimated to number 1,379 million.

Water-enhanced activities are divided between picnicking (83 percent) and camping

(17 percent). In "1975," activity occasions for water-enhanced recreation were

in excess of 600 million.

About 20.3 million acres of surface water are accessible and usable for recreation

in the conterminous United States, or about 122 acres per 1,000 people (12 years

of age or older). However, this recreational surface-water area is only about one-

fourth of the nearly 84.6 million acres of surface-water area available. The re-

maining 64.3 million acres of potential recreation water area are now inaccessible,

polluted, or otherwise restricted from recreational uses. Additional water-surface

needs for recreation were estimated to be a cumulative 8 million acres in "1975,"

10 million acres in 1985, and 13 million acres in 2000. These needs may be met

by removing restrictions on access to existing water bodies, improving water

quality, and reducing competitive uses.

A number of major recreation problem issues were evaluated in all 106 subregions.

Preserving free-flowing stream values was ranked as a high priority problem in

73 subregions. Ranked in descending order, other recreation issues include: retaining

flood plains, coastal beaches, and wetlands; improving water quality; increasing

recreation opportunities at reservoirs; providing public access to water; and main-

taining instream flows.
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Outdoor recreation activity occasions—"1975." 1985, 2000

[million activity occasions]

Water resources

region and No. . t975

New England (1) 69.8

Mid-Atlantic (2) 217.9

South Atlantic-Gulf (3) 160.5

Great Lakes (4) 220.4

Ohio (5) 142.1

Tennessee (6) 22.5

Upper Mississippi (7) 97.3

Lower Mississippi (8) 40.7

Souris-Red-Rainy (9) 4.7

Missouri (10) 61.9

Arkansas-White-Red (11) 44.5

Texas-Gulf (12) 62.6

Rio Grande (13) 10.7

Upper Colorado (14) 2.2

Lower Colorado (15) 15.4

Great Basin (16) 8.0

Pacific Northwest (17) 42.7

California (18) 134.8

Total, Regions 1-18 1,358.7

Alaska (19) 2.0

Hawaii (20) 18.2

Caribbean (21) N/A

Total, Regions 1-20 1,378.9

N/A - data not available.

Water-dependent

Water-enhanced

1985

2000

■1975"

1985

2000

77.9

246.6

192.0

247.1

158.3

26.4

112.0

44.3

4.7

67.5

48.6

73.1

11.7

2.3

19.2

9.7

46.1

156.6

1,544.0

2.4

20.8

N/A

1,567.2

91.0

289.3

235.1

295.0

182.8

31.9

126.4

49.4

4.8

77.2

55.8

89.2

13.1

2.6

25.4

12.2

53.1

189.5

1,823.7

3.1

25.6

N/A

1,852.4

35.7

115.0

57.9

106.6

58.9

8.0

47.6

14.5

2.3

32.8

18.0

22.3

5.9

1.4

9.8

5.2

27.4

86.4

655.7

1.3

5.9

N/A

662.9

40.9

131.0

68.4

119.1

65.5

9.4

53.0

15.8

2.3

35.7

19.7

26.0

6.5

1.5

12.3

6.2

29.6

100.4

743.3

1.5

6.6

N/A

751.5

48.4

155.9

85.3

138.7

75.5

11.3

61.4

17.5

2.3

40.8

22.2

31.7

7.3

1.7

16.3

7.8

34.0

121.3

879.4

2.0

8.0

N/A

889.4
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Hydroelectric Generation

In "1975," hydroelectric generation supplied about 15 percent of the total national

electricity requirement. Conventional hydroelectric plants are projected to generate

only about 6 percent more electricity in the year 2000 than they did in "1975."

Throughout the Nation hydroelectric powerplants commonly are used to meet

peak daily electric loads. However, in the Pacific Northwest, where runoff is

high and reservoir capacity large, base loads generally are met by hydroelectric

generation; auxiliary steam electric generation is used to meet daily peak loads

only when the hydroelectric generation capacity is inadequate or when reservoir

levels must be protected to avoid base-load interruption. Peak-load plants usually

operate for only a limited number of hours and a limited number of days of the

week except for that part of the plant through which a discharge is made to maintain

continuous downstream flow for fish, wildlife, navigation, and other purposes.

Hydroelectric powerplants have the advantage of producing power without con-

suming fuel and without polluting water or air. These plants have long lives, low

operating costs, and low outage rates. New advances in low-head flow generation

and rewinding generators to increase production offer renewed interest in the

potential of hydroelectric generation, particularly as fuel costs increase.
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Navigation

The Nation's rivers and lakes have served as avenues for public and commodity

iransportation from the time of the earliest inhabitants. Since about 1770, the

extent and capacity of inland and intracoastal waterway systems have continually

increased to the point where they now consist of more than 25,000 miles of

navigable channels and canals. Between "1975" and the year 2000 the inland

waterway network is expected to have few major changes in either total length

or channel dimensions. The major components of the network are:

• The Mississippi River and Tributaries—about 9,000 miles of commercial water-

ways, of which 65 percent has an authorized channel depth of 9 feet.

• The Gulf Intracoastal Waterway and Other Gulf Coastal Waterways—about

5,400 miles of navigable channels, of which 50 percent has a depth of at least

9 feet.

• The Atlantic Intercoastal, New York, and New England Waterways—about

7,000 miles of which 60 percent has an authorized channel depth of 9 feet.

• The Central California and Columbia-Snake Waterways—about 3,600 miles,

of which 65 percent has a channel 9 feet deep.

The Great Lakes Waterway System and the St. Lawrence Seaway, which connects

the Great Lakes with the Atlantic Ocean, add an additional 1,700 miles of

navigable waters to the total.

In 1965, total domestic waterborne traffic was 829 million tons; by 1974 the

traffic increased to about 1,000 million tons. By the year 2000, 1,500 million tons

is expected. In 1974, domestic waterborne commerce was about 25 percent of

the total intercity freight measured in ton-miles, but only about 16 percent of the

net tons carried. These percentages represent only a slight decline from 1965 figures.

The instream flow required for navigation's nonconsumptive use depends largely

on the degree to which the waterways are channeled, the depth being maintained,

the number of locks, the degree to which lockage water is pumped back to upper

pools, and other factors. In 1985 and 2000, water supplies, without consideration

of needs for other purposes, are expected to be adequate for navigation in most

water resources regions except for perhaps the Missouri Region.
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"1975" and 2000

Water Use—Overview

Relative per capita withdrawal and consumption rates in each of the 21 regions

reflect the population density, as well as the mix of water-intensive industries in

each region. In "1975," the Nation had a water withdrawal rate of 1,564 gcd

(gallons per capita per day) and a consumption rate of 493 gcd. By the year 2000.

the withdrawal rate is projected to decline by 27 percent to 1,143 gcd, but the

consumption rate will remain almost unchanged at 504 gcd. The highest per capita

withdrawal in "1975" was in the Upper Colorado Region—about 20,000 gcd, a

rate nearly 50 times greater than the combined withdrawals for the New England

and Mid-Atlantic Regions. By the year 2000, the Upper Colorado Region per

capita daily withdrawal rate is expected to be nearly 100 times that of the Northeast.

In most western regions consumption is projected to be around 2,000 gcd, about

4 times the national average and about 50 times that of the Northeast. These

higher consumption rates will result largely from the relative concentration of

irrigated agriculture, minerals mining, and steam electric generation in areas of

low population density.

In summary, most of the withdrawals and consumption of water in the Nation

supports agricultural and energy production. Great opportunities for effecting

more efficient allocation and use for water exist in these offstream functional

use areas.

Total fresh-water withdrawals and consumption—"1975," 1985, 2000

[million gallons per day]

Water resources

region and No.

New England (1)

Mid-Atlantic (2)

South Atlantic-Gulf (3)

Great Lakes (4)

Ohio (5)

Tennessee (6)

Upper Mississippi (7)

Lower Mississippi (8)

Souris-Red-Rainy (9)

Missouri (10)

Arkansas-White-Red (11)

Texas-Gulf (12)

Rio Grande (13)

Upper Colorado (14)

Lower Colorado (15)

Great Basin (16)

Pacific Northwest (17)

California (18)

Total, Regions 1-18

Alaska (19)

Hawaii (20)

Caribbean (21)

Total, Regions 1-21 338,500

Withdrawals

Consumption

"1975"

1985

2000

"1975"

1985

2000

5,098

3,939

3,230

481

647

1,063

18,300

15,857

13,873

1,843

2,472

3.548

24,510

25,457

28,340

4,867

6,772

10,053

42,813

32,666

25,623

2,598

3,300

4,693

34,934

27,838

16,925

1,798

2,527

4,332

7,412

7,131

6,013

313

647

1,105

12,401

10,386

7,910

1,145

1,604

2,688

14,567

17,453

24,841

4,027

4,554

5,511

336

329

587

112

204

446

38,016

48,037

44,359

15,469

19,206

19,913

12,868

13,799

13,337

8,064

8,769

8,887

16,925

15,932

14,991

11,259

10,227

10.529

6,321

6,204

5,633

4,240

4,320

4,016

6,869

7,841

7,519

2,440

3,018

3,232

8,917

8,528

7,857

4,595

4,754

4,708

7,991

7,316

7,258

3,779

3,765

4,036

37,495

38,098

33.852

11,913

14,610

15,196

39,636

40,549

41,265

26,641

27,932

29,699

335,409

327,360

303,413

105,584

119,328

133,655

305

433

745

58

207

459

1,879

1,619

1,349

605

636

666

907

963

890

343

374

300

330,375

306,397

106,590

120,545

135.080

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

7
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

7
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



Domestic and Commercial

Manufacturing

Agriculture

(

- ci/Z

Steam electric generation

Explanation

Million gallons per day

I I 0-500

Minerals

| | 500-5000

| Over 5000

Water withdrawals by functional use, "1975'

Explanation

Agriculture

Steam electric

generation

Manufacturing

Domestic and

commercial

Dominant functional water use, by subregion, "1975"
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I 51

IDENTIFICATION OF

CRITICAL PROBLEMS
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52 I IDENTIFICATION OF CRITICAL PROBLEMS

Analysis of Supply and Use

Water-Supply

Adequacy

Analysis Model

To identify the Nation's critical water problems, a water-supply adequacy analysis

model was developed. It was based on the concept of a balance between water use

and water supply, and took into consideration both ground water and fresh surface

water. This model, which is shown graphically below, provided a subregional

analysis for each of the 106 water resources subregions.

USE

SUPPLY

i-/ Includes only evaporation from manmade reservoirs.

.2/ Includes flow requirements for navigation, hydroelectric, conveyance to meet downstream treaty and

compact commitments, fish and wildlife habitat maintenance, waste assimilation, recreation, sediment

transport and fresh-water inflow to estuaries.

-V Includes precipitation minus natural evaporation from the land surfaces and plant transpiration,

and drainage to ground water.
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Subregions have water inflow or supply from upstream subregions, interbasin

imports, precipitation runoff, and ground water. Water uses include interbasin

exports, consumption, and evaporation, which are deducted from the potential

supply. Ground-water recharge is accounted for in the model and is not considered

a loss.

Quantities listed in the following table of water supply and uses were obtained by

means of the adequacy analysis model. The analysis for "1975" includes conditions

both with and without ground-water overdraft. The analysis for future conditions,

1985 and 2000, excludes ground-water overdraft on the basis that excessive

pumping becomes uneconomical as water levels continue to decline.

Comparison of water-supply and water-use data shows that overall the Nation's

water supplies generally are sufficient to meet water needs for all beneficial

purposes. However, there are major water problems in most of the 21 water

resources regions, and more particularly there are local problems of varying

intensity in nearly all of the 106 subregions. These problems include shortages

resulting from poor distribution of supplies, instream-offstream conflicts, compe-

tition among various offstream users, ground-water overdraft, quality degradation

of both surface water and ground water, and institutional conflicts that prevent a

unified approach to water management.

Ten critical problems are identified in the following pages. Each problem is

delineated on a map of the United States. These problems overlap, and solutions

to one problem should not be considered in isolation of the other problems.

Comparison

of Water Supply

and Water Use
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64 I IDENTIFICATION OF CRITICAL PROBLEMS

Summary of fresh-water supply and use—"1975," 1985, 2000

[Data are in million gallons per day. Shaded areas reflect conditions without ground-water overdraft]

Supply

Use

Water resources

region and No.

Stream

inflow2

Ground-

Net water

imports over-

draft

Remaining

stream

outflow

Instream

Year'

Natural

outflow3

Total

consump-

tion

Net

evapora-

tion4

Net

exports

flow

approxi-

mation'

New England (1)

"1975"

0

78,661

0

0

481

0

0

78,180

"1975"

1985

0

0

78,661

78,661

78,661

0

0

0

0

0

0

481

0

0

0

0

0

0

78,180

78,014

77,598

69.001

647

1,063

Mid-Atlantic (2)

"1975"

"1975"

0

80,522

479

32

1.843

0

0

79,190

0

0

0

80,522

80,522

80,522

479

479

479

0

0

0

1.843

2,472

3.548

0

0

0

0

0

0

79,158

78,529

77,453

68,840

South Atlantic-Gulf (3)

"1975"

0

232,544

0

339

4,867

0

6

228,010

227,671

225,766

222,485

"1975"

0

0

232.544

232.544

232,544

0

0

0

0

0

0

4,867

6,772

0

0

0

6

6

6

188.655

1985

2000

o

10,053

Great Lakes (4)

"1975"

0

0

0

0

75,262

75.262

75.262

75,262

19

19

19

19

27

0

2,598

2,598

3,300

4,693

0

0

0

0

0

0

0

0

72,710

72.683

71.981

70,588

"1975"

63.951

1985

0

0

2000

Ohio (5)

"1975"

40,800

138,998

0

0

1,798

0

0

178,000

"1975"

40,800

40,466

40,008

138,998

138,998

138.998

0

0

0

0

0

0

1.798

2,527

4.332

0

0

0

0

0

178,000

176,937

174,674

160.520

1985

2000

0

Tennessee (6)

"1975"

0

0

0

0

41,113

41,113

41,113

41,113

0

0

0

0

0

313

0

0

0

0

0

40,800

40.800

40.466

40.008

"1975"

0

313

0

0

0

38.480

1985

0

0

647

1,105

2000

Upper Mississippi (7)

"1975"

44,100

41,543

37,428

35,880

76.024

76,024

76,024

76.024

2,064

2,064

2.064

2,064

0

0

0

0

1,145

1,145

1,604

2,688

43

0

0

121.000

118.443

113,867

111,234

"1975"

43

45

46

110.750

1985

0

0

2000

Lower Mississippi (8)

"1975"

361,600

353.586

346,966

341,804

75,015

75.015

75,015

75,015

0

0

412

0

0

0

4,027

4,027

4.554

5,511

0

0

0

0

0

0

0

0

433,000

424,574

417.457

411,308

"1975"

359.033

1985

0

0

2000

Souris-Red-Rainy (9)

"1975"

0

0

0

0

6,138

6,138

6,138

6,138

0

0

0

0

0

112

112

204

446

16

16

18

19

0

0

6,010

6,010

5,974

6,314

"1975"

0

3,673

1985

58

0

0

2000

641

Missouri (10)

"1975"

0

0

61,525

61,525

61,525

61,525

411

411

433

2,557

0

15,469

15,469

19,206

19,913

4,924

4,924

5,324

5,595

0

44,100

41,543

37,428

35,880

"1975"

0

33,958

1985

0

0

0

0

0

2000

0

137

Arkansas-White-Red (11)

"1975"

0

0

67,694

67,694

67,694

67,694

128

128

177

200

5,457

0

8,064

8,064

8,769

8,887

2,615

2,615

2.910

3.111

0

0

62,600

57,143

56,192

55,896

"1975"

46,169

1985

0

0

0

0

0

0

2000

Texas-Gulf (12)

"1975"

0

0

0

0

35.626

35.626

35,626

35,626

30

30

30

30

5,578

0

11,259

11,259

10.227

10,529

1,705

1,705

1,875

1,992

0

0

28,270

22,692

23,554

23,135

"1975"

22,917

1985

0

0

0

0

2000

Rio Grande (13)

"1975"

0

0

0

0

5.309

5,309

5,309

5,309

234

234

199

199

657

0

4,240

4,240

4.320

4,016

730

730

764

785

0

0

0

0

1.230

573

424

707

"1975"

2,287

1985

0

0

2000
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Summary of fresh-water supply and use—"1975." 1985, 2000—continued

[Data are in million gallons per day. Shaded areas reflect conditions without ground-water overdraft]

Supply

Use

Water resources

region and No.

Stream

inflow2

Ground- -,„. w , Remaining

Net water Total Net Net stream

imports over- C0™™p- evaP°r4a" exports outflow

Instream

Year'

Natural

outflow:

flow

approxi-

mation6

Upper Colorado (14)

"1975"

0

0

0

0

13.956

13,956

13,956

13,956

0

0

0

0

0

0

0

0

2,440

2,440

3,018

3,232

711

711

721

728

805

10,000

"1975"

805

10,000

7,947

1985

985

9,232

2000

1,095

8,901

Lower Colorado (15)

"1975"

10,000

-605

-605

-605

-605

0

0

0

0

2,415

0

4,595

4,595

4,754

4,708

1,202

1,202

1,222

4.463

4,463

4,084

3,896

1.550

"1975"

10,000

5-865

6,864

1985

9,232

0

0

6-1,433

2000

8,901

1,236

6-1,544

Great Basin (16)

"1975"

0

0

0

0

5,976

5,976

5.976

5,976

101

101

177

251

591

0

0

0

3,779

3,779

3,765

4,036

327

327

331

333

0

0

0

0

2.562

1.971

2.057

1,858

"1975"

3,389

1985

2000

Pacific Northwest (17)

"1975"

0

0

0

0

268,523

268,523

268,523

268,523

47

47

47

47

627

11,913

11,913

14.610

15,196

2,014

2,014

2,055

2.083

0

0

0

0

255,270

254,643

261,905

251,291

"1975"

0

0

0

214,004

1985

2000

California (18)

"1975"

0

0

0

0

68,050

68,050

68,050

68,050

4,438

4,438

4,069

3,881

2,197

0

26,641

26,641

27,932

29,699

669

669

679

686

0

0

0

0

47,375

45,178

43,508

41,546

"1975"

32,607

1985

0

0

2000

Regions 1-18

"1975"

0

0

0

0

1,330,331

1,330,331

1,330,331

1,330,331

2.677

2,677

2,677

2.677

20.889

0

105.584

105,584

119.328

133,655

14,956

14,956

15,944

16,614

0

0

0

0

1,233,357

1,212,468

1,197,736

1,182,739

"1975"

1,035,221

1985

0

0

2000

Alaska (19)

"1975"

0

0

0

0

905,058

905,058

905,058

905,058

0

0

0

0

0

0

0

0

58

0

0

0

0

0

0

0

0

905,000

905,000

904,851

904,599

"1975"

58

859,000

1985

207

2000

459

Hawaii (20)

"1975"

0

0

0

0

7,353

7,353

7,353

7,353

0

0

0

0

0

0

0

0

605

605

636

1

1

1

0

0

0

0

6,747

6,747

6.716

6,686

"1975"

4,590

1985

2000

666

1

Caribbean (21)

"1975"

0

0

0

0

5,181

5,181

5,181

5,181

0

0

0

0

13

0

0

0

343

343

374

300

0

0

0

0

0

0

0

0

4,851

4,838

4,807

4,881

"1975"

3,706

1985

2000

Regions 1-21

"1975"

0

0

0

0

2,247.923

2,247,923

2,247,923

2,247,923

2,677

2,677

2,677

2,677

20,902

0

106,590

106,590

120,545

135,080

14,957

14,957

15,945

16,615

0

0

0

0

2.149,955

2,129,053

2,114,110

2,098,905

"1975"

1,902,517

1985

0

0

2000

1 The second "1975" shows "1975" data without ground-water overdraft for a more direct comparison with the conditions for

1985 and 2000.

J Flow across international boundaries is not shown.

3 Estimated water supply generated within each region. Negative values indicate that evaporation and plant transpiration are

greater than rainfall in the region.

* From manmade reservoirs with storage capacities larger than 5,000 acre-feet and from farm ponds and lagoons. If

precipitation exceeds evaporation value is zero.

'Negative values show the amount of excess water use without ground-water overdraft. Streamf low will be maintained to meet

commitments to Mexico.

6 U.S. Fish and Wildlife Service estimates for optimal fish and wildlife habitat conditions.
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Inadequate Surface-Water Supply

Competing offstream uses of water for energy, agricultural, domestic, and industrial

needs coupled with associated environmental and instream-flow uses have resulted

in basinwide and local problems throughout the United States. The Second National

Water Assessment projects that by the year 2000 the national increase in annual

fresh-water consumption will further compound problems. The problem of inade-

quate surface-water supply is or will be severe by the year 2000 in 17 subregions

located mainly in the Midwest and Southwest. However, an analysis of monthly

water data shows that during low-flow months there will be an increase in the

number of subregions, including some in the East, with inadequate supply.

This assessment addressed the issue of instream flows for fish and wildlife. To

estimate these flows, a stream-depletion analysis was made on fish and wildlife

habitat to determine the effect of different streamflow levels.

The following criteria (indicated by depletion ratios) are one way in which

the effect can be described.

Sixty percent of average flow (40-percent depletionl.—A base flow recommended to provide

excellent to outstanding habitat for most aquatic life forms during their primary periods of

growth and for the majority of recreation uses.

Thirty percent of average flow (70-percent depletionl.—A base flow that sustains good sur-

vival habitat for most aquatic life forms.

Ten percent of average flow (90-percent depletion).—A flow that can sustain only short-term

survival habitat for most aquatic life forms.

The depletion analysis indicates the relative flexibility of riverine ecosystems to

cope with fluctuating streamflows. Offstream uses (especially extensive development

of irrigated agriculture) often strain the riverine ecosystems and, when protection

for aquatic ecosystems is lacking, can severely threaten fish and wildlife dependent

on the river flow.

The results of the analysis show that instream flows generally are considered in-

adequate in the West, and they also indicate that instream flows are of concern

in the East. Nationally, ideal flow levels total 1,035 bgd. With an average daily

instream flow of 1,233 bgd, the flows seem to be adequate for fish and wildlife.

However, several regions do not reflect such favorable conditions. For example,

the Lower Colorado Region has an average flow of 1,550 mgd, well below the

6,864 mgd preferred for ideal fish habitats.

With ever increasing offstream and instream demands being placed on the Nation's

water resources, it must be recognized that competition for water is a fact. To

arrive at solutions, tradeoffs must be made that may result in some restrictions on

use (and, therefore, development).

Although competition for water refers primarily to surface water, in most locations

throughout the Nation ground- and surface-water supplies are interrelated. The

hydrologic connections often are not obvious; however, surface and ground waters

represent a single resource with different characteristics.
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CRITICAL PROBLEMS-QUANTITY | 57

Explanation

Subregion with inadequate streamflow ("1975"-2000)

fc$$%j 70 percent depleted in average year

I I 70 percent depleted in dry year

I | Less than 70 percent depleted

Specific problems (as identified by Federal and State/Regional study teams)

•k Conflict between offstream and instream uses

Inadequate supply of fresh surface water to support-

Offstream use

• Central (municipal) and noncentral (rural) domestic use

Industry or energy resource development

a Crop irrigation

Instream use

Fish and wildlife habitat or outdoor recreation

Hydroelectric generation or navigation

Boundaries

Water resources region

Subregion

Inadequate surface-water supply and related problems
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Overdraft of Ground Water

Generally, the volume of ground water in the United States is estimated to be far

greater than the total capacity of all the Nation's lakes and reservoirs (including the

Great Lakes). Ground-water volume is equivalent to about 50 years of surface

runoff. Yet increased demands upon this resource in certain areas are causing

mounting stress on the supply. Diminished artesian pressure, declining springflow

and streamflow, land subsidence, and salt-water intrusion generally indicate that

ground water is being withdrawn at a rate greater than an aquifer is being re-

plenished. An aquifer is said to be overdrawn when water is withdrawn from it

at a rate greater than the long-term rate of recharge (this is sometimes referred

to as ground-water mining).

Ground-water overdraft is occurring in the High Plains from Nebraska to Texas,

south-central Arizona, and parts of California. Land subsidence resulting from

ground-water overdraft has been a long-term problem in California's Central

Valley where the land surface has subsided several feet over a fairly large area.

The map on the facing page shows the nature of the problems caused by ground-

water overdraft and where the problems occur. Analysis of the assessment data

shows that 8 of the 106 subregions have critical overdraft problems, 30 have

moderate overdraft, and 22 have only minor overdraft.

Before the ground-water levels in an area decline enough to make pumping un-

economical, several things need to be done: (1) Alternative sources of water must

be found; (2) artificial recharge must be developed; (3) water-using activities

must be relocated, or (4) water use must be reduced through improved water

management. In the absence of appropriate water-conserving measures, the in-

creasing energy costs related to the greater pumping lifts could force abandon-

ment of irrigated cropping if no other source of water at reasonable cost is avail-

able. Irrigation is used as an example because it represents a form of ground-water

demand much greater than other uses.
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Explanation

Area problem

I | Area in which significant ground-water overdraft is occurring

I I Unshaded area may not be problem-free, but the problem was not considered major

Specific problems (as identified by Federal and State/Regional study teams)

• Declining ground-water levels

4 Diminished springflow and streamflow

Formation of fissures and subsidence

■ Saline-water intrusion into fresh-water aquifers

Boundaries

— Water resources region Subregion

Ground-water overdraft and related problems
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Pollution of Surface Water

Point and

Nonpoint

Sources

Historically, the Nation's streams, rivers, and lakes have been convenient, and

seemingly inexpensive and inexhaustible, dumping areas for human and animal

wastes and residuals from industrial production. In contrast, the majority of the

population also has always depended, directly or indirectly, on these same streams,

rivers, and lakes for some of its fresh-water supplies, recreational activities, and

esthetic beauty.

Surface-water pollution results from both point and nonpoint (dispersed) sources.

Point-source pollution is caused largely by the direct and indirect discharges of

municipal and industrial wastes. Nonpoint- or dispersed-source pollution stems

from runoff from urban, agricultural, forested, and mining areas. The Environ-

mental Protection Agency's National Residuals Discharge Inventory shows that

about 33 percent of the oxygen-demanding loads, 66 percent of the phosphorus,

and 75 percent of the nitrogen discharged to streams come from dispersed agri-

cultural sources. Where storm runoff from urbanized areas drains into nearby

surface-water bodies it can degrade the quality of the water. Because of the im-

pervious surface characteristics of urban areas, storm runoff can transport sig-

nificant quantities of sediment and also of trace elements, nutrients, and organic

material, ultimately to deposit them in the receiving surface-water body. With in-

creasing urbanization, the problems of accelerated storm-water runoff and asso-

ciated nonpoint pollution can be expected to become more and more difficult to

solve.
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Explanation

Area problem

I | Area in which significant surface-water pollution from point sources is occurring

^ Unshaded area may not be problem-free, but the problem was not considered major

Specific types of point-source pollutants

• Coliform bacteria from municipal waste or feedlot drainage

* PCB (polychlorinated biphenyls), PBB (polybromated biphenyls), PVC (polyvinyl chloride),

and related industrial chemicals

a Heavy metals (e.g., mercury, zinc, copper, cadmium, lead)

■ Nutrients from municipal and industrial discharges

O Heat from manufacturing and power generation

Boundaries

— Water resources region Subregion

Surface-water pollution problems from point sources

(municipal and industrial waste)

(As identified by Federal and State/Regional study teams)

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

7
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



62 I CRITICAL PROBLEMS-QUALITY

Explanation

Area problem

[^~] Area in which significant surface-water pollution from nonpoint sources

is occurring

| | Unshaded area may not be problem-free, but the problem was not

considered major

Specific types of nonpoint-source pollutants

• Herbicides, pesticides, and other agricultural chemicals

A Irrigation return flows with high concentration of dissolved solids

■ Sea-water intrusion

• Mine drainage

Boundaries

— Water resources region Subregion

Surface-water pollution problems from nonpoint sources (dispersed)

(As identified by Federal and State/Regional study teams)
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Eutrophication is a term that generally pertains to waters in which the growth of

algae is high as a consequence of a large supply of nutrients. Most eutrophic

bodies of water are characterized by excessive growths of algae, dense stands of

shoreline vegetation, foul odors from decaying vegetation, and, in some cases,

fish kills resulting from the decomposition of large amounts of organic materials.

All these limit the usefulness of the water.

Inasmuch as eutrophication is a natural process, all water bodies are eutrophic

to some degree. The natural eutrophic process, which takes many years, can be

altered or accelerated by the addition of nutrients from pollutional sources. This

is called cultural eutrophication. Cultural eutrophication has occurred to some

extent in nearly every subregion.

Eutrophication

..:■
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~v? ~\«',
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)[ \\ ', J ^—"lJO^^^Ssr*?^ \ fL- Ai^r
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Explanation

Area problem

H Area in which significant eutrophi-

cation of manmade and natural

water bodies is occurring

~~2 Unshaded area may not be

problem-free, but the problem was

not considered major

Specific causes of eutrophication

Low levels of dissolved oxygen

High levels of nutrients

Natural sedimentation from

streambank, cropland, and other

natural erosion

Man-induced sedimentation from

urban, industrial, and construc-

tion/earth moving activities

Heat from manufacturing and power

generation

Boundaries

• Water resources region

. Subregion

Surface-water pollution problems—eutrophication

(As identified by Federal and State/Regional study teams)
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Pollution of Ground Water

Ground water generally is much less subject to pollution from biological sources

than is surface water. However, ground-water pollution by fecal coliform bacteria

from septic tank drainfields has long been recognized. In addition, an increasing

number of occurrences of pollution caused by infiltration of wastes from livestock

yards, animal feedlots, seepage from community solid-waste landfills, and dis-

charges of toxic and hazardous material is being reported.

In some areas and under natural conditions, both fresh and saline ground water

can be found—the fresh water in one aquifer, the saline in another. In such in-

stances, the saline water is a potential pollutant; withdrawal of significant quanti-

ties of fresh water can decrease artesian pressure in the fresh-water aquifers 10

the extent that the saline water can migrate into the fresh-water zone. Continued

withdrawal of the fresh water at high rates could cause the fresh water to become

so saline that it is no longer potable without desalination or blending with fresh

water from some other source.

Inasmuch as 40 percent of the population derives drinking water from ground-

water sources, pollution, whether real or potential, is of significant concern, not

only from a public-health standpoint but also from an economic standpoint. The

cost of treating water to attain an acceptable level of quality continues to increase,

both because of the larger quantities of material needed to treat the water and the

increasing cost of the material.

Once an aquifer becomes polluted, recovery from that pollution usually is slow

because of the generally slow rate of ground-water movement through the aquifer.

Hence, ground-water pollution may be considered a semipermanent condition,

perhaps lasting for years after the source of the pollution has been located and

the pollution stopped.
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Explanation

Area problems

I J Significant ground-water pollution is occurring

§J^ Salt-water intrusion or ground water is naturally salty

'///////. High level of minerals or other dissolved solids in ground water

I | Unshaded area may not be problem-free, but problem was not considered

major

Specific sources of pollution

Municipal and industrial wastes including wastes from oil and gas fields

Toxic industrial wastes

Landfill leachate

Irrigation return waters

• Wastes from well drilling, harbor dredging, and excavation for drainage systems

* Well injection of industrial waste liquids

Boundaries

— Water resources region Subregion

Ground-water pollution problems

(As identified by Federal and State/Regional study teams)
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Quality of Drinking Water

A safe drinking-water supply is essential for good health. Over the last 50 years,

strides in improving the quality of drinking water have been so effective that much

of the public has lost its awareness of the potential for serious waterborne disease.

Nevertheless, since about 1970 the incidence of waterborne illnesses seems to have

been increasing, or at least methods of detecting them have improved. At least

4,000 cases of waterborne illness, primarily of bacterial or viral origin, are re-

ported each year. The actual number of cases, including the more-difficult-to-

identify chemical poisonings, could be as much as 10 times higher. Medical

science has only begun to address the nature of the effects of chemical carcinogens,

whose effects involve latency periods of 20 years or more before symptoms of

damage can be identified.

Most surface water receives extensive monitoring and treatment at the community

level before distribution. Ground water, on the other hand, normally receives little

or no treatment other than disinfection. Because more than 40 percent of the

population drinks ground water, the need for full-treatment technology and effec-

tive monitoring is particularly appropriate for ground water. However, steps must

be taken to prevent the increase in pollution of surface and ground sources of

public water supplies.
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Explanation

Area problem

1 | Area in which existing or potential pollution of domestic water supply

was reported

II] Unshaded area may not be problem-free, but the problem was not

considered major

Specific sources of pollution

• Industrial chemicals other than chlorinated hydrocarbons

♦ Chlorinated hydrocarbons from treatment processes and energy development

Heavy metals (e.g., mercury, zinc, copper, cadmium, lead)

* Coliform and other bacteria

■ Saline water

* General municipal and industrial wastes

Boundaries

— Water resources region

— Subregion

luality of drinking water problems

identified by Federal and State/Regional study teams)
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Flooding

Flooding affects many parts of the United States—arid as well as humid areas. In

1975, 107 people were killed by flood waters and potential property damage for

the year was estimated to be $3.4 billion.

Almost half of all flood damage is suffered by agriculture as crops and livestock

are destroyed and productive land is covered or washed away. In urban areas,

residential and business property is damaged or destroyed, adversely affecting

the economy of the area. The impact of flooding on wildlife, fish, and ecosystems

is mixed. In upstream areas, wildlife food and habitat are often removed or cov-

ered by flood waters that severely damage natural systems. Positive aspects include

transporting beneficial nutrients that improve natural downstream systems.

By the year 2000, potential annual flood damage is expected to increase to $4.3

billion on the average, even with moderate application of flood-plain management

and regulations. To reduce flood damage, better management of the flood plain is

required; management practices include combining traditional structural measures,

such as dams and levees, with nonstructural measures, such as flood forecasting,

advance-warning evacuation systems, and relocating high-risk properties out of the

flood plain. The participation of local, State, and Federal agencies is necessary for

successful flood-plain management.
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Explanation

Area problem

Area in which flooding causes major damage to agricultural, urban, and

other developments

[ | Unshaded area may not be problem-free, but problem was not considered

major

~~" Major streams and tributaries with periodic overbank flooding

Reasons for intensified flood damage

• Urban, suburban, and industrial development on flood plains

■ Accelerated runoff from urban areas

1 Inadequate upstream watershed management

• Loss of flood control from inadequate structural systems

• Tidal effects along coasts during storms and hurricanes

Boundaries

—— Water resources region

Subregion

Flooding problems

(As identified by Federal and State/Regional study teams)

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

7
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



70 | CRITICAL PROBLEMS-RELATED LAND PROBLEMS

Erosion and Sedimentation

Erosion and the resulting sedimentation are natural processes, but when they axe

accelerated by the acts of man, they are the most pervasive water-related problem

in the United States. The "1975" average cropland soil loss from sheet and rill

erosion was 8.6 tons per acre or approximately 1/16 inch of soil; in some areas

the loss was 25 tons or more, approximately 3/16 inch per acre. In addition,

forests and pasture lands sustain soil losses of about 1 ton per acre per year.

Overgrazing of pasture lands reduces vegetative cover, fosters erosion, and decreases

long-term productivity. On forest lands some types of timber harvest and off-road

recreation vehicles can increase erosion significantly. As surface mining expands

to support national energy needs, the potential for erosion of the mined lands will

increase; however, legislation such as the 1977 Surface Mining Control and

Reclamation Act is intended to minimize the potential for destructive erosion

caused by surface mining.

Channel banks, beaches, and shorelines can be damaged by the scouring action

of flowing waters. Wakes from barges and ships, construction activities, and

changes in river flows caused by reservoir impoundments also can damage shore-

lines.

Sediment from the various types of erosion (sheet and rill, gully and streambank,

and wind) is carried into streams, suspended in the water, and deposited when

streamflow diminishes or when velocities are slowed. In urban areas, storm runoff

from residential and industrial development and highway construction carries

sediment into streams and reservoirs. In streams the deposits of sediment cause a

further reduction in velocity and spread the water beyond the streambanks. In

reservoirs, the deposits can significantly decrease storage capacity and shorten

the life of the reservoir. Also, sediment is a carrier of pollutants such as phos-

phates and pesticides, and it adversely affects the environmental quality of water

bodies by covering fish and wildlife habitats, damaging spawning and nesting areas,

and impairing fisheries.

In some instances sediment deposits can be beneficial by adding rich soil to certain

low-lying areas, but mostly the deposits damage crops, orchards, residential

improvements, roadways, and other structures, and clog navigable channels.
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Explanation

Area problem

n Area in which erosion or sedimentation is a significant problem

| | Unshaded area may not be problem-free, but the problem was not

considered major

Nature of erosion or sedimentation problems

• Cropland or rangeland erosion or sedimentation

♦ Urbanization, mining, or industrial and highway construction

■ Natural erosion of stream channels

Shoreline, streambank, or gully erosion

Sedimentation of farm ponds, lakes, water supply, and flood-control channels

Boundaries

—- Water resources region Subregion

Erosion and sedimentation problems

(As identified by Federal and State/Regional study teams)
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Dredging and Disposal of

Dredged Material (Dredge and Fill)

The large volume of sediment deposited each year in navigable stream channels,

reservoirs, and harbors requires regular removal and disposal. Also, major ports

and access channels must be deepened to accommodate modern deep-draft vessels.

To accommodate these larger transport vessels, and because of the efficiency of

waterborne commerce, demands for harbor and channel maintenance probably

will expand.

Dredging and the disposal of dredged materials, however, can disrupt or destroy

aquatic life necessary for commercial and recreational fishing, upset ecological

balances basic to wildlife, and adversely affect water quality and other environment-

al values. Anticipated development of the Outer Continental Shelf in the Mid-

Atlantic and South Atlantic-Gulf Regions for oil and nuclear powerplant siting

will add to existing problems of open-water disposal of dredged materials. Along

with these off-shore developments, there will be supporting on-shore developments

that will require dredging. Loss of wetlands may result from either dredging or

filling; consequently, valuable wildlife habitats are removed and nursery and breed-

ing areas for marine fish and shellfish are destroyed. Loss of wetlands also

destroys natural anti-erosion barriers and sediment traps.

Dredging and disposal of the dredged material have both short-term and long-term

effects that need to be scrutinized carefully so that appropriate management policies

can be formulated.
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Explanation

Area problem

~] Area in which there is a waterway with significant dredge and fill problem

I I Unshaded area may not be problem-free, but the problem was not considered major

Specific dredge and fill problems

• Channel maintenance for normal traffic

■ Channel deepening and maintenance for deep-draft vessels

A Land and waterfront development

* Damage to fish and wildlife habitat

Boundaries

—— Water resources region Subregion

Coastal and inland waterways with dredge and fill problems

(As identified by Federal and State/Regional study teams)
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Wet-Soils Drainage and Wetlands

Wet soils occur where land is covered frequently with water or there is a

persistently high ground-water table. Wet soils may exist because of natural

conditions or because of such changes as irrigation, diking, road construction,

levees, reservoirs, and accelerated sediment deposition in streams. Of approximately

400 million acres of wet soils, about 104 million acres is used for cropland.

Not all wet soils need to be drained to produce crops. Indeed a few crops need

wet soils. An estimated 43 million acres of cropland needs improved drainage,

which can be accomplished by a combination of practices that include improved irri-

gation water management, land grading, drainage ditches, underground drains, and

outlet channels.

There also is potential to convert wet soils in forest and pastureland to cropland

by clearing and drainage. Federal laws and policies restrict Federal involvement

in this practice, but private landowners continue to find locations where such con-

version is profitable. It is projected that by the year 2000 about 11 million acres

of land now in forest and pasture will be converted to cropland. This will be

offset to some degree by land now in cropland with wet soils that will revert to

forest or pastureland as well as by the creation of new wetland areas.

Wetlands are defined as lands where saturation with water is the dominant factor

determining the nature of soil development and the types of plant and animal

communities living at the surface. They span a range of environments where

terrestrial and aquatic systems integrate. However, they do not include all lands

with wet soils. Drained croplands are specifically excluded. Wetlands also include

areas of open water not mapped as wet soils. Estimates are that over 127 million

acres of wetlands once existed. Between 1955 and 1975, 6 million acres of wet-

lands was destroyed. Currently, there is about 74 million acres of wetlands in

the conterminous United States.

Wetlands provide food and cover for waterfowl, wildlife, and sport and commercial

fish. Waterfowl depend on wetlands for breeding and wintering habitat, particularly

along migratory routes. Wetlands also can retain flood waters and trap pollutants.

Because of the conflicts between the interest to drain land for crops and the need

for wetlands for fish and wildlife, planning for drainage should include a thorough

evaluation of economic, social, and environmental effects.
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Explanation

| ] Subregion in which 50,000 acres or more of wet-soils are amenable

to agriculture if land is drained.

Specific problems (as identified by Federal and State/Regional study teams)

W///, Wetland waterfowl breeding habitat needing protection

Wetland waterfowl wintering habitat needing protection

* Farmland needing drainage

■ Urban areas with inadequate drainage

• Conflict between wetlands and wet-soils use

Boundaries

~~~ Water resources region Subregion

— Flyway of migratory birds

Wet-soils drainage and wetlands problems

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

7
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



76 | CRITICAL PROBLEMS-RELATED LAND PROBLEMS

Degradation of Bay, Estuary, and

Coastal Waters

Bay, estuary, and coastal waters are extremely important to the economy because

they provide major transportation routes for international commerce, are essential

habitats for fish and wildlife resources, and are a source for recreational oppor-

tunities for more than 80 percent of the population. Commercial fishing, sport

fishing, waterfowl hunting, and other wildlife-related activities all depend heavily

on the health of the bays and estuaries.

The most significant problem relevant to the degradation of bay, estuary, and

coastal waters is the discharge of domestic and industrial wastes into these water

bodies. The problem is particularly acute in the densely populated New England,

Mid-Atlantic, and Great Lakes Regions. Most bays and estuaries have relatively

slow flushing rates, and thus their capacity to handle large amounts of waste is

limited. Increased nutrient loading, inseparable from the discharge of domestic

waste or other organic material, results in cultural eutrophication of the water body,

which produces algal blooms, noxious weed growth, high oxygen demand, and odor.

As population and demands increase, the carrying capacity of estuaries remains

fixed; many believe that some major bay and estuarine systems already have

reached their capacity to absorb waste. Increased environmental awareness has

caused planners and managers in coastal regions to critically review plans and

proposals for new activities in coastal waters.
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Explanation

Area problem

I I Area with major bay or

estuarine water-related problems

Unshaded area may not be problem-free, but

the problems were not considered major

Nature of problems

Pollutant loads from upstream

or shoreline point sources

Pollutant loads from nonpoint sources

Pollutant loads from commercial

and waterborne traffic-related sources

it Increased nutrient loads

Loss of coastal wetlands

w Loss of fresh-water flow resulting

from upstream consumption use or diversion

xxxx Shoreline erosion

'///////, Offshore dumping

Boundaries

—— Water resources region

Subregion

Bay, estuary, and coastal water problems

(As identified by Federal and State/Regional study teams)
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Critical Problems—Overview

"1975" and 2000 Intensive development and use of the Nation's water resources and pressures to

satisfy a wide variety of beneficial purposes have created a number of problems in

some areas. Not the least of these problems has been the failure to consider fully

the environmental values. Further, there is a special need to provide sufficient

water of good quality for fish and wildlife.

Ground-water overdraft is particularly troublesome because expanding economic

activities that are ground-water dependent could face an uncertain future in over-

drawn areas. One such area is the High Plains that extends from Texas to

Nebraska. There, the annual overdraft is about 14 million acre-feet, over one-half

of the Nation's total overdraft, an amount nearly equal to the natural flow of the

Colorado River.

Water quality continues to be a major local concern. Public expenditures to

alleviate impaired quality conditions are beginning to approach the total expended

for all other water-development purposes. Optimistically, water-quality conditions

will be improved substantially. With the emphasis on more intensive use and reuse

of available supplies, improvement in quality should become an important facet of

water-management procedures.

To solve the existing and projected major water problems, as discussed above,

comprehensive, coordinated water-resources management, as well as the full range

of hydrologic prediction capability, is needed. All beneficial purposes must be

considered equally in developing management plans. Water-resources management

—including unified efforts in planning, development, and project operation by all

concerned agencies, and guided by an adequate data base and Federal water

policy—is the key to solutions to the Nation's water-resources problems. This

assessment can be used to improve program decisionmaking and provide direction

for the careful management of our natural resources.
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POLICY IMPLICATIONS

Y=l
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Up to this point, the large amount of data and information compiled

for the Second National Water Assessment has been summarized. A

study of this summary indicates that several policy areas need attention:

Integrated

Comprehensive

Planning

Except for a few parts of the country, there is now no water crisis. However, a

nationwide effort to coordinate management and planning, along with special efforts

to involve all levels of government and to attain support of the individual citizens,

is needed to avert a possible water crisis in other parts of the country by the turn

of the century.

In the past, evolution of water policies and programs emphasized single- and

multiple-purpose planning, largely for economic development. More recently,

inultiobjective planning and management have broadened the range of planning

purposes to include areas of major environmental concern. To avoid a potential

water crisis, there must be continued integration of all facets of water-resources

planning and management: quantity and quality; economic, social, and environ-

mental aspects; and involvement of local, State, regional, Federal, and international

organizations. Further, it appears that effective water management will need to

consider the heavy demands on water for energy production, the cost and time

involved in rehabilitating urban water systems, methods to prevent adverse effects

of accelerated urban storm runoff, nonstructural approaches to resolving water

problems, and stronger water conservation efforts.

Integration of

Water Quality

and Quantity

Management

Perhaps the most significant deficiency in the past management of water resources

was the failure to adequately consider water quality in many areas. Accordingly,

it has been necessary to make major investments in an effort to bring water quality

up to an acceptable level. Aggressive programs directed at water-quality manage-

ment should have been initiated before major problems arose as a result of indus-

trial and agricultural development and urbanization. Even now, as an all-out

attempt to alleviate water-pollution problems proceeds, the integration of water-

quality planning and management with other aspects of water-resources develop-

ment tends to be overlooked. Without integration, the water-quality goals will be

more difficult, and more costly to meet. The Second National Water Assessment

did not address the issue of flow requirements for water-quality management.

Environmental

Quality

In the past, adequate consideration of environmental quality, including protection

of ecological systems, was not given early enough in the planning and decision-

making process. As a result, in some places the environmental quality deteriorated

unnecessarily and some workable options that might have protected or enhanced

environmental values were foreclosed. The U.S. Water Resources Council's

"Principles and Standards for Planning [the Use of] Water and Related Land

Resources," which provides for explicit consideration of the environmental-quality

objectives in formulating plans and for full disclosure of environmental conse-

quences, is making a contribution in this area.
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Federal agencies and beneficiaries of Federal water-resources programs have been

unwilling to adapt policies and institutions to changing public priorities and

preferences and to meet revised goals that would support the common good of

the Nation. Specific examples include failure to adapt water-transportation policies

to an overall national transportation policy, failure to adapt irrigation development

policies to national agriculture policies, and failure, in some cases, to accept

responsibility for maintaining water quality.

Failure to

Adapt Policies

to Changing

Conditions

Water-development and water-management programs have contributed substantially

to the national objective of economic development. Recently, with competition for

the water supplies and concern for the environment, conflicts over economic de-

velopment and environmental quality have led to a reexamination of the two

separate goals: (l) more economic growth and (2) a better, clean, and healthy

environment. A thorough review is needed to integrate the two goals so that

decisions involving long-term effects can be made.

Major Water

Development

A mixture of Federal, State, and local government and private responsibilities for

water management has evolved, whereby water-management decisions are made by

the local and private sectors to the extent possible. The tendency in recent years

has been to increase the Federal share of funding and to increase Federal respon-

sibilities, particularly for water-quality control. These increased responsibilities

should be given to planners at the State and local levels.

Sharing of

Responsibilities
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82 | POLICY IMPLICATIONS

Integrated

Ground- and

Surface-Water

Management

Critical ground-water problems relating to overdraft have emerged in the High

Plains of Texas north to Colorado and Nebraska, in central Arizona, and in parts

of California. The negative consequences of the ground-water problems require

immediate attention. In some areas the integration of ground- and surface-water

management plans is imperative in alleviating problems.

Flood-Plain

Management

Loss of life and property from flood waters continues to be a major problem. In

1975, potential flood damage was estimated at $3.4 billion on a flood plain of 140

to 180 million acres. Historically, cities and industries have located on flood plains.

Although channels, levees, and dams have been constructed to provide protection

from floods, usually they provide only partial protection, and in some instances

produce adverse effects downstream.

Since 1965, increasing attention has been given to nonstructural alternatives for

control and alleviation of flood damage. But information is sparse on flood hazards,

environmental effects, approaches to flood-damage reduction, and institutional

arrangements through which unified flood-plain management might be achieved.

The "Unified National Program for Flood-Plain Management," recently adopted by

the U.S. Water Resources Council, recognizes these deficiencies and provides

guidelines for overcoming them.

Drinking-Water

Quality

Problems are emerging as a result of using water that contains toxic substances.

Toxic substances may travel long distances from the point at which they entered

the water source, thus obscuring both the nature of the substances and the point

of introduction. To ensure safe, dependable drinking water, new technology for

detecting and identifying toxic substances and new water-treatment procedures

must be researched and developed.

Conservation

Conservation must recognize that neither "availability" nor "requirements" should

be treated as unalterable. Technology and management have the potential of

bringing water-supply and demand aspects into balance in the public interest.

Assessment findings can be used to target or direct management programs to

problem areas that need immediate attention; areas that have basinwide water-

supply problems should be given priority for water-conservation projects and

programs.
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POLICY IMPLICATIONS | 83

Inasmuch as concepts and attitudes change considerably over time,

water-resources planning must be a continuing process that uses cur-

rent data and reflects the desires of the public. In view of this, the

water-assessment program must be continued and the data base must

be updated periodically to ascertain what changes have occurred, what

progress has been made, or whether the conditions are getting better

or the problems are getting worse. The Second National Water Assess-

ment can be used to show the location of critical water-resources prob-

lems, to target programs for effective management, and to assess the

adequacy of existing programs and policies in solving the problems

and meeting the needs of the 21 water resources regions.
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Photo Credits.—Front cover. Grand Teton National Park, Wyo.,

National Park Service; page 1 , Dark Hollow Falls,

Shenandoah National Park, Va., National Park Service;

page 11, Shasta Dam, Calif., U.S. Bureau of Reclamation,

page 2 7 , Sacramento-San Joaquin Delta, Calif., California t

Department of Water Resources; page 51, Spring runoff \1

on a plowed field on a farm. Brown County, Wis., U.S. •

Soil Conservation Service; page 7 9 , Coke plant on the *.

Monongahela River at Pittsburgh, Pa., U.S. Environmental^

Protection Agency; page 8 5 , Retracing the Louis Joliet-

Fr. Jacques Marquetta expedition on the Wisconsin River,

Spring Green-Mascoda area. Wis., U.S. Environmental

Protection Agency.
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A

Authorization

The United States Water Resources Council

was established by the

Water Resources Planning Act of 1965

(Public Law 89-80).

The purpose of the Council is to encourage the

conservation, development, and utilization

of water and related land resources

on a comprehensive and coordinated basis

by the Federal government.

States, localities, and private enterprise

with the cooperation of all

affected Federal agencies.

States, local government, individuals

corporations, business enterprises,

and others concerned.

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

7
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



2.

THE NATION'S WATER RESOURCES

1975-2000

Volume 2: Water Quantity, Quality, and Related Land Considerations

Second National

Water Assessment

by the

U.S. Water Resources Council

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

7
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



A

U.S. WATER RESOURCES COUNCIL

MEMBERS

Secretary of the Interior,

Chairman:

Secretary of Agriculture:

Secretary of the Army:

Secretary of Commerce:

Secretary of Housing and

Urban Development:

Secretary of Energy:

Secretary of Transportation:

Administrator, Environmental

Protection Agency:

Cecil D. Andrus

Bob Bergland

Clifford L. Alexander, Jr.

Juanita M. Kreps

Patricia Roberts Harris

James R. Schlesinger

Brock Adams

Douglas M. Costle

ALTERNATES

Assistant Secretary of the Interior:

Assistant Secretary of Agriculture:

Deputy Under Secretary of the

Army:

Deputy Assistant Secretary of

Commerce:

Deputy Assistant Secretary of

Housing and Urban Development:

Assistant Secretary of Energy:

The Commandant, U.S.

Coast Guard:

Assistant Administrator,

Environmental Protection

Agency:

Guy R. Martin

M. Rupert Cutler

Michael Blumenfeld

James W. Curlin

Yvonne S. Perry

George Mclsaac

Admiral J. B. Hayes

Thomas C. Jorling

DIRECTOR

Director, Water Resources

Council:

Leo M. Eisel

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

7
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



THE NATION'S WATER RESOURCES

1975-2000

Volume 2: Water Quantity, Quality, and Related Land Considerations

Second National

Water Assessment

by the

U.S. Water Resources Council

A

December 1978

UNIVERSITY OF MICHIGAN LIBRARIES

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

7
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



Uatuial Science

V.r-

The Nation's Water Resources —1975-2000

Volume 1

Volume 2

Volume 3

Volume 4

Summary

Water Quantity, Quality, and Related Land Considerations

Analytical Data

Water Resources Regional Reports

For gate by the Superintendent of Documents

U.S. Govemment Printing Office

Washington. DC. 20402

Stock Number 0524W5-00082-7

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

7
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



V.4'.- C^

CONTENTS

Part V. Synopses of the Water Resources Regions

U.S. Water Resources Council members inside front cover

Glossary and conversion table iv

Part I. Introduction

National Water Assessment-Its origin 1-1

Water Resources Council-Participants and functions -

Part II, Water Management Problem Profiles

Introduction

Inadequate surface water supply -

Overdraft of ground water

Pollution of surface water

Pollution of ground water

Quality of drinking water

Flooding

Erosion and sedimentation

Dredging and disposal of dredged material -

Wet-soils drainage and wetlands

Degradation of bay, estuary, and coastal water -

Part III. Water Uses

Functional use and flow management

Socioeconomic characteristics and projections -

Domestic and commercial use of water

Water for manufacturing

Food and fiber

Water for energy production -

Minerals production

Water for recreation

Water requirements for navigation -

Water for fish and wildlife

Water for natural areas, historic resources, and wilderness

areas

Flood-plain management --

Erosion and sedimentation -

-1-13

-11-1

-II-3

•11-11

11-19

-II-29

- II-35

•11-41

-II-47

- II-55

• 11-61

■ II-71

—111-1

- III-9

-111-19

- III-33

- III-57

- III-77

- III-95

111-103

III-117

•111-127

111-141

111-151

111-161

Part IV, Water Supply and Water Quality Considerations

Introduction IV-1

Water supply IV-5

Water use IV-29

Analysis of water supply and use -

Water quality -

Legal and institutional aspects of water management -

-IV-39

-IV-69

IV-117

Introduction ————-—

New England Region (1) -

Mid-Atlantic Region (2)

South Atlantic-Gulf Region (3) -

Great Lakes Region (4)

Ohio Region (5) -

Tennessee Region (6)

Upper Mississippi Region (7) -

Lower Mississippi Region (8) -

Souris-Red-Rainy Region (9) -

Missouri Region (10) —

Arkansas-White-Red Region (11)

Texas-Gulf Region (12)

Rio Grande Region (13)

Upper Colorado Region (14)

Lower Colorado Region (15)

Great Basin Region (16)

Pacific Northwest Region (17) •

California Region (18)

Alaska Region (19)

Hawaii Region (20) -—————

Caribbean Region (21)

— V-1

— V-3

— V-9

-V-15

-V-21

-V-27

-V-33

-V-39

-V-45

-V-51

-V-57

-V-63

-V-69

-V-77

-V-83

-V-91

-V-99

V-105

— V-111

-V-117

-V-123

-V-129

Acknowledgments inside back cover

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

7
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



GLOSSARY AND CONVERSION TABLE

Definition* of terms as used in the

Second National Water Assessment

1975$- most monetary figures are shown in 1975 dollars; source infor-

mation was often supplied in 1967 dollars and a factor of 1.533 ap-

plied to obtain 1975$.

"1975" —base year for assessment information; represents assumed

average conditions, not actual data, so is shown with quotation

marks.

1996 —10-year date from base year "1975" for which water supply,

water use, and other assessment information is projected.

2000—25-year date from base year "1975" for which water supply,

water use, and other assessment information is projected.

annual —average daily value for the year.

aquifer —underground formation that contains sufficient saturated

permeable material to yield significant quantities of water to wells

and springs.

assessed streamflow see streamflow-related terms.

assessment geographic divisions

1. region—one of the 21 hydrologic regions as designated by the U.S.

Water Resources Council; 18 are within the conterminous United

States, plus Alaska, Hawaii, and the Caribbean.

2. assessment subregion (ASR)-one of the 106 hydrologic subdivi-

sions of a region; once called aggregated subregion; shortened to

subregion for this report.

3. assessment subarea (ASA) —one of the 106 county approxima-

tions of the assessment subregions; once called aggregated

subarea; shortened to subarea for this report.

base conditions —typical or average conditions of fresh-water use;

used to compare "1975" base year conditions with projections for

1985 and 2000.

best available technology (BAT)—best available technology

economically achievable for industrial discharges; 1983 goal of the

Federal Water Pollution Control Act Amendments of 1972 (Public

Law 92-500).

best practicable technology (BPT) — best practicable control

technology currently available for industrial discharges; 1977 goal of

the Federal Water Pollution Control Act Amendments of 1972 (Public

Law 92-500).

bgd — billion gallons per day.

biochemical oxygen demand (BOD) —a measure of oxygen

required for the oxidation of organic matter in water.

consumption —portion of surface or ground water withdrawn for off-

stream uses that is lost by evapotranspiration or by incorporation

into a manufactured product.

conterminous U.S. —(also caWed contiguous U.S.l the 48 States with

common boundaries; water resources regions 1-18.

critical month —month in which fish and wildlife instream flow needs

are least likely to be met under present or future base conditions.

cropland —land used for agriculture but not in permanent pasture,

native hayland, rangeland, or woodland.

current streamflow—see streamflow-related terms.

dry conditions — present and future water conditions for a moderate

drought that occurs on the average one year in five.

earnings — sum of income accruing from wage and salary, proprietor's

income, and other labor income.

evaporation—see net evaporation.

evapotranspiration—water loss through evaporation (from soil and

surface water bodies) and transpiration (from plants).

exceedance — see "streamflow exceedance" given under streamflow-

related terms.

exports —artificial transfers of fresh water from one region or

subregion to another, e.g., by pipes or canals.

frequency analysis —method used to determine "streamflow ex-

ceedance" given under streamflow-related terms.

functional water use —category of off stream use, e.g., domestic,

commercial, manufacturing, agriculture, steam electric generation,

minerals industry.

future streamflow —

future modified flow (FMF)-

now called

assessed streamflow.

gcd —gallons per capita per day.

ground-water overdraft —portion of ground-water withdrawals that

exceed recharge; sometimes called ground-water mining.

imports —artificial transfers of fresh water to one region or subregion

from another, e.g., by pipes or canals.

instream flow approximations —estimates of monthly flow suffi-

cient to support aquatic life and outdoor recreation; estimated at the

outflow point.

instream use —uses of water in the stream channel, e.g. fish and

other aquatic life, recreation, navigation, hydroelectric production.

mgd —million gallons per day.

modified central case (MCCI — now called National Future.

monthly —a set of average daily values for each month of the year.

NASQAN — National Stream Quality Accounting Network; a data-

collection program established by the U.S. Geological Survey to ob-

tain long-term consistent regional and nationwide overviews of the

quality of streams.

natural flow depletion —see streamflow-related terms.

natural modified flow (NMR —now called total streamflow.

natural outflow —see streamflow-related terms.

National Future (NR —estimates of present and future conditions by

the participating Federal agencies; National Future estimates form a

nationally consistent information base, which is not necessarily a na-

tionally accepted future; see also State-Regional Future.

net evaporation—the difference between rainfall and evaporation;

limited to evaporation from manmade reservoirs that have more than

5,000 acre-feet capacity and from farm and stock ponds; zero is used

when rainfall exceeds evaporation.

net exports— the difference between the water artificially

transferred to and from a region or subregion

net imports— is calculated as a net import or export.

IV

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

7
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



OBERS—a collection of current socioeconomic information and

demographic and economic projections; the 1972 OBERS Series E

projections are the primary base for information used in the second

assessment; OBERS is a Water Resources Council publication com-

bining information from the Department of Commerce (Bureau of

Economic Analysis) and the Department of Agriculture (Economics,

Statistics, and Cooperative Service).

off stream use —water withdrawn from a source for functional uses

such as irrigation, municipal water supply, steam electric generation,

etc.

outflow point —see streamflow-related terms.

overdraft—see groundwater overdraft.

present modified flow (PMR —now called current streamflow.

public lands — includes only Bureau of Land Management (BLM)

lands, national forests, and national parks.

region —see assessment geographic divisions

.

salinity—a condition in which the water contains more than 1,000

milligrams of dissolved solids per liter, regardless of the nature of the

mineral in solution.

Stats-Regional Future (SRR — estimates of present and future condi-

tions provided by participating River Basin Commissions, State

agencies, and other regional sponsors; see also National Future.

STORET (storage and retrieval) —a computerized water quality data

system managed by the Environmental Protection Agency.

streamflow-related terms

1. outflow point

a. above outflow point—describes depletion (consumption and

evaporation) and water transfer (export and import) information.

Information described as "above the outflow point" is the value

for the given region or subregion, plus the sum of values for all

upstream regions or subregions.

b. at outflow point —the sum of outflows from all of the major

streams and rivers draining the area, measured at the

downstream boundary of the region or subregion.

2. streamflow

a. streamflow—statistically derived estimate of surface fresh-

water discharge rates at the outflow point of the subregions,

with adjustments made where actual stream gage locations are

not near the outflow point.

b. current streamflow —average flow for "1975" derived from

historical data; data includes effects of consumption, water

transfers, evaporation, and ground-water overdraft.

c. assessed streamflow—a computed flow that includes effects

of consumption, water transfers, and evaporation from man-

made reservoirs, but not ground-water overdraft.

3. streamflow as supply

a. current streamflow supply— the "1975" streamflow if con-

sumption were eliminated, but ground-water overdraft flows

were continued.

b. assessed total streamflow —streamflow that would be

available if consumption were eliminated, if "1975" water

transfer and reservoir practices were continued, but if ground-

water overdrawing were discontinued.

c. natural outflow (natural available streamflow) —estimate of

streamflow without artificial manmade constraints.

4. streamflow depletion

a. current streamflow depletion—estimated loss to "1975" cur-

rent streamflow supply from consumption.

b. assessed streamflow depletion—estimated loss to assessed

total streamflow from consumption, increases in net exports,

and increases in net evaporation.

c. natural flow depletion —estimated loss to natural outflows

(natural available streamflow) from all offstream demands (con-

sumption, evaporation, and net exports).

5. streamflow exceedance—a statistical estimate of flow probabili-

ty based on a 100-year period; a 5-percent exceedance flow will be

exceeded only in five of the 100 years, which represents a very high

streamflow condition.

6. surplus streamflow —portion of streamflow at region or

subregion outflow point after all offstream and instream uses have

been met; value does not include covenants and agreement for

maintaining flows at downstream points.

subarea — see "assessment subarea" given under assessment

geographic divisions.

subregion —see "assessment subregion" given under assessment

geographic divisions.

surplus streamflow—see streamflow-related terms.

suspended solids —small particles of solid materials that contribute

to turbidity and resist separation by conventional means.

total streamflow —see streamflow-related terms

.

total suspended solids (TSS)_a measure of suspended solids used

to evaluate water quality.

water adequacy — capability of a river system to meet both offstream

and instream uses without overdraft of ground-water sources.

water transfers —see imports, exports.

withdrawal —water taken from a surface- or ground-water source for

offstream use.

CONVERSION TABLE FOR

WATER-MEASUREMENT TERMS

QUANTITY

1 acre-foot = 325,851 gallons

= 43,560 cubic feet

1 million gallons = 3.07 acre-feet

1 cubic foot = 7.48 gallons

FLOW

1 million gallons per day (mgd) = 694.4 gallons per minute

= 1.55 cubic feet per second

= 1,120 acre-feet per year

1 billion gallons per day (bgd) = 1.12 million acre-feet per year

1 cubic foot per second = 1.98 acre-feet per day
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PARTI

INTRODUCTION
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VOLUME 2, PART I

National Water Assessment — Its Origin

During the past 60 years, more than 20 commissions or committees have ex-

amined national water policies and problems. The first comprehensive as-

sessment of the Nation's water resources was performed between 1935 and 1937

by the Water Resources Committee of the Natural Resources Committee. The

Natural Resources Committee, established by Executive Order under the Fed-

eral Emergency Relief Appropriation Act of 1935, was to develop long-range

plans and policies for construction of public works. The Natural Resources

Committee, in turn, instructed the Water Resources Committee to study

national water resources by drainage basins and to outline measures to

develop and manage these resources. —'

Between 1959 and 1961, the Senate Select Committee on National Water Re-

sources also studied the Nation's water resources. This Committee, under

the chairmanship of Senator Robert S. Kerr of Oklahoma, was established

by the Senate in 1959. Its purpose was to study the extent to which use

of water resources affected the Nation as a whole.

By 1959, it was agreed that the planning of Federal water programs!

should be centralized so that the overall good of the Nation was kept

in focus; however, no agreement had been reached as to the organization

for this centralized planning nor on the appropriate ideological basis for

overall water resources policies. After years of debate over proposed leg-

islation for water resources development, Congress passed and President

Johnson signed the Water Resources Planning Act of 1965 (Public Law 89-80)

establishing the U.S. Water Resources Council.

Section 102 of the Water Resources Planning Act directs that the Council

shall:

(a) Maintain a continuing study and prepare an assessment biennially,

or at such less frequent intervals as the Council may determine,

of the adequacy of supplies of water necessary to meet the

water requirements In each water resources region in the United

States and the national interest therein; and,

(b) Maintain a continuing study of the relation of regional or

river basin plans and programs to the requirements of larger

regions of the Nation and of the adequacy of administrative I

and statutory means for the coordination of the water and related

land resources policies and programs of the several Federal agen-

cies; it shall appraise the adequacy of existing and proposed

policies and programs to meet such requirements and it shall

make recommendations to the President with respect to Federal

policies and programs.

In brief, the U.S. Water Resources Council was to gather and maintain

information, to evaluate problem areas or trends, to study the effective-

ness of State-regional programs, laws, and policies, and to recommend

Federal programs and policies.

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

7
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



2 | INTRODUCTION

As a result of this mandate, in 1968 the Water Resources Council pub-

lished the First National Water Assessment entitled, The Nation's Water Re-

sources. This first report provided a comprehensive reference for informa-

tion on national and regional water resources development and projected

needs which had been gathered from Federal agencies responsible for the

major water resources programs. For the Second National Water Assessment,

the Council enlarged the scope of information sources to include State

and regional sponsors as well as Federal agencies, and increased the

level of detail on water and related land resources information. This

report is a product of the Second National Water Assessment. Council

participants and their functions are given at the end of this part.

Purpose and Scope

The purpose of the Second National Water Assessment was to gather and

compile the national and State-regional perspectives on current and emerg-

ing water and related land resources problems, to analyze the problems

as perceived from the two perspectives, and to prepare a report on national

water problems.

To accomplish this, the assessment needed a comprehensive and nation-

ally consistent water resources information base for the entire Nation. Con-

sistent and comprehensive data could be gathered for water quantity on a re-

gional and subregional basis, but data on water quality could not be so ag-

gregated or disaggregated for the geographic areas used for the assess-

ment. As a result, data on water quality could not always be compiled for

consistent information on the specific regions and subregions of this

assessment. However, the importance of water quality in the Nation's

need for and use of water resources is discussed in Part IV. Future

assessments should include a process whereby information on the water

quality aspects of the Nation's water resources can be compiled for quan-

titative incorporation into the study.

The assessment provides information on three levels: national, region-

al, and subregional. For information compilation and analysis, the Nation

was divided into 21 hydrologic regions called water resources regions.

Eighteen are within the conterminous United States. The other three

are Alaska, Hawaii, and the Caribbean. Boundaries for these regions are

based on surface topography, except where a hydrologic region extends

beyond a national boundary. The regions are either the drainage area

of: (1) a major river, (2) a large segment of a major river, or (3) the

combined area of a series of rivers (Figure 1-1).

The 21 regions are subdivided into 106 hydrologic subregions, which

are smaller drainage areas within the regions. The subregion is the basic

information-collection subdivision used for the Second National Water
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VOLUME 2, PART I | 3

Figure 1-1. Water Resources Regions

Assessment. In supporting studies these have been referred to as aggregated

or assessment subregions (ASR); however, for simplicity and consistency

of reference, the single term subregion is used in this report (Figure

I-2).

Another geographic subdivision used in compiling information is the

assessment subarea. Although county (political) boundaries determined this

subdivision, the grouping of subareas followed the subregional hydrologic

boundaries as closely as possible. Some socioeconomic information had

to be compiled according to subareas; however, all information in this

report is presented in terms of the hydrologic subregions.

In addition to the three-level geographic breakdowns, the Second Na-

tional Water Assessment organized the information into three basic time
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periods: "1975," 1985, and 2000. This was done so that current assumed

conditions could be compared with the near-future projections (1985) and

the longer 25 year projections (2000). Information for the "1975" base

year represents estimates of water supply and use expected under average

conditions and at "1975" population. Since this is an assumed statistical

year, the quotation marks are used to distinguish it from the actual,

historical 1975.

Assessment Modifications and Limitations

Certain projections and evaluations used in the first assessment

have had to be modified for this assessment. Population did not increase

at the rate anticipated, so projections for future water needs are lower

than those for the first assessment. The heightened awareness of environ-

mental values, problems with deterioration of water quality, limitations

of water supplies, and energy demands on water use have realigned values

in the management of water resources.

Several regional reviewers did not agree with the nationwide analysis

estimates made for their regions. These disagreements arose either from

different assumptions by the regional reviewers or from a lack of rep-

resentative national information for the specific regions. Therefore,

regional or State management groups should also investigate the State-

regional reports developed during Phase II of this study and summarized

in Volume 4, Water Resources Regional Reports.

The detailed information in this assessment can be used to support deci-

sionmaking at all levels of government, especially for the allocation of Fed-

eral resources. Early drafts of the assessment report were used to draw

up the President's Drought Study Report of March 1977, water conservation

and reuse reports, and water for energy analyses. The general public,

program administrators, and the Congress can use the assessment to com-

pare Federal and State viewpoints on the Nation's water resources prob-

lems.

Organization of Assessment Report

The Second National Water Assessment was conducted in three phases —

(I) a nationwide analysis, (II) a specif ic problem analysis, and (III) a na-

tional problem analysis. These three phases and their relation to the final

report are explained below (Figure 1-3).

Phase I: Nationwide Analysis - The main objective of this phase was to

identify current and potential water problems with "1975" as the base and

to develop a consistent set of national projections for 1985 and 2000. To
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PHASE 1: NATIONWIDE

ANALySIS

FEDERAL AGENCy

DATA

WASHINGTON.

D.C.

REGIONAL OFFICE

NATIONAL FUTURE DATA

(Federal Viewpoint}

ANALySIS

STATE/REGIONAL /

FUTURE DATA /

(State and Regional —'

Viewpoint)

REGIONAL STUDY

TEAM DATA

STATE AND LOCAL

DATA

PHASE 3: NATIONAL

PROBLEM

ANALySIS

FINAL REPORT

THE NATIONJOS WATER

RESOURCES - 1975 2000

Volumes 1-4

Figure 1-3. Information Flow for the Second National Water Assessment

present this national perspective, information was gathered from Federal

agencies (Council members) on water requirements, surpluses, and deficien-

cies for each of the 21 water resources regions. Information was compiled

on water supply and demand factors that included population, economic

activity, water supply, water quality, energy needs, flood damage, navi-

gation, fish and wildlife habitat, recreational opportunities, and land

preservation. The results of these studies are the National Futures (NF)

used in the assessment report. The Nationwide Analysis is documented in

a summary report and 16 appendixes prepared in September 1977. A series

of 21 Federal-regional implications workshop reports also document this.

These Water Resources Council reports are available through the National

Technical Information Service (NTIS); however, the draft information has

not been updated to reflect the greater accuracy needed for the final

report (Table 1-1).

Phase II: Specific Problems Analysis - This phase was to gather

the State-regional viewpoints on the regional water issues. Twenty-one

State-Federal teams in State and regional offices prepared these studies,

which are referred to as the State-Regional Futures (SRF). They are the

regional counterparts of the National Futures given in the Nationwide

Analysis study (Phase I).

In Phase II, specific water-related problem issues and geographic

problem areas are identified and described from the State and regional

perspectives.
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Included in the survey and analysis are:

(1) Current and future water problems

(2) Conflicts that might arise in meeting State and regional

objectives

(3) Problems and conflicts that need resolution.

The Phase II study is documented in four reports prepared in mid-1977

by regional teams from each of the 21 water resources regions. These re-

ports are: Technical Memorandum 1, problem identification; Technical Mem-

orandum 2, specific problem analysis and State-Regional Future; Technical

Memorandum 3, effects of not resolving problems; and Technical Memorandum 4,

summary report (Table 1-1).

Phase III: National Problems Analysis - The Water Resources Council

prepared this analysis in three steps: (1) evaluated Phases I and II, (2)

identified and analyzed the Nation's most serious water resources pro-

blems, and (3) prepared the final report. The complete report consists

of the following:

Volume 1, Summary, gives an overview of the Nation's water supply and use for

"1975," 1985, and 2000 and summarizes the critical problems that are

identified in Volume 2.

Volume 2, Water Quantity, Quality, and Related Land Considerations, con-

sists of five parts:

Part I, Introduction, outlines the origin of the national water as-

sessment, explains its documentation, the documents of the second assess-

ment, and identifies the individuals and agencies that contributed to the

second assessment.

Part II, Water Management Problem Profiles, identifies the 10 gen-

eral water problem issues considered significant from the State-regional

and Federal viewpoints. It describes the problems, their implications,

and potential consequences.

Part III, Water Uses, focuses on the national perspectives on existing

("1975") and projected (1985 and 2000) requirements for water to meet

offstream, instream, and flow-management needs for the major functional

water use categories. State-regional and Federal perspectives are com-

pared.

Part IV, Water Supply and Water Quality Considerations, analyzes

the adequacy of fresh-water supplies (ground and surface) to meet existing

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

7
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



INTRODUCTION

and future requirements. It contains a national water budget; quantifies

surface- and ground-water supplies, reservoir storage, and transfers of

water within and between subregions; describes regional requirements and

compares them to supplies; evaluates water quality conditions; and discusses

the legal and institutional aspects of water allocation.

Part V, Synopses of the Water Resources Regions, covers existing con-

ditions and future requirements for each of the 21 water resource regions.

Each regional synopsis discusses: functional and location-specific water-

related problems; regional recommendations on planning, research, data, and

institutional aspects of solving regional water-related problems; a problem-

issue matrix; and a comparative analysis table of National Future and State-

Regional Future water information. (The term National Future describes a

nationally consistent forecast or projection but is not considered a nation-

ally accepted future.)

Volume 3, Analytical Data, describes the methods and procedures used to

collect, analyze, and describe the data used in the assessment. National

summary information is included with explanatory notes. Volume 3 is sup-

plemented by five separately published appendixes that contain information

for the regions and subregions:

Appendix I, Social, Economic, and Environmental Data, contains

the socioeconomic baseline ("1975") and growth pro jections (1985

and 2000) on which the water supply and water use projections

are based. This appendix presents two sets of information. One

set, the National Future (NF), represents the Federal viewpoint;

the other set, the State-Regional Future (SRF), represents the

regional sponsor and/or State viewpoint.

Appendix II, Annual Water Supply and Use Analysis, contains

baseline water supply information and baseline and projected

water withdrawal and water consumption information used for the

assessment. Also included are a water adequacy analysis, a natural

flow analysis, and a criticalmonth analysis.

Appendix III, Monthly Water Supply and Use Analysis, contains

monthly details of the water supply, water withdrawal, and water

use information contained in Appendix II, and includes an analysis

of monthly water adequacy.

Appendix IV, Dry-Year Conditions Water Supply and Use Analysis,

contains both annual and monthly baseline and projected water

withdrawal and water consumption information for dry conditions,

which will occur on the average one year in five. A dry-conditions

water adequacy analysis is also included.
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Appendix V, Streamflow Conditions, contains detailed background

information on the derivation of the baseline streamflow informa-

tion. A decription of streamflow gages used, correction factors

applied, periods of record, and extreme flows of record are

given for each subregion. The State-Regional Future estimate

of average streamflow conditions is also included.

Volume 4, Water Resources Regional Reports, consists of separate reports

for each of the 2l regions. Synopses of these reports are given in Part

V of Volume 2.

For a summary of the availability of the reports and supporting docu-

ments, see Table I-l.
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10 I INTRODUCTION

Table 1-1. Reports of the Second National Water Assessment

FINAL REPORT

The Nation's Water Resources -- 1975-2000

Vo I ume 1, Summary GPO

Volume 2, Water Quantity, Quality, and Related

Land Considerations GPO

Volume 3, Analytical Data GPO

Appendix I, Social, Economic, and Environmental

Data GPO

Appendix II, Annual Water Supply and Use Analysis GPO

Appendix III, Monthly Water Supply and Use Analysis GPO

Appendix IV, Dry-Year Conditions Water Supply and

Use Ana lysis GPO

Appendix V, Streamflow Conditions GPO

Volume 4, Water Resources Regional Reports

(separately published report for each of

the 21 water resources regions) GPO

DOCUMENTARY REPORTS

Phase I, Nationwide Analysis

2

Nationwide Ana lysis Summary NT I S

Appendix A-l, Population, Personal Income, and Earnings —

Projections and Historic Data NT IS

Appendix A-2, Population, Personal Income, and Earnings —

I ncrementa I Projections and Ratios NTI S

Appendix B, Estimated Flood Damage NT IS

Append i x C-1, Li vestock Water Use NT IS

Appendix C-2, Domestic Water Use from Noncentra I Systems NTIS

Appendix C-3, Domestic Water Use from Central Systems NTIS
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11

Appendix D, Outdoor Recreation Requirements and Related

Problem Issues NT IS

Appendix E, Endangered and Threatened Species NTIS

Appendix F, Designated and Potential Wi Iderness Areas .... NTIS

Appendix G, An Assessment of Estuarine and Nearshore

Marine Environments NTIS

Appendix H, Energy and Related Water Requirements NTIS

Appendix I, Economic Development, Water Requirements,

and Water-Related Problems on Indian

Reservations NTIS

Appendix J, Water Use Price/Cost Sensitivity Analysis NTIS

Appendix K, Water Qua I ity Concerns, Present and Future ... NTIS

Appendix L, Toward a Structured Ecological DataBase NTIS

Appendix M, Agricultural Resources Assessment System NTIS

Federal ImpI icat ions Workshop Reports (separately published

report for each of the 21 water resources regions) NTIS

Phase II, Specific Problems Analysis

For each of the 21 Water Resources Regions:

Technical Memorandum I, Problem Identification WRC

Technical Memorandum 2, State-Regional Future, Problems

Screening and Documentation of Assumptions NTIS

Technical Memorandum 3, Description of Selected Problems NTIS

Technical Memorandum 4, Summary and State-Regional

Conclusions and Recommendations NTIS

Phase III, National Problem Analysis

Food and Fiber and Related Resources Considerations NTIS

Manufacturing Water Use Requirements NTIS

Water Use in the Mineral Industry NTIS
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12 | INTRODUCTION

Recreation Requirements and Related Resource Considerations .. NT IS

Navigation NT IS

Preservation of Natural Areas and Historic Resources NTIS

Flood Damage Reduction and Resources Considerations NTIS

Erosion and Sedimentation and Related Resources

Considerations NTIS

Fish and Wildlife Requirements and Related Resources

Considerations NTIS

Instream Flows for Fish and Wildlife NTIS

SUPPLEMENTARY REPORTS

Water for Energy WRC3

Other reports are to follow WRC

MAPS (scale 1:7,500,000)

Water Resources Assessment Subregions WRC

Assessment Subareas (County Boundary Approximations of

Assessment Subregions) WRC

Enacted, Proposed, and Potential Wilderness WRC

Streams of National Significance for Fish and Wildlife WRC

Superintendent of Documents, U. S. Government Printing Of f ice, Washington,

D.C. 20402. Each volume is priced separately and separate reports of

the volumes are priced individually.

National Technical I nformation Service, U.S. Department of Commerce, 5285

Port Royal Road, Spr i ngf iel d, VA 22151. Each report is priced separately.

'U.S. Water Resources Counci 1, 21 20 I Street, N.W., Wash ington, D.C. 20037.

Single copies, if available, are free on request.
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VOLUME 2, PART I I 13

Water Resources Council — Participants and Functions

Members of the Council are the Secretaries of the Departments of

Agriculture, Army, Commerce, Energy, Housing and Urban Development, In-

terior, and Transportation, and the Administrator of the Environmental

Protection Agency. Observers are the Director of the Office of Management

and Budget, the Attorney General, the Chairman of the Council on Environ-

mental Quality, the Chairman of the Tennessee Valley Authority, the Chair-

men and Vice Chairmen of the River Basin Commissions, Commissioners of

Interstate Compact Commissions, and Chairmen of Interagency Committees.

The President has designated the Secretary of the Interior as Council

Chairman. Other departments and agencies are invited to Council meetings

when matters pertaining to their responsibilities are under consideration.

Functions of Member Agencies

Functions of member agencies of the Council for planning, manage-

ment, and operations activities for water and related land resources are

described as follows:

Department of Agriculture is involved in the management of national

forests for their multiple uses, products, and services; watershed treat-

ment and management; small watershed projects for flood control, water

supply, irrigation, drainage, recreation, fish and wildlife, erosion and

sediment control, and water quality management; river basin surveys and

investigations; economic analyses and projections of rural activities;

credit, cost sharing, and technical assistance to farmers for installation

of soil and water conservation practices and to rural communities for water

supply and sewerage facilities; and supporting research.

Department of the Army develops plans for beach protection, flood con-

trol, navigation, and multiple-purpose pro jects; constructs, operates, and

maintains project facilities; regulates the use of navigable waters of the

United States with respect to dredging and obstructions to navigation; and

provides State and local interests with flood-plain information.

Department of Commerce conducts hydrometeorological studies; provides

river and flood forecast and warning services; administers a coastal zone

grant program; is responsible for studies of living marine resources that

include those within estuaries and coastal areas; performs business and

industrial water requirement analyses; projects economic activity; takes

census of a broad range of water uses; and conducts supporting research.

Department of Energy makes studies of the power phases of river

basin development; licenses and regulates non-Federal hydroelectric power-

plants; markets hydroelectric power generated at Federal plants; and,

in cooperation with the Water Resources Council, assesses the impacts

and requirements of water for energy resources development.
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14 I INTRODUCTION

Department of Housing and Urban Development is concerned primarily

with the municipal and urban aspects of water and related land resources,

including flood insurance and urban hydrology. It makes financial grants to

States and to metropolitan and urban communities for comprehensive planning

and community development that may include support for water and sewer

facilities, open space, recreational areas, and historic and esthetic

preservation.

Department of the Interior has responsibilities in water resources

research and data collection; desalination; conservation of and develop-

ment on public lands; studies of outdoor recreation; administration of

certain wild and scenic rivers, sports fisheries, and wildlife and their

habitat, and endangered species; weather modifications; and development

and operation of irrigation and multipurpose water resource projects.

Department of Transportation is involved with the navigation, marine

safety, pollution by vessels, and highway and bridge aspects of water

resources development.

Environmental Protection Agency, in cooperation with State and local

governments and industry, is concerned with the abatement of water pollution

and enhancement of the water quality of rivers and bodies of water, and makes

financial grants to State and local governments for the administration of

related water quality programs to initiate and coordinate planning, in-

cluding the construction of publicly-owned waste-water treatment plants.

It establishes standards for control of effluents to improve the quality

of receiving water and for purity of drinking water. It enforces its

regulations for carrying out these standards.

Functions of Observers

Office of Management and Budget assists in developing efficient im-

plemention and coordination mechanisms for government programs and poli-

cies; assists the President by clearing departmental advice on proposed

legislative enactments; and promotes evaluations to assist the President

by ensuring effective program performance and efficiency.

The Attorney General, as head of the Department of Justice and Chief

Law Officer of the Federal Government, represents the United States in legal

matters, generally including those concerning water and related lands, and

gives advice and opinions to the President and to the heads of the Executive

Departments as requested.

Council on Environmental Quality formulates and recommends national

policies to promote the improvement of the quality of the environment.

The Council performs a continuing analysis of changes or trends in the

national environment and assists the President in the preparation of the

annual Environmental Quality Report to the Congress.
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Tennessee Valley Authority, a corporation of the Federal Government,

was established by Congress in 1933 as a regional resource development

agency. TVA assignments in the Tennessee drainage basin and adjoining

territory are to control flood waters of the Tennessee River, improve

navigation on the Tennessee River, generate and sell electricity, en-

courage agricultural and industrial development, promote reforestation,

and advance the economic and social well-being of the people.

River Basin Commissions. To meet the need for broad participation in

planning, the Water Resources Planning Act provides for the establishment

of Federal-State river basin commissions on request of the State and the

recommendation of the Water Resources Council. The affected States and

Federal agencies have representatives on these commissions. The Chairman

is appointed by the President and the Vice Chairman is elected by the

States. Commissions have been established for the Pacific Northwest,

the Great Lakes, the Ohio river, the Missouri River, the Upper Mississippi

River, and the New England river basins. Commission functions are:

o To serve as the principal coordinating agency for water and related

land management plans

o To prepare and keep current a comprehensive coordinated joint

Federal-State plan for water and related land resources development

within the basin

o To recommend priorities for data collection and for investigations,

planning, and construction of projects

o To foster and undertake such studies as are necessary in preparing

and maintaining the comprehensive plan

o To submit to the Water Resources Council a comprehensive plan and

recommendations for implementing the plan

Interstate Compact Commissions. The Federal-Interstate Compact Com-

mission for the Delaware River Basin was established by the legislatures

of four states and the Congress in 1961. It is the first compact in which

the United States is a signatory party. The Delaware River Basin Commission,

created by compact, is composed of representatives of the four basin

states and the Federal Government. It is vested with broad powers to

manage and control the water and related land resources of the entire

Delaware Basin. Significant activities have been: the handling of interstate

conflicts about short water supplies during a prolonged drought; leadership

in developing water quality standards; and careful review and approval

of hundreds of individual water facilities including wells, industrial

installations, and municipal water supply and sewerage systems to ensure

coordinated development. Although the commission is empowered to construct

and operate water projects, it has not as yet done so. A similar Federal-

interstate compact has been established for the Susquehanna River Basin.

Federal-interstate compacts have been proposed for other river basins.
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16 I INTRODUCTION

Interagency Committees. Before 1965 and the establishment of the

U.S. Water Resources Council, interagency committees were created by an

ad hoc council. After 1965, some of the committees were replaced by river

basin commissions. Three interagency committees—Pacific Southwest, Arkan-

sas-White-Red Rivers, and Southeastern river basins—remain and continue

to operate under the aegis of the Water Resources Council. These committees

do not have legal status (presidentially appointed full-time Chairman and

central staff) but have about the same representation (Federal and State)

as the river basin commissions. Their functions, however, are usually

limited to serving as a coordination entity and discussion forum.
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PART II

WATER MANAGEMENT

PROBLEM PROFILES
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VOLUME 2, PART II

Introduction

Part II of this report is concerned primarily with the identification of

significant locations and conditions of current or potential water resources

problems. The problems presented here emerged from an extensive survey of

the current ("1975") and potential water situation in each of the Nation's

21 water resources regions and 106 subregions.

In each of the 21 regions, regional sponsors who represented Federal-

State organizations, States, and the public were asked to develop a list

of current and potential water-related problems for their region. The

sponsors were to delineate the geographic areas affected by the problem,

examine the interrelationships of the problem, and characterize the problem

as severe, moderate, or minor. They were also to note whether the problem

was being or not being adequately handled by an ongoing Federal, State, or

other program. Generally, those problems with adequate support were dropped

from further listings. Part Vof this report, Regional Assessment Summaries,

shows the results of these assessments.

The Water Resources Council staff tabulated the data and grouped the

problem issues into 100 water problems. The Council then presented these

100 to regional, State, and Federal agency representatives for discussion.

After discussion and evaluation, the water issues were again regrouped into

17 general problem areas. These 17 national water problems, accompanied by

maps delineating the severity of the problem in geographic areas, were

presented at the Second National Conference on Water in St. Louis, Missouri,

May 23-25, 1977. As a result of the conference discussions, the Water

Resources Council again regrouped the issues into 10 common functional

problem areas. These are:

1. Inadequate surface-water supply

2. Overdraft of ground water

3. Pollution of surface water

4. Pollution of ground water

5. Quality of drinking water

6. Flooding

7. Erosion and sedimentation

8. Dredging and disposal of dredged material

(dredge and fill)

9. Wet-soils drainage and wetlands

10. Degradation of bay, estuary, and coastal

waters

Each of these 10 was then examined with respect to public health, envi-

ronmental quality, economic efficiency, resource conservation, interna-

tional relations, pervasiveness, and urgency. The problems, their implicat-

ions, and potential consequences are presented in the following chapters.
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WATER MANAGEMENT PROBLEM PROFILES

Although presented separately, the problems are interrelated. For

example, ground water and surface water, erosion and dredging, drainage and

water quality are all closely interrelated. Because any solution for one

problem affects the others, effective planning for water resources must

be broad enough to encompass these interrelationships.

The following presentations emphasize physical resource problems.

However, legal and institutional aspects—e.g., water rights, land-use

planning, water conservation, policy and organization, data and informa-

tion, research, and public participation—are considered in the recom-

mended options for problem resolution.

Each problem profile defines a problem and shows the area of the

Nation most directly affected by it. The implications of the problems

are also identified and specific problem examples and options for dealing

with the particular problem are given. The examples may illustrate se-

verity, uniqueness, or typicality of the problem. The purpose of this

technique is to increase awareness so that once the full problem is

understood, the program emphasis can be effectively directed toward solv-

ing it. A followup assessment could evaluate the progress toward problem

resolution.

These chapters show that this Nation has already faced and is cur-

rently facing problems of water management. In view of the long lead-time

needed for planning, research, education, and implementation of programs

to resolve these conflicts, a comprehensive, coordinated program is vital

to long-term national well-being.
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VOLUME 2, PART II

Inadequate Surface-Water Supply

Definition of Problem

Seventeen of the 106 subregions already have or by the year 2000 will

have a seriously deficient supply of surface water (Figure II-l). In almost

every region west of the Mississippi, the supply of surf ace water, expended

at current quantities and output efficiencies, is inadequate for irrigation.

In addition to the short supply , water users are becoming more and more

aware that water left in a stream is not necessarily "unused." Instream

requirements for esthetics, recreation, waste assimilation, and fish and

wildlife habitat maintenance are getting increased attention. However,

with the rising cost of energy sources and production, the more econom-

ically feasible hydroelectric developments to increase peaking power may

conflict with other uses of streamflow. The regulation of streamflow

required for hydropower generation causes rapid fluctuations of stream

levels which in turn create problems for recreation, navigation, and

aquatic ecosystems. New energy imperatives are offsetting the values of

old systems that took advantage of seasonally available water flows and

pump-storage units that were less harmful to other surface-water uses.

Evaluation of tradeoffs is becoming more and more serious.

In addition to the manmade, fluctuating demands on surface water,

natural phenomena also make demands on surface-water supplies. Droughts

are normal climatological phenomena. Man cannot as yet forecast their

occurrence with certainty or (once they are upon us) determine how long

they will last. No part of the Nation - is immune to drought. Even the

humid East has experienced drought, although droughts of several years dura-

tion are rare. The East generally has short-term, seasonal droughts. The

Northeast drought of 1962-66 was an event expected on the average of only

once every 150 years.

During the 1930's the Great Plains were beset by abnormally low

precipitation. In combination with high winds and extreme temperatures—

compounded by years of overgrazing and generally poor farming techniques—

great dust storms developed so that much of the land lay useless for many

years. In the late 1940's and early 1950's, a drought occurred in the

Southwest and in places in the southern midcontinent. In some parts of

the Southwest the drought continued for more than 10 years. Even though

the drought of the early 1950's was more severe than that of the mid-

1930's, the national impact was far less severe. This was because the

stronger national economy could more easily absorb the loss and because

conservation programs had made many areas less vulnerable to drought.

In 1976-77, the Nation was again beset by a drought that centered in the

West, Northwest, and upper parts of the Midwest. The humid East suf-

fered from locally dry areas as well. In some areas, precipitation levels

were well below the lowest on record. In long-range planning, natural

phenomena, like political, economic, and environmental influences, must

be considered in surface-water management.
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4 | WATER MANAGEMENT PROBLEM PROFILES

Explanation

Subregion with inadequate streamflow ("1975"-2000)

70 percent depleted in average year

I I 70 percent depleted in dry year

I I Less than 70 percent depleted

Specific problems (as identified by Federal and State/Regional study teams)

•k Conflict between offstream and instream uses

Inadequate supply of fresh surface water to support-

Offstream use Instream use

• Central (municipal) and noncentral (rural) domestic use ■ Fish and wildlife habitat or outdoor recreation

X Industry or energy resource development ♦ Hydroelectric generation or navigation

A Crop irrigation

Boundaries

i Water resources region Subregion

Figure 11-1. Inadequate surface-water supply and related problems
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Implications

If the present national patterns of surface-water use continue, con-

flicts will arise for which no simple solutions are available. Population

increases and distribution patterns are rapidly increasing the demand

for municipal and rural domestic water. Some communities are restricting

water connections, zoning land use, and defeating bond issues for water

supply projects. Recent court cases have required communities to develop

extensive conservation plans, including water reclamation, before they

make plans to divert water from other basins.

With increasing concern for national energy independence, major new

developments for oil, coal processing, and mining operations can be ex-

pected. In areas of new energy development where water supply is already

limited and fully allocated, water will have to be imported or transferred

from an existing use. In the West this transfer will almost inevitably be

from irrigated agriculture, because energy producers are willing to pay a

far greater price for water than are irrigators. Retirement of irrigated

farmlands, however, will result in a loss of agricultural production, a de-

cline in rural lifestyle, and an increase in urban development. On the

other hand, limiting energy development and industrial growth because of

inadequate water supplies could cause serious problems for regional, even

national, economic health. A conservation program to increase the efficient

use of water for irrigation could provide water for alternative purposes

such as energy production. Ironically, however, some conservation actions

such as sprinkler systems require additional electric energy.

The relationship between quantity and quality of water is clear. With

increased consumption, streamflows will continue to decrease. In some

places this may mean that irrigation return flows and sewage effluents

will constitute an increasing portion of stream volumes. Fish and wildlife

maintenance and water-related recreation activities have already suffered

from the problem in the Pacific Northwest and in California. In both

the East and the West, reduced river flows have also created water quali-

ty problems.

Conflicts between regulation of flow and downstream water uses could

also have major interstate and international implications. Inadequate

instream flows hamper waterborne transportation. Changing energy demands

for greater peaking production in hydroelectric plants cause discharges

from reservoirs to fluctuate wildly in short periods. The resulting rapid

rising and falling of stream or reservoir levels could be a hazard to

water recreation safety and could cause navigational problems.

The existence of adequate average streamflow does not mean that the

water will be usable for of fstream purposes without regulation. Irrigation,

in particular, requires that the water be available when needed. Inevitably

this means regulation by dams and reservoirs. Ponding of streams will,

in most of the Nation at least, slightly increase evaporation, reduce the

downstream flow, and affect the seasonal flow pattern.
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WATER MANAGEMENT PROBLEM PROFILES

Specific Problems

The following local problems illustrate the distribution and variety

of problems caused by inadequate surface-water supply. The information

was furnished largely by regional sponsors.

Problem area: Lower Colorado River (Lower Colorado Region). See Figure II-l.

Water from the lower Colorado River main stem being used in Arizona and

California consists of (1) natural runoff originating in the adjacent

tributary area and (2) a portion of the main stem Colorado River water

released from the Upper Colorado Region at Glen Canyon Dam under provisions

of the Colorado River Compact and operating criteria agreements. Although

the Colorado River system is one of the more heavily depleted river systems

in the Nation, more than half the population of the West depends on its

inadequate and poorly distributed supply.

Because current ("1975" ) surface-water uses of 4.6 billion gallons per

day exceed available renewable surface supplies by about 2.4 billion gallons

per day, central Arizona and southern Nevada make up the difference by

pumping from wells, chiefly for irrigation. Almost half of the irrigated

acres in the region depend entirely on ground water. As a result of that

pumping, however, ground-water levels are declining at an average of 8 to

10 feet per year. As ground-water levels decline, other problems may

emerge: land subsidence, formation of earth fissures, decrease in stream-

flow, and increase in pumping lifts. Direct water reuse is fast becoming

imperative in this area.

An additional pressure on supplies is the Mexican Water Treaty of 1944,

which provides for delivery of 1.5 million acre-feet annually to Mexico.

Since the average annual supply of the Colorado River is so heavily depleted,

the meeting of treaty and compact commitments will be difficult.

Problem area: Middle North Platte River Basin (Missouri Region, subregion

1007). See Figure II-l.

This drainage area in southeastern Wyoming has major problems of in-

sufficient streamflow, inadequacy of minimum pool storage, and practices

that dewater reaches of basin streams. These deficiencies adversely affect

fish habitat and recreation uses of the waters.

With one exception, these flow problems are more acute on tributary

streams than on the North Platte River itself. Many streams are regularly

dewatered during the irrigation season and flows are so erratic that

they provide no fishery. Tributary reservoirs are also subject to severe

fluctuations in pool level because of seasonal inflows and drawdowns.

The large main-stem lakes can usually withstand greater variances and still

maintain some fish habitat and recreation surface.

One instance in which practices on the main stem of the North Platte

system do pose a serious problem occurs at Guernsey Reservoir, the farthest

downstream reservoir in Wyoming. The reservioir water level is annually
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drawn down rapidly to flush sediment into the irrigation canals and laterals

to seal them against leakage. This practice is detrimental to fishing in

two ways: the North Platte River fishery is degraded by the heavy sediment

load, and Guernsey Reservoir is drawn down to a point where it is nearly

empty, necessitating extremely low winter releases to fill it for the

next season's irrigation needs.

Problem area: Sacramento Valley (Calif ornia Region, subregion 1802). See

Figure II-l.

The major water issue in this California area is the lower American

River. Since completion of Folsom Dam, minimum summer and fall stages

have been several times greater than they would have been before the dam

was built. The higher stage and increased flow have much improved the

instream conditions for recreation and the fishing in general. These

improved instream conditions will exist, however, only during the interim

period until all withdrawals for authorized project purposes are made. Then,

unfortunately for recreationists, the large releases to which they have

grown accustomed will probably not continue since recreation uses are

not included in the authorization. Recreationists have mounted considerable

agitation to maintain minimum flows and stages so that at least some

opportunities for recreation will remain.

Problem Area: Beaumont-Port Arthur Metropolitan Area (Texas-Gulf Region,

subregion 1201). See Figure II-l.

In Jefferson County in southeastern Texas, industries require large

quantities of water for cooling, boiler feed, manufacturing and refining

processes, and other industrial uses. In the Beaumont area, the city of

Beaumont supplies water to several industries. In Jefferson County, the

major supplier of industrial water is the Lower Neches Valley Authority.

The Lower Neches Valley Authority diverts water seasonally from its

intakes on the Neches River and Pine Island Bayou to irrigate about

78,500 acres of rice in Jefferson County and portions of Liberty and

Chambers Counties. This water is diverted across the basin divide, used,

and discharged into the Neches-Trinity coastal basin.

The tidal reach of the Neches River extends from its mouth on Sabine

Lake, where it intersects the Sabine-Neches Canal, to a temporary salt-water

barrier at river mile 37. During certain periods of the year, however,

the withdrawals of fresh water from the Neches River and Pine Island Bayou

equal the actual flow of the river. The result is a practically no-flow

condition in the Neches River below the fresh-water intakes. Without a

barrier and in the absence of fresh-water inflow, salt water moves up

the Neches River. This salt-water intrusion makes it necessary for the

Lower Neches Valley Authority to construct temporary sheet piling barriers

across the Neches and the Pine Island Bayou to prevent salt water from

reaching their intakes. These barriers effectively block all flow in the

river except flood flows, which occasionally wash out the barriers. The

barriers normally are required during late summer and early fall because

diversion rates increase during the rice irrigation season. It has been
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WATER MANAGEMENT PROBLEM PROFILES

necessary to install the barriers almost every year since 1948. The barriers,

which are removed when they are no longer needed, have remained in place

for as long as 6 months.

With the salt-water barriers in place, the Neches River essentially

becomes a dead-end navigation and waste disposal channel. The flow below

the barriers consists largely of treated industrial and municipal effluent

return flows, a very limited fresh-water inflow from a small drainage

area, and the tidal salt water.

Problem area: Snake River (Pacific Northwest Region, subregion 1703 and

1704). See Figure II-l.

The Snake River flows from western Wyoming, through Idaho, to Oregon

and Washington where it joins the Columbia River. Any increased diversion

of water for irrigation and other uses will reduce flows in the middle

and lower Snake River, thereby curtailing energy production at power dams

in those reaches of the river. The resulting difference between capability

and load will have to be made up from alternative sources, principally

thermal. The cost to energy consumers will, of course, increase as the

cost of alternative sources of energy increases.

The only free-flowing reach of the middle Snake River provides habitat

for important resident and anadromous fish species and offers outstanding

scenic and recreation values. As a recently designated National Wild

and Scenic River, it has both national and regional importance. Excessive

reduction in streamflow would detract from its attributes as a wild river

and would impair the fishery habitat.

Problem area: Passaic and Raritan Rivers and Northern New Jersey (Mid-

Atlantic Region, subregion 202). See Figure II-l.

The water-supply situation in the near term is critical in this area

for virtually all users—municipal, self-supplied industry, agriculture,

recreation, and fish and wildlife. In the Passaic and Hackensack River

basins, surface supplies are approaching optimum development. In the near

term, intraregional development (RaritanRiver) will be required to supply

5 million people and the bulk of New Jersey's industries with water.

Emergency planning for water supply crises arising from system breakdown

or drought conditions is presently inadequate.

Problem area: Wabash River Basin (Ohio Region, subregion 506). See

Figure II-l.

The Wabash River basin includes most of Indiana, central Illinois,

and a small part of western Ohio. Twenty-three communities in the basin

are expected to have problems with water supply service by 1980. Another

potential water supply problem stems from the possible installation of

coal conversion plants. Were these to be sited in the basin, they would

pose a serious water consumption problem.

Problem area: Little Tennessee-Hiwassee (Tennessee Region, subregion

601). See Figure II-l.
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This problem area is located in the extreme southwest corner of North

Carolina, the southeast corner of Tennessee, and along the midnorthern

border of Georgia. A major loss of recreation user days will continue

at the Tennessee Valley Authority reservoirs. With optimum reservoir

levels, recreation use would ultimately double current operating procedures.

The increased recreation use would increase employment, income, and the

retirement population.

Major changes in the present operation of the reservoirs to enhance

recreation would seriously affect the hydroelectric power generation of

the TVA-ALCOA projects. Recent studies by TVA indicate that for 1975

observed flows and temperature conditions, maintenance of high summer levels

in all storage reservoirs would vastly increase power generation costs. No

specific figures were available, but costs in the Little Tennessee-Hiwassee

area alone should be substantial.

Losses in power production would occur in three different ways. First,

maintaining higher reservoir levels in the summer by modifying the releases

would lower the generation capability during the peak summer period when

hydrogeneration is most valuable. Conversely, this would increase the

hydrogeneration capacity at the end of the summer recreation period when

load demands are lower and hydrogeneration is therefore not as valuable.

Second, the lowered generating capability in the summer would require that

alternate capacity be obtained. Any reduction in hydropower generation

would have to be made up by an increase in steam-generated power, which,

of course, at present would affect the Nation's coal and oil reserves.

Third, the high reservoir levels at the end of the summer recreation

season would have to be drawn down rapidly to reach the flood control

levels needed for winter. The increased spilling of water would waste a

natural resource.

Options for Resolution

The technical resolution of inadequate surface-water supply is

straight forward: (1) increase the available supply and (2) reduce the

present or projected demand. Techniques to increase supply include develop-

ment of new sources, increase of the recycling or reuse of existing supply,

and enhancement of efficiency in its distribution and use. Techniques

to reduce demand include increase of price to consumers, institution of

a conservation program to reduce use or eliminate waste, and changes

in the institutional structures to increase efficiency of use or to shift

demand geographically.

Mechanisms to allocate the supply include State water laws; Federal

laws, subsidies, and practices; treaties; interstate compacts; State util-

ity commissions; and other public and private institutions. The present

cumbersome and inflexible institutional arrangements can only increase

litigation and legislation. An important short-run step to reduce conflict

is an increased efficiency of water use and expanded conservation measures.

In the long run, however, it is obvious that more flexible allocation

mechanisms are needed.
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Overdraft of Ground Water

Definition of Problem

The ground water of the United States is a vast resource estimated to

have a volume far greater than that of all the surface water, more than

the total capacity of all the Nation's lakes and reservoirs (including

the Great Lakes). The volume is equivalent to about 35 years of surface

runoff nationwide. Yet, as illustrated in Figure II-2, demands upon this

resource, although localized, are producing impacts that vary in kind and

intensity in many parts of the Nation.

Diminishing artesian pressure, declining spring and streamflow, land

subsidence, and salt-water intrusion all indicate long-term excessive

use of ground waters. Although the quantity of ground water in storage

is an extremely important factor, use of that water at rates exceeding

natural recharge (that is, overdraft) hastens the day when(l) alternative

sources must be found, or (2) sound decisions must be made concerning the

continued operation of water-dependent industries, irrigation developments,

and the implementation of proposed community expansion plans. In some areas

declining water levels will cause a cessation of pumping because of the

increase in the cost of the energy required to bring water to the surface.

Examples of ground-water overdraft are found in the Trans-Pecos areas

of Texas and in the San Joaquin Valley of California. The water level

declines in these areas have resulted from decades of pumping for irrigation

and, more recently, for home and industrial use. In the Trans-Pecos area,

a reduction in irrigated acreage began recently when the high pumping

lifts—combined with sharp increases in prices for natural gas used to

run the pumps—resulted in uneconomical conditions for continued pro-

duction.

In some areas, municipalities that depend on ground water for public

supply are facing problems. Because ground waters traditionally have

been assumed to be relatively inexpensive sources of unpolluted water of

generally uniform temperature, cities have generally chosen ground waters

rather than surface waters. As population increased, so did pumping rates

and the number of wells. Some cities have deepened their wells to increase

well yield. Others have drilled new wells farther inland to stem the

progress of salt-water intrusion. If present use patterns continue,

however, conservation practices will need to be implemented or possibly

combined with alternative water supplies, probably at much higher cost

per unit.

Low flows in many larger streams (the base flow) are mostly ground

water that has returned to the surface. The interconnections may not be

obvious inasmuch as the surface-water drainage patterns may have little

or no apparent relation to the ground-water drainages. This is particularly

true of larger ground-water systems. Because excessive use of ground water

in one area may reduce the base flow, surface water could be depleted in

downstream reaches. The benefit in one area may be at a cost to another.
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12 | WATER MANAGEMENT PROBLEM PROFILES

Explanation

Area problem

I ] Area in which significant ground-water overdraft is occurring

I ] Unshaded area may not be problem-free, but the problem was not considered major

Specific problems (as identified by Federal and State/Regional study teams)

• Declining ground-water levels

4 Diminished springflow and streamflow

a Formation of fissures and subsidence

■ Saline-water intrusion into fresh-water aquifers

Boundaries

— Water resources region Subregion

Figure II-2. Ground-water overdraft and related problems
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Where large amounts of water are removed from a ground-water reservoir

without adequate recharge so that the water level declines substantially,

land subsidence may follow. In such situations the elevation of the ground

surface may drop several feet over a relatively large area. In some low-

lying coastal areas that previously were affected little by tidal action,

subsidence has caused periodic flooding by higher tides. Subsidence

can also damage structures such as buildings, highways, and railway tracks.

In some areas, ground fissures have developed that allow the entry of

polluted surface waters. Buildings have been damaged, and highways and

railroads have developed alignment problems.

In island areas and at places along the Nation's coasts, fresh water

"floats" on the more dense saltwater. Even in the interior United States,

aquifers containing saline water sometimes underlie, and are connected to,

the fresh-water aquifers. Pumping of fresh ground water in such areas will

cause the saline water to migrate into the zones of fresh water. If the

fresh-water wells are pumped at high rates for a substantial time, the water

obtained from them will increase in salinity and the value of the wells as

a fresh-water supply source will be reduced. In this situation, larger

wells may cause problems for many smaller wells which by themselves,

because of the lower aggregate pumping rate, would have been in balance

with recharge and with the salt-water/fresh-water interface.

Where aquifers near the surface contain water of inferior chemical or

bacteriological quality, pumping of deeper aquifers—to the extent that

water levels decline substantially—can allow the inferior water to migrate

downward to deteriorate the quality of the freshwater in the deeper aquifer.

Careless handling of waste waters at the land surface can, of course, pollute

the shallow aquifers that earlier contained freshwater. Natural movement

of water in aquifers is typically slow. Thus, whereas a polluted surface

reservoir may be flushed out and become useable within a relatively short

time, ground-water reservoirs, once polluted, may take years to become

safe water supply sources again.

As with surface-water systems , aquifers are no respecters of political

boundaries. Although water rights laws in some areas cover groundwaters,

the same problems exist for managing surface waters that cross State or

national boundaries.

Another problem of ground-water management is the lack of information

on the extent, volume, recharge rate, and effect of various pumping schemes

on the ground-water reservoirs. Too often, wells are dug, pumping begun,

and problems of ground-water overdraft realized only when ground-water

levels have declined substantially. And, of course, the more wells, the

greater the complications stemming from uncontrolled pumping. Fortunately,

sophisticated modeling capabilities to simulate basinwide ground-water

systems are becoming available. With this capability to predict the conse-

quences of ground-water pumping programs, the beneficial value of the

conjunctive use of surface and ground waters can be planned effectively.

Implications

Those areas dependent solely on ground-water sources as an economic
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14 I WATER MANAGEMENT PROBLEM PROFILES

base may require special consideration from a national perspective. For

example, the High Plains of West Texas and eastern New Mexico contain the

largest irrigable land mass in the world — 52 million acres or a land mass

larger than 37 States of the Nation. As of 1975, the productivity of

nearly 10 million irrigated acres overlying aquifers in the Ogallala

Formation is threatened because of incipient inadequacy in the quantity

of ground water available for use. The ground-water problems of this

area are currently the object of a study being led by the Department of

Commerce under the authority of Section 193 of Public Law 94-587. The

loss of the agricultural production of this area would be of significant

national importance. Because local surface-water sources are also inade-

quate, large importations of water are being considered to replace that

heretofore obtained from the Ogallala.

In the absence of an alternative source of water supply, some irrigated

lands now dependent upon ground-water overdraft will revert to dry land

production. On-farm income and production will be reduced, and ultimately

the size of the farms will have to be increased in order to make operations

economical.

Although ground-water overdraft may have diverse causes and a variety

of adverse effects, the demand for groundwater will undoubtedly continue.

While in most areas ground water may continue to meet much of the increasing

need on a short-term basis, State governments, perhaps with the assistance

of the Federal Government, will need to bring rates of withdrawal into

greater balance with rates of recharge. Toward this end, in normally

humid areas, joint-use planning may recommend extended use of ground

water for irrigation only during short-term seasonal droughts, even if

land productivity decreases.

Specific Problems

The following representative specific problems illustrate the distri-

bution and variety of problems. The information was furnished by regional

sponsors.

Problem area: Gila River Basin (Lower Colorado Region, subregion 1503). See

Figure II-2.

The water supply of the Gila River Basin in the southern two-thirds of

Arizona and western New Mexico has been developed and utilized for many

decades. Except for infrequent large floods or an exceptional surface runoff

sequence, outflow from the basin under present conditions of development is

negligible. Further development of surface water within the basin is con-

fined principally to the conservation of a portion of the water that

may become outflow, implementation of measures to increase surface runoff,

and reduction of noncrop consumption associated with irrigation and other

uses. The expanding economy of the area has been supported by an overdraft

of ground water. Current ground-water pumpage exceeds surface-water diver-

sion by several times.

Ground-water overdraft is expected to remain at about 4.1 million acre-
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feet annually through 1985. An increase in demand for municipal and indus-

trial needs, mineral development, and thermal electric powerplant cooling

is expected to be balanced by a decrease in about 68,000 acres of irrigated

cropland. The depletion of ground water in storage would total about

25 million acre-feet over the 10-year period.

In 1990, the Central Arizona Pro ject is expected to convey 1.4 million

acre-feet of water to the area; this would reduce ground-water overdraft by

about 60 percent. However, by the year 2000 increased water use will exert

renewed pressure on the ground-water resource.

At some time in the future it will be necessary to balance water

supply and use, if not through legislation, then probably through economic

pressures as increased pumping depletes water supplies and energy costs

reach a level where irrigated agriculture is no longer profitable. If

water use and supply are to be balanced by year 2020, a reduction of over

600,000 irrigated acres or about 63 percent of the land area irrigated in

1975 would be needed.

Declining ground-water levels present a number of problems. In 1970,

4.3 million acre-feet of ground water was pumped from the aquifer above Gila

Bend, Arizona. For each foot of increased pumping head an equivalent of about

6 million kilowatt hours of electric energy is required. Land subsidence

also results in some areas as aquifers are dewatered. The best documented

instance is in western Pinal County and parts of the Lower Santa Cruz Basin

where the maximum subsidence was 7.5 feet nearEloy during 1948-67. Earth

fissures as much as 8 miles long occur along the edge of the area. Subsi-

dence has damaged the Picacho Reservoir, water wells, railroads, streams,

highways, and agricultural land.

Problem area: High Plains (Missouri Region, subregion 1010 and Arkansas-

White-Red Region, subregion ll03). See Figure II-2.

The plateau formed by the Ogallala Formation gives shape and defini-

tion to the High Plains in parts of Nebraska, Colorado, Kansas, Oklahoma,

New Mexico, and Texas. Because of its rich and relatively level mantle of

High Plains topsoil, the Ogallala Formation has given rise to one of the

largest, if not the largest, irrigated agricultural developments in the

world.

In Kansas, levels are declining in wells that tap water-yielding zones

in the Ogallala Formation. If this decline continues, indicating a decline

in ground-water supply, the irrigation developments there eventually will

be adversely affected.

Problem area: San Joaquin Valley (California Region, subregion 1803).

See Figure II-2.

The San Joaquin Valley has the largest ground-water overdraft of any

area in California. Though the annual overdraft has declined from its

peak in the mid-1950's, data indicate that an average of 1.5 million acre-

feet per year of overdraft is still occurring as of "1975." If overdraft
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continues, land supported by overdraft will be forced out of production

because of quality degradation and/or excessive pumping lifts.

Problem area: Upper Susquehanna River Basin (Mid-Atlantic Region, subregion

204). See Figure II-2.

This problem area includes the drainage into the Susquehanna above

Towanda, Pennsylvania. Ground-water yields generally are low in the areas

with increasing demand. The relationships between surface and ground water,

such as the elapsed time between the start of pumping and the start of

base-flow depletion, must be determined. Doubtless, further development

of ground water would be possible if the relationships between groundwater

and surface water were specifically known, especially in and around Elmira,

New York.

Withdrawals of ground water for the municipal and industrial needs of

Elmira and for irrigation in the area exceed recharge and pose a threat

to both surface- and ground-water supplies. Protection of recharge'areas

and management of withdrawals are required in the Upper Camisteo and

Cohocton River valleys and in the Cortland and Binghamton urban areas.

Problem area: Southeast Georgia (South Atlantic-Gulf Region, subregion

303). See Figure II-2.

Under present rates of pumping, salt water can intrude into fresh-water

aquifers. Ground-water quality is threatened in the Savannah area, and

salt-water intrusion has already begun in the Brunswick area. Ground-water

withdrawals, expected to double between 1970 and 2000, would greatly

accelerate the salt-water intrusion. The poor quality of surface water in

the vicinity and the high costs to divert and transport water from distant

streams make it almost prohibitive to use surface sources for domestic

water supplies.

The degradation of ground-water quality is expected to force industries

to change their pumping systems to handle the more corrosive water. Present

water management methods have restricted development in prime industrial

areas ad jacent to Brunswick. If this restriction in development continues,

it could cause an economic loss to the community.

Some small domestic and industrial water users who are beyond the

distribution network of public water systems will have to install costly

wells to tap deeper, uncontaminated aquifers. This will extend the areas

of salt-water encroachment in those deeper aquifers penetrated.

Problem area: Houston-Galveston Area (Texas-Gulf Region, subregion

1202). See Figure II-2.

Pumping of ground water in the Houston-Galveston area has steadily

increased in recent years. As a result, artesian pressures have declined

and subsidence has accelerated. A recent study found that annual costs

and property value losses resulting from the subsidence in the area is

about $31.7 million per year. These costs were borne primarily by resi-
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dential, commercial, and industrial property owners. However, over $500,000

per year in costs were included for repairs to public facilities.

Ground-water overdraft not only causes subsidence, but it also leads

to salt-water encroachment and damage to the affected aquifers. Some

low-lying areas along Galveston Bay are subject to inundation by normal

tides, and an even larger part of the area may be subject to catastrophic

flooding by hurricane tides. Surface drainage has become less effective

and in some cases subsidence has reversed the drainage patterns.

Subsidence in the Galveston Bay area is expected to continue at a rate

corresponding to the decline in pressure resulting from future ground-

water pumping. However, surface water now being delivered from the adjacent

Trinity River Basin and the Brazos River is available for major ground-water

users in the southern part of Harris County—the heart of the subsidence

zone. The switch from ground water to surface water has already led to

some recovery of artesian pressure that has slowed the rate of subsidence.

However, to further reduce the effects of subsidence, additional surface-

water supplies must be developed to replace ground water.

Ground-water overdraft in this problem area supports approximately

600,000 acres of crops. The gross production value for this amount of

land approximates $300 million in 1967 dollars based on 1974 marketplace

conditions. The economic loss to the State from lost productivity of

600,000 acres could be as high as $1. 2 billion, based on the 4:1 generating

ratio of other activities to gross farm income.

Problem area: Oahu (Hawaii Region, subregion 2003). See Figure II-2.

On Oahu, the most densely populated of the Hawaiian Islands, highly

permeable soils and rocks permit much of the rainfall to infiltrate and

form a reservoir of ground water. The fresh ground water floats on a

base of sea water. The quality of the fresh water is very high, but the

balance of fresh water to salt water is fragile. The withdrawal of

fresh water from wells must be carefully controlled to prevent deterior-

ation in quality by salt-water intrusion.

As of 1975, pumping from ground-water supplies was within safe limits.

Overdraft is foreseeable in the Pearl Harbor aquifer on the Island of

Oahu if additional water development facilities are constructed without

compensating conservation measures. Voluntary controls by the water users

on Oahu are being attempted to prevent overdraft in the Pearl Harbor

aquifer; however, the State Department of Land and Natural Resources is

ready to implement a ground-water management program if voluntary controls

fail.

Options for Resolution

The water supply in some parts of the Nation, particularly where

irrigation of croplands is intensive and where agricultural production

causes ground-water overdraft, makes economic and social dislocations

inevitable. One option is to do nothing—to allow the economic and social
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factors to adjust themselves. Large acreages of presently irrigated

cropland would probably return to dry land farming or ranching. This

change could cause a reduction in production, social readjustment, popula-

tion redistribution, and a major business-economic restructuring to reflect

the area's changing conditions.

To protect against such major social and economic consequences, another

option is to search for alternative sources of water supply. Major and

extremely costly diversions of excess interbasin and intercontinental

waters have been suggested. The surface-water supply conditions of the

Nation, however, indicate that there are no areas with enough excess

water to stem the overdraft of ground water in the Texas High Plains

and other areas. Furthermore, these transfers would probably involve inter-

state and international boundaries and could lead to more intense inter-

regional conflicts. However, smaller interbasin waters probably could

be diverted.

A first step in resolving the problem should be the development of

institutional mechanisms to increase flexibility in the use of ground

waters and to permit ground and surface waters to be conjunctively managed.

The volume of available water could be increased by using the huge storage

potential of the Nation's aquifers to supplement surface supplies during

periods of drought. The aquifers then could receive artificial recharge

during periods of surplus surface runoff. This may require national programs

of technical and financial assistance.

Those States not now adequately controlling ground waters could be

provided incentives to start a program of control. For example, a program

of ground-water withdrawal permits could reduce pumping and thus provide

the basis for improved management. Studies could be started to analyze

the social, economic, and environmental costs that are likely to accrue

from the failure to implement such programs. This information, plus added

basic hydrology data that the State's themselves could collect, would

provide a base for effective program design.
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Pollution of Surface Water

Definition of Problem

Historically, the Nation's streams, rivers, lakes, and oceans have

been convenient, and seemingly inexpensive and inexhaustible, dumping areas

for human and animal wastes and for residues from industrial production.

On the other hand, people have always depended, directly or indirectly,

on these same streams, rivers, and lakes for drinking water, water-

related recreation activities, and esthetic beauty. By 1975, few of the

Nation's fresh-water bodies could be used as a water source without sub-

stantial treatment. Figures II-3a, II-3b, and II-3c show surface-water

pollution throughout the country, at least for the major basins.

Stringent legislative efforts to cope with pollution culminated in

the passage of the Federal Water Pollution Control Act Amendments of 1972

(Public Law 92-500). Efforts to clean up surface water and prevent

further degradation have received priority attention and, as a result,

the quality of the surface waters has improved near some urban areas.

Surface-Water Pollution From Point Sources

A point source of pollution is a specific entity that discharges

untreated or partly treated wastes. These sources of pollution are generally

municipal and industrial. The Federal Water Pollution Control Act currently

requires a minimum of secondary treatment for municipal wastes and "the

best practicable treatment" for industrial discharges.

Treatment practices for municipal wastes differ widely. There are some

instances of untreated municipal wastes, many examples of only primary

treatment, and additional cases where the secondary treatment is insuf-

ficient to maintain water quality standards. These situations are being

rectified under specified conditions of the NPDES (National Pollution

Discharge Elimination System) permits required for each point-source dis-

charge in the United States.

Industrial discharges range from those that are compatible with mu-

nicipal wastes and conventional waste treatment techniques to those re-

quiring specialized techniques for treatment before safe discharge. Treat-

ment techniques often lag behind product development—that is, the fluids

discharged may not be amenable to standard treatment methods. Pollution

caused by the discharge of PCB (polychlorinated biphenyl) waste often

persists long after discharge has been discontinued. Discharging liquid

waste from metal-plating plants to municipal treatment facilities has

caused malfunctions of those facilities.

Discharges, in general, can contribute oxygen-demanding substances,

excess nutrients, a variety of toxic substances, and fecal coliform bacteria.

The presence of fecal coliform bacteria in water supplies indicates the

possible presence of disease-causing organisms, including those responsible
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Explanation

Area problem

Area in which significant surface-water pollution from point sources is occurring

| | Unshaded area may not be problem-free, but the problem was not considered major

Specific types of point-source pollutants

• Coliform bacteria from municipal waste or feedlot drainage

* PCB (polychlorinated biphenyls), PBB (polybromated biphenyls), PVC (polyvinyl chloride),

and related industrial chemicals

a Heavy metals (e.g., mercury, zinc, copper, cadmium, lead)

■ Nutrients from municipal and industrial discharges

O Heat from manufacturing and power generation

Boundaries

— Water resources region Subregion

Figure ll-3a. Surface-water pollution problems from point sources

(municipal and industrial waste)

(As identified by Federal and State-Regional study teams)
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Explanation

Area problem

j | Area in which significant surface-water pollution from nonpoint sources

is occurring

| ] Unshaded area may not be problem-free, but the problem was not

considered major

Specific types of nonpoint-source pollutants

Herbicides, pesticides, and other agricultural chemicals

Irrigation return flows with high concentration of dissolved solids

■ Sea-water intrusion

m Mine drainage

Boundaries

— Water resources region Subregion

Figure 11-3b. Surface-water pollution problems from nonpoint sources (dispersed)

(As identified by Federal and State-Regional study teams)
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Explanation

Area problem

| ") Area in which significant eutrophi-

cation of manmade and natural

water bodies is occurring

| | Unshaded area may not be

problem-free, but the problem was

not considered major

Specific causes of eutrophication

• Low levels of dissolved oxygen

▼ High levels of nutrients

▲ Natural sedimentation from

streambank, cropland, and other

natural erosion

■ Man-induced sedimentation from

urban, industrial, and construc-

tion/earth moving activities

m Heat from manufacturing and power

generation

Boundaries

— Water resources region Subregion

Figure ll-3c. Surface-water pollution problems—eutrophication

(As identified by Federal and State-Regional study teams)
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for typhoid fever, paratyphoid fever, dysentery, and cholera. Inadvertent

cross-connections between water supply distribution lines and waste disposal

lines in some populated areas mean that any malfunction in either system

could cause disease outbreak or other adverse health effects.

With the increased number of industrial and municipal waste treatment

plants, pollution from industrial and municipal wastes is projected to

be under control before the year 2000. However, since chlorine is the

disinfectant of choice for most waste and water supply treatment plants,

new health problems may be introduced even as others are resolved. Harmful

chlorinated hydrocarbons, including chloroform, a carcinogen, can be pro-

duced in both water supply and waste treatment processes when water con-

taining organic material is treated with chlorine.

Discharge into a stream of cooling water from steam electric generation

and manufacturing processes may raise the temperature of the stream water,

thereby decreasing in dissolved oxygen concentration and threatening the

survival of many aquatic flora and fauna. With an anticipated 350 per-

cent increase in waste heat from manufacturing and power operation by

the year 2000, the natural environment may be severely strained unless

proper corrective actions are taken.

Surface-Water Pollution From Nonpoint Sources

In the past, little attention was given to pollutants carried by surface

runoff from nonpoint (dispersed) sources. The Federal Water Pollution

Control Act of 1972 (Public Law 92-500), however, has focused attention

on these nonpoint-source problems. General areas of concern have been

identified, areawide planning to address the problems is now in progress,

and methods for abatement and control are now being developed. Control

of these diffuse pollution sources is not simple, however, because the

total load of pollutants is a function of pollution concentration buildup

plus the volume and duration of runoff.

Nonpoint sources of pollution are either manmade or natural. Manmade

runoff from urban, agricultural, forest, or mining areas can generally be

remedied by management and abatement. More difficult to control, however,

are the natural sources such as the salt flats in the Southeast, which

cause streambank erosion and contribute high concentrations of dissolved

solids and salinity to surface waters.

Most States report agricultural activities as the primary source of

sediment in streams and other surface-water bodies. Along with sediments

washed off the land surface are herbicides, insecticides, and undesirable

levels of fertilizers and other nutrients, all of which enter the streams.

The National Residuals Discharge Inventory indicates that about 33 percent

of the oxygen-demanding loads, 66 percent of the phosphorus, and 75 percent

of the nitrogen discharged into the streams in 1973 came from dispersed

agricultural sources.

Forestry activities also contribute to nonpoint-source pollutants.
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Increased surface runoff from clear cutting of trees causes scarring

from rapid erosion that often ensues before tree cover and related vege-

tation can be re-established. Erosion of the forest soils and their

natural nutrients will degrade both the soil1 s productivity and the quality

of the streams and rivers receiving the eroded material.

Many States identify mine drainage, particularly when the water drain-

ing from the mine is acidic, as a major problem. In certain areas where

deep or strip-mining is or was prevalent, acidic mine drainage pollutes

both surface- and ground-water supplies. Abandoned mines compound the

problem because often no one will acknowledge responsibility for the

damage caused by the drainage.

Excessive salinity constitutes a water quality problem in several

States in the West and Southwest. Water used for irrigation leaches salts

from the soil, causing the salinity concentrations to increase in the

return flows to surface-water courses. Each subsequent irrigation tends

to increase the salinity concentration in the return flows to the point

where plants are no longer tolerant of the concentrations. It has been

estimated in the lower Colorado River that for each milligram per liter

increase in salinity the annual cost to the economy is approximately

$230,000.

With increased consumption use of the Nation's waters, the flow of

fresh water into the surrounding boundary salt waters decreases. As a

result, the dynamic balance of fresh water to salt water is adversely

affected. As the streamflow decreases, the saline water intrudes farther

upstream. As a consequence, water diverted for use along these streams

becomes more and more saline. The user is thus faced with either using

the degraded water or finding alternative and more costly sources. Intrusion

of highly saline sea water into tidal estuaries has been identified as

a problem in California, Florida, Louisiana, and Texas. The potential,

however, exists along all coastal areas.

The combination of storm-water runoff and urban sewer overflows has

caused significant problems with sedimentation, nutrient balance, infiltra-

tion of heavy metals, and biological pollution. These problems are not

amenable to easy solution because of the high cost of separating the

two flows and of disposing of them effectively. With increasing urbaniz-

ation, the problems of storm-water runoff can be expected to intensify.

The magnitude of such pollution has been investigated only recently.

Eutrophication of Manmade and Natural Water Bodies

Eutrophication is the process by which a surface water becomes enriched

in nutrients. When this process is hastened by the acts of man, it is

called cultural eutrophication. The primary nutrients—carbon, nitrogen,

and phosphorus—are essential to the growth of aquatic plants. Normally

these are present in surface water in only small concentrations. When

these elements are added to water in relatively large concentrations,

however, aquatic plants proliferate to the point where they deplete oxygen
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during nighttime or other periods when oxygen-producing photosynthetic

processes are dormant. Moreover, thermal discharges associated with the

cooling water needs for manufacturing and power generation lower the

dissolved oxygen concentrations. Oxygen depletion causes the death of

aquatic plants and animals, with consequent decay and odor.

Primary nutrients generally occur in domestic sewage, irrigation

return flows, urban runoff, atmospheric fallout, septic field leachates,

and certain industrial waste discharges. Allowing these discharges to

flow into surface-water bodies is the basic cause of cultural eutrophica-

tion.

Implications

Poorly operated municipal plants may discharge liquid waste containing

large quantities of bacteria and viruses, some of which are nearly always

pathogenic. Industrial discharges, particularly toxic chemical wastes,

can make surface waters a health hazard for public use. Trace levels

of polybrominated biphenyls (PBB), polychlorinated biphenals (PCB), heavy

metals such as chromium and nickel, asbestos fibers, and other pollutants

constitute some of the health hazards.

Urban (dispersed-source) runoff containing bacteria, toxic substan-

ces, trace heavy metals, and accumulated urban debris is washed into

surface-water courses (and in some instances finds its way into ground-water

supplies). Runoff from irrigated areas, together with the return flow

caused by overirrigating, may contain high concentrations of bacteria,

insecticides and herbicides, fertilizer, sediment, and salts and minerals

leached from the soil. These return flows have progressively higher con-

centrations of dissolved solids. Some of these substances are toxic in

themselves; some are carcinogenic.

Excessive concentrations of nutrients—phosphorus and nitrogen, in

particular—can cause algal blooms and prolific growth of the aquatic

plants which, by means of photosynthesis, produce an abundance of dissolved

oxygen. However, when photosynthesis is reduced by cloud cover, or ceases at

night, or particularly when these plants die and thus increase the BOD (bio-

chemical oxygen demand), the consequent oxygen depletion causes death of

aquatic fauna and flora. After a water body has become eutrophic to some

degree, the water becomes a breeding ground for insects such as mosquitos,

which in some parts of the country carry diseases. Anaerobic conditions

associated with eutrophic waters encourage the growth of pathogenic organ-

isms found in the dead carcasses of diseased fauna.

Oxygen-consuming wastes from urban, industrial, and rural sources,

together with low flow and higher surface temperatures, impair water

quality. Many chemical wastes are soluble and easily dispersed in surface

waters. Others precipitate and are transported with the streambed load.

Some insecticides and herbicides will accumulate in the flesh of fish. The

effects of these insecticides and herbicides, which may persist for years,

are potentially hazardous to both aquatic animals and humans. Bacteria,

toxic chemicals, and a host of deleterious substances can also render shell-
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fish unsafe for consumption. The greater the quantity and type of pollutants

in the water, the more complex and energy intensive will be the operations

required to clean up the water to the level appropriate for its intended

use.

The control of point-source discharges, as mandated by Public Law

92-500, is a pressing problem. As point sources are brought under control,

the true impact of nonpoint sources will be realized. If both point and

nonpoint sources can be brought under reasonable control, the conditions

that induce eutrophication of lakes and slow-moving streams will have

been checked. If not, deterioration of rivers, streams, and lakes will

continue, and, of course, the problem of water quality as an issue between

the United States and its neighbors can only be aggravated.

Specific Problems

The following specific problems illustrate the distribution and va-

riety of surface-water pollution problems. They are not necessarily the

most serious instances but are considered representative. The information

was furnished by regional sponsors.

Problem area: Mississippi River below Minneapolis-St. Paul, Minneso-

ta (Upper Mississippi Region, subregion 701 and 702). See Figures II-3a

through 3c.

In the Mississippi River below Minneapolis-St. Paul, localized point

sources of pollution are: municipal and industrial waste discharges at major

urban centers, oil and chemical spills from barges and adjacent rail traffic,

and sewage wastes from pleasure and work boats. The Mississippi River is

subject to high turbidity from erosion and natural runoff. A significant

nonpoint pollution comes from runoff from irrigated land that causes high

chemical and bacterial concentrations, high nutrient levels, and lake

euthrophication. Point-source pollution is added from municipal and indus-

trial sources.

Two large lakes totaling 1,050 acres in Grant County, Wisconsin, are

classified as "very eutrophic." Water quality problems also arise from

surface runoff from lead and zinc mines in southwestern Lafayette Coun-

ty and southeastern Grant County in Wisconsin. PCB also seriously pollutes

fish habitat areas in Lake Pepin. Concern has been expressed about the

deterioration in ground-water quality in the fractured and cavernous lime-

stone areas of southeastern Minnesota.

Problem area: Tennessee River Basin (Tennessee Region, subregion 601).

See Figures II-3a through 3c.

Water quality in the North Fork Holston River is adversely affected by

leachate f rom muck ponds at an abandoned chemical plant site inSaltville,

Virginia. Runoff from heavy rains causes the muck ponds to overflow.

Chloride concentrations greater than 500 mg/1 and mercury are impairing use

of the river. In the reach between Saltville, Virginia, and Kingsport,
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Tennessee, the mercury concentrations in the fish exceed that allowed

by the U.S. Food and Drug Administration.

Problem area: Lake Okeechobee Area, Florida (South Atlantic-Gulf Region,

subregion 305). See Figure II-3a through 3c.

Agricultural runoff, urban runoff, and both untreated and treated

liquid waste degrade the water quality in the canal systems, coastal

streams, and estuaries. The nutrients being added to the area's lakes

and ponds are making them eutrophic, resulting in large accumulations

of organic matter including aquatic weeds. South of Lake Okeechobee, a

large area has been receiving significant amounts of irrigation return

flow.

Options for Resolution

Point sources of waste-water discharge may be effectively controlled

at point of discharge. Goals of the Federal Water Pollution Control Act

Amendments of 1972 (Public Law 92-500) are in the process of being met.

All point sources should have the equivalent of secondary treatment for

municipal and domestic discharges or "best available treatment" for in-

dustrial discharges by 1983. This goal is expected to be met uniformly

throughout the country.

New technology is needed to effectively and inexpensively render

industrial wastes harmless. Potential actions include incentives for

industry to find suitable uses for industrial waste products. For example,

ethylene glycol, once a waste product of the chemical industry, is now the

cornerstone of the antifreeze additive business.

Use of septic tanks and cesspools where soils and site conditions are

unfavorable for proper operation should be discouraged and alternatives to

such private waste disposal practices provided. These alternatives should

allow a high degree of waste-water treatment and should minimize the local

impact of the waste-water discharges.

Techniques available to reduce nonpoint-source pollution include non-

structural means, such as street sweeping, catch-basin maintenance or

similar alternatives, and structural means such as detention ponds. In

most areas, separating existing combined sewers into separate sanitary

and storm sewers appears to be uneconomical. An alternative solution is

the installation of combined sewer relief valves so that each rainstorm

does not result in a combined sewer overflow. Further, the option of

constructing detention tanks should be strongly investigated.

Greater use of soil conservation and streambank stabilization practices

in agricultural and construction areas will reduce pollution. Better man-

agement practices by farmers will reduce soil losses from their lands.

Better methods are also needed to prevent the overapplication of herbicides

and pesticides. Incentives are needed to increase use of detention ponds

to minimize pollution from urban storm runoff and settling ponds to remove

sediment from runoff from irrigated tracts.
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The implementation of waste-water and nonpoint-source policies and

technologies should advance concurrently with more effective water treatment

practices. This will require increased research into improving present

treatment practices and devising new treatment options. Toxic substances

and carcinogens already have been found in some water supplies. Expanded

research is needed to establish safe levels for those pollutants that

occur only in trace concentrations.
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Pollution of Ground Water

Definition of Problem

Both natural and manmade pollution of ground-water sources are growing

issues across the Nation. Because aquifers lie below the surface, out

of sight, the seriousness of ground-water pollution is only gradually

being realized. Many regions reported some form of ground-water pollution

in the second assessment as indicated in Figure II-4.

People have come to expect safe water to be produced from wells because

of the natural filtering action of the soil through which the water must

pass. However, this filtering action is not always effective. Ground-water

supplies have become polluted from a variety of sources, both natural and

man-induced. Once polluted, the ground water becomes a resource of limited

value. That is, aquifers are not as easily restored to a healthful condition

as are surface-water bodies because water moves very slowly through the

aquifer.

Natural pollution includes the high mineralization of ground water from

excessive levels of such chemicals as magnesium, iron, sulfur, nitrates,

phosphorus, calcium, fluoride, arsenic, and high chloride water such as

brine. Natural radioactivity may also pollute certain ground-water sup-

plies. Instances of radioactivity of water have been found in Florida,

Maine, New York, Illinois, Iowa, and Missouri. Natural pollution may

not always make ground-water supplies totally unusable, but it certainly

makes them less desirable. The drilling of oil and gas wells has caused

the intrusion of brine, oil, or gas into otherwise high quality ground

waters, making them undesirable for use. Decline in water levels in coastal

aquifers caused by the withdrawal of water from them has led to salt-

water intrusion.

In a few communities across the country, toxic and hazardous wastes

injected into deep wells have migrated into overlying fresh-water aquifers.

Seepage from landfills containing municipal and industrial wastes also

adversely affects ground-water quality. In the past, highly toxic sub-

stances have been buried indiscriminately in landfills or dumps. In some

areas, because the location of abandoned dumps is unknown, their effect

on surface and ground waters is also unknown.

In rural areas, water used to irrigate croplands can leach salts from

the soil zone and carry them downward into the aquifers, representing

yet another source of potential pollution. The materials carried downward

are, for example, herbicides, insecticides, and fertilizer, in addition

to other substances leached from the soil zone.

As discussed earlier, subsurface percolation systems such as septic

tanks and cesspools are a potential source of ground-water pollution,

particularly in urban areas that were recently rural or suburban. In these

areas, centralized water and sewage facilities are frequently not available.

Septic tanks that pollute local aquifers are found at many places in the
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Explanation

Area problems

Significant ground-water pollution is occurring

Salt-water intrusion or ground water is naturally salty

'//////, High level of minerals or other dissolved solids in ground water

j J Unshaded area may not be problem-free, but problem was not considered

major

Specific sources of pollution

• Municipal and industrial wastes including wastes from oil and gas fields

♦ Toxic industrial wastes

a Landfill leachate

■ Irrigation return waters

• Wastes from well drilling, harbor dredging, and excavation for drainage systems

* Well injection of industrial waste liquids

Boundaries

i Water resources region

Subregion

Figure 11-4. Ground-water pollution problems

(As identified by Federal and State-Regional study teams)
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Nation. Other subsurface sources of pollution are oil and gas wells, dry

wells, sink holes, and drainage from inactive mines.

During the rainy season, surface streams and water bodies may recharge

the ground-water reservoir. Pollution of surface waters will, in turn,

impair ground-water supplies, especially in areas where recharge is signif-

icant. Conversely, during the dry season, surface water, initially fresh,

may become polluted when base flow originates from polluted ground water.

The linkages between surface water and ground water are complex. Because

some aquifers extend across the boundaries of one or more States, counties,

and local jurisdictions, concerted study and careful management are often

complicated because of legal and political constraints.

Implications

Ground-water pollution, in one form or another, is recognized in many

of the regions. High levels of mineralization are often identified in the

aquifers. Pollution or potential pollution of aquifers by fecal coliform

bacteria from septic tank drain fields is an often-cited problem in rural

areas and in areas recently urbanized. Industrial, municipal, and agri-

cultural wastes are degrading fresh-water aquifers, or have the potential

for doing so. Inasmuch as 50 percent of the population derives drinking

water from ground-water sources, pollution, whether real or potential,

poses a significant health threat. In l975, for example, nearly 800 cases

of waterborne diseases were attributed directly to untreated ground water.

Unreported cases are probably even more numerous.

In areas dependent upon ground water for municipal, industrial or

agricultural uses, continued degradation of ground-water quality will

have significant implications in the economies of the affected communities.

Extended overdraft will produce the same results. One effect will be an

increase in the cost of treating the polluted water to meet existing quality

criteria. And, of course, water quality may be so poor that the ground

water cannot be successfully treated at reasonable cost.

The well-established relation between water quality and water demand

is particularly true for ground water. For example, continued overdraft,

especially in coastal areas, fosters salt-water intrusion of aquifers.

Furthermore, water use patterns usually involve ground-water withdrawal,

conveyance to users, and, finally, conveyance of waste waters to some other

area. Such a use pattern may result in ground-water depletion in one area

and ground-water pollution in another downstream area. Such transfers of

water may not be specifically planned, but just happen as water supply

needs are met and waste-water treatment options are exercised. To avoid

inadvertent transfers of poor quality water from one area to another, the

nature of both polluting and cleaning mechanisms that affect aquifers must

be better understood.

Specific Problems

The following representative specific problems illustrate the distri-

bution and variety of problems of ground-water pollution. The information

has been furnished by regional sponsors.
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Problem area: Lake Champlain (New England Region, subregion 106). See

Figure II-4.

Improper sewage disposal systems, overcrowding of individual systems

in confined areas, and leachate from landfills have caused ground-water

pollution in this area.

Problem area: Brunswick, Georgia (South Atlantic-Gulf Region, subregion

303). See Figure II-4.

Because ground-water levels in the area are high, during rainy weather

the septic tank tile fields may intersect the water table, thereby polluting

the shallow aquifer with septic tank effluent. The shallow aquifer con-

sisting of sand and gravel is used by individuals and some industries

as a water supply source.

Problem area: Pascagoula, Mississippi (South Atlantic-Gulf, subregion 309).

See Figure II-4.

Although ground water is plentiful, in parts of Mississippi this

abundant supply is of poor quality. In the Miocene-Pleistocene sands

along the Gulf Coast, there are places where the ground water has a

high iron concentration, has a low pH, and is corrosive. The effects

of deep-well injection of liquid wastes on fresh-water aquifers in some

parts of the State are not well known. Of particular concern is the

injection of well-field brines associated with oil extraction.

Problem area: Ozarks Area of Benton and Washington Counties, Arkansas

(Arkansas-White-Red Region, subregion ll04). See Figure II-4.

There is a lack of ground-water data for the Ozarks area. However, a

small research project conducted by the University of Arkansas revealed

that in the study area of 100 square miles as much as 80 percent of the

ground-water sources in 90 percent of the area tested was being polluted

with coliforms.

Problem area: Santa Ana River Basin, California (California Region,

subregion 1806). See Figure II-4.

Both the Upper Santa Ana River Basin and coastal Orange County have

ground-water overdrafts. Agricultural return flow with high concentrations

of nutrients, and downward percolation of sewage effluent with high con-

centrations of dissolved solids have degraded the poor quality of ground-

water resources.

Problem area: Jackson County-Port Lavaca, Texas (Texas-Gulf Region, sub-

region 1205). See Figure II-4.

Ground-water overdraft has caused salt-water intrusion along the coast.

Options for Resolution

To resolve ground-water pollution problems, more needs to be known
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about ground-water mechanisms and the fate of pollutants after they invade

the aquifer. A first order of business is the collection of water samples

and data on water levels from existing wells and from new observation wells

drilled for that purpose. These data can then form the basis for analytical

studies, including physical and mathematical modeling, of ground-water

mechanisms.

Septic tank problems stem from poor siting, construction, and oper-

ation. If alternative and more efficient individual waste treatment systems

could be found and used, both the shallow ground-water bodies and nearby

surface waters would benefit.

The relation between polluted surf ace water and fresh ground water must

be better understood. The relation between aquifers containing saline

water and those containing fresh water also needs study. Old oil and gas

wells, new well drillings, mining sites, and the like are prime places to

study such interconnections. A program to plug abandoned oil wells and to

make certain that new wells are properly cased is desirable. State licensing

and inspection of well-drilling operations may be advantageous in carrying

out such a program. Methods of irrigation that minimize the leaching of

salts from soils (such as sprinkler irrigation) need to be encouraged.

Disposal of solid waste in landfills without a detailed study of the

ground-water hydrology in the vicinity can lead to trouble, particularly

when toxic and hazardous substances are an important segment of the waste.

Obviously, efficient management will dictate methods of operation to min-

imize the quantity of leachates entering the ground-water system. Even

more basic is the application of conservation practices that would reduce

the quantity of solid material being dumped, practices that involve reuse

of solid materials where possible, and that eliminate elaborate packaging

of consumer products.
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Quality of Drinking Water

Definition of Problem

In 1974, the Safe Drinking Water Act (Public Law 93-525) was passed

to ensure that in the future there would be adequate supplies of potable

water, thus preventing serious health crises. In general, strides in

providing safe drinking water in the last 50 years have been so effective

that the public has lost an awareness that serious disease could occur

with system malfunctions. However, much of the Nation's drinking water

could be polluted if the continued production, use, and discharge of

toxic chemicals is not abated. This problem resulted in the enactment

of the Toxic Substances Control Act of 1976 (Public Law 94-469).

Figure II-5 presents an overview of the problems with drinking water

quality. Many of these problems result from the increasing production

and dispersal of toxic substances.

o As of 1975, more than 2 million chemicals have been identi-

fied, of which more than 30,000 are in commercial production.

o Little is known about the health effects on health of most

natural or synthetic organic chemicals that could find their

way into drinking-water sources. The National Academy of

Sciences, in collaboration with the Environmental Protection

Agency, has begun an assessment of the health effects of

those chemicals actually identified in drinking water. Some

22 chemicals are recognized as either known or possible car-

cinogens.

o Many chemicals may be toxic at concentrations not detectable

with currently available measurement techniques.

o Many chemicals transported by water settle into bottom sedi-

ments, then infiltrate the aquifers. These chemicals may

enter the aquatic food chain and successively accumulate in

the flesh of fish or other predators, and continue up the

food chain.

o Many chemicals are not amenable to normal on-line detection and

removal by conventional water or waste-water treatment systems.

o Many chemicals, once in a water course or in an aquifer, may be

able to combine with other chemicals to form new toxic or car-

cinogenic substances. The current weakness in scientific know-

ledge and monitoring systems to determine the extent and

effect of these chemicals make these a significant threat

to public health.

Heavy metals such as cadmium, copper, iron, lead, mercury, and zinc

dissolved in water, even at very low concentrations, are lethal to fish.
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Explanation

Area problem

Area in which existing or potential pollution of domestic water supply

was reported

Unshaded area may not be problem-free, but the problem was not

considered major

Specific sources of pollution

• Industrial chemicals other than chlorinated hydrocarbons

• Chlorinated hydrocarbons from treatment processes and energy development

A Heavy metals (e.g., mercury, zinc, copper, cadmium, lead)

+ Coliform and other bacteria

■ Saline water

• General municipal and industrial wastes

Boundaries

^— Water resources region Subregion

Figure 11-5. Quality of drinking water problems

(As identified by Federal and State-Regional study teams)
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Cadmium has caused fatal bone diseases in humans, and lead and mercury have

caused brain damage. Sources of these heavy metals include industrial dis-

charges, urban runoff, pipe corrosion, and mining activities. In some

instances, they occur naturally. In States along and east of the Mississippi

River, the primary sources of these toxic elements are urban runoff and

industrial discharges. In the less populated western States, primary sources

are mining operations that chiefly involve lead and zinc.

Industrial chemicals such as cyanide, phenols, polybrominated biphe-

nyls (PBB), and polychlorinated biphenyls (PCB) also are threats to human

and aquatic life. They do not biodegrade; they are carcinogenic; they

have caused human poisoning; and, their presence in the Great Lakes,

the Hudson River, and other water bodies has led to fishing bans. PCB

has been found in both surface and ground water.

Organic compounds such as chloroform and carbon tetrachloride are also

a serious concern because of their carcinogenic nature. In water, chloro-

form is formed by the interaction of chlorine (used as a disinfectant in

both fresh-water and waste-water treatment processes) with organic resi-

dues, such as humus found in the streambed.

Most surface water receives extensive treatment at the community level

before distribution. This treatment may include disinfection, coagulation,

sedimentation, and filtration, among other possibilities. Ground water,

however, often receives little more than disinfection.

Chemical quality deficiencies attributable to excess salinity are

a problem nationwide; whereas, the presence of toxic elements such as

lead, zinc, and the like were identified in only a few of the subregions.

The problem of carcinogenicity will become a ma jor issue as it becomes more

widely known that latency periods before disease symptoms can be identified

may be longer than a year, possibly even many years.

In the past and in the absence of disease outbreaks, drinking water has

been judged safe if minimum State and Federal standards have been met. More

recent research has found that water quality monitoring of drinking water

for the bacterial and chemical categories of concern has been insufficient.

Since June 1977, all community systems are required to monitor and report

deficiencies to both consumers and State-level regulatory agencies.

Implications

The pollution of ground and surface sources of public water supplies

has serious potential public health consequences. Any breakdown in treat-

ment or distribution can cause widespread outbreak of waterborne illnesses.

Increasing accumulations of specific pollutants in both surface- and ground-

water supplies pose a constant threat, since water polluted with organic,

inorganic, radioactive, bacterial, and viral substances are known agents

for the spread of either chronic or acute disease. Increasing concentra-

tions of those pollutants in raw waters place a burden on conventional

-
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water treatment plants and generally increase the operating costs of the

plants.

Toxic and hazardous materials found in water supplies normally cannot

be removed by conventional treatment. Industries are required by law

to treat wastes before discharging them to sewers. Effective, and possibly

more expensive, treatment processes must be developed. Spills of toxic

substances are not fully preventable. Thus, substantial financial resources

will also be needed to develop monitoring equipment and techniques, health

effects research, and advanced waste treatment techniques.

Both the law and economic efficiency urge treatment of all wastes at

point of discharge, where definable, to render them acceptable. Multiple

in-plant recycling from high quality water needs to lower quality needs is

feasible. Control practices to limit nonpoint-source pollutants will also

contribute to the preservation of our high quality water resources. However,

control of nonpoint sources and treatment of point sources of pollutants

may make additional demands on energy.

Specific Problems

The following representative specific problems illustrate the distri-

bution and variety of problems caused by domestic water supply pollution.

The information was furnished by regional sponsors.

Problem area: Lower Mississippi River (Lower Mississippi Region, subregion

803). See Figure II-3.

Between St. Francisville and Venice, Louisiana, some 60 industries

discharge highly concentrated wastes into the Mississippi River. As a

result, fish caught in the river below Baton Rouge are not marketable

because of the off-flavor of their flesh. This reach, however, serves as

a raw water supply for 40 utilities that serve a population of 1.5 million.

Treated water supplies at two locations contain trace amounts of six

organic chemicals capable of inducing histopathological changes in animals.

Treated water supplies also contain three organic chemicals described as

carcinogenic.

Problem area: St. Louis Vicinity (Upper Mississippi Region, subregion

705). See Figure II-5.

In localized areas, particularly in northern Jefferson County and in

the East St. Louis area, shallow ground-water supplies are polluted with

bacteria, nitrates, and other chemicals. Inadequate disposal systems for

solid and liquid waste and improperly constructed wells are responsible

for this pollution. Moreover, saline-water intrusion from both natural

and man-induced causes is a problem. Where alternate sources of water are

not available, many localities are forced to use this highly mineralized

water.

Problem area: Lake Superior (Great Lakes Region, subregion 401). See

Figure II-5.
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Asbestiform fibers in public drinking water may have long-term effects

on this area's health. An Increase in the incidence of asbestos-caused

cancer may not become apparent for many years. Taconlte tailings also

increase the turbidity of Lake Superior waters, which may be harmful to the

aquatic life as well as to deep-water spawning beds. The taconite tailings

dumped at one site contain 35 chemical materials, including lead, mercury,

cadmium, nitrate, phosphate, and silicate.

The water in the St. Louis River from Cloquet to Lake Superior is of

poor quality. It is affected by severely low dissolved oxygen levels

resulting from industrial pollutants, organic wastes from paper and pulp

mills, urban runoff, discharges from shipping vessels, and municipal waste-

water treatment plants. Water quality problems may be aggravated by the

operation of two of the five upstream hydroelectric plants. These cause

the flow of the river to fluctuate; sometimes the flow is inadequate to

dilute many of the small streams into which the waste is being disposed.

Problem area: Middle Iowa River (Upper Mississippi Region, subregion 703).

See Figure II-5.

Restricted use of surface water as a potable water supply for domestic

and livestock uses and as a suitable water supply for industrial processing

and cooling is due primarily to excess turbidity and sedimentation. In-

creased cost of water treatment for municipal and industrial supplies

taken from surface-water sources is common. Restricted use of untreated

ground water as a potable water supply is due to excessive hardness and con-

centrations of iron.

Options for Resolution

Overcoming domestic water-supply pollution depends on the results of

implementing three Federal laws: the Federal Water Pollution Control Act

Amendments of 1972 (Public Law 92-500) , the Safe Drinking Water Act of 1974

(Public Law 93-523), and the Toxic Substances Control Act of 1976 (Public

Law 94-469). These laws deal with the control of discharges at the "source."

The Safe Drinking Water Act of 1974 (Public Law 93-523) deals with all

aspects of water supply, from raw water to the product delivered to the

consumer's tap. These concerns are being translated, in part, into regula-

tory programs to monitor, report, and control water quality at the consumer

level and to identify and control numerous activities known to degrade

ground-water quality.

Of great concern to communities is the high cost of collecting water

samples and analyzing them. Smaller treatment systems may not be able to

afford the technology needed to bring the water quality up to the standards

presently promulgated, much less to those being proposed.

Low-cost treatment techniques to demineralize ground water throughout

the country need to be devised. Without them, many domestic water quality

treatment problems will continue. On-line monitoring techniques are also

needed to minimize costs of satisfying the monitoring requirements of the

Safe Drinking Water Act yet provide enough sophistication to assist in the

stable operation of treatment systems.
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Flooding

Definition of Problem

Much of the Nation's productive land is located in the coastal and

riverine flood plains. Flood-plain resources include water supply, easy

transportation, productive soils, and moderate topography. These resources

have encouraged extensive urban and economic development, which, in turn,

has led to a potential for significant loss of life and damage to property.

Floods have led to an average loss of 83 lives per year. The total

potential damage in "1975" is estimated at $3.4 billion, with urban damage

estimated at $1.1 billion. The remaining $2.3 billion estimated for

agriculture represents 2 percent of the Nation's agricultural production

value.

Floods are natural phenomena. They can occur when rain, snow, or storms

produce water on the land surface faster than the water can be carried

away by streams. In some cases flooding is caused by massive tidal waves

that inundate ocean coastlines. Floods can occur during any part of the

year and in most parts of the country: when heavy and prolonged rains fall

in the humid areas of the Midwest, East, Southeast, and Northwest; when

thunderstorms produce flash floods, especially in the normally dry areas of

the Southwest; in late winter and early spring when the melt of accumulated

snow drives many streams beyond their banks; and in late summer and early

fall when hurricanes and tropical storms dump large quantities of water on

the islands of the Caribbean and the Atlantic and Gulf coasts from Maine

to Texas. Figure II-6 shows those areas where the impact of flooding is

greatest.

People in general do not comprehend the risk of flooding, especially in

the absence of a recent flood experience or when risk is expressed as a

probability statement. Defining and describing the area inundated by the

flood with a 1 percent chance of occurring in any given year—the so-called

100-year flood plain—does not stimulate a sense of urgency. Floods, like

droughts, take on more meaning if the frequency of occurrence is expressed

in action-related time units such as a 25-year mortgage for which there

is approximately a one-in-f our chance of experiencing the so-called 100-year

flood. Because a 100-year flood occurred last year does not preclude the

the possibility that it will recur this year, next year, or anytime in the

near future.

Implications

Although floods are a natural phenomena, when man intrudes upon flood

plains or alters the watershed drainage conditions, he frequently contrib-

utes to flood severity and the ensuing losses. Large areas of the Nation

experience flooding which has been aggravated by human activity. That

these activities result from irresponsible or unwitting decisions is not

relevant. What is relevant is the fact that development in flood-prone

areas must be managed to prevent flood losses.
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Explanation

Area problem

[ I Area in which flooding causes major damage to agricultural, urban, and

other developments

| | Unshaded area may not be problem-free, but problem was not considered

major

Major streams and tributaries with periodic overbank flooding

Reasons for intensified flood damage

• Urban, suburban, and industrial development on flood plains

■ Accelerated runoff from urban areas

a Inadequate upstream watershed management

• Loss of flood control from inadequate structural systems

• Tidal effects along coasts during storms and hurricanes

Boundaries

— Water resources region Subregion

Figure 11-6. Flooding problems

(As identified by Federal and State-Regional study teams)
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There are three ways to cope with the overall flood problem. They are:

(1) actions to control flood waters, (2) actions to reduce the effects of

flood waters on life and property, and (3) actions to reduce the consequences

of flood losses for individuals and communities. Actions to control

flood waters are called structural means; the other actions are nonstruc-

tural means.

Structural means include the construction of reservoirs, channel

improvements, and small watershed structures that reduce flood damage

by delaying or reducing the flow of excessive water. Approximately $13

billion has been spent by the Federal Government since 1936 for flood

control structures, with an estimated $60 billion savings in reduced

flood damage. Even so, structural means have been inadequate to arrest

the rising spiral of flood damages. Furthermore, structural solutions

may change the natural conditions of flow and sediment load to which

existing ecosystems are adapted and upon which they depend. Even though

the resulting destruction or disruption to an ecosystem may not be perma-

nent—in fact, different but possibly equally valuable systems may estab-

lish themselves—an increased emphasis is being placed on the complemen-

tary role of nonstructural solutions.

Nonstructural solutions include flood-plain regulations and acqui-

sitions to remove persons or property from flood-prone areas and/or to

prevent location of potential flood victims and property in these locations

in the future. Nonstructural solutions also include disaster preparedness

and recovery plans; flood forecasting, warnings, and evacuation plans;

flood insurance; and tax adjustments. The nonstructural measures that

may be compatible with the natural ecosystems are complementary to and

possibly alternatives to the structural solutions.

The regulation of existing and future flood-plain development is a

critical element for limiting future urban flood damage. A continued

increase in the number and value of buildings and their contents will

increase flood damages year after year. Without increased flood-plain

regulation, it is estimated that by 2000 the potential urban flood damage

will be $1.6 billion, an increase of 38 percent.

Agricultural flood damage is not expected to grow as rapidly, but it

will be widespread, nonetheless. Under the most probable conditions for

2000, potential agricultural damage is projected to reach $1.7 billion.

The Federal Government is faced with the prospect of rising flood

damages and associated disaster relief costs, which, in the absence of

adequate flood-plain management, could have an enlarged adverse effect

on the national budget.

Specific Problems

The pervasiveness of flooding provides many examples of specific

problems. Several example problems serve to illustrate the prominent types

of flooding and flood damages throughout the United States. Regional spon-

sors for the assessment have furnished the following information.
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Late summer brings annual climatic changes that produce major tropical

storms and hurricanes in the Atlantic Ocean, Gulf of Mexico, and the

Caribbean. Such storms struck the Gulf in 1965 (Betsy), in 1967 (Beulah),

1969 (Camille), 1970 (Celia).and 1971 (Fern),resulting in the inundation

of large areas by extensive rainfall and high tides.

The destructive potential of these storms reaches hundreds of miles

inland, affecting agricultural production as well as domestic and urban

communities. Direct damage from some of these storms was $54.6 million

(Beulah), $22.6 million (Fern), and nearly $1.5 billion each for Betsy

and Camille. Much of the damage occurred in the same 10 counties of

Texas each time. Numerous deaths also occurred in these floods.

Early warning systems and structural developments, such as flood walls,

prevented the damage from being even higher. The residents of these

areas have experienced many similar storms and most heed early warning

reports that track each storm's progress. Preparations for the storms are

generally extensive since the residents of the area assume some, if not

all, of the risk associated with living in a flood-prone area. Home, auto,

and personal property insurance rates are, of course, higher. Federal

assistance is required as a result of such storms. Continued use of warning

systems and flood education should prevent extreme loss of life and property.

Severe thunderstorms that deposit large quantitites of rain in short

periods of time cause rapid-rising or flash floods. Such floods of ten catch

residents without warning, as illustrated by the Big Thompson flood of

Colorado (1976), the Jamestown, West Virginia, flood (1977), and the

Johnstown, Pennsylvania, flood (1977). Many areas of the Southwest are

subject to flash flooding, a prime example being the urban area of Las

Vegas, Nevada.

Problem area: Las Vegas Metropolitan Area (Lower Colorado Region, sub-

region 1502). See Figure 11-6.

The Las Vegas Metropolitan Area is arid, vegetation is sparse, and rain-

fall is low (3.76 inches per year average). Rapid development in flood-plain

areas has produced many expensive structures. Throughout the last 50years,

flash floods have occurred periodically, each succeeding flood causing

greater damage. A combination of flood-plain information, planning, struc-

tural diversions, and regulation of future flood-plain development is needed

to reduce damage in the Las Vegas Valley. These elements should be organized

in a comprehensive flood-plain management program for the area.

Problem area: Middle Mississippi River (Upper Mississippi Region, sub-

regions 704 and 705, and Lower Mississippi Region, subregion 801). See

See Figure II-6.

Melting show and heavy rainfall over a large drainage area cause fre-

quent flooding along the middle Mississippi River. In 1973 and 1974, long-

duration, slow-rising floods covered large agricultural and urban areas of

the relatively flat Mississippi River Valley. Extensive agricultural

damage has also been reported on the highly productive lands along the
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river. Annual damage of $17,400 per mile by 1980 is projected along the

middle Mississippi main stem. Annual damage projected for most cities

along the river is high. For example, Hannibal, Missouri, a low-lying city,

incurs an average flood damage of about $3.3 million annually. Projected

downstream damage of $55.3 million annually is anticipated by the year

2000, with agricultural damage being 45.6 percent of this total. With the

rapidly increasing value of nonagricultural properties in the flood plain,

agriculture's proportion of the total damage will be somewhat lower in the

year 2000 than it was in "1975."

Flood-plain management would reduce future property damage. Loss of

life is usually minimal since flood warning systems are effective in

estimating arrival times and heights of flood peaks of these almost annual

floods on the main stem.

Problem area: Great Lakes (Great Lakes Region). See Figure II-6.

Flooding problems throughout the Great Lakes Region are caused pri-

marily by two major factors: (1) storm surges and shore erosion on the

lakes, especially during high stage and (2) extreme inland storm events

that increase stream runoff flows. Flood damages in economic losses, how-

ever, are historically related to the increased development of flood-prone

areas.

The region has experienced an annual average loss of $75 million for

urban areas and about $20 million for agricultural damage (1970 conditions

at 1975 prices). If past practices of flood-plain regulations and structural

measures continue, damage is expected to increase for both urban and agricul-

tural areas. By year 2000, annual average urban flood damage is projected

to increase to $ll million(1975 dollars). Unless floodproofing measures

or relocation of facilities are undertaken, the average annual damage due to

flooding will continue to increase.

Options for Resolution

The risk of flooding can never be totally alleviated, even by the best

of flood-plain management programs. However, through a cooperative flood-

plain management effort among Federal, State, and local governments, private

individuals and industry, the level of flood damages can be reduced to an

acceptable level. Accepting the premise that both current and projected

flood damage levels are unacceptable, the options for reducing flood damage

generally focus upon the Federal role in flood-plain management: continue the

present situation or increase the acceptance of responsibility at the local

level.

Currently it is judged in the national interest that the Federal Govern-

ment assume a major portion of flood risk. This role is the outgrowth of

more than 40 years of growing reliance upon federally funded structural flood

control and disaster assistance programs. Though these programs have led

to a substantial increase in knowledge and technical capability and have

been relatively successful in achieving their objectives, the programs have

been inadequate for arresting the rise in flood damages.
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Recently established Federal programs, including subsidized flood

insurance and flood forecasting and warning, are beginning to affect

flood damage. However, to be fully successful, these new programs rely

upon complementary non-Federal programs—local or State flood-plain reg-

ulations in the case of insurance, and local warning dissemination and

evacuation programs in the case of flood forecasting. To continue the

current heavy reliance upon Federal assumption of flood risks is to accept

an option with limited promise.

The second option is to encourage local and State governments and

private parties to assume a greater share of the responsibility for flood

risks. The Federal Government can provide more information on the risk

of flood-plain occupancy and more technical assistance to cope with these

risks. Farmers, developers, and property owners must be encouraged to

take steps to avoid unwise new development and to protect existing de-

velopment in flood-prone locations. Local and State governments must be

encouraged to establish and exercise flood-plain management programs,

including regulations controlling new development and redevelopment. As-

sumption of greater responsibility for flood risk by non-Federal parties

should greatly reduce flood damages, increase the effectiveness of Federal

efforts, and reduce Federal expenditure for disaster assistance.
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Erosion and Sedimentation

Definition of Problem

Erosion and resulting sedimentation are among the most widespread

water-related problems in the Nation. Locations in which erosion and sedi-

mentation problems have been identified are shown in Figure II-7. Severity

of erosion, is greatest in the humid areas of the country. Gullying,

streambank erosion, and shifting sands along the coastlines are more obvious

than the uniform wearing away of the land mass. Often erosion and sedi-

mentation accelerate as human activities disturb the natural setting,

but because the process is slow, the effects often go unnoticed. Erosion

from natural causes is more prevalent in the arid West where protective

cover is lacking.

In agriculture, which depends on soil and plant management, there is

little short-term incentive to control the soil loss that often impairs

long-term land productivity. The "l975" average cropland soil loss caused

by sheet and rill erosion was 8.6 tons per acre; for some areas the aver-

age loss exceeded 25 tons per acre. Overgrazing of pasturelands leads to

plant cover reduction which accelerates erosion. Activities related to

timber harvest and off-road recreation also accelerate erosion.

In urban areas, runoff from residential and industrial development

and highway construction carries sediments into streams and reservoirs.

As surface-mining expands to support national energy needs, the erosion

potential will increase.

Channel banks, beaches, and shorelines are likewise threatened by

the scouring action of flowing waters. Wakes from barges and ships,

construction activities, and changes in river flows from impoundments by

reservoirs damage shorelines.

Sediment from various types of erosion is carried into streams, held

in suspension, and, as streamflow diminishes, deposited. This causes

sediment buildup in slower stream reaches, causing a further slowing and

spreading of the flow. Sediment deposited in lakes and reservoirs also

causes a loss of water storage capacity. Low-lying lands along rivers are

often covered with sediment. Sediment can carry pollutants such as phos-

phates and pesticides and can adversely affect the environmental quality of

water bodies by covering fish and wildlife habitats and damaging spawning

and nesting areas.

Erosion and sediment affect both private and public land and water

users. Strong local, regional and national programs are needed to control

erosion and reduce sedimentation.

Implications

Erosion and sedimentation affect virtually every area of the United
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Explanation

Area problem

[ [ Area in which erosion or sedimentation is a significant problem

♦

1 Unshaded area may not be problem-free, but the problem was not

considered major

Nature of erosion or sedimentation problems

Cropland or rangeland erosion or sedimentation

Urbanization, mining, or industrial and highway construction

Natural erosion of stream channels

Shoreline, streambank, or gully erosion

Sedimentation of farm ponds, lakes, water supply, and flood-control channels

Boundaries

Water resources region

Subregion

Figure 11-7. Erosion and sedimentation problems

(As identified by Federal and State-Regional study teams)
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States. The depletion of the land base is a major concern as additional

pressures increase extraction of natural resources from cropland, forest,

and rangeland, and through surface-mining. Over long periods, erosion

of the land base causes a local economic decline as the feasibility of

continued agriculture and silviculture declines. The cost of soil depletion

is often beyond the planning horizons of individual farmers and ranchers.

The major economic impact of erosion is generally borne by a second party

or by the public sector rather than by those who own or operate the

land on which the erosion occurs. Thus, economic incentives for proper

practices to keep soil on the land are poor. Although production loss

from eroded land is primarily a long-range concern, the related water

quality and sedimentation problems generally are more urgent in the short

term.

Sediments suspended in water flowing over the land carry nutrients and

pesticides into the rivers and lakes. Research into the transport mechanisms

is needed. These pollutants, which increase the rate of eutrophication of

water bodies, are a potential hazard to public health. Aquatic habitat

is damaged by sedimentation and the introduction of nutrients and pesti-

cides. Marine life is altered or destroyed. Esthetic values are affected—

dirty water is not attractive for fishing, swimming, boating, or viewing.

If soil loss increases or continues at present levels, the cost of con-

structing and maintaining reservoirs and water supply systems will increase.

Sediment accumulates in reservoirs so that extra storage must be provided

to accommodate it. Sediment must be removed from water supplies before

the water can be delivered to users. Irrigation systems are clogged by

sediment deposits which must be removed on a regular basis. Navigation

channels require periodic dredging to maintain adequate depths.

Sediment deposits can be beneficial to certain low areas as they add rich

soil, but in most instances, they can damage crops, orchards, residential

improvements, and roadways.

Specific Problems

The following representative examples of erosion and sediment problems

illustrate their widespread nature and variety. The information was

furnished by regional sponsors.

Problem area: Upper Mississippi River (Upper Mississippi Region). See

Figure II-7.

The upper Mississippi River between Minneapolis-St. Paul and St. Louis

has significant erosion damage. The highly erosive character of the

loess soils and glacial ridges combined with the increased flooding and

the changing shoreland uses have accelerated these erosion problems. Because

of the amount of sediment deposited in the river bed, maintenance dredging

for navigation is required. Sediment deposits have damaged fish and

wildlife habitat and recreation areas along the river. In that part

of Wisconsin adjacent to the main stem of the Mississippi River, over
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800,000 acres or 57 percent of the land needs soil conservation treatment.

In nearly 8 percent of this area, annual soil losses exceed 20 tons per acre.

The average daily sediment load of the Mississippi River at Hannibal,

Missouri, is over 70,000 tons per day. With the contribution from the

Missouri River, the load at St. Louis is about 500,000 tons per day.

Problem area: Lower Mississippi River (Lower Mississippi Region). See

Figure II-7.

Sedimentation in the lower Mississippi River reduces navigation depths

and deep-draft access to the ports of New Orleans and Baton Rouge, Louisiana.

In order to maintain deep-draft port access, maintenance dredging operations

must be performed from January to November each year to remove material

deposited on the channel bottom at various locations in the Mississippi

River below Baton Rouge.

Manmade levees and jetties cause Mississippi River sediment to be

carried into the Gulf of Mexico beyond the 100-foot depth contour. The

average annual transported sediment load in the Mississippi at its mouth

is 300 million tons, which amounts to an average rate of 825,000 tons of

sediment per day. Studies indicate that the sediment load of the Missis-

sippi River, if properly controlled, could create new land at an average

rate of about 12 square miles per year.

Problem area: Hiwassee-Little Tennessee Rivers (Tennessee Region, subregion

601). See Figure II-7.

Erosion and sediment problems are serious in the drainage areas of the

Hiwassee and Little Tennessee Rivers in the extreme southwest corner of

North Carolina, the southeast corner of Tennessee, and along the mid-

northern border of Georgia. Land-use pressures are increasing in this area

because of its beauty and numerous recreation opportunities. The rugged

terrain increases susceptibility to erosion from highway construction,

second-home development, logging operations, and farming.

Erosion over the problem area averages nearly 37 tons per acre per year.

When the eroded material reaches the streams, it creates adverse effects,

both as suspended solids and as bottom sediment. As suspended solids, the

material increases the turbidity of the water, cutting down light penetra-

tion and thus reducing photosynthesis. A more direct effect on the fish

occurs in their gills which tend to become irritated and even clogged.

Some sight-feeding fish like bass and trout have difficulty locating food.

Consequently, the fishing industry is adversely affected by these condi-

tions. As the suspended solids settle, they tend to smother benthic organisms

in the stream bottom and to cover the spawning areas of some reservoir

fish. The capacity of the streams and the reservoirs is reduced by sediment.

If the problem is not solved, there will be increases in the amount

of severely eroded land which in "1975" totaled about 700 acres, as well

as increased damage to roadways.

Problem area: Great Lakes Shoreline (Great Lakes Region). See Figure II-7.

According to the U.S. Army Corps of Engineers, about l,200miles of the
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total 3,470 miles of the U.S. shoreline of the Great Lakes is eroding

significantly. More than 200 miles of shoreline are critically eroding,

resulting in severe property damage.

Erosion of the Great Lakes shoreline is caused chief ly by wave action

that is aggravated during high lake levels. Steep slopes and sometimes

easily erodible soils, such as the clay bluffs along parts of the Lake

Superior shoreline of northwestern Wisconsin, compound the problem.

Each year the U.S. shoreline of the Great Lakes is estimated to con-

tribute about 400 million metric tons of mostly sedimentary material to

the nearshore waters (about nine times the sediment from land surface

erosion). This is based on preliminary Pollution from Land-Use Activities

Reference Group estimates of sediment contributed by tributaries in the

United States as a result of sheet and gully erosion. In an average year,

erosion of the shoreline of the Great Lakes in the United States contributes

approximately 9,000 metric tons of total phosphorus, or about the same as

that contributed from land surface erosion. The Corps of Engineers estimated

that property damage to the total U.S. Great Lakes shoreline for the

1951-52 period of high lake levels was $61 million (or $168 million in

1973 dollars). The Corps of Engineers is currently conducting another

shoreland damage survey for the 1972-74 period of high lake levels. Based

on pilot studies in 11 counties, damages have been estimated at $430 million

(1976 dollars), although the data from which this estimate was derived

vary in degree of reliability and accuracy.

Problem area: Sheboygan-Green Bay (Great Lakes Region, subregion 402).

See Figure II-7.

Gully, bank, and sheet erosion and sedimentation are problems in

the Sheboygan-Green Bay area, which includes that part of Wisconsin adjacent

to Lake Michigan, from the city of Sheboygan north to the end of the

Door Peninsula between Lake Michigan and Green Bay. Red clay erosion

is a problem in the streams of the Sheboygan and Manitowoc River Basins.

In Kewaunee County new construction activities are taking place on medium-

to-steep slopes with large attendant amounts of erosion. Sediment damages

of the following types at significant levels or quantities were reported

by the following counties:

o Sediment problems in roadside ditches and drainage chan-

nels — Kewaunee County

o Deposition of sediment in storm sewers, on streets, etc.—

Brown, Calumet, and Sheboygan Counties

o Muddy or turbid conditions in lakes or ponds used for re-

creation — Calumet, Kewaunee, and Sheboygan Counties

o Damage to fish and wildlife and their habitat — Brown,

Calumet, Manitowoc, Sheboygan, and Kewaunee Counties

o Abnormally high nutrients levels in water bodies fromnonpoint

sources — Brown, Calumet, Kewaunee, Manitowoc, and Sheboygan

Counties.
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Problem area: Rio Grande Headwaters (Rio Grande Region, subregion 1301).

See Figure II-7.

The expanding use of recreation vehicles on hiking and mountain roads

of the Rio Grande headwaters in southern Colorado is creating an erosion

and sediment problem. Improved roads, hiking and skiing trails, camp-

grounds, and picnic areas are needed.

Problem area: Graham and Greenlee Counties, Arizona (Lower Colorado

Region, subregion 1503). See Figure II-7.

Among the problems identified within Graham and Greenlee Counties in

southeastern Arizona are severe erosion of the area, particularly on

the desert and grassland, and the excessively high sediment contents of

the Gila and San Carlos Rivers. The high sediment concentration in the

Gila and San Carlos Rivers increases maintenance costs of irrigation fac-

ilities, constrains water storage development, reduces the life of existing

water storage facilities, and degrades recreation and fishing resources.

Flood flows of the intermittent San Simon River contribute large sediment

loads to the Gila River.

Problem area: Upper Roanoke (South Atlantic-Gulf Region, subregion 301).

See Figure II-7.

The problem area includes 12 counties in south-central Virginia and

north-central North Carolina in the Piedmont and the Blue Ridge areas.

Almost ll,000 acres in Virginia and ll,000 acres in North Carolina are

subject to erosion damage. The Roanoke River Basin has 5,983 miles of

stream, of which 391 bank miles are subject to erosion.

In the Blue Ridge part of the problem area, streambank erosion is

moderate and generally confined to reworking of alluvial material. In

the upper part of the Piedmont, much of the area is wooded and of such

characteristics that little streambank erosion occurs, but in the lower

part of the Piedmont, bank erosion becomes more pronounced, especially

during periods of high water. Erosion attacks not only preworked alluvial

material, but also the weathered metamorphic rocks beyond the alluvial

flood plains. Streambank erosion reaches a maximum at the edge of the

Piedmont and in the upper coastal plain.

In 1967 land use in the Roanoke River Basin was 18 percent cropland,

14 percent pastureland, 65 percent forestland, and 3 percent other. The

relative erosion of these lands shows that well-maintained pasturelands

have soil losses about twice that of forestland, whereas cropland may

lose 10 to 100 times as much soil as forested land.

Although the steeper Blue Ridge slopes have rapid surf ace runoff, they

are often forested so that soil losses are low. The moderate slopes in the

highly erodible Piedmont area that are mainly used for crop production are

subject to much erosion.

The 200-square-mile area draining into Hyco Lake is typical of the

Piedmont area. The area is sparsely populated, has conditions conducive
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to rapid surface runoff, and has soils composed mostly of sandy clay loams.

Average annual sediment yields range from 98 to 333 tons per square mile

for three headwater streams which flow into Hyco Lake on the Hyco River, a

tributary to the Roanoke, in Person County, North Carolina. The sampling

station 2 miles below Hyco Dam had a yield of 12 tons per square mile; the

remainder from upstream tributaries settled in Hyco Lake (19,000 tons per

year or about 9 acre-feet per year).

For the water years 1969 and 1970, the average annual sediment measured

in the Roanoke River at Randolph, Virginia, (drainage area 2,977 square

miles) was 60 tons per square mile or about 0.1 ton per acre. During

the period 1950-1959, sediment accumulated in the John H. Kerr Reservoir in

northern North Carolina and in southern Virginia at a rate of one ton per

reservoir-acre per year, or twice the rate anticipated when the project

was designed.

Options for Resolution

There are numerous methods to reduce erosion and sedimentation. Ma-

nagement of the use of erosion-prone land is a logical starting point.

Erosion can be reduced by limiting disturbance of soils that erode easily

because of their makeup or location, such as those on steep slopes.

Construction activities, tillage, or grazing of this land could be limited

by restricting these activities on public land and through a system of

financial incentives or penalties on private land.

Many agricultural practices can be altered to help control erosion.

Tilling and planting on the contour, fertilizing, adding manure, leaving

crop residues, and alternating row crops with pasture all retard water run-

off and erosion. Irrigation practices also can be adjusted to reduce the

erosion caused by spreading water over the land. Minimizing the slope of

the land will reduce the erosiveness of the flowing water. Shorter lengths

of field, alternate furrow irrigation, and reduced tillage also help.

Structural measures that are helpful include grassed waterways, sediment

filters, settling basins, and grade stabilizers.

Erosion from pastureland can be reduced by keeping stock numbers

down to avoid overgrazing. The addition of fertilizer and replanting

also are helpful. Stock should also be limited to the carrying capacity

of rangeland, and grazing animals which have lower impact on ground cover

could be chosen. Other practices that would reduce erosion of rangeland

include brush management, range seeding and fencing, and positioning of

water to avoid concentrating the stock.

Forest areas will have less erosion with controlled grazing, prescrib-

ed burning, firebreaks, planned modern harvest operations, controlled size

and location of clearcut areas, and improved timber stands.

Surface-mined areas require a specific site-oriented reclamation plan.

The reclamation plan must allow for slope alterations, vegetative cover,

and structural measures to control water and sediment flow.
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Erosion from areas of urban and highway development can be reduced

by good planning and implementation of controls. The area and duration

of soil exposure should be minimized. Open areas could be covered with

mulch or seeded with grass if exposure is long. Structural measures can

be taken to reduce water flow rates or to divert the water from open

soil areas. Sediment can be trapped in water storage areas. Streambanks

can be protected by structures, by hand-placed or dumped stone, or by

vegetation.

In the final analysis, implementation of the existing methodologies

and those that will be developed by further studies and research will

probably require incentives and/or penalties. Although the problem has

regional and national implications, it is probably best handled at the

State level as part of the Federal Water Pollution Act Amendments of

1972 (Public Law 92-500).
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Dredging and Disposal of Dredged Material

Definition of Problem

Channel dredging for navigation is necessary to maintain effectiveness

of the national transportation network. The United States has 25,000

miles of inland and intracoastal waterways, the Great Lakes-St. Lawrence

Seaway system, and numerous ports and harbors. Figure II-8 shows the

location of problems with dredging and disposal of dredged material in

maintaining this water transportation network.

The Mississippi River system is the largest and most improved component

of the inland waterways. It has 9,000 miles of navigable channels, 65 per-

cent with depths of 9 feet or more. The Gulf Intracoastal Waterway and

tributaries contain 5,400 miles of navigable channels, 50 percent with

depths of 9 feet or more. The waterways of the Atlantic Coast include the

Atlantic Intracoastal Waterway and the waterways in New York and New

England with their tributaries. There are 7,000 miles of navigable channels

on the Atlantic Coast, 60 percent with 9-foot minimum depths. The Columbia

River-Snake River navigation system and the channels extending inland from

San Francisco Bay are the principal waterways of the Pacific Coast. Of

the 3,600 miles of the Pacific Coast channels, 65 percent have a minimum

depth of 9 feet.

Navigation is an important part of the Nation's economic system. Large

amounts of bulk commodities are moved through this system because navigation

is the least expensive form of transportation for these products. Over one-

half of these commodities are energy related (e.g., coal and petroleum and

their products). In recent years, recreation boating has also grown

rapidly on the navigable waterways.

The continuing use of the waterways requires that channel depths be

maintained by regular removal and disposal of sediment deposit. (The

previous section of this report described the erosion and sedimentation

problem.) However, dredging and the disposal of dredged materials can

disrupt or destroy aquatic life necessary for commercial and recreation

fishing, upset ecological balances basic to wildlife, and adversely affect

water quality and other environmental balances.

Anticipated development of the Outer Continental Shelf in the Atlantic

and Gulf regions for oil drilling and nuclear powerplant siting will

add to existing problems of open-water disposal of dredged materials.

Along with these offshore developments, supporting onshore developments

involving dredging will emerge.

Loss of wetlands through either dredging or filling removes valuable

wildlife habitat and destroys nursery and breeding areas for marine fish

and shellfish. The natural anti-erosion barrier and sediment traps provided

by wetlands also will be lost. Federal and State laws are now curtailing

the loss of wetlands from dredge and fill operations.

In the Great Lakes border areas, dredging is suspected of accelerating
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Explanation

Area problem

| J Area in which there is a waterway with significant dredge and fill problem

I I Unshaded area may not be problem-free, but the problem was not considered major

Specific dredge and fill problems

• Channel maintenance for normal traffic

■ Channel deepening and maintenance for deep-draft vessels

A Land and waterfront development

• Damage to fish and wildlife habitat

Boundaries

— Water resources region

Subregion

Figure 11-8. Coastal and inland waterways with dredge and fill problems

(As identified by Federal and State-Regional study teams)

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

8
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



VOLUME 2, PART II | 57

the degradation of water quality for fisheries and wildlife in the five

lakes and ad jacent water areas. Dredging and filling have both short-term

and long-term effects that need careful scrutiny so that appropriate man-

agement policies can be formulated.

Implications

Continued dredging to maintain waterways is destined to become more

expensive as sedimentation continues and as legal restrictions on site

location and dredging methods become more restrictive to protect the

environment. Severe marine transportation dislocations will probably

occur if major ports and their access channels cannot be dredged to ap-

propriate depths to accommodate modern deep-draft vessels. Disposal of

dredged material without appropriate environmental consideration can ad-

versely affect sport and commercial fishing through habitat degradation

or loss.

Dredging can affect water quality and create disposal problems for

polluted dredged material. Much of the bottom material in the channels of

the major ports is polluted by accumulations of industrial wastes. Sites

are needed for the disposal of this polluted material.

Loss of wetlands through either dredging or depositing of dredged

material on them represents the loss of a valuable wildlife habitat,

reduction of a food resource and nursery/breeding area for marine fisheries

and shellfishes, and loss of a natural anti-erosion barrier and sediment

trap. These effects have both short- and long-term consequences. The con-

flict between waterborne commerce interests and environmental interests

over the extent of dredging is likely to continue.

Specific Problems

The following representative specific problems illustrate the dis-

tribution and variety of dredge and fill problems. The information was

furnished by regional sponsors.

Problem area: Gulf Intracoastal Waterway (South Atlantic-Gulf Region,

subregions 306-309; Lower Mississippi Region, subregion 803; Texas-Gulf

Region; and Rio Grande Region, subregion l305). See Figure II-8.

The Gulf Intracoastal Waterway extends along the Gulf of Mexico from

Apalachee Bay, Florida, to the Mexican border. Dredge and fill problems

are reported for the Louisiana and Texas sections. In the Louisiana

section, maintenance of the waterway requires approximately 900 acres for

disposal of dredged material each year. The use of wetlands as disposal

areas causes loss of fish and wildlife habitat. Existing disposal areas

are used as long as possible inasmuch as rights-of-way for new disposal

areas are difficult to obtain.

Problem area: Upper Mississippi River (Upper Mississippi Region). See

Figure II-8.
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A major land-use conflict along the main stem of the Upper Mississippi

River is overdisposal of dredged material. Deposition of dredged materials

and natural siltation in sloughs, backwater areas, wetland areas, fish and

wildlife habitat, and rivers and streams has created problems. Conflicts

exist between Federal and State policies on dredging techniques and place-

ment of dredged materials. Until the creation of the multi-agency Great

River Environmental Team in 1975, continuing channel maintenance, dredging

operations, and navigational practices on the lower Mississippi River were

based on the single criterion of navigation system efficiency. Environ-

mental and social costs of the waterway system have not been reflected in

funding to maintain the system. Present Federal and State funding is

inadequate to deal effectively with disposal of dredged materials and

other dredging-related problems.

Problem area: Great Lakes (Great Lakes Region). See Figure I1-8.

Several areas of the Great Lakes Basin have serious dredge and fill

problems. Winter conditions and inadequate depths limit the navigation

season and economically affect the region by causing increased transporta-

tion costs of land-based commerce, stockpiling of raw materials, and cur-

tailing use of the existing vessel fleet and related facilities.

Dredging is necessary for the maintenance of the existing navigation

system. However, the environmental impact of dredging, in terms of degrading

the bottom benthic biota, may be significant. Open-lake disposal of dredged

polluted sediment disrupts the aquatic environment by increasing the tur-

bidity and smothering benthic organisms. Dredging may resuspend pollutants

in the nearshore area, causing a temporary decline in recreational and

environmental values. On the other hand, curtailment of dredging activities

would have obvious adverse economic consequences. Conflicts exist between

Federal and State standards and policies regulating dredging and related

disposal activities.

Problem area: Oregon Coast (Pacific Northwest Region, subregion 1705).

See Figure II-8.

Dredging for navigation in the Columbia River estuary and several

coastal bays conflicts with fishery habitat and water quality. Land disposal

of dredged material can affect wildlife habitat. Effects on biological

production can be severe in Coos Bay and other bays when oxygen-demanding

loads from industrial and commercial waste discharges are freed by con-

struction activities. Toxic products of decomposition are also released

occasionally from bottom deposits.

Problem area: Sacramento River (California Region, subregion 1802). See

Figure II-8.

Deposits of sediment, debris, and snags interfere with navigation,

recreation, and fish spawning areas and make continuing expenditures ne-

cessary for dredging and channel clearing on the Sacramento River. Con-

tinued bank and channel erosion will cause continued hazards to small

boat navigation and require added costs for dredging and channel clearing.
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Problem area: Lower Tombigbee River and Mobile Bay (South Atlantic-Gulf

Region, subregion 308). See Figure II-8.

The problem area lies in southwest Alabama in the coastal plain

province. Major water resources are: the Tombigbee, Tensaw, Escatawpa,

Styx, and Mobile Rivers; Mobile Bay; and the Gulf Intracoastal Waterway.

Sediment loads reaching navigation channels reduce navigation depths so

that dredging is necessary to remove these materials. As new channels are

constructed, it is becoming necessary to build artificial islands in

Mobile Bay to dispose of dredged materials. Proper control of material

at disposal sites is difficult and presents problems in protecting the

water quality of Mobile Bay. In highly developed areas it is difficult

to find disposal areas within an economical pumping distance. Competi-

tion for land has resulted in the dredging and filling of low areas to

develop suitable industrial sites near navigation facilities. The lack

of control of these operations results in conflict of land uses and des-

truction of fish and wildlife habitat.

Options for Resolution

Erosion control on the land and along river banks can lessen the sedi-

ment deposition in streams and harbors. Reservoir releases can assist in

transporting sediment. Sediment collection systems can help by concen-

trating the accumulations to limit widespread dredging. Depths of naviga-

tion channels could be limited to that needed to safely accommodate the

vessels that will regularly use the waterway. Increased flows can reduce

the need for dredging.

Disposal sites can be chosen to minimize environmental and fish and

wildlife damage. A review of potential sites to evaluate their economic

and environmental advantages and disadvantages could lead to an improvement

in disposal policies.
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Wet-Soils Drainage and Wetlands

Definition of Problem

Water standing on land can be a problem or a benefit. Such land is

usually referred to by agriculturists as wet soils and by fish and wild-

life conservationists as wetlands. Agriculturists classify as wet soils

those lands that, under natural conditions and without regard to their

present status, are permanently or seasonally covered by water or are

waterlogged as a result of a high water table. For the agriculturist,

to drain the land is to make it available for agriculture. Not to drain

it is to permit its continued use by wildlife. However, drainage of

land must be considered a long-term process because, if the drainage fac-

ilities are not maintained, the land will return to its previous wet

condition.

Of the approximately 400 million acres of wet soils, about 100 million

acres have been turned into cropland. Another 70 million acres could

still be converted, but the remaining 230 million acres offer little

potential for cropland. Figure II-9 shows subregions with a potential

drainage of 50,000 acres or more for agriculture.

Some water-covered lands provide food and cover for migratory birds,

wildlife, sport and commercial fish, and other forms of life, including

endangered species. Conservationists refer to such lands as wetlands.

Waterfowl depend on wetlands for breeding and wintering habitat, partic-

ularly along the four major waterfowl migration routes. In addition to

wildlife support, some wetlands store ground and surface water. They

control erosion, produce timber, act as fire breaks, improve water quality,

absorb flood water's kinetic energy, and provide habitat for minnows,

marsh hay, wild rice, blueberries, cranberries, and peat moss.

Estuarine marshes and tidal flats are productive habitats for mammals,

birds, small animals, and plants. Marsh habitat includes small creeks

and pools where shellfish and finfish thrive. This relationship between

the land and major water bodies is critical to the life cycle of commercial

and noncommercial fish and wildlife.

At least 127 million acres of wetlands were found in the contiguous

States in the early years of this century. By 1954, nearly 40 percent of

those wetlands had been drained or filled. Between 1955 and 1975, an

additional 6 million wetland acres were drained or filled. About one-half

of this 6-million-acre area was of significant value to waterfowl. These

lands were drained or filled for agricultural, residential, and industrial

uses or for highway, navigation, water supply, or other construction pro-

jects.

The principal areas of wetland waterfowl habitat are: breeding areas

of Alaska; the glaciated prairie pothole region in the North-Central States;

saline and fresh-water marshes of the Great Basin Region; the Mississippi

flyway habitat in Michigan, Wisconsin, Minnesota, and Iowa; and the central
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Explanation

l J Subregion in which 50,000 acres or more of wet-soils are amenable

to agriculture if land is drained.

Specific problems (as identified by Federal and State/Regional study teams)

; Wetland waterfowl breeding habitat needing protection

v Wetland waterfowl wintering habitat needing protection

Farmland needing drainage

Urban areas with inadequate drainage

Conflict between wetlands and wet-soils use

Boundaries

Water resources region

Subregion

Flyway of migratory birds

Figure 11-9. Wet-soils drainage and wetlands problems
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flyway habitat in Nebraska and Colorado. Important wetlands for wintering

birds include the Sacramento and San Joaquin Valleys in California, Atlantic

coastal habitat, California coastal habitat, the Mississippi Delta bottom-

land hardwood area, Texas coastal habitat, Louisiana coastal marshes, and

Washington and Oregon coastal habitat. Hawaii's limited wetlands are

especially important for endangered species.

The second assessment shows that over ll million acres of potentially

good agricultural land that now has a wet-soil problem would probably be

drained and converted to cropland by the year 2000 if projected agricultural

levels are attained. About half of this land is now forested. Continuing

production of food and fiber for growing domestic consumption and export

will make such conversions profitable.

Highway construction on the prairies threatens important potholes that

provide breeding and resting areas for migratory waterfowl. Water projects

frequently cause the permanent loss of wetlands through flooding, draining,

or filling with dredge spoil materials.

Wet soils restrict residential, commercial, transportation, and recre-

ational development. Low, flat land with a wet-soils problem can provide

an excellent location for various types of development if drained and

protected from flooding. Drainage can increase woodland productivity.

Accessibility for harvest, improved species, increased seedling survival,

and improved growth rates can result from wetness control.

Inherent conflicts between drainage and the need to preserve wetlands

for fish and wildlife (and other social and economic values) require a

thorough evaluation of the economic, social, and environmental effects of

any proposed change to wet soils or wetlands.

Implications

Wetlands are found in every State. In the North Central, Midwest,

Mississippi Delta, and eastern Coastal Plain States some of these lands

can be drained and converted to productive cropland. In this assessment,

the estimated ll million acres that could be converted to cropland through

drainage are located in 30 of the 106 subregions in 10 of the 21 regions.

The Second National Water Assessment estimates that of 422 million

acres of cultivated cropland, 304 million acres are harvested. Some of

the 120 million acres of additional land could be cropped if required by

the economy. However, every year about 2 million acres of farmland are

irreversibly lost to urban and other development while another 1 million

acres are inundated by ponds and reservoirs. Although the supply of

cropland is currently sufficient, it is finite.

Drainage is an important farm management tool. Drainage of intermit-

tent wetlands that are interspersed with cultivated lands allows farmers

to use equipment more efficiently. Large, level, dry fields are less

expensive to farm. Land converted from wetlands usually grows high-value

crops such as corn, soybeans, cotton, peanuts, tobacco, feed grains, and
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wheat. Drained land gives farmers greater flexibility in the choice of

crops to grow and provides a longer growing season by allowing earlier

spring planting; moreover, harvesting is not as likely to be delayed or

hurried because of wetness. Drainage of wet woodlands also generally

increases the wood crop, depending on the species being harvested.

Urgency of drainage needs is primarily related to specific local

situations. Drainage can be urgent for the individual farmer who has an

opportunity to raise additional crops and make a greater profit or avoid

a loss. It can also be urgent in a community faced with residential and

commercial damage from high water.

Most land to be drained for crop production is not wetland in the con-

text of fish and wildlife habitat. Most of it is level lowland with

high crop production capability and with much already in cultivation. The

U.S. Department of Agriculture's Soil Conservation Service has a policy

of providing financial assistance for draining some wetlands. However, no

Federal financial assistance is provided for draining certain types of

wetlands that are excessively wet or rugged, because drainage would be

expensive and crop production low per dollar of investment.

Drainage also helps to control health problems such as schistosomiasis

and mosquito-borne diseases like encephalitis that result from standing

water. Drainage reduces the number of flies and mosquitoes with their

health and nuisance problems. It also facilitates on-land disposal of waste

materials that require air and bacterial action for their destruction.

However, continued loss of crucial wetlands will reduce the migratory

waterfowl population and other wildlife using those areas. Several en-

dangered species and a valuable part of the ecosystem would be lost.

Even though wetlands comprise only a small percentage of the United States,

their loss would have an effect much greater than their limited size

would indicate. For example, Iowa formerly had a million acres of wet-

lands that produced 3 to 4 million ducks annually; Iowa now has about

50,000 acres of wetlands that produce 50,000 to 100,000 ducks per year.

The urgency to protect wetlands varies with the productiveness, threat

of loss, and specific uses of the area. Hawaiian wetlands are crucial to

many endangered species, so these must be protected to avoid the loss of

this particular wildlife. The U.S. Fish and Wildlife Service has established

a priority list of those wetlands most urgently in need of protection.

The potholes region of the North Central States comprises 10 percent of

the country's wetlands, but produces 50 percent of the ducks in the conti-

guous United States. The U.S. Fish and Wildlife Service reports a statis-

tically significant correlation between the number of potholes containing

water and the annual continental duck population. Production is signifi-

cantly reduced in years of below-normal precipitation in the potholes

region. As a consequence, there are fewer birds in the fall flight;

fewer hunters buy duck-hunting stamps because bag limits are more re-

stricted, and bird watchers see fewer birds.
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Specific Problems

The following representative problems were chosen to illustrate the

variety and distribution of drainage and wetland problems. The information

was furnished by regional sponsors.

Problem area: Lower Cape Fear (South Atlantic-Gulf Region, subregion

301). See Figure 11-9.

In the lower Cape Fear and New River Basins in southeastern North

Carolina, the problem is excess surface and ground water that prevents

land from being used for production of food and fiber. However, drainage

of some of this land may conflict with its use as habitat for wildlife.

There is a lack of land use control and management programs.

Substantial acreage already has been drained and made available for

agricultural production and other uses. In this area of over 3.5 million

acres, approximately 628,000 acres still have a drainage problem. Aver-

age annual agricultural production losses are estimated at approximately

$1,760,000 in 1967 dollars.

Problem area: Maumee River Basin (Great Lakes Region, subregion 406).

See Figure II-9.

The Maumee River stretches 134 miles from Fort Wayne, Indiana, north

east to Maumee Bay on Lake Erie just south of Detroit, Michigan. Soil

in the river basin drains poorly and agricultural lands are subject to

flood damage and impairment of drainage systems. Poor surface drainage

limits use of land for agricultural or urban purposes. Drainage systems

and stream channel modification cause wildlife habitat loss, increase

surface runoff and erosion, and alter downstream flood stages. It is

anticipated that from 1985 to 2000, overloaded tile drains in agricultural

land will intensify as a problem.

Problem area: Park River Basin (Souris-Red-Rainy Region, subregion 901).

See Figure II-9.

Flood-plain and wetland areas in the Park River Basin, which covers

1,000 square miles in northeastern North Dakota, are being converted to

agricultural and urban areas. As a result, crop and livestock production

have expanded, but the excess water interferes with farming operations

by delaying planting, reducing quantity and quality of crops, and increasing

costs. Draining the wetland has reduced the waterfowl habitat. However,

the local tax base has expanded from the agricultural and urban develop-

ment in the flood plain and wetland areas.

Problem area: Lower Minnesota River Basin (Upper Mississippi Region,

subregion 701). See Figure II-9.

The lower Minnesota River Basin problem area includes 6,500 square

miles in south-central Minnesota southwest of Minneapolis. There has been

extensive drainage and filling of wetlands, lakes, and ponds to facilitate
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agricultural development. This has caused a continuing deterioration and

reduction of fish and wildlife habitat and wetlands and degradation of

streambanks, scenic amenities, and other environmental resources. Con-

sequently, the natural setting of the Minnesota River Basin is being

altered. As a result of the drainage and filling of wetlands and the

conversion of shoreland, flood-plain, and forest areas to agricultural

uses, there has been an expansion of crop and livestock production.

Problem area: Mermentau River Basin (Lower Mississippi Region, subregion

803). See Figure II-9.

The Mermentau River Basin problem area is located in southwest Loui-

siana and covers the area of the Mermentau River below Iota, Louisiana,

an area of 2,335 square miles. The coastal marshes in the area are a

valuable environmental resource. However, water levels vary seasonally

and do not attain optimum levels for fish and wildlife productivity.

High water levels in the problem area during the spring and summer prevent

germination of favorable vegetative species for fish and wildlife, and

low water depths during other parts of the year reduce the availability

of habitat to wintering waterfowl. The production of prime waterfowl food

plants such as annual grasses and sedges has decreased substantially.

The major cause of this decrease is high water levels in the marsh.

These levels are maintained to produce a water supply source for rice

irrigation, but they prevent germination of favorable species for wildlife

during the growing season. High water levels in the basin have led

to the proliferation of water hyacinths that degrade marsh pond habitat

and impede commercial and recreation access. High water levels also have

reduced the growth of soil-binding plants along lake margins, leaving

the shoreline soil exposed and vulnerable to wave erosion. Such erosion

has been prominent in the Grand Lake and White Lake areas. During low

rainfall months, surface runoff from the Mermentau Basin is inadequate,

and supplemental water is needed to manage water levels in the marsh

for maximum productivity of fish and wildlife. Water-level management

is also needed to maintain vegetative development and water chemistry

conducive to high productivity of fish and wildlife.

Limited fish and wildlife productivity due to local water-level manage-

ment that favors agricultural development adversely affects commercial

fishing and trapping and sport fishing and hunting in the area. Without

comprehensive water-level management, erosion and poor growth of needed

vegetation will ultimately destroy the valuable marshland and fish and

wildlife habitat. It is estimated that the annual loss in harvest of

white shrimp is about l.l million pounds, and blue crabs about 224,000

pounds. Commercial fishing and hunting historically have been signifi-

cant industries that have strongly influenced the economic and social lives

of the residents in the Mermentau River Basin. Deterioration of these

industries not only will adversely affect the local economy, but will change

the residents' way of life.

In addition, there are 720,000 acres of cropland and pastureland where

drainage improvements would increase land values and the net income from

agricultural production. This would be accomplished by increased yields
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due to a more favorable plant environment, increased operating effi-

ciencies, and shifts in cropping patterns. The land with inadequate drainage

is projected to increase to 770,000 acres by the year 2000 if preventive

measures are not implemented.

Problem area: Rio Grande Closed Basin (Rio Grande Region, subregion

1301). See Figure II-9.

The problem area is the Closed Basin of the Rio Grande headwaters in

south-central Colorado near the New Mexico border. The area lies north

of the Rio Grande, so the surface runoff does not flow into the river. The

lower part of the Closed Basin has high water tables that have encroached

upon croplands and encouraged the growth of phreatophytes, deep-rooted

plants that obtain their water from the water table or layer of soil

just above it. There are estimated to be 371,800 acres of phreatophytes

which nonbeneficially consume 415 million gallons of water per day. These

lands need to be drained in order to return the formerly cropped lands

to production and to salvage water that is now being nonbeneficially

consumed by the phreatophytes and evaporation.

Drainage and the clearing of phreatophytes, however, will destroy habi-

tat for white-winged doves and songbirds. The most important wildlife

habitat areas should be identified and a plan devised to preserve these

areas yet still provide a significant improvement for agriculture.

Problem area: Tulare Lake Basin (California Region, subregion 1803).

See Figure II-9.

Generally, in the trough of the Tulare Lake Basin, concentrations of

salt accumulate in the upper layers of the soil. This accumulation is

concentrated because external drainage is poor and because evapotranspira-

tion concentrates the salt in the water as it penetrates the soil profile.

Although the 1.6 million tons of salt being added annually is a relatively

small amount compared to the total salt load of the basin, this small

increment is beginning to cause problems in productive agricultural areas.

In addition to the salt problem, as lands are developed, perched water,

which is water separated from the main body of ground water by impermeable

rock, may inhibit the flows needed to leach salts from the irrgation

water unless satisfactory drainage facilities are in operation.

In the mid-1960s, on-farm tile drainage systems became necessary in

western Fresno County. In 1975, 6,000 acres were being drained by a

tile system. In all, 27,000 acres, including areas with highly saline

water, presently require some type of drainage control.

Problem area: San Joaquin River Basin (California Region, subregion

1803). See Figure II-9.

The problem of the San Joaquin River Basin is the salt level in the

main stem of the San Joaquin River rather than the salt accumulation

within the basin.
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Associated probems in this area include disposal of agricultural waste

water, along with salt problems, high water in the root zone, and agri-

culturists' efforts to drain their land. The total area which is at least

partially drained by some type of ground-water control system equals

about 280,000 acres. Of this total, approximately 81,000 acres are areas

with highly saline water. In 1975, there were 50,000 acres with a tile drain

system. New installations are proceeding at the rate of about 4,000

acres per year.

As for the overall problem area in the San Joaquin Valley, the magni-

tude of the drainage problem in the future can be evaluated by the anticipated

increased acreage requiring control measures. In 1975, 600,000 acres suf-

fered some type of productivity loss or required shifting to more salt-

tolerant crops. By the year 2000, the total is expected to increase

to about 1 million acres.

The greatest economic impact of not providing adequate drainage is

loss in land productivity. Counties in this area account for about half

of the State's total agricultural production. Preliminary studies have

estimated an annual equivalent loss of $37 million. Based on estimates

by leading financial institutions that $1 of gross farm income generates

an additional $4 of economic activity in California, the $37 million

reduction in gross income for the problem area would amount to $148

million loss to the economy.

Lowering shallow ground-water tables would reduce marshy or swampy

mosquito breeding areas; this would produce an estimated excess of $3

million in capital savings in mosquito abatement costs at 1967 cost levels.

Other benefits could be derived from the emerging drainage issue in

terms of increased wildlife habitat. If land were permitted to revert

to natural conditions, additional acres of valuable habitat would be re-

established, thereby stemming the now-dwindling total. With or without

large-scale drainage and disposal measures, ponding and/or transportation

of drain water could be highly beneficial, especially for wild fowl, if

the use of insecticides is rigorously controlled.

The seasonal and permanent marshes (wetlands) in the basin are partic-

ularly vulnerable to development of urban, industrial, and agricultural

land uses. This is a critical problem because this habitat is already

in short supply because of reclamation activities. The loss of wetlands

will occur on privately-owned lands as economic factors play an increasing

role in land-use changes.

Options for Resolution

Since there are many methods of water-level management, the specific

method to be applied depends upon the local situation and need. Moderately

wet soils can be drained by subsurface tile drains or by surface ditches.

Larger areas and those with larger amounts of water to dispose of usually

require some type of large canal to collect the water from individual

fields and convey it to a disposal area. Low, wet areas also can be

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

8
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



VOLUME 2, PART II

reclaimed by leveling such an area with the surrounding land. Farm

operators accomplish drainage as a normal part of their cropland prep-

aration. Federal and State agencies can assist the process by giving

financial and technical aid and by providing major drainage outlets.

A parallel problem is to protect valuable wetlands while providing for

the drainage of those agriculturally valuable farmlands. Major steps

have recently been taken to protect wetlands from federally supported

projects. Executive Order ll990 requires Federal agencies to minimize

the destruction, loss, or degradation of wetlands and to preserve and

enhance the natural and beneficial values of wetlands in carrying out

their programs. In addition, Federal purchase of wetlands is being given

additional support.

One major problem is the inadvertent drainage of wetlands by the

construction of highways with their drainage systems. Adjacent wetlands

are frequently drained into these convenient outlets. Prevention of this

type of use of highway right-of-way could protect important wetlands.

Financial incentives can also be used to encourage private land owners

to retain wetlands.

Wetland management should be based on long-range national goals that

recognize the tradeoffs needed to balance the environmental and economic

objectives. The Federal Government should support State and local deci-

sionmaking by providing national policy objectives and broad guidelines

for preserving or draining wetlands and by making available information

on the tradeoffs to be considered before reaching a decision. Steps in

this direction have already been made. For example, the U.S. Fish and

Wildlife Service and the Department of Agriculture are classifying wetlands

to identify the wetlands most suitable to support wildlife and natural

functions or agricultural use. However, a sharper definition of broad

management policy and guidelines at the Federal, State, and local levels

is still needed.
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Degradation of Bay, Estuary, and Coastal Water

Definition of Problem

Bays, estuaries, and coastal waters are extremely important to the

economy and well-being of the Nation because they contain the major trans-

portation routes for international commerce, the essential habitats for

fishery and wildlife resources, and the major recreation sites for more

than 80 percent of the Nation's population. Commercial fisheries, sport

fishing, waterfowl hunting, and other uses of wildlife all depend heavily

on the health of the bays and estuaries. Furthermore, tidal wetlands are

valuable for natural waste treatment systems, nursery grounds, and flood

absorption. The flushing rates of most bays and estuaries are relatively

slow, limiting their capacity to handle large amounts of sediment and

domestic and industrial wastes. Pesticides and related industrial wastes

as well as heavy metals are readily absorbed on fine suspended sediments

that settle out in the bays and estuaries. Unfortunately, these sediment

traps also provide a reservoir for toxic substances, which are then avail-

able to aquatic life indirectly through the food chain or directly through

resuspension of sediments by storms or dredging.

The most significant problem is the discharge of domestic and in-

dustrial wastes into the bays and estuaries, particularly in the densely

populated New England, Mid-Atlantic, and Great Lakes Regions. Less signi-

ficant problems are the buildup of sediments in the bays and estuaries

from erosion of agricultural and forestry lands, dredging of navigable

channels, destruction of sand dunes, shoreline erosion, subaqueous mining

of sand and gravel, and decreased fresh-water inflow. Locations in which

these problems have been identified are shown in Figure 11-10.

Increased nutrient loadings are inseparable from domestic waste dis-

charges, since nutrients result from organic matter decomposition, whether

in the natural waters or in waste treatment plants. Some areas have had

to resort to expensive tertiary treatment to offset this problem. This

will probably become an even more persistent problem as population continues

to increase in coastal areas.

Eutrophication of bays, canals, and estuaries causes algal blooms,

noxious weed growth, high oxygen demand, odor, and, in the Great Lakes,

taste problems in fresh-water supplies. Nutrient additions also come

from nonpoint agricultural runoff and from poorly functioning septic systems

in urban areas not served by central waste treatment facilities.

Because of a lack of economical onshore disposal sites, dumping of

wastes offshore, particularly in the major coastal metropolitan areas of

the Northeast, has become a common practice. This has seriously degraded

marine and shoreline habitat. Increasing oil and debris have been ac-

cumulating on shores, threatening shoreline habitats, valuable fishing

grounds, and recreation areas.
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Explanation

Area problem

□ Area with major bay or

estuarine water-related problems

Unshaded area may not be problem-free, but

the problems were not considered major

Nature of problems

• Pollutant loads from upstream

or shoreline point sources

■ Pollutant loads from nonpoint sources

A Pollutant loads from commercial

and waterborne traffic-related sources

♦ Increased nutrient loads

• Loss of coastal wetlands

w Loss of fresh-water flow resulting

from upstream consumption use or diversion

njmk Shoreline erosion

^iZZ Offshore dumping

Boundaries

— Water resources region

Subregion

Figure 11-10. Bay, estuary, and coastal water problems

(As identified by Federal and State-Regional study teams)
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The next most significant cause of the degradation of bays and estuaries

is erosion and the resultant load of suspended sediment carried into the

lower reaches of the tributary rivers and into the bays where the suspended

solids settle out. Erosion and sedimentation are natural wherever there

is flowing water, but poor agricultural and forestry practices and construc-

tion that neglects erosion control have greatly exacerbated the problem.

Besides the obvious cloudiness of the waters, the sediments cover otherwise

productive shellfish beds, affect benthic communities, interfere with

spawning grounds of certain fish species, reduce navigation depths, and

limit water contact recreation such as swimming and scuba diving.

Dredging of navigable channels is required not only because of sedi-

mentation in the channels, but also because of the requirements of the larger

and deeper draft vessels of today's modern fleets. Disposal of the dredged

material has become a major problem because toxic substances such as

pesticides and heavy metals are also resuspended when the bottom sediments

are distributed, and because it is now recognized that marsh and wet-

lands, traditional repositories for these materials, are extremely valuable

for fish and wildlife. Much marshland already has been lost by fill from

dredged material. To curtail further loss of wetlands, many States have

adopted legislation to prevent such disposal.

Many coastal areas report significant erosion problems. While most of

these are related to natural causes, some areas have experienced sand dune

destruction from building on beaches and barrier islands. Many barrier

islands are valuable wildlife preserves. They also protect coastal areas

from storms and erosion.

Stabilization of shorelines is extremely expensive, particularly in

dynamic coastal areas. Areas with heavily developed beaches have sub-

stantial property to protect. However, with few exceptions, attempts to

stabilize sand shifting have not been successful over long periods. Sub-

aqueous sand and gravel mining, now taking place along the New York

and New England coasts, are expected to spread farther along the coast.

This may compound the difficulty of maintaining the shoreline.

A long-term decrease in fresh-water inflow to the estuaries is char-

acteristic of more arid regions such as the Texas Gulf Coast and the

southern part of California, where water diversions, for example, are

made to other watersheds or to homesite developments. These modified flows

alter the natural salinity regime of the estuaries and change the flushing

characteristics of the estuary. When natural estuarine circulation is

altered, major changes in wildlife populations, particularly those that

are sensitive to specific salinity relations, can be expected.

Increased environmental awareness has caused planners and managers in

coastal regions to critically review plans and proposals for new activities

in coastal waters, particularly in relation to deep-water ports, floating

nuclear powerplants, and other energy-related facilities. With more concern

for improved management of this coastal area within the 200-mile limit,

appropriate balance between economic development and protection of the

limited resource base will receive increasing attention. Should substan-
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tial quantities of oil or natural gas be found, there will be increased

demands for offshore port, distribution, and refining facilities.

Implications

Untreated and inadequately treated domestic wastes introduce enteric

bacteria and viruses into the bays and estuaries where they pollute fish

and shellfish and make some local areas unfit for water contact sports.

The threat to public health is avoided only by closing the polluted areas

to the taking of fish and shellfish or swimming. Already many thousands

of acres of shellfish grounds have been closed, resulting in a loss of

livelihood for many watermen and in high prices for the remaining resource.

Industrial wastes such as insecticides, polychlorinated biphenyls

(PCB), and heavy metals all have public health implications since they

can be concentrated in fish or shellfish far above the concentrations in

the water. Public health implications have resulted in closure of many

areas, and failure to solve this problem will undoubtedly result in further

closures. With the introduction of hundreds of new organic chemicals

every year, the cost of monitoring and enforcement of public health laws

is likely to increase substantially if contamination of the water is

not controlled at the source.

Most bays and estuaries and some barrier beaches and shorelines in

populated areas are already under stress from domestic and industrial

wastes, sedimentation, dredging, filling of marshland for dredge material

disposal or development, or poor management of barrier islands and shore-

lines. Without marked progress in pollution abatement and land use man-

agement, both esthetic and ecological aspects of environmental quality

may continue to be degraded.

Continued degradation of bays, estuaries, and coastal waters threaten

an approximately l billion dollar annual commercial fishery and a recreation

fishery of probably greater value. With few exceptions, these fisheries

depend upon the quality of water and habitat in bays and estuaries.

For the past 20 years the total United States landings of fish and shellfish

has remained about constant, but landings of fish for human consumption

have decreased. The difference has been made up by increased industrial

fish landings.

Severe marine transportation dislocations can occur if major ports and

their access channels cannot be dredged deeply enough to accommodate modern

deep-draft vessels. However , disposal of dredged material without consider-

ation to potential adverse environmental effects could be deleterious to

the sport and commercial fishing industry.

Beach and shore erosion are natural occurrences, but severe economic

problems can result from improper coastal development. The cost of beach

replenishment along resort areas is enormous but necessary to these popular

recreation resorts.
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If substantial quantities of oil or natural gas are found on the

Atlantic Outer Continental Shelf, the national dependence on foreign oil

and the balance of payments could improve greatly. On the other hand, ports

in undeveloped areas have expressed concern over the effects of offshore

drilling on the marine and estuarine environment as well as related land

issues. The costs of planning, managing, and meeting new demands for

facilities are a great concern, particularly to localities that may not

possess an adequate tax base to provide investments in anticipation of

ultimate economic benefits.

Fish and wildlife resources depend upon quality habitats. Larval and

juvenile stages are particularly sensitive. The key to successful fishery

and wildlife management is maintenance of appropriate water quality and

other environmental factors in spawning, nursery feeding, and transit

areas.

There are no major international implications regarding degradation

of bays, estuaries, or coastal waters of the United States, with the

possible exception of the Great Lakes Region where the United States and

Canada must cooperate on water-quality management and pollution abatement.

On the other hand, if an international agreement (in context of the U.S.

200 mile fishery zone) guarantees a minimum catch of estuarine- or bay-

dependent species, the degraded environments that adversely affect the

species' production could lead to problems.

Almost all bays and estuaries in urban, agricultural, or urbanizing

areas are affected by point or nonpoint pollution. Almost all coastal

States have bay, estuary, or coastal systems that have been subject to

dredge and fill operations with resultant loss of fish and wildlife habitat.

In many of these regions, the economic gain from increased industrial and

commercial development spurred by these activities has outweighed the

environmental loss. However, with a reduction in suitable fish and wildlife

habitats, the potential benefits of this type of alteration have been

severely diminished to the point that most coastal States have active

regulatory programs to discourage further wetland alteration.

Fresh-water diversion, with the exception of the Texas-Gulf Region,

is not a regional problem. It is, however, a problem between river basins

and their associated estuarine systems in many regions since planners

and managers attempt to alleviate local fresh-water supply shortages by

interbasin transfers.

The degradation of bays and estuaries and the coastal environment is

insidious. It has developed over a long time with gradually increasing

demands and pressures being exerted by increasing populations, a higher

standard of living, increasing conflicts of use, new products in manufac-

turing and agriculture, and increasing use of pesticides. Whereas popula-

tions and demands increase, the carrying capacity of estuaries remains

fixed. It is the consensus of the scientific community that the carrying

capacity of many major bay and estuarine systems has already been reached.
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Specific Problems

The following representative specific problems illustrate the variety

of estuary and coastal problems. Regional sponsors provided information

upon which to base the problem analysis.

Problem area: Potomac River (Mid-Atlantic Region, subregion 206). See

Figure 11-10.

The disposal of domestic and industrial waste is causing problems

nearly everywhere along the Potomac. Nutrient loading is common to all

areas. For example, the tidal Potomac River is exhibiting signs of eutro-

phication from metropolitan Washington, D. C. , to an area 50 miles downstream.

Problem area: Mid-Atlantic Coast (Mid-Atlantic Region, subregions 202

and 203). See Figure 11-10.

The sludge disposal problem in the Mid-Atlantic States is particularly

acute. Several localities, including New York City, Philadelphia, and

some New Jersey communities, are under Federal regulatory strictures or

court injunctions to limit or curtail the disposal of waste in the Atlantic

Ocean.

Problem area: James River, Virginia (Mid-Atlantic Region, subregion 205).

See Figure 11-10.

The most recent and widely publicized problem related to industrial

waste discharge is that of Kepone in the James River, Virginia. Present

evidence indicates that Kepone (a chlorinated hydrocarbon used in pesticide

formulations) was discharged for several years into the James River before

regulatory agencies became aware of the problem. As a result, the James

River is now closed to fishing some 70 miles below the plant that manufac-

tures Kepone.

Although site-specific problems such as the discharge of Kepone into

the James River receive widespread attention, a more pervasive and economic-

ally severe problem is the closing of shellfish harvesting grounds because

of high fecal or total coliform counts in parts of most bays and estuaries.

Problem area: Northeast Coast (New England Region, subregions 103 and

104). See Figure 11-10.

Loss of marshland is an omnipresent problem; however, the major impacts

have occurred in areas with heavy populations concentrated in coastal

regions such as the Northeast. Since 1900, for example, Connecticut has

lost 40 percent and Massachusetts 20 percent of their wetlands. In Long

Island, during the 10-year period of 1955-1964, 30 percent of the coastal wet-

lands were lost. The severity of this problem has been recognized and now

almost all coastal States have effective wetlands protective legislation.

Problem area: South Carolina (South Atlantic-Gulf Region, subregion 302).

See Figure 11-10.
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The problem of decreased fresh-water flow is best exemplified by the

situation in South Carolina where severe problems of siltation and the

associated costs of dredging have generated a plan to redivert water

presently flowing through the Cooper River back to the Santee River.

The principal problem facing South Carolina is that a viable shellfish

industry in the mouth of the Santee River may be lost. A more immediate

problem is that the fresh-water supplies to industries located along the

fresh-water portions of the tidal Cooper River may be contaminated by

salt-water intrusion.

Problem area: Hatteras Island (South Atlantic-Gulf Region, subregion

301). See Figure 11-10.

Shoreline erosion is a common problem. In many regions the economic

magnitude of the problem is underestimated because the impact is borne by

small property owners. An example of the difficulty and economic cost of

stabilizing shorelines is provided by experience of the Federal Government,

which invested over $18 million from 1930 to 1973 in attempting to stabilize

the shoreline of Hatteras Island, North Carolina, before the National Park

Service adopted a policy of letting nature take its course.

Problem area: Cape Charles, Virginia (Mid-Atlantic Region, subregion 205).

See Figure 11-10.

Although not quantifiable in precise economic terms, the public cost

of onshore actions to support offshore oil and gas development in frontier

areas is considered to be substantial, particularly by localities that

may have to bear a heavy expenditure of public funds for services before

realizing a return of tax dollars from the buildup activities. A prime

example of this is the planned establishment of a major offshore structure

fabricating facility at Cape Charles, Virginia, an underdeveloped rural

area with a severe shortage of skilled labor. Local government is expect-

ing a major influx of skilled workers and a resulting increased demand

for local services which will far exceed initial tax returns.

Problem area: Chesapeake Bay (Mid-Atlantic Region, subregion 205). See

Figure 11-10.

Large quantities of potentially hazardous materials are transported

through bays and estuaries; accidental spills are common. A typical example

is the sinking of an oil barge in Chesapeake Bay in February 1976 with the

spill of 250,000 gallons of No. 6 oil. Some 20,000 waterfowl perished and

20 miles of shoreline were contaminated. Cost of cleaning exceeded $380,000.

Options for Resolution

There are few viable options for dealing with problems of quality

degradation of bays, estuaries, or coastal waters that do not include

either limitations on development and/or heavy expenditures of funds.

Because of the interrelationship of bays, estuaries, and coastal waters

with the adjacent areas, the problems cannot be solved without greatly
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increased local, State, and regional interaction.

Specific actions that would delineate options include the establish-

ment of carrying capacities for various river basins based upon desired

use of the systems that would constrain nonmanaged growth.

Plans for development of coastal-related resources must consider con-

flicts that multiple use places on the system and must relate specific

resource utilization plans to regional goals and objectives.

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

8
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



PART III

WATER USES

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

8
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



CONTENTS

Functional use and flow management 1

Offstream functional uses 2

Regional uses 4

Socioeconomic characteristics and projections 9

Bases for projections 9

Population 9

Population distribution 11

Employment 11

Personal income and earnings 12

Economic activity mix 13

Gross National Product 14

Summary 15

Comparison of National and State-Regional Futures 16

Domestic and commercial use of water 19

Data parameters 19

Overall domestic and commercial water needs 20

Supply systems 22

Water sources 24

Regional domestic use 26

Regional commercial use 26

Regional projections 27

Water quality 29

Water costs 29

Treatment 29

Issues 30

Water for manufacturing 33

Assumptions 33

Applicability of data 33

Definition of terms 34

Background 35

Water source and uses 36

Projections for manufacturing water 41

Summary of overall projections 50

Data and research needs 54

Food and fiber 57

Terminology 58

Land use 58

Water resources 59

Ground water 63

Crop yields 64

Water quality problems 66

National and State-Regional Futures 73

Summary 74

Water for energy production 77

Background 77

Assumptions 78

Definition of terms 78

Sources and reliability of data 78

Energy consumption and production 79

Electric power generation 79

Regional variations in electric power generation 83

Water for energy production 84

Implications of water use for energy production 92

Summary of projections 93

Minerals production 96

Metals mining 95

Nonmetals 97

Fuels 97

Overall regional needs 99

Mining trends and projections 100

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

8
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



Water for recreation 103

Participation in water-related recreation -

Water resources for recreation

Water needs for recreation

Areas of critical environmental concern ■

Improving water quality for recreation —

Competition for water

Improving the planning process

Water requirements for navigation

Navigation and water resources management -

Instream effects of navigation

Nation's waterways

Nation's commerce

Navigational water requirements -

Environmental effects and costs -

Future navigation systems

Water for fish and wildlife

Endangered species

Riverine ecosystems

Wetlands and coastal ecosystems -

Upland ecosystems

Requirements for fish hatcheries -

Comparison of National and State-Regional Futures -

Water for natural areas, historic resources, and

wilderness areas

Natural areas

Historic resources -

Wilderness areas —

-103

-104

-106

-107

-113

-115

-116

-117

-117

-117

118

-119

-124

-124

-125

-127

-127

128

-133

-137

138

-138

141

141

142

147

Flood-plain management 151

151

151

152

152

153

Background

Definition of terms -

Data parameters —

Consequence of floods —

Flood-plain management -

Erosion and sedimentation 161

Data parameters -

Background

Water-induced erosion and sediment

Options for controlling erosion and sedimentation -

Conclusions

-161

-162

162

171

172

TABLES

ill-i.

111-2.

111-3.

1114.

111-5.

111-6.

111-7.

ill 8.

Total withdrawals and consumption, by functional use-

"1975", 1985,2000

Fresh-water withdrawal and consumptive use relations

by type of use-"1975" and 2000

Total fresh-water withdrawals and consumption-

1985, 2000

"1975"

Per capita fresh-water withdrawals and consumption for all

offstream uses compared with domestic and commercial

uses-"1975", 1985,2000

Selected economic indicators-1950, "1975", 1985, 2000 -

Regional population, personal income, and earnings-

"1975", 2000

Per capita income and earnings-"1975", 1985, 2000

Comparison of projected population changes between

"1975" and 2000

-6

■10

12

■14

16

111-9.

111-10.

111-11.

iin2.

111-13.

111-14.

111-15.

111-16.

111-17.

111-18.

111-19.

III-20.

111-21.

111-22.

111-23.

111-24.

111-25.

111-26.

111-27.

111-28.

111-29.

111-30.

111-31.

III-32.

III-33.

III-34.

Ill 35.

111-36.

111-37.

111-38.

111-39.

111-40.

111-41.

III-42.

Typical urban use by a family of four

Comparison of domestic and commercial use projections -

Domestic and commercial fresh-water withdrawals and

consumption-"1975", 1985, 2000

Commercial fresh-water withdrawals and consumption-

"1975", 1985,2000

Domestic central system fresh-water withdrawals and

consumption-"! 975", 1985,2000

Domestic noncentral system fresh-water withdrawals

and consumption-"! 975", 1985, 2000

Growth in population, earnings, and fresh-water

withdrawals and consumption in manufacturing-

"1975", 1985, 2000

Manufacturing fresh-water withdrawals and consumption-

"1975", 1985, 2000 —

Manufacturing water use by industry, "1975"

Primary metals manufacturing fresh-water withdrawals

and consumption-"! 975", 1985, 2000

Chemicals manufacturing fresh-water withdrawals and

consumption-"! 975", 1985,2000

Paper manufacturing fresh-water withdrawals and

consumption-"! 975", 1985, 2000

Food and kindred products fresh-water withdrawals and

consumption-"! 975", 1985,2000

Petroleum refining fresh-water withdrawals and

consumption-"! 975", 1985,2000

Transportation equipment manufacturing fresh-water

withdrawals and consumption-"! 975", 1985,2000 —

Textile manufacturing fresh-water withdrawals and

consumption-"! 975", 1985,2000

All other manufacturing fresh-water withdrawals and

consumption-"! 975", 1985,2000

Fresh-water withdrawal and consumptive use by type

of user-"! 975"

Production and net exports of selected food and fiber

commodities

Surface area and land use-"1975"

Agricultural lands, cropland, and irrigated farmland-

"1975", 1985,2000

Factors contributing to changes in farmland acreages-

"1975" and 2000

Water availability and use for agriculture in nine western

water resources regions, "1975" and 2000

Irrigated acreage and water-short subregions-"1975"

and 2000

Livestock fresh-water withdrawals and consumption-

"1975", 1985,2000

Irrigation and livestock fresh-water, withdrawals and

consumption-"! 975", 1985,2000

Estimated patterns of cropland harvested-

2000

'1975", 1985,

Pesticide and fertilizer applications for major crop

production in "1975"

Projected annual soil loss for production of major crops

by 2000

Comparison of National and State-Regional Futures for

increases in irrigated farmland, "1975"-2000 —

Projected consumption of energy in the United States -

Energy consumption by fuel source, 1950-2000

Total energy consumption and electric power generation

by fuel source-"1975", 1985, 2000

-20

-21

-22

-23

27

28

-36

-38

-45

-46

-47

-48

49

-51

-52

-53

-54

-57

60

-61

62

-63

•64

65

Irrigation fresh-water withdrawals and consumption-

"1975", 1985,2000 66

-67

-68

68

70

72

■74

80

83

■84

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

8
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



111-43.

111-44.

111-45.

111-46.

111-47.

111-48.

111-49.

111-50.

111-51.

III-52.

111-63.

111-54.

111-55.

111-56.

111-57.

111-58.

111-59.

111-60.

111-61.

III-62.

111-63.

111-64.

111-65.

111-66.

111-67.

111-68.

111-69.

111-70.

111-71.

III-72.

III-73.

III-74.

III-75.

III-76.

III-77.

Electric power generation by fuel source-"1975"

2000

1985,

86

ILLUSTRATIONS

Typical unit water requirements for energy production 87

Withdrawal and consumption factors for steam electric

plant process 88

Fresh-water withdrawals for energy production--"1975",

1985,2000

89

Fresh-water consumption for energy production-

1985,2000

'1975",

90

Fresh-water withdrawals for total energy consumption

and electric power generation by fuel source 90

Fresh-water withdrawals and consumption for steam

electric generation-"1975", 1985, 2000 -

Saline water withdrawals for steam electric power

generation-"! 975", 1985, 2000

91

-91

Minerals industry fresh-water withdrawals and

consumption-"1975", 1985, 2000 _____— gg

Metals mining fresh-water withdrawals and consumption-

"1975", 1985, 2000 —————— 96

98

Nonmetal mining industry fresh-water withdrawals and

consumption-"1975", 1985, 2000 —

Fuels production fresh-water withdrawals and

consumption-"1975", 1985, 2000 ———_ 99

Outdoor recreation activity occasions--"1975", 1985, 2000-104

Total surface-water supply and surface-water area usable

for outdoor recreation-"! 975"

Needs for surface-water area for water-dependent

recreation activities-"! 975", 1985, 2000 ————

Attributes of areas of environmental concern, "1975" -

Critical environmental concerns-"! 975"

Intercity freight traffic by modes and waterborne freight

traffic by type of waterway, 1949-1974

105

107

109

110

119

Total, foreign, and domestic waterborne commerce by

major commodity groups, conterminous United States,

1974

Domestic waterborne traffic by commodity group for the

Mississippi River and tributaries and Gulf intracoastal

water systems-"1975", 1985, 2000

Waterborne commerce on the Mississippi River and Gulf

intracoastal waterway by commodities and origins -

"1975", 1985, 2000

120

121

Selected recreational boating statistics, 1974

Federal fish hatchery fresh-water withdrawals-"1975",

1985,2000

Public lands withdrawals and consumption-"1975", 1985

2000

Annual losses of life and property from floods in the

United States, 1926-1975

Uses of flood plain regulations

Projected national average annual flood damages for

selected management scenarios, 1985 and 2000

Annual total, urban, agricultural, and other flood

damages-"1975", 1985, 2000

Surface area and land use, "1975"

Selected quantitative effects of man's activities on

surface erosion

Susceptibility of harvested cropland to erosion, 1975 -

Sheet and rill erosion from harvested cropland, forest

and range lands-"1975", 1985,2000

Forests and range lands subject to erosion from grazing

and exploitative grazing

Projected costs of reclaiming an acre of land in Montana -

Severity and extent of shore erosion

122

124

139

146

153

155

158

158

164

164

165

167

167

170

171

111-1.

111-2.

111-3.

1114.

111-5.

111-6.

111-7.

111-8.

111-9.

HMO.

111-11.

111-12.

111-13.

111-14.

111-15.

111-16.

111-17.

111-18.

111-19.

IM 20.

Sources of earnings for conterminous U.S. -

Profile of central supply systems

First and second assessment projections for manufacturing

water use

Water sources for manufacturing

Water uses for manufacturing

Manufacturing salt-water withdrawals as percentage of

total

Trends in manufacturing water uses

Population and food consumption

Total nitrogen levels in streams

-15

-25

-34

-37

-39

-40

-43

-59

Energy consumption by fuel source, 1950-2000

Current and projected energy consumption by fuel source-

"1975", 1985,2000

Energy consumption, 1920-2000

Additional water surface needed for outdoor recreation

by 2000

Commercially navigable waterways

-81

82

85

Number of endangered species, June 1977 -

Conflicts in instream vs. offstream use

Methods used in arriving at instream flow approximations

(IFA)

108

118

128

129

131

Current and proposed increases in wilderness areas from

first (1968) to second (1977) assessments

Projected average annual flood damages for selected

scenarios

Sheet and rill erosion from water, 1975

-148

157

•166

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

8
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



VOLUME 2, PART III

Functional Use and Flow Management

Historically, the Nation's growth, both in location and rate, has

been related to an inexpensive and abundant supply of water. The country

as a whole still has abundant supplies of water; however, projected popu-

lation increases and expanded economic development will generate water

needs that will outstrip available supplies, if water policy and management

practices do not respond to these increased pressures.

To provide an information basis for initiating the water resources

actions needed to meet water and related land needs, Part III focuses

on future needs for ll functional use and related management categories.

The national perspectives on the 1985 and 2000 requirements are based

on "1975" use in three management categories: offstream, instream, and

flow management needs. Preceding the sections on these management cate-

gories, a section on future socioeconomic characteristics outlines the

demographic and economic parameters on which the the "1975" use and the

1985 and 2000 water need projections are based. The following are the

ll functional uses in their respective management categories:

Offstream Uses

Domestic and commercial needs

Manufacturing and related needs

Food and fiber production

Energy production

Minerals production

Instream Uses

Recreation activities

Navigation requirements

Fish and wildlife habitats

Natural areas maintenance

Flow Management

Flood damage management

Erosion and sedimentation management

The functional requirements were developed from a future scenario

of the Nation's economic and social needs for basic products, services,

and environmental conditions. Once these needs were determined, the

estimates for water withdrawals, consumption, reservations, and manage-

ment needs were projected. Needs analyses include effects of changing

technologies, policies, and perceptions that have geographic and/or time-

dependent influence on water use and management.
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WATER USES

Offstream Functional Uses

Offstream water use involves two variable components: withdrawal

from a watercourse or aquifer and consumption of all or part of the amount

withdrawn. Although withdrawals may include saline water, the major

concern of the second assessment is with fresh-water withdrawals and

consumption. Projections of uses and available water supplies (stream-

flow, ground water, water imports, and water exports) are analyzed in

Part IV to identify the locations of critical water balances. Water

use and supply comparisons are also discussed in Part IV.

Withdrawals

For "1975," the total estimated fresh-water withdrawals for all off-

stream uses for an average-year condition were 338.5 billion gallons

per day (bgd). Fresh-water withdrawals are projected to decrease by 10

percent to 306.4 bgd by year 2000 (Table III-l). This projection reflects

certain assumptions about water use efficiencies and recycling expected

to develop from available technology and conservation efforts. Manufacturing

will contribute most to reductions in withdrawals for offstream use. By

2000, the fresh-water withdrawals for manufacturing are projected to decline

from 51.2 bgd to 19.7 bgd or from 15 to only 6 percent of the offstream

total. Smaller reductions in withdrawals will be made in other sectors;

however, the proportion of withdrawals represented by irrigation and steam

electric generation will remain essentially unchanged at about one-half

for irrigation and one-fourth for steam electric generation (Table III-l).

All other offstream users will increase both withdrawals and their share

of total withdrawals. The largest fresh-water withdrawals are made by

agriculture and steam electric generation—almost three-fourths of the

total offstream uses.

Consumption

The Nation's consumption of water generally is more critical than

withdrawals. The total of fstream consumptive use was 106.6 bgd in "1975,"

but is projected to increase by 27 percent to 135.1 bgd by the year 2000

(Table III-l). Consumption is not proportionate to withdrawals among the

functional use categories. Agriculture (irrigation and livestock

watering) is the highest consumptive user, accounting for 83 percent

of the total water consumed in "1975." Steam electric generation has

the lowest, with only 1 percent consumed. The overall consumption will

increase from 31 to 44 percent of withdrawals by 2000, primarily because

steam electric is projected to increase consumption from 1.4 to 10.5 bgd

while actually decreasing withdrawals 11 percent (Table III-2).

The Nation's overall consumption-to-withdrawal ratio is projected to

rise from 32 percent in "1975" to 44 percent in the year 2000 because

substantial increases in recycling rates and use efficiencies should reduce

withdrawals and return flows. In steam electric generation, the ratio

will increase from 2 percent to 13 percent as plants change from once-through

cooling to recycling and/or other methods of cooling. The largest increase
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VOLUME 2, PART III

Table 111-1. —Total withdrawals and consumption, by functional use

"1975/' 1986, 2000

(million gallons per day)

Functional

use

Total withdrawals Total consumption

"1975" 1985 2000 "1975" 1985 2000

Fresh water:

Domestic:

Central (municipal)

Noncentral Crura 1)

21,164

23,983

2,320

27,918

4,976

1,292

5,665

1,408

6,638

1,436

2,092

2,400

Commercial

5,530

6,048

6,732

1,109

1,216

1,369

Manufacturing

51,222

23,687

19,669

6,059

8,903

14,699

Agriculture:

Irrigation

Livestock

158,743

1,912

166,252

2,233

153,846

2,551

86,391

1,912

92,820

2,233

92,506

2,551

Steam electric

generation

88,916

94,858

79,492

1,419

4,062

10,541

Minerals industry

7,055

8,832

11,328

2,196

2,777

3,609

Public lands and

others9

1,866

2,162

2,461

1,236

1,461

1,731

Total fresh water

338,500

330,375

306,397

106,590

120,545

135,080

Tota1 saline water

59,737

91,236

118,815

Total withdrawals

398,237

421,611

425,212

alncludes water for fish hatcheries and miscellaneous uses.

bSaline water is used mainly in manufacturing and steam electric generation.

in the consumption-to-withdrawal ratio will occur in manufacturing, where

increases from 12 to 75 percent will reflect advances in reuse and recycling

technology. The consumption-to-withdrawal ratio for irrigation will

increase from 55 percent to 61 percent by 2000. This 6 percent increase,

however, will result from increased requirements, not from increased

efficiency.
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WATER USES

Table 111-2. — Fresh-water withdrawal and consumptive use relations

by type of use-"1975" and 2000

(billion gallons per day)

Type of use

Withdrawals

Cons

•umpt

ion

Percentage

of

Bgd

Percentage

Bgd

Percentage

withdrawaIs

consumed

Agriculture:

"1975"

Irrigation and

160.7

88.9

47

26

88.3

83

55

2

Livestock

Steam electric

1.4

1

generation

Manufactur ing

Domestic

Commerc i a I

Minerals industry

Other

51.2

15

7

2

2

1

6.1

6.3

1.1

2.2

1.2

6

6

1

12

27

20

31

63

23.3

5.5

7.1

2

1

1.9

Total, Regions 1-21 338.5

100

106.6

100

32

2000

AgricuIture:

Irrigation and

L ivestock

Steam electric

generation

Manufactur ing

Domestic

Commercia I

Minerals industry

Other

Total, Regions 1-21 306.4

156.4

51

95.1

70

79.5

26

10.5

8

19.7

6

14.7

11

30.3

10

8.1

6

6.7

2

1.4

1

11.3

4

3.6

3

2.5

1

1.7

1

100

135.1

100

61

13

75

27

21

32

68

44

Regional Uses

Withdrawal and consumption of water varies greatly among the 21 regions,

depending on variations in population, income, and dominant type of employ-

ment. In "1975," the largest withdrawals were made in the Great Lakes,

Ohio, Missouri, Pacific Northwest, and California Regions, with substantial

amounts in the South Atlantic-Gulf, Texas-Gulf, and Lower Mississippi

Regions (Table III-3).
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Table 111-3.—Total fresh-water withdrawals and

consumption—"1975," 1986, 2000

(million gallons per day)

Region

Withdrawa

Is

Consumption

"1975"

1985

2000

"1975"

1985

2000

New England (1)

5,098

3,939

3,230

481

647

1,063

Mid-Atlantic (2)

18,300

15,857

13,873

1,843

2,472

3,548

South Atlantic-Gulf (3)

24,510

25,457

28,340

4,867

6,772

10,053

Great Lakes (4)

42,813

32,666

25,623

2,598

3,300

4,693

Ohio (5)

34,934

27,838

16,925

1,798

2,527

4,332

Tennessee (6)

7,412

7,131

6,013

313

647

1,105

Upper Mississippi (7)

12,401

10,386

7,910

1,145

1,604

2,688

Lower Mississippi (8)

14,567

17,453

24,841

4,027

4,554

5,511

Souris-Red-Rainy (9)

336

329

587

112

204

446

Missouri (10)

38,016

48,037

44,359

15,469

19,206

19,913

Arkansas-Wh i te-Red(11)

12,868

13,799

13,337

8,064

8,769

8,887

Texas-Gulf (12)

16,925

15,932

14,991

11,259

10,227

10,529

Rio Grande (13)

6,321

6,204

5,633

4,240

4,320

4,016

Upper Colorado (14)

6,869

7,841

7,519

2,440

3,018

3,232

Lower Colorado (15)

8,917

8,528

7,857

4,595

4,754

4,708

Great Basin (16)

7,991

7,316

7,258

3,779

3,765

4,036

Pacific Northwest (17)

37,495

38,098

33,852

11,913

14,610

15,196

California (18)

39,636

40,549

41,265

26,641

27,932

29,699

Total, Regions 1-18 335,409 327,360 303,413 105,584 119,328 133,655

Alaska (19)

305

433

745

58

207

459

Hawaii (20)

1,879

1,619

1,349

605

636

666

Caribbean (21)

907

963

890

343

374

300

Total, Regions 1-21

338,500

330,375

306,397

106,590

120,545

135,080

In "1975," the largest consumption occurred in the Missouri, Texas-

Gulf, Pacific Northwest, and California Regions, due largely to agriculture.

By 2000, these four regions should still have the largest consumption,

but the South Atlantic-Gulf Region is projected to more than double its

consumption, moving to the fifth highest consumption region.

Per capita withdrawals and consumption for each of the 21 regions are

listed in Table I1I-4. Included in the table are the per capita withdrawals

to compare the degree of variation in total of f stream uses. In "1975" the

Nation had a per capita withdrawal rate of 1,564 gpd (gallons per day) and
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WATER USES

Table 111-4. - Per capita fresh-water withdrawals and consumption

for all offstream uses compared with domestic and commercial uses -

"1975". 1986, 2000

(gallons per day)

AlI offstream uses

Domestic

and commercial

Reg ion

Per cap.

ita withdi

-awals

Per cap

ita consu

motion

per capita withdrawa

Is

"1975"

1985

2000

"1975"

1985

2000

"1975"

1985

2000

New England (I)

408

289

211

39

48

52

119

1 19

117

Mid-Atlantic (2)

462

361

278

47

56

71

116

118

12C

South Atlantic-Gulf (3)

964

868

817

191

231

290

112

1 17

123

Great Lakes (4)

1,409

994

705

85

100

129

141

143

145

Ohio (5)

1,651

1,225

683

85

111

175

110

114

118

Tennessee (6)

2,079

1,768

1,303

88

160

239

99

104

108

Upper Mississippi

(7)

926

721

500

86

111

170

147

150

152

Lower Mississippi

(8)

2,270

2,579

3,478

628

673

772

125

130

134

Sour is-Red-Rainy

(9)

518

526

987

173

326

750

105

1 14

na

Missouri (10)

4,304

5,166

4,416

1,751

2,066

1,983

141

145

149

Arkansas-White-Red (10)

1,880

1,899

1,707

1,178

1,207

1,137

138

141

145

Texas-Gulf (12)

1,708

1,427

1,161

1,136

916

816

150

152

149

Rio Grande (13)

3,729

3,485

3,004

2,501

2,427

2,142

193

198

20 i

Upper Colorado (14)

19,968

21,964

20,432

7,093

8,454

8,783

233

24 1

255

Lower Colorado (15)

3,697

2,926

2,165

1,905

1,631

1,297

206

210

213

Great Basin (16)

6,332

4,997

4,174

2,994

2,572

2,321

300

303

305

Paci fie Northwest

(17)

5,594

5,450

4,461

1,777

2,090

2,002

161

164

lb'

California (18)

1,873

1,711

1,523

1,259

1,178

1,096

160

161

161

Total, Regions

1-18

1,580

1,404

1,157

497

512.

510

133

136

138

Alaska (19)

993

1,199

1,701

189

573

1,048

296

316

336

Hawaii (20)

2,388

1,777

1,243

769

698

614

225

228

lib

Caribbean (21)

297

266

210

112

103

71

116

118

121

Total, Regions

1-21

1,564

1,338

1,143

493

506

504

133

136

138

a consumption rate of 493 gpd. By year 2000, the per capita withdrawal

rate should decline by 37 percent to 1,143 gpd, but the per capita consump-

tion rate will remain almost unchanged at 504 gpd. The highest per capita

withdrawals are made in the Upper Colorado Region at a rate of about 20,000

gallons per capita per day—a rate nearly 50 times greater than that in

the New England and Mid-Atlantic Regions. It is significant that in the

Upper Colorado and other western regions, the overall withdrawals are not

projected to decline by 2000, even though in some regions the rates will

be reduced substantially. In fact, by 2000 the Upper Colorado per capita

daily withdrawal rate will be nearly 100 times greater than the rates in the

Northeast.

Consumption in the Upper Colorado Region should also increase. Per

capita consumption rates are projected to be 125 to 140 times more than

those in the Northeast. Most western regions will consume water at per

capita rates of about 1,000 gpd. This is more than twice the national

average of 493 gpd. These high consumption rates result largely from

the concentration of irrigated agriculture, minerals production, and steam

electric generation in the sparsely populated West.
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VOLUME 2, PART III | 7

Fresh-water withdrawals for all offstream uses in "1975" were about

12 times the domestic and commercial withdrawals and about eight times the

domestic and commercial withdrawals projected for 2000. All domestic and

commercial uses now average about 133 gallons per capita per day with

little change estimated by 2000. In summary, most of the Nation's with-

drawal and consumption of water supports the production of food and fiber,

energy, and manufactured goods and services. The greatest opportunities

for effecting more efficient allocations and uses are in these offstream

functional areas.
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Socioeconomic Characteristics and Projections

The earnings, incomes, and lifestyles of the people significantly

affect priorities on use of the Nation's water resources. For example,

a major change in population growth, a shift in its geographical location,

or a change in the composition (age, family size, occupation, etc.) will

affect the level, distribution, and mix of water requirements both nationally

and regionally. Increasing real incomes and leisure time tend to place

higher priorities on instream water uses—recreation, fish and wildlife,

natural areas—rather than on the traditional offstream uses. Many tradi-

tional economic and water-use relationships change substantially as prices,

incomes, asset values, and productivities adjust to changing energy and

trade relationships.

This section outlines the basic socioeconomic influences on current

and future water use and gives projections for these influences for 1985

and 2000. These influences are: (1) population growth and geographic

shifts of population densities, (2) employment, income, and earnings as

influences on life style, and (3) the Nation's economic health as manifested

in the gross national product. Projected changes are given for the regions

that will be most affected. The implications of using both National and

State-Regional Futures for water planning, development, and use are also

discussed.

Bases for Projections

The second assessment is based on two sets of projections for economic

activity and population growth, the National Future (NF) and the State-

Regional Future (SRF). The economic and demographic projections for the

National Future are based primarily on the 1972 OBERS Projections, Series E

Population, published by the Water Resources Council. The OBERS projections

are a nationally consistent set of data on population and economic growth

for the Nation and its geographic regions. The projections are prepared

by the Bureau of Economic Analysis, U.S. Department of Commerce, and

the Economics, Statistics, and Cooperative Service, U.S. Department of

Agriculture. As a starting point, the national population projection used

the Census Bureau's "Series E" projection, which is based on a birth

rate assumption modified for labor force movement that in time would

yield a zero population growth, exclusive of immigration. This has been

the approximate birth rate from 1970 to 1975. The State-Regional Futures

are projections either prepared by an assessment team in each of the

21 water resources regions or selected from available projections prepared

by or for State agencies.

Population

In the 25 years from 1950 to "1975," the population of the United

States increased by 62 million, from about 154.5 million to 216.4 million

(Table III-5). This is a 40 percent increase, or an annual growth rate

of 1.36 percent. However, during the 25-year period from "1975" to 2000,

the national population is expected to increase by 52 million, or 24 per-

cent, at an average annual growth rate of only .9 percent.
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10 | WATER USES

Table II1-5.—Selected economic indicators—1960, "1975," 1986, 2000

Economic Regional Actual National Future

indicator

aggregate

1950

1975

"1975"

1985

2000

Population, millions

1-18

1-20

1-21

151.7

152.3

154.5

213.0

212.3

213.4

216.4

233.2

234.4

238.1

262.3

263.8

268.1

Employment, millions

1-18

1-20

1-21

58.9

84.8

87.6

88.1

88.9

100.5

101.1

102.1

117.2

117.9

119.1

Gross national product,

1972 dollars, billions

1-18

1-20

$533.5

$l,223.5a

$1,516.3

1 $1,940.4

$3,134.1

Total personal income:

1972 dollars, billions

$1,191.7

1-20

1-18

1-20

1-21

$377.1

$226.lb

$1,048.8

$1,323.0

$1,330.9

$1,340.8

$1,538.1

$1,939.4

$1,951.3

$2,602.4

$3,281.7

$3,302.3

1975 dollars, billions

$1,249.7

Per capita income, 1975

dollars per person

1-18

1-20

1-21

$3,164.0

$6,233.0

$6,195.0

$8,318.0

$12,511.0

Total earnings:

$5,832.0

1972 dollars, billions

1975 dollars, billions

1-20

1-18

1-20

1-21

$311.1

$827.6

$1,043.4

$1,199.2

$1,511.4

$2,002.1

$2,523.5

—

aThe "1975" estimated average gross

national product.

The actual

1975 gross

national

product was $l,l9l.7 billion.

'In l950 dollars.

From l950 to "l975," population increased the most in the California

Region, with an increase of l0 million (97 percent). This was closely

followed by the Mid-Atlantic and South Atlantic-Gulf Regions, with

increases of over 9 million each, 3l and 60 percent, respectively. This

reflects population migration to sunbelt areas of the Nation. Although

the populations are generally lower in the western regions, some of these

also had significant percentage increases. The Upper Colorado Region

led with an increase of 203 percent or l.8 million while the Great Basin

increased by 84 percent or 630,000. The Texas-Gulf Region increased

by 65 percent or 4.l million persons.
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In the more recent five-year period from 1970 to "1975," the largest

increases in population occurred in the South Atlantic-Gulf Region, with

an increase of 2.5 million (ll.2 percent), and in the Lower and Upper

Colorado Regions, an increase of 500,000 and 82,000, respectively, (24 per-

cent each). The Mid-Atlantic and Great Lakes Regions had the lowest

relative increases of about 300,000 or only a 1 percent change.

Population Distribution

The geographic distribution of population has important implications

for the Nation's water resources (Table III-6). Projections for the year

2000 indicate that the southern (including the Great Basin Region) and

outlying (Alaska, Hawaii, and the Caribbean) regions will have large

increases in population. Moderate population growth is also projected

for the Tennessee, Mid-Atlantic, New England, Great Lakes, and California

Regions.

The density of population is a general index that reflects pressures

on the Nation's water resources. Between 1950 and "1975," the average

population density increased from 43 to 61 persons per square mile. Given

the projected increase in population to 268 million by 2000, the density

will increase to about 76 persons per square mile. However, population

densities among regions vary from a high of 859 per square mile in the

Caribbean to 3 and 1 per square mile in the Upper Colorado and Alaska

Regions, respectively (Table III-6).

Generally, regions with large metropolitan areas have population

densities in excess of 100 persons per square mile (New England, Mid-

Atlantic, Caribbean, Great Lakes, Ohio, California, and Hawaii). The

agricultural areas have low population densities of fewer than 75 persons

per square mile (Lower Mississippi and all regions west of the Mississippi

River except California). The urban nature of the population is evident

when one considers that more than one-half of the population of all but

four regions (Lower Mississippi, Souris-Red-Rainy, Upper Colorado, and

Alaska) are included within designated Standard Metropolitan Statistical

Areas (Table III-6).

Employment

Employment is expected to grow from 89 million (41 percent of the

population) in "1975"to about ll9 million(44 percent of the population)

by 2000 (Table III-5). This growth of about 1.2 percent annually is

somewhat higher than the projected population growth rate. This projec-

tion is based in part on the assumption that there will be more women

in the work force, more liberal extension of retirement ages and post-

retirement employment, earlier entry of youth into the work force, and

other such factors that raise employment.
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Table III-6. —Regional population, personal income, and earnings—"1975," 2000

Populat ion

Personal

1 ncome

Total Earnir

igs

(mi 11 ions)

Percent

Density3

(bi11 ions 1975$)

(bi

il1 ions 1975$)

Percent

Req i on

"1975"

2000

change

"1975"

"1975"

2000

"1975"

2000

chanqe

New England (I)

12.49

15.31

23

192

83.3

204.3

63.56

153.45

141

Mid-Atlantic (2)

39.61

49.94

26

395

282.5

692.4

222.64

540.14

145

South Atlantic-Gulf (3)

25.42

34.68

36

98

134.0

380.2

104.88

281.45

168

Great Lakes (4)

30.39

36.35

20

233

205.8

490.6

167.82

386.99

131

Ohio (5)

21.16

24.79

17

133

1 19.4

290.4

94.99

225.19

187

Tennessee (6)

3.56

4.61

29

86

16.2

45.7

12.87

35.36

175

Upper Mi ssissippi (7)

13.39

15.82

18

76

83.2

198.2

65.30

151.97

133

Lower Mississippi (8)

6.42

7.14

1 1

64

30.7

72.8

23.88

55.44

132

Souris-Red-Rainy (9)

0.65

0.60

-8

12

3.2

6.2

2.44

4.56

87

Missouri (10)

8.83

10.04

14

17

52.6

121.0

40.96

92.44

126

Arkansas-White-Red (11)

6.85

7.81

14

28

35.8

85.2

26.96

63.16

134

Texas-Gulf (12)

9.91

12.91

30

57

57.5

152.2

45.82

118.19

153

Rio Grande (13)

1.70

1.88

1 1

12

8.1

18.6

6.35

14.38

125

Upper Colorado (14)

0.34

0.37

7

3

1.7

3.8

1.33

2.87

116

Lower Colorado (15)

2.41

3.63

50

16

14.0

40.5

11.27

31.61

181

Great Basin (16)

1.36

1.74

38

9

7.1

19.9

5.99

16.12

:g9

Pacific Northwest (17)

6.70

7.66

13

25

39.8

93.1

30.92

70.84

129

California (18)

21.16

27.09

28

130

147.8

366.4

115.39

279.44

142

Total, Regions 1-18

212.26

262.31

24

72

1,323.7

3,281.5

1,043.4

2,523.5

142

Alaska (19)

0.31

0.44

1

2.3

6.3

2.15

5.54

153

Hawaii (20)

0.79

1.08

38

123

14.7

42.8b

N/A

N/A

N/A

Caribbean (21)

3.05

4.23

859

9.8b

7.7

N/A

N/A

Total, Regions 1-21

216.40

268.06

24

61

1,340.5

3,345.3

N/A

N/A

N/A

aPersons per square mile land area.

Estimated income.

Employment is projected to increase most rapidly in the southern

regions (South Atlantic-Gulf, Tennessee, Texas-Gulf, Lower Colorado, and

Great Basin) and outlying regions (Alaska, Hawaii, and Caribbean), where

employment increases of more than 40 percent are projected by 2000. The

national average over this period will increase about 34 percent.

Personal Income and Earnings

For the second assessment, earnings and personal income are used as

separate indicators of economic activity. Earnings is that part of total

personal income derived from wage and salary disbursements, proprietor's

income, and other labor income. This represents about three-fourths

of total personal income. Personal income includes those earnings plus

other transfer payments (social security and unemployment benefits) and

property income (rents, interest, and dividends).

Personal Income

The total personal income for all the 21 water resources regions was

$1,341 billion (1975 $) in "1975." Projections for the assessment indicate
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that personal income grew much faster than population, employment, or

the gross national product during the 1950 to "1975" period, at an annual

rate of 4.2 percent. Growth in personal income for "1975" to 2000 is

projected to decline to about 3.7 percent annually. This figure is near

the 3.8 percent growth rate expected for GNP and is about the same rate

expected for total earnings (Table III-5).

Growth rates in personal income are likely to be faster in the

Southeast, Northeast, and West (Table III-6). Growth rates in personal

income are projected to exceed substantially the national average (i.e.,

4 percent or more annually) in the South Atlantic-Gulf, Tennessee, Lower

Colorado, Great Basin, Alaska, and Caribbean Regions. Relatively slower

growth in personal income is expected in the Souris-Red-Rainy, Missouri,

Rio Grande, and Upper Colorado Regions (less than 3.4 percent annually).

Above-average growth in personal income is not necessarily correlated with

population growth. For example, New England is projected to have slightly

above-average growth in personal income but lower than average growth

in population.

Per capita incomes generally are lower in the Southeast and Southwest

(Table III-7). Projections of per capita income indicate above-average

growth for the South Atlantic-Gulf, Ohio, Tennessee, Lower Mississippi,

Souris-Red-Rainy, Arkansas-White-Red, Rio Grande, Upper Colorado, and

Pacific Northwest Regions. The latter six regions will be slow growing

in population as relative incomes increase, but absolute per capita incomes

will still remain below the national average. Water uses will be more

difficult to evaluate in regions with mixed economic futures.

Earnings

In this assessment, earnings are the most useful and widely available

economic indicators of water uses and emerging water resource management

problems. Total earnings and earnings by major industries such as manu-

facturing, agriculture, and mining are available by regions as an indicator

of levels and mixes of economic activities. Total earnings by region

are generally consistent with population densities. Exceptions to the

population-earnings growth correlations will be in the Alaska and Hawaii

Regions where, compared to other regions and the national averages,

population growth rates will be higher than earnings growth rates. These

disparities generally result from differences in the economic activity

mixes in each region. Per capita total earnings are usually consistent

with per capita incomes and serve as a useful surrogate in assessing

water resource supply, use, and management conditions (Table III-7).

Economic Activity Mix

The mix of economic activity in the United States has been shifting

from the resource- and product-oriented industries toward services in

both public and private sectors. Agriculture, mining, and manufacturing

made up about 40 percent of total earnings in 1950. By 2000 these three

are projected to make up only about 25 percent of total earnings. On the
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other hand, services and government, which made up about 27 percent of

total earnings in 1950, increased to 40 percent of earnings in "1975."

The services (e. g. , medical and personal services, food, and lodging) and

government sectors are projected to make up 47 percent of total earnings

in the year 2000 (Figure III-l).

Gross National Product

Gross national product (GNP), the measure of the Nation's production

of goods and services, over the long run grows more rapidly than population

because of increases in productivity. GNP has fluctuated considerably in

the past, with the most recent decline in growth recorded in the mid-1970's

(Table III-5). The actual 1975 GNP was only $1,192 billion, while the

assumed base year "1975" GNP was about $1,516 billion, both based on

1972 dollars. Projected growth in production is based on the assumption

that an economy with essentially full employment and continued increases

in productivity will be maintained over the long run, despite intermittent

international and domestic problems.

Table 111-7. —Per capita income and earnings—"1975," 1986, 2000

(1975 dollars)

Reg ion

Per

capita income

Percent change

Per

capita earnings

Percent change,

"1975"

1985

2000

"1975"-2000

"1975"

1985

2000

.. 1975.i_2000

New England (1)

$6,669

$8,925

$13,339

100

$5,088

$6,758

$10,021

97

Mid-Atlantic (2)

7,133

9,399

13,864

94

5,620

7,364

10,816

92

South Atlantic-Gulf (3)

5,269

7,128

10,962

108

4,126

5,446

8,1 16

97

Great Lakes (4)

6,773

9,049

13,495

99

5,522

7,263

10,646

93

Ohio (5)

5,645

7,633

11,712

108

4,490

6,001

9,084

102

Tennessee (6)

4,548

6,299

9,912

tie

3,611

4,937

7,663

112

Upper Missi ssi ppi (7)

6,218

8,317

12,529

102

4,878

6,452

9,605

91

Lower Mississippi (8)

4,783

6,500

10,187

113

3,722

5,008

7,763

109

Souris-Red-Rainy (9)

5,001

6,632

10,346

107

3,763

4,950

7,667

104

Missouri (10)

5,954

7,933

12,051

102

4,638

6,122

9,204

93

Arkansas-White-Red (11)

5,237

7,052

10,904

1 08

3,939

5,265

8,082

105

Texas-Gulf (12)

5,802

7,778

11,792

103

4,624

6,125

9,157

98

Rio Grande (13)

4,761

6,377

9,920

108

3,745

4,958

7,614

103

Upper Colorado (14)

5,044

6,701

10,377

106

3,872

5,092

7,810

102

Lower Colorado (15)

5,819

7,604

11,162

<j2

4,671

6,022

8,712

87

Great Basin (16)

5,628

7,544

11,465

104

4,74 7

6,241

9,271

95

Pacific Northwest (17)

5,934

8,1 10

12,272

107

4,613

6,238

9,335

102

Ca1 i forn ia (18)

6,986

9,144

13,524

94

5,453

7,057

10,314

89

Total, Regions 1-18

$6,223

$8,318

$12,511

101

$4,916

$6,482

$9,621

96

Alaska (19)

7,555

9,719

14,307

89

7,010

8,765

12,450

78

Hawaii (20)

7,208

9,259

13,529

88

N/A

N/A

N/A

N/A

Cari bbean (21)

3,225

N/A

N/A

N/A

2,514

N/A

N/A

N/A

Total, Regions 1-21

$ 6,195

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A Not avaiI able.

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

8
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



VOLUME 2, PART III

16

1950

2000

1975

Finance, Insurance,

Real Estate, Services,

and Government

Agricultural, Mining

and Manufacturing

Contract Construction,

Transportation and

Wholesale and Retail

Trade

SOURCE: 1972 OBERS Report prepared by the Department of Commerce and

the U.S. Department of Agriculture

Figure MIL— Sources of earnings for conterminous U.S.

The long-run growth in GNP was a 3.4 percent annual rate from 1970

to "1975". This indicator of national economic output is not available on

a consistent basis for regional and sector comparisons of economic activity,

but surrogate values, such as personal income and earnings, are useful in

relating economic activity to emerging water resources supply, demand,

and management conditions.

Summary

The social and economic conditions of the Nation affect both the

quantity and quality of the Nation's waters. Increasing real incomes,

urbanization, regional migration, and shifts in types of employment and

sources of earnings all affect the Nation's water supplies and needs.

Generally, all these factors tend to concentrate water uses and waste

disposal near the urban population centers and to require larger and

more accessible reservations of water for instream uses such as recreation

and fish and wildlife. Anticipated efficiencies in agriculture and

recycling in manufacturing and steam electric power generation will provide

opportunities for meeting the changing water use requirements in most

of the Nation. However, regions of the Southwest with already critical

water conditions may find increasing cost limitations, perhaps even physi-

cal limitations, on economic growth expectations as a result of water

scarcities. Other regions with less optimistic economic projections may

find excess capacities developing in water supply and treatment facilities.
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16 I WATER USES

Comparison of National and State-Regional Futures

The second assessment addresses conditions and problems at both the

State-regional and national levels. This dual approach often reveals

differences in outlooks, particularly in the basic economic and social

data. These differences are valuable for formulating both national and

State-regional resource policies and plans.

Table III-8. — Comparison of projected population changes

between "1975" and 2000

Population changes, "1975" to 2000

State-RegionaI

National Future (NF) Future (SRF)

Region Millions Percent Millions Percent

New England (1)

2.8

23

Mid-Atlantic (2)

10.3

26

South Atlantic-Gulf (3)

9.3

36

Great Lakes (4)

6.0

20

Ohio (5)

3.6

17

Tennessee (6)

1.1

29

Upper Mi ssi ssi ppi (7)

2.4

18

Lower Mississippi (8)

0.7

11

Souris-Red-Rainy (9)

-0.1

-8

Missouri (10)

1.2

14

Arkansas-White-Red (11)

1.0

14

Texas-Gulf (12)

3.0

30

Rio Grande (13)

0.2

11

Upper Colorado (14)

0.0

7

Lower Colorado (15)

1.2

50

Great Basin (16)

0.5

38

Pacific Northwest (17)

0.9

13

California (18)

5.9

28

2.6

21

7.8

20

10.6

41

6.0

20

3.6

17

1.1

29

2.5

19

1.7

25

-0.1

-8

2.7

30

2.5

34

5.8

56

1.8

94

0.2

55

2.4

89

1.1

78

3.0

44

8.2

39

Total, Regions 1-18 50.0 24 63.5 30

Alaska (19)

0.1

43

Hawaii (20)

0.3

38

Caribbean (21)

1.2

39

Total, Reg ions 1-21

51.6

24

0.6

143

0.5

57

1.2

39

65.8 30

In most instances, the differences between the National and State-

Regional Futures can be traced to basic differences in the economic and

social indicator projections, especially population earnings, employment,

and changing mixes of economic activities. Generally, most regions project

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

8
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



VOLUME 2, PART III I 17

greater population growth than the National Future (Table III-8); the ex-

ceptions are the New England and Mid-Atlantic Regions. States and regions

west of the Mississippi River view their population growth prospects with

great optimism.

It cannot be expected that any projection will be "right." Because

of the inherent uncertainty of projections, any plan for development,

management, or uses of water and related land resources should be tested

for its sensitivity to changes in economic activity and population. Two

courses may be taken to avoid errors in the commitment of resources: first,

a more exhaustive analysis should be made to characterize the future more

accurately; and second, planning should be kept as flexible as possible

to accommodate possible changes in the future course of events.
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Domestic and Commercial Use of Water

Domestic and commercial use of water represents only a small percent-

age of total withdrawals and consumption; but that small percentage has

a high priority that makes proper resource management in this area critical.

Increasing demands, rising treatment costs, and deteriorating delivery sys-

tems already jeopardize the supply of water for domestic and commercial

use in some areas, especially urban areas.

This section covers the supply systems and sources for domestic and com-

mercial water. Although the focus is on domestic water use, commercial uses

are included with the discussion of central supply systems. The section also

addresses regional variations in use and costs, water resource management,

problems of conservation strategies, inducements of water pricing, jurisdic-

tional conflicts, and legal rights to surface- and ground-water supplies.

Data Parameters (

Commercial use of water includes municipal (e.g., parks, streets, fire

protection, public buildings) and commercial (e.g., restaurants, hotels,

shops, cleaners, florists) operations. Precise separation of commercial

water data from such uses as domestic, manufacturing, or agriculture was

not entirely possible. Many central systems either directly or indirectly

supply water for small factories, farms, and other uses beyond what is

defined as commercial use. However, as far as possible, data on water

from central systems used for manufacturing, agriculture, and energy pro-

duction are included with the discussions of those uses.

The vast majority of commercial water is supplied by a central system.

However, some businesses were operating with their own water supply in place

before expanding municipalities engulfed them. On a national scale, these

and other businesses still outside of municipalities are extremely small.

Since there is no accurate way to measure water from such unusual sources,

data on commercial water use is given only for that from central supply

systems.

Some data for domestic and commercial water uses include losses in the

delivery systems. In older cities with ancient and overburdened water sup-

ply lines, these losses are often significant. For example, the average

household use is about 87 gallons per capita per day (gcd) (Table III-9),

yet the average amount sent from a central system is about 118 gcd. Losses

in delivery sometimes account for a significant portion of this difference.

The tables showing the amount of water that a householder deploys for spe-

cific uses are based on water after delivery with no losses included. The

tables on withdrawals and consumption by region, however, are based on data

from the supply source. Data presented in these tables include delivery

losses.

The second assessment projections for domestic and water needs is

31 percent lower for withdrawals and 49 percent lower for consumption than

the projections of the first assessment. The two assessments can be com-

pared only for the common target year of 2000. Table 111-10 shows both
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assessment projections. Although the data was not separated into identical

subcategories for the two assessments, the difference in totals for the year

2000 reflects the changed OBERS Series E projected population growth rate.

Population projection for the 25-year period "1975"-2000 is only an annual

0.86 percent increase as contrasted with the 1.4 percent annual increase

for previous 25-year period, 1950-"1975."

Table 111-9—Typical urban use by a family of four

(gallons per day)

Type of household use

Dai

iy

use

Per fami

iy

Per capita

8

2.00

15

3.75

96

24.00

80

20.00

34

8.50

10

2.50

Drinking and water used in kitchen

Dishwasher (3 loads per day)

Toilet (16 flushes per day)

Bathing (4 baths or showers per day)

Laundering (6 loads per week)

Automobile washing (2 car washes per month)

Lawn watering and swimming pools

(180 hours per year)

Garbage disposal unit (1 percent of a I I

other uses)

Total

100

25.00

0.75

346

86.50

Assumptions about more increases in efficiencies, reuse, and conser-

vation measures are also factored into the projected decreases, especially

for consumption. Increased urbanization, shifts in population densities,

and affluent life styles have affected both the supply and the quality of

ground- and surface-water resources. Water rights and jurisdictional con-

trol and complex institutional arrangements further complicate the supply

picture.

Overall Domestic and Commercial Water Needs

Commercial and domestic water requirements are closely related in each

region. These uses accounted for 8.5 percent of total fresh-water with-
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Table 111-10.—Comparison of domestic and commercial water use projections

(million gallons per day)

Second As

sessment

W

ithdrawa

Is

Coi

nsumption

Type of

system

"1975"

1985

2000

"1975"

1985

2000

Domest i c:

Central

21,164

23,983

27,918

4,976

5,665

6,638

Noncentral

2,092

2,320

2,400

1,292

1,408

1,436

Total

23,256

26,303

30,318

6,268

7,073

8,074

Commerc i a I

5,530

6,048

6,732

1,109

1,216

1,369

TotaI, domest i c

and commercial

28,786

32,351

37,050

7,377

8,289

9,443

First Assessment (1968 estimates)

Withdrawals

Consumption

1965

1985

2000

1965

1985

2000

Central (includes

(commercia I)

Noncentral

TotaI, domest i c

and commercial

23,745 33,596 50,724 5,244 10,581 16,478

2,351 2,474 2,852 1,636 1,792 9,427

26,096 36,070 53,576 6,880 12,373 18,580

drawals and 6.9 percent of consumption in "1975." This portion represents

about 29 billion gallons per day (bgd) for withdrawals and about 7 bgd for

consumption. By 2000, withdrawals will rise to 12.1 percent (37 bgd), but

consumption will remain about the same at about 7 percent (9 bgd) as shown on

Table III-ll. Of these totals, water for commercial uses accounts for 5.5

bgd withdrawals and 1.1 of the consumption. These commercial withdrawals

and consumption are projected to increase by 22 and 23 percent, respectively,

by 2000 (Table 111-12). Domestic water use, mainly from central supply

systems, accounts for a large portion of withdrawals and consumption. In

"1975, " about 23 bgd were withdrawn for domestic use and 6 bgd were consumed.

By 2000, domestic water withdrawals will increase by 30 percent and consump-

tion by 29 percent (Table 111-10).
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Table 111-11. —Domestic and commercial fresh-water withdrawals

and consumption—"1975," 1986, 2000

(million gallons per day)

Withdrawal Consumption

Region

"1975"

1985

2000

"1975"

1985

2000

New England (1)

1,483

1,616

1,798

212

231

254

Mid-Atlantic (2)

4,604

5,193

5,994

796

891

1,010

South Atlantic-Gulf (3)

2,841

3,433

4,254

998

1,217

1,506

Great Lakes (4)

4,277

4,705

5,283

589

642

703

Ohio (5)

2,337

2,597

2,914

411

456

498

Tennessee (6)

353

421

499

70

81

90

Upper Mississippi (7)

1,965

2,161

2,411

345

369

398

Lower Mississippi (8)

805

880

960

343

370

398

Souris-Red-Rainy (9)

68

71

70

31

31

31

Missouri (10)

1,246

1,351

1,497

331

352

380

Arkansas-White-Red (11)

945

1,028

1,132

348

377

409

Texas-Gulf (12)

1,490

1,697

1,921

507

570

659

Rio Grande (13)

327

352

380

168

181

195

Upper Colorado (14)

80

86

94

28

31

33

Lower Colorado (15)

498

612

772

234

288

364

Great Basin (16)

378

444

530

147

170

200

Pacific Northwest (17)

1,078

1, 145

1,264

265

276

298

California (18)

3,388

3,809

4,360

1,434

1,610

1,839

Total, Regions 1-18

28,163

31,601

36,134

7,257

8, 143

9,265

Alaska (19)

91

114

147

7

10

12

Hawaii (20)

177

208

255

55

64

78

Caribbean (21)

355

428

514

58

72

88

Total, Regions 1-21

28,786

32,351

37,050

7,377

8,289

9,443

Per capita use of water varies according to: size of community; housing

density; climate; water price; income levels of residents; water quality;

water pressure; price structure; whether water is metered; outdoor uses

such as swimming pools, gardens, lawns, and car washing; and institutional

regulations and conservation awareness.

Supply Systems

Approximately 179 million people (83 percent of the Nation's total pop-

ulation) were supplied water for domestic and commercial uses from central

systems, that is, from systems that regularly supply water to at least

25 people or have a minimum of 15 service connections. Another 33 million

had their own supply system and about 4 million had no piped water supply.
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Table 111-12.—Commercial fresh-water withdrawals and

consumption—"1975," 1986, 2000

(million gallons per day)

Withdrawal Consumption

Region

"1975"

1985

2000

"1975"

1985

2000

New England (1)

361

393

442

48

52

58

Mid-Atlantic (2)

650

726

826

91

101

114

South Atlantic-Gulf (3)

553

632

769

1 18

138

161

Great Lakes (4)

1,010

1,091

1,206

113

123

140

Ohio (5)

495

529

571

62

67

74

Tennessee (6)

90

102

1 16

11

12

14

Upper Mississippi (7)

515

552

603

63

67

74

Lower Mississippi (8)

150

159

170

49

51

54

Souris-Red-Rainy (9)

15

15

14

6

6

6

Missouri (10)

285

306

336

69

72

78

Arkansas-White-Red (11)

210

221

238

69

72

78

Texas-Gulf (12)

283

317

300

94

103

118

Rio Grande (13)

62

65

68

30

31

32

Upper Colorado (14)

10

10

11

3

4

4

Lower Colorado (15)

75

92

114

35

43

54

Great Basin (16)

38

45

55

17

19

22

Pacific Northwest (17)

274

282

307

55

56

60

California (18)

374

414

470

155

174

198

Total, Regions 1-18

5,450

5,951

6,616

1,088

1,191

1,339

Alaska (19)

7

9

10

1

2

2

Hawaii (20)

29

36

46

11

12

15

Caribbean (21)

44

52

60

9

11

13

Total, Regions 1-21

5,530

6,048

6,732

1,109

1,216

1,369

Central Supply System

Most domestic and commercial water supplies come from central systems.

For commercial uses, only an extremely small percentage is supplied by non-

central systems. Even for domestic uses, noncentral systems account for

only about 9 percent of the supplies.

The Nation's 45,760 central supply networks range in size from those

serving only a cluster of houses to those serving over a million people.

About 200,000 supply units that service the traveling public are included

with the central supplies. Publicly-owned central systems (22,000 systems)

serve 84 percent of the population, even though they account for only 48 per-

cent of all central systems. Private or investor-owned systems are more

numerous (52 percent), but they supply only about 16 percent of the

population, generally smaller communities and residential developments

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

8
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



24 | WATER USES

(Figure III-2). The type of ownership is important for water policy and

management decisions, which will be discussed later.

Noncentral Supply System

Noncentral systems, by definition, serve five or fewer households (up

to 25 people). Most such systems obtain water from wells, but other sources

include springs, creeks, ditches, rivers, lakes, ponds, cisterns, and other

catchments from which individual households obtain water. Of the 23 bgd,

withdrawn for domestic use in "1975," noncentral systems withdrew only

9 percent and accounted for only 3 percent of the 6 bgd consumed. Non-

central systems are projected to supply an even smaller portion of the

population than they currently serve. The population served by such systems

should drop from 37 million in "1975" to 26 million in 2000. That is

a decrease from 17 percent to 10 percent of the population.

Thus, both the number of people and the percentage of total population

with individual water sources are expected to drop in the future. Water

usage, however, will tend to rise as more noncentral systems are pressur-

ized. These systems will continue to serve households beyond the central

system distribution lines or in small rural areas, on farms, or in new sub-

urban housing, at least until central supply lines are extended.

Water Sources

Although more systems draw from ground-water sources, more surface

water is distributed for domestic and commercial purposes. Ground water

supplies 75 percent of all systems, but these systems supply only 39

percent of the population. On the other hand, only 13 percent of the

systems use surface-water sources, but they supply 49 percent of the

population. The 12 percent difference is accounted for by water purchased

for retail distribution, which can be supplied by either ground or surface

water (Figure III-2). Problems related to both ground- and surface-water

withdrawals are discussed later in this section.

Total surface- and ground-water supplies are more than adequate for

the Nation's needs—in fact, more than three times the total amount with-

drawn for all purposes in "1975" and more than 14 times the amount consumed.

Another estimated quadrillion gallons is located just a few feet beneath

the surface of the conterminous United States. Only a small fraction of

the possible ground-water supplies has been tapped. This overall surplus

amount of both surface and ground water, however, is not equally available

for all regions.

Surface-water Sources

Only in the Lower Colorado Basin did the amount of surface fresh water

consumed exceed the average annual runoff in "1975." Water supply in this
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System Size

(Resident Population Served)

25-99

100-9,999
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Public
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84%

16%

Ill
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% of Systems % of Population

Primary Water Source

Ground

Surface

Purchased

75%

J

13%

12%

I ! I I I I I I
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MM
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Note: Total Systems = 45,760; Population Served = 179 million;

Total Daily Water Production = 23,240 MGD.

Figure 111-2. — Profile of central supply systems
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basin was augmented by inflow from the Upper Colorado Basin, imports of

other surface water, and ground-water overdraft. Even though consumption

does not exceed natural replenishment, some regions are consuming more than

50 percent of the average annual runoff, namely, the Texas-Gulf, Rio Grande,

Upper and Lower Colorado, Great Basin, and California Regions. Such high

depletions of streamf lows will require more attention to managing the supply

and use rates, including those for domestic and commercial purposes.

Ground-water Sources

Because surface supplies are inadequate to meet water needs in the

Southwest, those populations depend more on ground-water supplies. Unfor-

tunately, in these areas the recharge rate for many aquifers is very low

compared to the total volume in storage, so that withdrawals often exceed

replenishment. In the East, ground-water sources are more dependable

because the aquifers are adequately replenished annually. Moreover, sur-

face supplies are also more stable in the East, where the average annual

flows vary less. This is also true of the Northwest.

Regional Domestic Use

In the western regions (particularly the Texas-Gulf, Great Basin, and

Lower Colorado) withdrawals and consumption for domestic uses are projected

to increase significantly by 2000. The increase in central system with-

drawals from these regions ranges from 36 percent in the Texas-Gulf to 56 per-

cent in the Lower Colorado Region. Similar high growth rates in withdrawals

are projected for the South Atlantic Gulf (56 percent) and the Tennessee

(54 percent) (Tables 111-13 and 111-14).

The overall domestic consumption by 2000 is projected to increase by 33

percent. However, regional variations again should range from 12 to 61

percent for the eastern regions and from 20 to 56 percent for the western

regions where heavy use of lawn watering in low-density communities,

swimming pools, and air conditioning affect the water usage. The Texas-Gulf,

Lower Colorado, Great Basin, and Calif ornia Regions should have the highest

increase in consumption, from 28 to 56 percent. These four regions account

for almost 30 percent of the Nation's domestic water consumption. California

alone accounts for 20 percent.

A large population growth rate is projected for the South Atlantic-

Gulf, Texas-Gulf, Lower Colorado, Great Basin, and California Regions

by 2000. Problems from water demands in excess of supply can be expected

in these regions, particularly in the Lower Colorado and Texas-Gulf Regions.

Regional Commercial Use

The principal determinants of commercial water requirements are sim-

ilar to those for domestic water use: climate, population density, earn-
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Table 111-13. —Domestic central system fresh-water withdrawals and

consumption-"1975," 1986, 2000

(million gallons per day)

Region

Wi

thdrawaI

Coi

nsumption

"1975"

1985

2000

"1975"

1985

2000

New England (1)

1,011

1,097

1,222

96

103

114

Mid-Atlantic (2)

3,627

4,095

4,758

505

565

650

South Atlantic-Gulf (3)

1,931

2,369

3,005

657

816

1,057

Great Lakes (4)

2,946

3,264

3,717

280

308

349

Ohio (5)

1,561

1,751

2,013

175

196

227

Tennessee (6)

210

259

323

26

32

39

Upper Mississippi (7)

1,280

1,440

1,653

178

200

231

Lower Mississippi (8)

595

657

729

255

279

307

Souris-Red-Rainy (9)

41

44

47

17

18

19

Missouri (10)

872

959

1,083

207

227

256

Arkansas-White-Red (11)

667

737

830

236

262

293

Texas-Gulf (12)

1,152

1,320

1,565

379

431

508

Rio Grande (13)

254

276

301

132

144

158

Upper Colorado (14)

67

73

80

22

24

27

Lower Colorado (15)

416

512

649

195

240

304

Great Basin (16)

333

391

468

126

146

174

Pacific Northwest (17)

720

776

874

157

168

188

California (18)

2,958

3,338

3,839

1,246

1,403

1,611

Total, Regions 1-18

20,641 23,358 27,156

4,889 5,562 6,512

Alaska (19)

Hawaii (20)

Caribbean (21)

Total, Regions 1-21

80

101

132

4

5

7

148

172

209

44

52

63

295

352

421

39

46

56

21,164 23,983 27,918

4,976 5,665

6,638

ings, and lifestyle. Total commercial withdrawals and consumption are

expected to increase in close parallel to the projected population growth

(24 percent by 2000). By 2000, withdrawals should increase by 22 percent

and consumption by 23 percent. Although nationally commercial water con-

sumption is only about 20 percent of withdrawals, California consumes

about 41 percent and is projected to continue having the largest consumption

by 2000.

Regional Projections

By 2000, domestic and commercial withdrawals are pro jected to increase

about 30 percent and consumption about 29 percent. In the East, the
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Table 111-14. —Domestic noncentral system fresh-water withdrawals and

consumption—"1975," 1965, 2000

(million gallons per day)

Withdrawal Consumption

Region

"1975"

1985

2000

"1975"

1985

2000

New England (1)

111

126

134

68

76

82

Mid-Atlantic (2)

327

372

410

200

225

246

South Atlantic-Gulf (3)

357

432

481

223

263

288

Great Lakes (4)

321

350

360

196

211

214

Ohio (5)

281

317

330

174

193

197

Tennessee (6)

53

60

60

33

37

37

Upper Mississippi (7)

170

169

155

104

102

93

Lower Mississippi (8)

60

64

61

39

40

37

Souris-Red-Rainy (9)

12

12

9

8

7

6

Missouri (10)

89

86

78

55

53

46

Arkansas-White-Red (11)

68

70

64

43

43

38

Texas-Gulf (12)

55

60

56

34

36

33

Rio Grande (13)

11

11

11

6

6

5

Upper Colorado (14)

3

3

3

3

3

2

Lower Colorado (15)

7

8

9

4

5

6

Great Basin (16)

7

8

7

4

5

4

Paci f ic Northwest (17)

84

87

83

53

52

50

California (18)

56

57

51

33

33

30

Total, Regions 1-18

2,072

2,292

2,362

1,280

1,390

1,414

Alaska (19)

4

4

5

2

3

3

Hawaii (20)

<1

<1

<1

<1

<1

<1

Caribbean (21)

16

24

33

10

15

19

TotaI, Regions 1-21

2,092

2,320

2,400

1,292

1,408

1,436

increases for both central and noncentral systems correlate closely with

projected population increases. The western regions—particularly, the

Texas-Gulf, Great Basin, and Lower Colorado Regions—are projected to

have significant increases in withdrawal and consumption by the year 2000.

The increases in central system withdrawals for these regions range from

36 percent in the Texas-Gulf Region to 56 percent in the Lower Colorado

Region. Similar high increases in withdrawals are projected for the South

Atlantic-Gulf (56 percent) and the Tennessee Regions (54 percent). Con-

sumption above 33 percent of withdrawals results from several factors

in all western regions except the Pacific Northwest: heavy lawn watering

in low density residential communities with naturally arid climates and

extensive use of air conditioning and swimming pools.
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Water Quality

Water quality is particularly critical for domestic and commercial

systems. Since supplies for all domestic and commercial requirements

generally come from the same system, the quality of water supplied by

these systems must meet the most stringent use demand—namely potable

drinking water—even though only 1 to 3 percent is used strictly for drink-

ing. The maintenance of potable drinking water frequently has attendant

problems of cost, competition with other water uses, and conflicts of water

rights.

Ironically, the domestic and commercial sectors frequently contribute

to deteriorated quality of downstream reaches by discharging water that is

not adequately treated before discharge. This cycle of withdrawal and

discharge is repeated along the stream. As towns become cities, a megapolis

pattern develops, so that the time and distance shorten between discharge

point and subsequent withdrawal point.

Water Costs

Although treatment for discharged water is required, regulatory actions

are not necessarily efficient or equitable. Federal laws and regulations for

water quality management are now directed toward achieving a national goal

of "zero discharge, " although some moderation of this level may be introduced

in recognition of the costs for achieving this goal. Moreover, toxic sub-

stances control laws prohibit the manufacture of new chemicals found to be

potentially dangerous to the public health or the environment. Very real

threats to downstream and ground-water users are posed by runoff and percol-

ation from fields and forests, municipalities, and transportation accidents

(truck, rail, and barge); from malfunctions of municipal and industrial waste

treatment systems; and from nonpoint sources. These growing threats call

for an increase in the numbers, size, and sophistication of both waste water

and drinking water treatment facilities. Equally necessary are the moni-

toring and constant alertness for ways to prevent pollution of water

used for domestic and commercial needs.

Treatment

Treatment by water utilities varies from simple disinfection (i.e.,

usually chlorination, but increased interest is being directed toward ozone

and chlorine disinfection) of high quality ground-water supplies to a full

range of treatment processes, including aeration, prechlorination, coag-

ulation, sedimentation, filtration, softening, taste and odor control,

iron removal, ammoniation, and fluoride adjustment. Generally, ground-

water supplies need less treatment than surface-water supplies to provide

palatable and esthetically desirable water. Most ground-water systems,

however, currently provide no treatment before distribution within a com-

munity; most surface-water-dependent systems provide some level of water

treatment before community distribution. Noncentral systems are especially
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vulnerable to pollution and attendant health problems caused by inadequate

treatment facilities. The typical noncentral suppliers simply lack the

financial ability to provide much of any treatment. Moreover, polluted

ground water is an especially difficult problem for noncentral systems

because owners may not be aware of the poor water quality until health

problems arise.

Issues

Generally, the difficulty of obtaining water of good quality and suf-

ficient quantity for domestic and commercial uses will increase. Some

of the more important challenges facing water resource management include:

(1) overcoming current impediments to use of conservation techniques, (2)

repairing aging urban distribution systems and expanding new systems where

necessary, and (3) finding other means such as pricing mechanisms to control

domestic and commercial demand for water in the future.

The problem of urban water supply was cited specif ically in President

Carter's water policy message of June 6, 1978. Maintenance of urban domestic

and commercial supplies is perhaps the key challenge for water resource

management. In older, central cities, the deterioration of aged distribution

systems is a key problem for water supply. The cost is very high to repair

and replace unsafe and inefficient systems that have lead or wooden pipes,

some over 100 years old. Although these systems are generally self-support-

ing (by user fees), the large capital investments required to repair

them are difficult for financially-trapped cities to make.

In contrast, new urban or growth areas require an expansion, not a

maintenance of water supply systems, to meet domestic and commercial needs.

Suburban uses, such as lawn watering and swimming pools often are more

consumptive than central city patterns of use. However, a variety of

problems accompany the needed expansion of supply. Conflicting uses may

compete for the available water supplies. For example, phosphate mining

near the Florida coast has already affected Sarasota's ability to provide

water to the city. Although domestic and commercial supply is clearly not

the only cause of such overpumping, ground-water overdraft has also al-

ready severely stressed aquifers in some areas.

Management of domestic and commercial water supplies is also compli-

cated by a variety of institutional and jurisdictional conflicts that

impede strong coordinated resource management and conservation. At present,

no one level of government or private enterprise institution is legally

obligated to plan for and provide water supplies. Private utilities,

municipal and county agencies, and municipal authorities, for example,

may operate water supply systems, but (unlike sewage treatment) no one

entity has a positive duty to ensure that such services are funded or

provided.

The effects of pricing mechanisms on commercial and domestic water use

are other factors to be considered in resource management. In private or

mixed public and private segments of the economy, price should determine the
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type and scale of water use. Yet, the common property character of water

has lessened the impact of price as a means to reduce demand so that water

pricing may not be a significant control. Studies of price and income

elasticity in residential water use indicate that withdrawals do not change

significantly with a change in price. High income households, which are

generally the most consumptive households, can afford and generally are

willing to pay higher prices for domestic water use.

Domestic and commercial sectors present substantial opportunities for

conservation that so far have been untapped. Because increased competition

for water from other sectors will make it increasingly difficult to meet

rising demands for commercial and domestic water needs, conservation mea-

sures are needed to reduce demands. Every effort should be made to en-

courage and to reduce impediments to its implementation.
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Water for Manufacturing

Manufacturing directly employs about 26 million Americans and provides

the economic cornerstone of most urban areas. It contributes 27 percent

of the gross national product, and accounts for approximately 39 percent of

the total energy consumption in the United States. It is also a significant

user of water. Among all functional uses, manufacturing ranked second in

consumption and third in withdrawals in "1975." In fact, the estimated water

intake for manufacturing averaged 61 billion gallons per day (bgd), about

equal to the flow of the Mississippi River above its confluence with the

Missouri.

In this section, water for manufacturing is discussed according to

volume, use in factory, source, and varying regional needs by type of manu-

facture. Projections for 1985 and 2000 water needs are based on current

usage, socioeconomic trends, assumptions about these trends, and the effects

of legislation on water use.

Assumptions

Several specific trends and assumptions were factored into the projec-

tions. The shift toward larger manufacturing plants has led to an integra-

tion of operations previously carried out in several plants. It is assumed

that this trend will continue. While population is projected to increase

about 24 percent by the year 2000, earnings for manufacturing should increase

more than 100 percent. Projections of withdrawals and assumption ratios

assume that legislative incentives to reduce withdrawals will increase the

consumption of water that results from water losses in recycling or treat-

ment.

These projections, however, do not include the uncertain effects of

environmental concerns, shifts in energy supplies, or fluctuating inter-

national monetary exchanges.

Projected growth in overall water requirements is considerably less

in the second assessment than it was in the first assessment. In fact,

this assessment forecasts a decline in withdrawals for 1985 and 2000

(Figure III-3). Projections for the first assessment predated the water

quality legislation that directly affects manufacturing discharges.

Applicability of Data

The forecasts in this section are based on the National Future.

While most regions accepted the National Future projections as generally

representative of their State-Regional Futures, the following regions

project larger withdrawal requirements for manufacturing in their area:

Mid-Atlantic, South Atlantic-Gulf, Tennessee, Lower Mississippi, Missouri,

and Pacific Northwest. These higher regional projections for withdrawals

result in part from larger State-regional forecasts for manufacturing

growth and from varying opinions about the degree to which recycled ef-

fluents will replace withdrawals. Some regions believe that incentives
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1960

1970

1980

1990

2000

2020

Figure III-3. —First and second assessment projections for manufacturing water use

for recycling will be lacking because they have ample local supplies of

water.

While data on industrial water use are generally adequate for assessing

and projecting water requirements for the Nation as a whole and for

regions with large and diversified manufacturing sectors, they are less

adequate for smaller geographic areas and small groups of industries.

Information on smaller or less industry-intensive areas and on small

industries was not generally available.

Definition of Terms

o Manufacturing is defined as factories, plants, or mills engaged

in the mechanical or chemical transformation of materials, components,

or substances into new products. Materials processed by manufacturing

plants include products of agriculture, forestry, fishing, mining, petroleum

extraction, and quarrying, as well as products of other manufacturing

establishments.

o Gross water is the volume of water required to run a plant; it

is the amount withdrawn plus the amount recycled.

Withdrawal or intake of water is the volume of water that is
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taken from an outside source, either to satisfy the entire gross

water demand if no recycling is practiced, or to make up for

the water lost by consumption or discharged from a recycling system.

o Consumption in manufacturing is the loss of water through evapora-

tion, incorporation into products, or leaks and infiltration to the

ground.

o In manufacturing, consumption is determined indirectly as the dif-

ference between the volumes of water taken in and the volumes

that are discharged from the buildings or grounds of the establish-

ment.

o A saline water is water with more than 5,000 parts per million

total dissolved solids.

o Process water in manufacturing is the water that comes into direct

contact with the materials processed.

Background

The Nation has more than 312,000 manufacturing plants. Although

two-thirds are small, with 20 or fewer employees per plant, the trend

has been toward larger plants, especially in the more sophisticated process

industries. Growth in earnings from manufacturing is expected to continue

at a rate of 3.1 percent annually. By the year 2000, earnings from manu-

facturing are estimated at $595 billion, more than twice those of "1975"

(Table 111-15). Existing industrialized areas will have the largest

increases, but increasing rates of industrial growth in the South, Southwest,

and Pacific areas will change the character and extent of water problems

in those "sunbelt" areas.

Manufacturing activities are greatly concentrated in urban areas,

with nearly 80 percent of the earnings derived from establishments located

in areas that surround cities of 50,000 population or more, mainly in

the eastern third of the Nation. Nearly 73 percent of the estimated

"1975" earnings from manufacturing were realized from activities in the

six water resources regions of the East. Industries are also concentrated

in areas along both seaboards and the Gulf of Mexico, as well as along

the shorelines of the Great Lakes, and the Ohio and Mississippi Rivers.

Many plants such as those engaged in textile manufacture use rela-

tively little water in their operations, while others such as primary

metals require vast quantities. To differentiate between establishments

with small water requirements and those with large requirements for the

national assessment, any establishment with a withdrawal of 10 million

gallons per year or more, (28,000 gallons per day) is considered a large

water user. Of the 312,000 manufacturing establishments in the Nation,

only slightly more than 10,000 (about 3 percent) can be considered large

water users, but the manufacturing water demand is so concentrated in
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Table 111-15.—Growth in population, earnings, and fresh-water withdrawals

and consumption in manufacturing—"1975," 1966, 2000

Population growth:

Percent change

People (mi I I ions)

Total earnings:

Percent change

Dollars (biI lion 1975$)

Earnings from manufacturing:

Percent change

Dollars (biI lion 1975$)

Gross water used:

Percent change

Volume (bgd)

Fresh-water withdrawals:

Percent change

Volume (bgd)

Fresh-water consumption:

Percent change

Volume (bgd)

"1975"

216

$1,058

$280

136.6

51.2

6.1

1985

2000

10

23

238

268

43

10

$1,521

$2,540

38

113

$388*

$595

49

144

202.1

330.3

-54

-62

23.7

19.7

47

143

8.9

14.7

aRegion 21, the Caribbean, is included only in the population data.

^Includes saline-water withdrawals, reused water, as we I I .as fresh-water

withdrawaIs.

those 10,000 establishments that they accounted for 99

total withdrawals for all manufacturing in "1975."

percent of the

Fresh-water withdrawals for manufacturing by 1985 and 2000 will decline

by 54 percent and 62 percent, respectively, from the 51.2 bgd withdrawn

in "1975" (Table 111-15). However, consumption is expected to increase

by 47 percent in 1985 and 143 percent in 2000 as recycling and reuse

rates increase (Table 111-15). These recirculation rates vary from about

1.5 times in primary metals manufacturing to 5.0 times in petroleum and

coal products refining.

Water Source and Uses

The gross water used by manufacturing in "1975" was estimated at

136.6 billion gallons per day (bgd). In order to meet that requirement,
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manufacturing plants withdrew some 37.4 bgd from fresh water lakes and

rivers, 6.5 bgd from company wells; about 7.3 bgd from public water

systems; and about 10.5 bgd from saline surface sources for a total

withdrawal of 61.7 bgd (Figure III-4). The remainder, 74.9 bgd, the

largest part of the gross water demand, was satisfied by recycling and

reusing water and treated effluents within individual plants.

The difference between the gross water used and the water withdrawn

is accounted for by recirculation of the water an average 2.2 times.

Because the practice of recycling treated effluents, instead of using

additional water withdrawals, is expanding, freshwater withdrawals should

drop by 62 percent, from 51.2 bgd in "1975" to 19. 7 bgd by 2000 (Table III-

16). Three principal uses for water in manufacturing are: cooling (69

percent), processing (27 percent), and inplant steam generation (feed

water) and sanitary services (4 percent).

Fresh Surface Sources

37.4 bgd

Saline Surface Sources

10.5 bgd

Public Water Systems

7.3 bgd

Wells, Company-Owned

6.5 bgd

Total Water Withdrawals = 61.7 bgd

Figure III-4. -Water sources for manufacturing

Water for Cooling

Approximately 69 percent (94.8 bgd) of manufacturing water is used

for cooling and condensing (Figure III-5). This large amount of cooling

water is needed to manage heat, to maintain operating temperatures within

critical ranges, to protect equipment, to air condition, and to speed

production processes by reducing cooling times between steps in plant

operations. The cooling water is physically separated from materials

and products in these manufacturing applications.
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Table 111-16. —Manufacturing fresh-water withdrawals and

consumption—"1975," 1986, 2000

(million gallons per day)

Withdrawal Consumption

Region

"1975"

1985

2000

"1975"

1985

2000

New England (1)

2,170

1,022

781

192

332

567

Mid-Atlantic (2)

5,416

2,526

1,942

607

934

1,361

South Atlantic-Gulf (3)

4,103

3,377

3,318

611

1,203

2,532

Great Lakes (4)

13,220

4,106

2,821

1,474

1,719

2,059

Ohio (5)

10,881

3,323

2,341

817

1,095

1,757

Tennessee (6)

2,093

765

671

147

266

514

Upper Mississippi (7)

2,030

886

728

240

309

506

Lower Mississippi (8)

4,163

1,634

1,365

314

552

1,067

Souris-Red-Rainy (9)

102

44

31

13

19

23

Missouri (10)

669

315

292

136

122

202

Arkansas-White-Red (11)

713

476

480

165

232

360

Texas-Gulf (12)

1,932

2,559

2,444

571

1,003

1,917

Rio Grande (13)

19

42

32

5

15

24

Upper Colorado (14)

4

2

2

2

1

2

Lower Colorado (15)

89

92

138

55

54

104

Great Basin (16)

112

93

98

24

42

77

Pacific Northwest (17)

2,324

1,321

1,132

329

501

880

California (18)

796

830

828

257

375

567

Total, Regions 1-18

50,836

23,413

19,444

5,959

8,774

14,519

Alaska (19)

134

93

86

26

41

68

Hawaii (20)

252

181

139

74

88

112

Caribbean (21)

N/A

N/A

N/A

N/A

N/A

N/A

Total, Regions 1-21

51,222

23,687

19,669

6,059

8,903

14,699

N/A Not avaiI able.

Cooling water temperatures are increased 15 to 25°F through heat

exchanger surfaces. The heated waste must be cooled by mechanical heat

transfers through evaporation in cooling towers or other heated air ex-

changers. Direct discharge of heated cooling water to surface waters

is increasingly restricted by water pollution control requirements that

encourage recycling of cooling waters within the manufacturing facility.

Some manufacturing plants in coastal areas with large cooling water

needs are withdrawing large volumes of saline water from bays and estuaries,
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Total Gross Water Use = 136.6 bgd

Figure III-5. — Water uses for manufacturing

and discharging the heated effluents back to coastal waters (Figure III-6).

Future restrictions on the discharge of heated saline water into ecologi-

cally sensitive estuaries are expected under the Federal Water Pollution

Control Act Amendments of 1972 (Public Law 92-500). Furthermore, by the

year 2000, use of saline water is expected to be totally abandoned in

favor of more cost-effective, fresh-water systems that permit recycling

at very high rates. Figure III-6 shows the water resources regions in

which saline water was used for manufacturing in "1975." The figure

shows the total volumes of saline water withdrawn, and the percentage of

the total water withdrawal requirement satisfied with saline water. The

Texas-Gulf and Mid-Atlantic Regions had the largest saline-water with-

drawals—three-fourths of the national total. The Rio Grande Region had

the highest ratio of saline water use to total withdrawals in manufacturing

(93 percent).

Water for Processing

Process water used directly in manufacturing accounts for 27 percent

(36.5 bdg) of the gross water used for manufacturing. Some of the process

water that comes into direct contact with the materials may remain in the

intermediate and final products. With few exceptions, the processed

materials are partially soluble in water.
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The process water often enters the mixture of materials employed in

the manufacturing process. In addition, the high density of water combined

with turbulence allows for the suspension of nonsoluble solid and liquid

materials in the process water. In many operations, process water may

be recycled, but eventually the quality is so changed that the water

must be removed from the manufacturing operations. At this point the

process water becomes the industrial waste effluent that must be treated

and improved in quality to meet the standards set by water pollution

control agencies.

Standards have been set for most manufacturing effluents; eventually

standards will be promulgated for all. Because of the present standards

and the probability of higher standards for effluent quality, the treatment

technology used will probably cleanse process waste water to a quality

level suitable for reuse and recycling in the industrial plant. In many

cases, the cleansed effluents will be of equal or better quality than

the original water. The reuse and recycling of treated effluents can

yield substantial cost savings. As a result, withdrawals of fresh and

saline water for process use should decline substantially.

Other Manufacturing Uses—Feed water and Sanitation

The remaining 4 percent (5.1 bgd) of gross water used for manufacturing

is for personal and sanitary uses (about 1.5 bgd), for boiler feedwater

to generate steam (2.7 bgd), and for miscellaneous uses such as grounds-

keeping and fire protection (0.9 bgd).

Projections for Manufacturing Water

A computerized forecasting model with a comprehensive industrial data

base for each region, state, and subregion was used to provide the National

Future projections for manufacturing water requirements. The model encom-

passes economic, engineering, and institutional factors that are considered

relevant to the water management decisions of manufacturers.

Gross water (the volume of water withdrawn if no water is reused)

is a key projection parameter in the model. Gross water use is projected

to increase proportionally with the constant dollar value of the gross

product originating in manufacturing. This relationship has existed since

1954, the earliest year for which data are available.

Withdrawals (the volume of water taken into a manufacturing plant

from an outside source) are strongly influenced by those internal and

external factors that encourage recycling. There has been a long-term

trend toward using recycled water for an increasingly greater proportion

of gross water use. This trend has been accelerated by the Water Pollu-

tion Control Act Amendments of 1972, which were further amended in 1977.

A major goal of the Act, as it currently exists, is zero discharge of

industrial pollutants to water bodies by the year 2000. Thus, high
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rates of water reuse are projected for the year 2000, with discharges

chiefly limited to the control of solids buildup in plant water systems.

To determine the withdrawal needs in 1985 and 2000, the model uses

precalculated ratios of withdrawals to gross water use. Only plants

withdrawing more than 10 million gallons per year (mgy) are projected to

achieve high rates of water reuse. These projections assume that plants

using less than 10 mgy, which in the majority are supplied by municipal

water systems and account for less than 1 percent of gross water use,

will instead use water on a once-through basis and discharge to public

sewers.

Consumption is determined indirectly as the difference between the

volume of water withdrawn and the volume discharged from the properties

or grounds of the establishment. Consumption of water is forecast by

using coefficients linked to the gross water demands of the industries

that comprise the sector. The coefficients are derived from the individual

plant water use information in U.S. Department of Commerce data files

(1970 data), but are modified for the year 2000 by judgmental analyses

of the increased consumption that should result from advanced waste treat-

ment practices expected to be employed.

Projections of water requirements are based on the assumption that

manufacturers will recycle treated effluents, thus reducing withdrawal

requirements. However, some water rights laws may deter the introduction

of recycling systems. Under these laws, a reduction in withdrawals could

mean a reduction of water rights, which would limit plant or company

expansion.

The high levels of recycling projected for manufacturing in the year

2000 should approach the limits achievable under the best economically

available technology. Futher reductions in withdrawal are unlikely without

the development of yet unproven production and cooling technologies.

Thus, after the year 2000, total withdrawals must increase again if growth

of the sector is to continue. This is illustrated in Figure III-7,

in which the analysis of withdrawals and consumption is extended to the

year 2020, the most distant year of the OBERS projection.

Regional Distribution of Manufacturing Water Requirements

The estimates and projections of withdrawals and consumption of fresh

water by manufacturers are presented for 20 water resources regions in

Table 111-16. Information for the Caribbean Region was not available.

Manufacturing water use is concentrated in five regions that accounted

for 74 percent of the total fresh-water withdrawals in "1975." The Great

Lakes Region withdrew 26 percent of the total, followed by the Ohio (21

percent), the Mid-Atlantic (11 percent), the Lower Mississippi (8 percent),

and the South Atlantic-Gulf (8 percent).

In "1975," the combined Great Lakes and Ohio Regions withdrew an

average of 24.1 bgd, about 47 percent of total manufacturing withdrawals
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Figure III-7.— Trends in manufacturing water use
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of fresh water. Consumption in these two regions was 2.3 bgd or about

38 percent of the total manufacturing consumption of freshwater. However,

by the year 2000, these two heavily industrialized regions are expected

to withdraw only 5.2 bgd, about 26 percent of the national total. This

represents a 78 percent withdrawal reduction in the industrial Great

Lakes and Ohio Regions versus 61 percent nationally. Consumption in

manufacturing in the year 2000 in the Great Lakes and Ohio Region will

be 3.8 bgd, again about 25 percent of the national total consumption.

Although manufacturing withdrawals of water are projected to drop

sharply for the Nation as a whole, not all regions will follow this

pattern. The Texas-Gulf, Rio Grande, Lower Colorado, and California

Regions are all projected to increase fresh-water withdrawals, counter

to the national trend. Consumption of water is expected to increase

steadily in all regions indirect relation to increased production. Con-

sumption of fresh water will increase even faster in those regions projected

to abandon the use of saline water.

By the year 2000 the South Atlantic-Gulf is projected to become the

largest water-using region in both withdrawals and consumption. Two

growth factors contribute to this projection: (1) the region should

have a high population increase and (2) the major projected growth industries

have high consumption rates and produce waste waters that are less recycla-

ble than most other water-intensive industries. The Great Lakes Region

is projected to move from first to second place, despite a 600 mgd increase

in consumption. The Texas-Gulf Region should move into third in both

categories.

Projections by Manufacturing Sector and Region

In the second assessment, pro jected water withdrawal and consumption

needs were identified for eight manufacturing sectors in each water resource

region. These sectors and their proportion of the total "1975" manufacturing

fresh-water requirements are: primary metals (34 percent of withdrawals),

chemicals (26 percent), paper and related products (16 percent), food

and kindred products (5 and 6 percent), petroleum and coal (5 percent),

transportation manufacturing (3 percent), textile mill products (1 percent),

and all other manufacturing (10 percent). These are shown in Table 111-17.

Primary metals have a high withdrawal to consumption ratio and a

low recirculation ratio. Water requirements for primary metals manufac-

turing are highest in the Ohio and Great Lakes Regions where 78 percent

of the total "1975" withdrawals for this use were estimated. Iron and

steel production is concentrated in these two regions and is projected

to remain there through the year 2000. Water withdrawals for primary

metals are expected to decline sharply as the steel industry adopts intensive

recirculation practices (Table 111-18).

Chemicals manufacturing is less concentrated geographically than pri-

mary metals. The Texas-Gulf petrochemicals sector is by far the largest
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Table 111-17.—Manufacturing water use by industry, "1976"

(billion gallons per day)

Total water Recirculation Gross water

Industry withdrawal3 ratio use

Chemicals and allied products

Primary metals

Paper and allied products

Petroleum and coal products

Food and kindred products

Transportation equipment

Textile mi I I products

AI I other manufacturing

National average 61.7 2.2 136.6

19.4

2.1

40.1

18.9

1.5

28.2

8.9

2.9

26.1

4.7

5.0

23.7

2.9

1.6

4.5

1.5

2.6

3.7

0.6

2.8

1.7

4.8

1.8

8.6

aIncludes brackish and saline water.

user, but in this and other coastal regions, the chemical industry has

sharply limited its fresh-water withdrawals by large-scale use of saline

water and intensive recycling of freshwater. As a result, several inland

regions, such as the Ohio, Great Lakes, and Tennessee Regions, had larger

fresh-water withdrawals in "1975." The chemicals industry is projected

to move heavily toward fresh-water recycling systems, and by the year

2000, more than half of the fresh-water withdrawals will be in the Texas-

Gulf, Lower Mississippi, and South Atlantic-Gulf Regions (Table 111-19).

These five regions withdrew 10.8 bgd (80 percent of the total) for chemicals

manufacturing. In "1975," the ratio of consumption to withdrawal require-

ments in chemicals manufacturing was about the same as primary metals,

10 percent as a national average, except for the Ohio Region where con-

sumption was only 5 percent of the withdrawals.

Paper manufacturing is a heavy user of fresh water in the South

Atlantic-Gulf and Pacific Northwest Regions where 2.1 bgd (25 percent)

and 1.3 bgd (16 percent), respectively, of the withdrawals are concen-

trated (Table 111-20). The New England, Mid-Atlantic, and Great Lakes

Regions also are heavy users of water for paper and allied products

manufacturing at rates of 1.0 bgd, 0.7 bgd, and 1.0 bgd, respectively.
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Table 111-18. —Primary metals manufacturing fresh-water

withdrawals and consumption—"1976," 1966, 2000

(million gallons per day)

Withdrawal Consumption

Region

"1975"

1985

2000

"1975"

1985

2000

New England (1)

132

36

20

4

8

14

Mid-Atlantic (2)

1,124

616

365

173

239

288

South Atlantic-Gulf (3)

270

189

145

51

73

115

Great Lakes (4)

7,545

2,212

1,282

1,030

1 ,069

1,017

Ohio (5)

6,346

1,833

1,050

467

607

834

Tennessee (6)

77

43

33

12

16

25

Upper Mississippi (7)

315

135

95

41

41

75

Lower Mississippi (8)

535

101

58

29

36

46

Souris-Red-Rainy (9)

0

0

0

0

0

0

Missouri (10)

89

23

14

8

10

11

Arkansas-White-Red (11)

137

84

62

18

29

49

Texas-Gulf (12)

588

242

162

60

99

129

Rio Grande (13)

10

6

4

1

2

3

Upper Colorado (14)

0

0

0

0

0

0

Lower Colorado (15)

13

8

6

12

3

5

Great Basin (16)

75

65

68

12

26

54

Pacific Northwest (17)

281

89

55

20

29

43

California (18)

34

32

32

13

18

24

Total, Regions 1-18

17,571

5,714

3,451

1,951

2,305

2,732

Alaska (19)

0

0

0

0

0

0

Hawaii (20)

0

0

0

0

0

0

Caribbean (21)

0

0

0

0

0

0

Total, Regions 1-21

17,571

5,714

3,451

1,951

2,305

2,732

New England (1)

2

Saline

water use

0

Mid-Atlantic (2)

931

68

Texas-Gulf (12)

307

79

Pacific Northwest (17)

40

2

California (18)

17

1

Total, Regions 1-20

1,297

150
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Table 111-19.—Chemicals manufacturing fresh-water withdrawals and

consumption—"1975," 1986, 2000

(million gallons per day)

Withdrawal Consumption

Region

"1975"

1985

2000

"1975"

1985

2000

New England (1)

109

66

55

15

27

42

Mid-Atlantic (2)

1,850

686

568

179

301

429

South Atlantic-Gulf (3)

870

668

748

165

317

589

Great Lakes (4)

1,939

425

335

71

131

255

Ohio (5)

3,261

745

593

168

215

464

Tennessee (6)

1,520

396

336

81

145

262

Upper Mississippi (7)

384

143

131

54

61

99

Lower Mississippi (8)

2,251

734

635

141

264

504

Souris-Red-Rainy (9)

0

0

0

0

0

0

Missouri (10)

188

83

88

68

35

69

Arkansas-White-Red (11)

162

94

102

43

63

81

Texas-Gulf (12)

586

1,490

1,448

271

549

1,151

Rio Grande (13)

1

31

22

0

10

17

Upper Colorado (14)

0

0

0

0

0

0

Lower Colorado (15)

8

7

13

5

5

9

Great Basin (16)

14

5

5

2

3

4

Pacific Northwest (17)

260

73

65

30

42

49

California (18)

51

69

82

21

37

61

Total, Regions 1-18

13,454

5,715

5,226

1,314

2,205

4,085

Alaska (19)

4

4

5

2

3

4

Hawaii (20)

0

0

0

0

0

0

Caribbean (21)

0

0

0

0

0

0

Total, Regions 1-21

13,458

5,719

5,231

1,316

2,208

4,089

New England (1)

184

Sa I ine

water use

9

Mid-Atlantic (2)

634

26

South Atlantic-Gulf (3)

170

8

Lower Mississippi (7)

459

12

Texas-Gulf (12)

4,174

58

Rio Grande (13)

272

7

Pacific Northwest (17)

20

1

California (18)

47

1

Total, Regions 1-20

5,960

122
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Table 111-20. — Paper manufacturing fresh-water withdrawals

and consumption—"1975," 1986, 2000

(million gallons per day)

Withdrawal Consumption

Region

"1975"

1985

2000

"1975"

1985

2000

New England (1)

962

520

395

86

158

313

Mid-Atlantic (2)

745

460

389

76

146

305

South Atlantic-Gulf (3)

2,111

1,974

1,875

262

614

1,492

Great Lakes (4)

982

534

427

143

213

334

Ohio (5)

224

151

133

23

46

101

Tennessee (6)

381

268

246

41

85

196

Upper Mississippi (7)

348

140

104

20

38

80

Lower Mississippi (8)

517

403

381

46

119

304

Souris-Red-Rainy (9)

86

33

22

9

13

17

Missouri (10)

2

3

5

0

1

4

Arkansas-White-Red (11)

200

125

110

30

50

86

Texas-Gulf (12)

245

200

218

38

79

174

Rio Grande (13)

0

0

0

0

0

0

Upper Colorado (14)

0

0

0

0

0

0

Lower Colorado (15)

15

18

26

3

8

22

Great Basin (16)

0

0

0

0

0

0

Pacific Northwest (17)

1,326

868

739

197

312

588

California (18)

170

212

228

60

101

178

Total, Regions 1-18

8,314

5,909

5,298

1,034

1,983

4,194

Alaska (19)

124

86

78

24

37

62

Hawaii (20)

0

0

0

0

0

0

Caribbean (21)

0

0

0

0

0

0

Total, Regions 1-21

8,438

5,995

5,376

1,058

2,020

4,256

SaIine water use

New England (1) 0 0

Mid-Atlantic (2) 13 0

South Atlantic-Gulf (3) 464 8

Pacific Northwest (17) 23 0

California (18) 39 L

Total, Regions 1-20 539 9

These five regions collectively withdrew 5.1 bgd or 62 percent of the

water withdrawn by the paper manufacturing sector. By the year 2000,
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Table 111-21. —Food and kindred products fresh-water

withdrawals and consumption—"1975," 1985, 2000

(million gallons per day)

Region

Wi

thdrawal

Con

sumption

"1975"

1985

2000

"1975"

1985

2000

New England (1)

56

30

23

9

11

15

Mid-Atlantic (2)

271

172

130

45

61

78

South Atlantic-Gulf (3)

142

99

91

15

28

59

Great Lakes (4)

354

153

116

38

48

68

Ohio (5)

124

71

56

17

24

34

Tennessee (6)

19

10

8

1

2

5

Upper Mi ssissi ppi (7)

506

234

169

62

81

118

Lower Mississippi (8)

209

104

71

17

29

52

Souris-Red-Rainy (9)

15

10

8

4

5

5

Missouri (10)

187

113

92

23

36

65

Arkansas-White-Red (11)

54

28

25

7

9

15

Texas-Gulf (12)

66

55

54

11

21

38

Rio Grande (13)

0

0

0

0

0

0

Upper Colorado (14)

0

0

0

0

0

0

Lower Colorado (15)

19

10

8

14

4

6

Great Basin (16)

10

9

8

3

5

6

Pacific Northwest (17)

112

68

56

11

19

41

California (18)

189

146

122

41

59

81

Total, Regions 1-18

2,333

1,312

1,037

318

442

686

Alaska (19)

0

0

0

0

0

0

Hawaii (20)

246

174

132

70

83

106

Caribbean (21)

0

0

0

0

0

0

Total, Regions 1-21

2,579

,486

1,169

388

525

792

Saline water use

Total, Regions 1-20

262

the paper industry is projected to be the largest manufacturing water

user, in both withdrawals and consumption.

Food and kindred products had the largest withdrawals in "1975" in

the Upper Mississippi Region, which withdrew more than 20 percent of the

total for this sector (Table 111-21). The Mid-Atlantic, Great Lakes,

and Hawaii Regions are also relatively large users of water for this
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activity. Generally, withdrawals for food processing are widely dispersed

among the regions, with consumption averaging about 15 percent of with-

drawals.

Petroleum refining is concentrated in the Texas-Gulf, Lower Missis-

sippi, California, Mid-Atlantic, and Great Lakes Regions. More than 97

percent of the water use in petroleum refining is for cooling. Con-

sumption as a percentage of withdrawals varies from 1 percent for some

once-through systems to nearly 100 percent for some of the highest re-

circulating systems.

The Texas-Gulf Region has the largest concentration of refineries

and the largest gross water use for refining, but by substituting saline

water for fresh water and by recycling fresh water, the region sharply

limited its fresh-water intake in "1975". However, the use of saline

water is projected to be phased out by 2000 and replaced with recirculat-

ing fresh-water systems. The result is that fresh-water withdrawals for

petroleum refining are projected to increase considerably in the Texas-

Gulf Region, counter to the national trend. Fresh-water withdrawals for

petroleum refining in "1975" were highest in the Great Lakes Region (27

percent of the national total). This was chiefly due to the low degree

of water reuse and the absence of saline water use. All refineries in

the Great Lakes Region are expected to employ recirculating systems by

2000, resulting in an 86 percent decline in withdrawals (Table 111-22).

Transportation equipment manufacturing is concentrated in two regions:

the Great Lakes with nearly one-half and New England with one-fourth of

the total withdrawals (Table 111-23).

Textile finishing and manufacturing is highly concentrated in the

South Atlantic-Gulf Region where 76 percent of total withdrawals for this

activity occur (Table 111-24).

All other industries are concentrated in the industrial areas of the

Nation: the Great Lakes (22 percent), the Mid-Atlantic (16 percent), the

Ohio (15percent), and New England (11 percent). Consumption as a propor-

tion of withdrawals for all other manufacturing in "1975" averaged about

12 percent (Table 111-25).

Summary of Overall Projections

Figure III-7 shows expected trends in manufacturing withdrawals and

consumption. By the year 2000, the National Future analysis indicates

that recycling and reuse of water and wastes will have reduced the require-

ments for water withdrawals to a level beyond which further reductions

are unlikely without the development of yet unproven competitive dry manu-

facturing production technologies.

Water withdrawals by manufacturers in year 2000 will be primarily

to replace the water lost in the operations through consumptive uses,

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

8
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



VOLUME 2, PART III | 51

Table 111-22. —Petroleum refining fresh-water withdrawals

and consumption—"1975," 1986, 2000

(million gallons per day)

Withdrawal Consumption

Region

"1975"

1985

2000

"1975"

1985

2000

New England (1)

16

8

5

3

4

4

Mid-Atlantic (2)

562

228

137

71

87

109

South Atlantic-Gulf (3)

28

32

25

12

15

20

Great Lakes (4)

687

141

95

51

56

74

Ohio (5)

1 14

52

48

23

27

38

Tennessee (6)

0

0

0

0

0

0

Upper Mississippi (7)

50

36

33

18

19

26

Lower Mississippi (8)

441

220

150

66

80

119

Souris-Red-Rainy (9)

0

0

0

0

0

0

Missouri (10)

91

36

29

20

19

24

Arkansas-White-Red (11)

74

75

94

44

51

75

Texas-Gulf (12)

312

496

479

170

224

382

Rio Grande (13)

0

0

0

0

0

0

Upper Colorado (14)

4

1

1

2

0

1

Lower Colorado (15)

1

1

0

1

0

0

Great Basin (16)

8

7

7

4

4

6

Pacific Northwest (17)

11

12

15

6

8

13

California (18)

123

147

100

57

64

79

Total, Regions 1-18

2,522

1,492

1,218

548

658

970

Alaska (19)

1

1

1

0

0

1

Hawaii (20)

5

6

6

3

4

5

Caribbean (21)

0

0

0

0

0

0

Total, Regions 1-21

2,528

1,499

1,225

551

662

976

Mid-Atlantic (2)

838

Sa1ine

water use

22

South Atlantic-Gulf (3)

30

1

Lower Mississippi (8)

479

11

Texas-Gulf (12)

536

10

Pacific Northwest (17)

1

0

California (18)

320

9

Hawaii (20)

4

0

Total, Regions 1-20

2,208

53
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Table 111-23.—Transportation equipment manufacturing fresh-water

withdrawals and consumption—"1975," 1985, 2000

(million gallons per day)

Region

Wi

thdrawal

Con

sumption

"1975"

1985

2000

"1975"

1985

2000

New England (1)

341

97

61

26

37

48

Mid-Atlantic (2)

67

46

32

6

15

24

South Atlantic-Gulf (3)

19

14

34

4

17

26

Great Lakes (4)

657

273

204

80

111

155

Ohio (5)

89

75

70

21

32

55

Tennessee (6)

0

0

0

0

0

0

Upper Mississippi (7)

26

23

22

5

9

16

Lower Mississippi (8)

3

3

3

1

1

2

Souris-Red-Rainy (9)

0

0

0

0

0

0

Missouri (10)

7

8

9

3

4

7

Arkansas-White-Red (11)

0

0

0

0

0

0

Texas-Gulf (12)

89

24

15

6

9

12

Rio Grande (13)

0

0

0

0

0

0

Upper Colorado (14)

0

0

0

0

0

0

Lower Colorado (15)

10

8

7

5

6

5

Great Basin (16)

0

0

0

0

0

0

Pacific Northwest (17)

0

0

0

0

0

0

California (18)

25

24

22

4

8

16

Total, Regions 1-18

1,333

595

479

161

249

366

Alaska (19)

0

0

0

0

0

0

Hawaii (20)

0

0

0

0

0

0

Caribbean (21)

0

0

0

0

0

0

Total, Regions 1-21

,333

595

479

161

249

366

SaIine water use

Total, Regions 1-20

83

mainly evaporation, with about 72 percent of the withdrawals solely for

that purpose. Evaporative losses increase the concentration of dissolved

solids in the recirculating waters and treated wastes. This increased

concentration requires that varying quantities be discharged and replaced

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

8
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



VOLUME 2, PART III | 63

Table 111-24. —Textile manufacturing fresh-water withdrawals

and consumption—"1975," 1986, 2000

(million gallons per day)

Withdrawal Consumption

Region

"1975"

1985

2000

"1975"

1985

2000

New England (1)

45

12

5

2

4

4

Mid-Atlantic (2)

37

17

12

3

5

7

South Atlantic-Gulf (3)

427

200

157

50

68

107

Great Lakes (4)

0

0

0

0

0

0

Ohio (5)

7

4

3

1

1

2

Tennessee (6)

31

21

19

8

11

14

Upper Mississippi (7)

0

0

0

0

0

0

Lower Mississippi (8)

13

10

11

1

4

8

Souris-Red-Rainy (9)

0

0

0

0

0

0

Missouri (10)

0

0

0

0

0

0

Arkansas-White-Red (11)

1

2

5

1

1

3

Texas-Gulf (12)

0

0

0

0

0

0

Rio Grande (13)

0

0

0

0

0

0

Upper Colorado (14)

0

0

0

0

0

0

Lower Colorado (15)

0

0

0

0

0

0

Great Basin (16)

0

0

0

0

0

0

Pacific Northwest (17)

0

0

0

0

0

0

California (18)

0

0

0

0

0

0

Total, Regions

1-18

561

266

212

66

94

145

Alaska (19)

0

0

0

0

0

0

Hawaii (20)

0

0

0

0

0

0

Caribbean (21)

0

0

0

0

0

0

Total, Regions

1-21

561

266

212

66

94

145

Sa 1 ine

water use

Tota1, Reg i on s

1-20

3

0

with freshly withdrawn water to maintain quality control. About 18 per-

cent of the year 2000 withdrawal will be for that purpose. The remainder

of the withdrawal provides for personnel requirements and for the water

that is incorporated in the final manufactured products.
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Table 111-25.—All other manufacturing fresh-water

withdrawals and consumption—"1975," 1966, 2000

(million gallons per day)

Withdrawal Consumption

Region

"1975"

1985

2000

"1975"

1985

2000

New England (1)

509

253

217

47

83

127

Mid-Atlantic (2)

760

301

309

54

80

121

South Atlantic-Gulf (3)

236

201

243

52

71

124

Great Lakes (4)

1,056

368

362

61

91

156

Ohio (5)

716

392

388

97

143

229

Tennessee (6)

65

27

29

4

7

12

Upper Mississippi (7)

401

175

174

40

60

92

Lower Mississippi (8)

194

59

56

13

19

32

Souris-Red-Rainy (9)

1

1

1

0

1

1

Missouri (10)

105

49

55

14

17

22

Arkansas-White-Red (11)

85

68

82

22

29

51

Texas-Gulf (12)

46

52

68

15

22

31

Rio Grande (13)

8

5

6

4

3

4

Upper Colorado (14)

0

1

1

0

1

1

Lower Colorado (15)

23

40

78

15

28

57

Great Basin (16)

5

7

10

3

4

7

Pacific Northwest (17)

334

21 1

202

65

91

146

California (18)

204

200

242

61

88

128

Total, Regions 1-18

4,748

2,410

2,523

567

838

1,341

Alaska (19)

5

2

2

0

1

1

Hawaii (20)

1

1

1

1

1

1

Caribbean (21)

0

0

0

0

0

0

Total, Regions 1-21

4,754

2,413

2,526

568

840

1,343

Total, Regions 1-20

312

SaIine

water use

6

Data and Research Needs

In the first assessment (1968), the assessment process was seriously

constrained by lack of data on water uses. In the interim between it

and the second assessment, the information base on manufacturing water

use was enlarged and broadened by: the addition of the 1968 and 1973
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surveys of water use in manufacturing in the Census of Manufacturers,

the completion of a similar survey by the Bureau of Domestic Commerce

in 1971, the collection of data on industrial discharges by the Environ-

mental Protection Agency relative to Public Law 92-500, and the surveys and

censuses of water use performed by many states. As a result, the analyses

and projections of manufacturing water requirements for this assessment

were greatly enhanced by the improved data.

However, there are still very serious shortcomings in the data and

general information. Legal restrictions against disclosure of informa-

tion obtained in confidence by Federal and State agencies and severely

constrained interchanges of information between user agencies have limited

full access to information. Except for the survey data included with

the Censuses of Manufacturers collected every five years, much of the

information results from single-purpose surveys, which lack historic ref-

erence.

Moreover, there is a lack of uniformity in scope and detail among

the various surveys of manufacturing water use, particularly on water

use in manufacturing processes and productivity.

On the basis of the experiences derived from both assessments and

numerous river basin studies, the following improvements in basic data

and additional research on manufacturing water use are needed to improve

the continuing assessment process:

o Federal, State, and Interstate user agencies should employ a common

set of water use parameters

o The inclusion of water-use data under confidentiality clauses

of legislation should be re-examined in light of the need for

information exchange to support public policy decisions

o Studies of the effect of recycled treated effluents on costs and

quality control in ma jor water-using industries should be continued

o Federally supported research and developments, including cost-

benefit analyses of alternative energy-efficient production tech-

nologies and waste energy recovery from heated effluents, should

be considered.
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Food and Fiber

The Nation's food and fiber production in "1975" accounted for

48 percent of all fresh-water withdrawals and 83 percent of consumption

(Table 11I-26). For the nine western regions (Missouri, Arkansas-White-Red,

Texas-Gulf, Rio Grande, Upper Colorado, Lower Colorado, California, Pacific

Northwest, and Great Basin), where agriculture depends heavily on irriga-

tion, the amount of water used was even more significant. In "1975" these

nine regions accounted for 60 percent of the water used for irrigation

and by 2000 will use 66 percent. By the year 2000, 17 of the 52 western

subregions will have a 70 percent or greater depletion of their potential

water supply for the entire year under average and dry year conditions

(10 subregions during an average year and 7 during a dry year). Moreover,

by 2000, 21 of the 52 western subregions will have a 70 percent stream-

flow depletion more than 6 months of the year under dry conditions and

46 subregions will have the same depletion at least 1 month of the year.

In addition to using the largest amount of water, agriculture also

influences the quality and quantity of water for other functions.

Table 111-26. —Fresh-water withdrawal and

consumptive use by type of user—"1975"

Total

withdrawals

Total

consumption

Consumption

as

percentage

withdrawals

Type of user

bgd

percent

bgd

percent

of

Agriculture:

Irrigation

Livestock

158.7

1.9

47

1

86.4

1.9

81

2

54

100

Steam electric

generation

88.9

26

1.4

1

2

Manufacturing

51.2

15

6.1

6

12

Domestic and commercial

28.8

9

7.4

7

26

Minerals industry

7.1

2

2.2

2

31

Other

1.9

1

1.2

1

63

Total, Regions 1-21

338.5

100

106.6

100

32

This section discusses the current and projected uses of water for

agriculture, evaluates the adequacy of water supplies to determine where
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supplies will be critical to meet national and/or regional output levels,

and points out environmental concerns of using natural resources for

agricultural purposes.

Included in the discussion are: problems and conflicts associated with

irrigation water use, limited water supplies, ground-water overdraft, water

pollution from agriculture, and development of wet soils. Since irrigation

uses most of the water for agricultural production and since most irrigated

farming is in the West, the discussion will deal primarily with irrigation

in the nine Western water resources regions.

Because irrigation is so important to total agricultural production,

particularly in specialty crops, estimates for future agricultural needs

must include projections on how much irrigation development will be required

to support these needs. Future domestic food and fiber requirements are

based on historic trends, projected population increases, and per capita

disposable income adjusted for certain management and policy assumptions

(Figure III-8). The domestic projection is based on a relatively stable

growth pattern. Future exports are based on historic trends, including

adjustments for the substantial export increases in 1972 and 1973. Since

export projections are less predictable, figures are given for high, low,

and moderate levels of exports (Table 111-27). In general, the Nation's

agricultural production has responded to both domestic and international

market needs. The $20 to $25 billion annual export of agricultural

products in recent years has played an important role in improving the

Nation's balance of trade.

Terminology

The information in the discussion and tables of this section fre-

quently applies to specific types of agricultural activities. The following

is a description of terms as used in this section.

Agricultural lands is a generic term that includes (1) lands used

to raise food for human (food and fiber) and animal consumption; (2) cul-

tivated pasture lands, and (3) native or uncultivated lands used for grazing.

Farmland includes both cultivated croplands and uncultivated grazing lands.

Cropland refers to acres cultivated for the harvest of crops; on some

tables, the term "irrigated farmland" is used instead of "irrigated crop-

lands" because the irrigation water also supports native hay and other

uncultivated grazing fodder. A range land is a publicly-owned land,

whereas a pastureland (land cultivated for grazing) and a grazing land

(native land left uncultivated) are both privately-owned lands. Roughage

is fodder for animals.

Land Use

In "1975," of the 2,267 million acres of land available for agricul-

tural uses, 422 million were used for cropland, of which 304 million

were harvested (Table 111-28); the other 118 million acres were either
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pastured, fallow, or idle. Another 885 million acres were used for

forest grazing, permanent pasture, and range land.

% OF 1960

130

120

110

100

90

1960

Total food consumption"

V

Population..

7

Per capita food consumption.

J I I I I L

J I I L

Preliminary

1964

1968

1972

1976

. Retail Weight Basis, Using Constant Retail Prices as Index Weights

.. Civilian Population July 1; 50 States beginning 1960

Source: Agricultural Handbook No. 491, USDA, p.36.

Figure III-8. — Population and food consumption

By the year 2000, total croplands are projected to increase only

slightly, by about 4 million acres (Table 11I-29); however, the number

of harvested acres will increase more significantly, by about 57 million

acres, primarily because of improved production technology. Although

the cropland acreages should have a net increase through clearing, drainage,

and irrigation, the overall agricultural lands will be reduced by special

uses such as urban and suburban development, highway construction, recrea-

tion and wildlife enlargement, public institutions, and facilities, etc.,

(Table 11I-30). This reduction is projected to be about 1.2 million

acres annually.

Water Resources

Obviously, land productivity is enhanced by irrigation. Although

irrigated cropland makes up only 13 percent of the total cropland, it

accounts for 27 percent of the values of all crops produced.
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Table 111-27. —Production and net exports of selected food

and fiber commodities

(million units)

Average 1974-1976 Estimated 2000

Commodity Production Exports Imports Production Exports'3 Imports

1,275

7,110

2,067

3,209

1,689

919

1,479

3,453

1,475

1,700

1,680

5,168

2,020

2,208

Corn bushels 5,559 1,425

Wheat bushels 2,026 1,054

Soybeans bushels 1,342 513

Cotton pounds 4,864 1,920

Beef, veal,

and pork— pounds 34,642 — 1,809 55,020 — 3,275

Turkeys

and

broi Iers— pounds 10,755 375 18,520 333

aLow and high figures are alternative estimates for low or high levels of export

activity, respectively. The center figure represents a moderate level of exports.

In "1975," 45.5 million acres of farmland were irrigated. By 2000,

6.9 million acres will be added to this to total 52.4 million acres under

irrigation (Table 111-29). This increase in irrigation is significantly

greater than the pro jected increase of 4.0 million acres for total cropland

use mentioned above.

In "1975," the nine western conterminous regions contained about

61 percent of the Nation's agricultural land, about 50 percent of the

cropland, but about 89 percent of the irrigated farmland. In these nine

regions (Missouri, Arkansas-White-Red, Texas-Gulf, Rio Grande, Upper and

Lower Colorado, Great Basin, Pacific Northwest, and California), about

19 percent of the cropland is irrigated. By 2000, irrigation in these

regions should increase to 21 percent. Other substantial growth rates
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in irrigation can be expected in the South Atlantic-Gulf and Lower

Mississippi Regions by 2000.

In "1975," 60 percent of the water available in the nine western

regions was used for agriculture; by year the 2000, about 66 percent is

projected to be used for that purpose (Table 111-31). Not revealed by the

data, however,is the relation between availability and use in individual

subregions. It is estimated that by the year 2000, 32 of 52 subregions

in the western regions will have water shortages in a dry year (Table III-

32). Water supplies are ultimately expected to limit future irrigation

in 11 additional subregions. In the Texas-Gulf, Rio Grande, and Lower

Colorado Regions, for example, it is expected that by 2000, all economi-

cally available water will be used for agriculture.

In the eastern regions, about 4.7 million acres of the 207 million

acres of total cropland received supplemental irrigation in "1975." Except

for temporary drought periods, water in the East is generally adequate

for the acreage irrigated in "1975" and should be adequate for the projected

increases for 2000.

Table 111-28.—Surface area and land use—"1975'

(thousands of acres)

Land use

Total

Pasture

Forest &

Other

Region

surface

Cropland

& range

wood land

agric.

Urban

Other3

New England (1)

41,704

2,769

957

32,582

617

2,705

2,074

Mid-Atlantic (2)

64,162

11,688

4,939

35,466

2,059

4,418

5,592

South Atlantic-Gulf (3)

166,823

25,259

15,344

105,334

4,293

4,747

11,846

Great Lakes (4)

83,345

24,907

3,358

39,152

4,778

4,333

6,817

Ohio (5)

101,493

32,877

13,995

43,143

3,011

3,551

5,116

Tennessee (6)

26,615

4,431

3,532

14,404

908

668

2,672

Upper Mississippi (7)

112,944

64,062

11,644

24,473

3,643

2,151

6,971

Lower Mississippi (8)

64,509

20,409

9,928

27,099

3,828

895

2,350

Souris-Red-Rainy (9)

33,789

20,791

3,376

6,831

681

70

2,040

Missouri (10)

323,734

105,660

161,774

29,937

4,006

1,397

20,960

Arkansas-White-Red (11)

154,308

44,480

66,559

33,545

2,244

1,636

5,844

Texas-Gulf (12)

111,034

25,021

58,632

20,176

2,160

2,485

2,560

Rio Grande (13)

87,222

2,869

63,190

15,048

611

396

5,180

Upper Colorado (14)

65,290

1,951

35,369

17,881

415

47

9,627

Lower Colorado (15)

98,647

1,485

52,243

26,749

2,732

621

14,817

Great Basin (16)

87,421

2,623

61,269

12,251

267

378

10,633

Pacific Northwest (17)

171,037

19,159

51,008

85,041

1,289

1,055

13,485

California (18)

103,890

10,885

28,021

43,227

1,218

3,328

17,211

Total, Regions 1-18

1,897,967

421,326

645,138

612,339

38,760

34,681

145,723

Alaska (19)

362,517

21

238,186

58,635

29

68

65,578

Hawaii (20)

4,095

321

728

1,774

67

21

1,184

Caribbean (21)

2,273

514

880

565

49

126

139

Total, Regions 1-21

2,266,852

422,182

884,932

673,313

38,905

34,896

212,624

alncludes recreation parks, wildlife refuges, wilderness areas, public installations and

facilities, marshes, etc.
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Table 111-29.— Agricultural lands, cropland, and irrigated

farmland-"1975." 1966, 2000

(millions of acres)

agr icultural

Total

Tota

1 cropl

and

Irr!

gated farm

land

Reg i on

landa

"1975"

"1975"

1985

2000

"1975"

1985

2000

New England (t)

3.7

2.8

2.7

2.6

<0.1

<0.1

<0.1

Mid-Atlantic (2)

16.6

11.7

11.6

11.2

0.3

0.4

0.5

South Atlantic-Gulf (3)

40.6

25.3

25.7

27.5

2.0

2.6

3.0

Great Lakes (4)

28.3

24.9

25.4

25.4

0.2

0.2

0.3

Ohio (5)

46.9

32.9

33.0

33.0

0.1

0.1

0.1

Tennessee (6)

8.0

4.4

4.4

4.4

<0.1

<0.1

<0.1

Upper Mississippi (7)

75.7

64.1

64.3

64.7

0.2

0.3

0.4

Lower Mississippi (8)

30.3

20.4

21.9

22.5

2.0

2.5

2.9

Souris-Red-Rainy (9)

24.2

20.8

20.9

20.9

<0.1

0.1

0.3

Missouri (10)

267.4

105.7

105.3

105.1

9.7

11.0

11.5

Arkansas-White-Red (I1

)

111.0

44.5

44.6

45.1

4.8

5.4

5.5

Texas-Gulf (12)

83.7

25.0

24.9

24.6

4.8

4.2

3.4

Rio Grande (13)

66.1

2.9

2.8

2.8

2.0

1.9

1.9

Upper Colorado (14)

37.3

2.0

2.1

2.1

1.4

1.5

1.6

Lower Colorado (15)

53.7

1.5

1.4

1.4

1.3

1.2

1. 1

Great Basin (16)

63.9

2.6

2.8

2.8

1.7

1.5

1.6

Pacific Northwest (17)

70.2

19.2

19.1

18.9

6.2

7.4

7.8

California (18)

38.9

10.9

10.6

10.4

8.7

9.3

10.1

Total, Regions 1-18

1,066.5

421.3

423.6

425.3

45.3

49.6

52.2

Alaska (19)

238.2

<0.1

<0.1

<0.1

<0.1

<0.l

<0.1

Hawaii (20)

1.0

0.3

0.3

0.3

0.1

0. 1

0.2

Caribbean (21)

1.4

1,307.1

0.5

422.2

0.5

424.4

0.4

426.1

0.1

0.1

0.1

Total, Regions 1-21

45.5

49.8

52.4

alncludes cropland, pasture, and range land; other agricultural land, forest, and woodland are

excluded.

The California Region has the highest rate of water withdrawals and

consumption, accounting for about 22 percent of total national agricultural

water withdrawals. Irrigation is important to California and the Nation

because of the vegetables and valuable tree crops produced in this Region.

The Pacific Northwest Region is second in water withdrawals but third in

terms of consumption. The Missouri Region is third in withdrawals and

second in consumption.

The quantity of water required for livestock production is included

in the estimated regional uses inTable 111-33. In "1975" water for live-

stock was only 1 percent of the agricultural water use in the western

regions and about 9 percent in the eastern regions. Withdrawals and

consumptive use for livestock watering is expected to increase 33 percent

by 2000.

Water use for irrigation by region is shown in Table 111-33. Live-

stock water use is shown in Table 111-34, and total agricultural water

use is summarized in Table 111-35.
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Table 111-30. — Factors contributing to changes in farmland

acreages—"1975" and 2000

Quantified factors contributing to decreased cropland

Urban land expansion

Primary highways

Secondary highways

Major airports

Feeder airports

State recreational land

Local and private recreational

I and

Federal recreational land

Surface mining — coal, sand,

gravel, and other

0.400 acre per capita for all time periods,

40 acres/mile on new highways;

20 acres/mile on expansions.

16,000 acres/year (1969-1980).

5,000 acres each.

160 acres each.

100,000 acres/year (1969-1980);

75,000 acres/year (1980-2000).

Based on per capita population increase

projections: 0.010 to 0.020 acre (1969-

1980); 0.035 acre (1980-2020).

Estimated by Federal agencies.

150,000 acres by 1980; 310,000 acres by

2000; 480,000 acres by 2020 (no account

taken for oil shale developments).

Quantified factors contributing to increased cropland

Clearing and draining 5.6 million acres by 2000.

Clearing pastureland 5.5 million acres by 2000.

Ground Water

Because surface water in many western states is already in short

supply, the irrigation expansion in these regions is expected to come

primarily from ground-water development by individual farmers. This

presents a triple problem: (1) farmers need more information on ground-

water sources to amortize investments needed to tap this resource and

to assess the returns in crop incomes against costs that must compete

with utility companies for the water, (2) since jurisdiction over ground

water in many states resides in State and local government, there is no
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Table 111-31.— Water availability and use for agriculture in

nine western water resources regions, "1975" and 2000

(million gallons per day)

Region

"1975"

2000

Available

23,580

Used

16,620

Percent

Available

23,580

Used

20,810

Percent

Missouri (10)

70

88

Arkansas-White-Red (II)

I 1,930

8,430

71

1 1,340

8,480

76

Texas-Gulf (12)

13,060

10,730

82

9,420

7,090

75

Rio Grande (13)

4,330

4,350

100

4,170

4,040

97

Upper Colorado (14)

3,060

2,450

80

3,060

3,060

100

Lower Colorado (I 5)

4,550

4,190

92

3,910

3,890

100

Great Basin (16)

3,720

3,720

100

3,720

3,720

100

Pacific Northwest (I 7)

53,460

13,990

26

53,460

16,770

31

California (18)

33,060

26,220

79

33,060

28,530

86

Total

150,750

90,700

60

145,520

96,390

66

Source: U.S. Department of Agriculture, "Food and Fiber Production and Related Resource

Considerations", 1977, p.32.

adequate method to gage what the public will accept as a depletion rate,

and (3) in several western areas, ground water has already been severely

depleted and is emerging as a potential problem in other areas.

The most severely depleted aquifers are in the Texas-Gulf, Rio

Grande, and Lower Colorado Regions. In addition, ground-water depletion

is emerging as a potential problem in the Ogallala aquifer as far north

as Wyoming where it is used mostly for irrigation. Ground-water overdraft

from irrigation is also generating problems in parts of the Great Basin

and California Regions. Moreover, ground-water depletion is causing salt-

water intrusion in the Calif ornia coastal subregions and land subsidence in

the Lower Colorado and California Regions.

Moreover, irrigation with ground water ultimately affects streamflows.

In closed basins, it depletes ground-water supplies accumulated over

centuries. The 1973 National Water Commission report recognized the lack

of Federal jurisdiction in ground-water management. According to the

Commission, States should regulate ground-water withdrawals in coordination

with Federal resource programs. These regulations would take into account

both present and future requirements of ground water as well as its affect

on surface water.

Crop Yields

Crop yield is the major determinant of land and water use for agricul-

tural production. Improved cultivation practices, better seed varieties,
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Table 111-32. —Irrigated acreage and water-short

subregions- "1975" and 2000

(thousands of acres)

Number of

Reg i on

Irrigated

acres

Number of

water-short

"1975"

2000

1 1,505

subreg ions

1 1

subreg

ions in 2000a

Missouri (10)

9,695

7

Arkansas-Wh ite-Red (II)

4,765

5,545

7

4

Texas-Gulf (12)

4,770

3,440

5

2

Rio Grande (13)

1,984

1,865

5

4

Upper Colorado (14)

1,365

1,627

3

3

Lower Colorado (15)

1,283

1,127

3

2

Great Basin (16)

1,739

1,621

4

4

Pacific Northwest (17)

6,186

7,759

7

2

California (18)

8,729

10,079

7

4

Total, nine western

regions

40,516

44,568

52

32

Other regions

5,002

7,871

e e e

e e •

Total, Regions 1-18

45,302

52,207

e e •

• e e

Total, Regions 1-21

45,518

52,439

• • •

e e •

aWater-short areas in which irrigation and livestock watering would use 90 percent

or more of the water supply available to agriculture in a dry year or a critical

dry month.

improved fertilizers, use of pesticides, as well as irrigation have increased

crop production. From 1954 to 1974, average yields of corn increased

by 105 percent, rice and wheat by 65 percent, cotton and soybeans by

35 and 32 percent. By 2000, the additional increases should be about

42, 45, 28, 65 and 57 percent, respectively. In addition to these increased

yields, a greater number of acres will be dedicated to these high-yield

crops,. For example, the acreage for soybeans is projected to increase

from 48.2 to 82.5 million acres and for roughage from 72.6 to 106.4 mil-

lion acres (Table 111-36).

In the East, most irrigated crops have high-value yields: vegetables,

fruits, tobacco, rice and sugar beets. If commodity market demands continue

to expand, additional water supplies may need to be developed to increase

production of these crops. However, for the Nation as a whole, most

irrigated acreage is in lower-to-medium-value crops such as grains and

roughage. The proportion of irrigated acres devoted to these lower-value

crops is projected to increase only somewhat, from 45.4 million acres

in "1975" to 52.4 million acres by 2000.
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Table 111-33. —Irrigation fresh-water withdrawals and

consumption-"1975," 1986, 2000

(million gallons per day)

Water resources Withdrawals Consumption

region and No.

"1975"

1985

2000

"1975"

1985

2000

New England (1)

35

41

46

25

29

33

Mid-Atlantic (2)

265

366

481

196

269

354

South Atlantic-Gulf (3)

3,464

4,008

4,509

2,752

3,184

3,597

Great Lakes (4)

145

211

282

114

169

232

Ohio (5)

47

68

91

37

53

74

Tennessee (6)

14

18

21

11

14

17

Upper Mississippi (7)

192

283

387

153

230

323

Lower Mississippi (8)

4,580

4,559

4,444

3,085

3,204

3,272

Souris-Red-Rainy (9)

46

144

434

37

116

350

Missouri (10)

31,636

39,376

36,236

14,214

17,597

17,607

Arkansas-White-Red (11)

9,980

10,483

9,776

7,048

7,468

7,125

Texas-Gulf (12)

11,538

9,333

7,427

9,347

7,597

6,100

Rio Grande (13)

5,684

5,498

4,873

3,886

3,920

3,570

Upper Colorado (14)

6,400

7,223

6,672

2,194

2,657

2,741

Lower Colorado (15)

7,989

7,299

6,343

4,026

3,962

3,720

Great Basin (16)

6,969

6,120

5,825

3,225

3,082

3,196

Pacific Northwest (17)

33,181

34,639

29,961

11,026

13,362

13,213

California (18)

34,611

34,863

34,764

24,282

25,134

26,311

Total, Regions 1-18

156,776

164,532

152,572

85,638

92,047

91,835

Alaska (19)

4

4

4

3

3

3

Hawaii (20)

1,447

1,226

951

474

481

473

Caribbean (21)

516

490

319

276

289

195

Total, Regions 1-21

158,743

166,252

153,846

86,391

92,820

92,506

Water Quality Problems

Environmental effects of agricultural activities arise from four

general sources: (1) chemical applications to increase agricultural pro-

duction, (2) excessive and/or inefficient use of water, (3) injudicious

agricultural practices, and (4) conversion of lands to expand agriculture.

Each of these will be discussed briefly below.

Chemical Applications

While advances in chemical applications have led to significant in-

creases in agricultural production, the increases have introduced con-

comitant problems. Because of technological advances—much of these advances

in herbicides, insecticides, fertilizers—yields in crops per acre have

increased on the average about 75 percent over the past 20 years. Hand

in hand with this quantity increase, however, a quality problem has arisen.

The chemicals that aid in such production increases also contribute sig-

nificant amounts of pollutants to the environment. Combined with other

environmentally unhealthy agricultural practices, the pollutants have posed

a serious threat to other water uses. The section on water quality in

Part IV deals with these problems in detail. The following discussion

only highlights some problems that water management must address to maintain

a proper balance between agricultural commodities quantity and environ-

mental quality.
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Table 111-34.-Livestock fresh-water withdrawals

and consumption - "1975", 1986, 2000

(million gallons per day)

Withdrawals and consumption

Region

it 197511

1985

2000

New England (1)

18

19

19

Mid-Atlantic (2)

68

69

71

South Atlantic-Gulf (3)

134

166

202

Great Lakes (4)

85

85

87

Ohio (5)

1 13

127

139

Tennessee (6)

27

32

37

Upper Mississippi (7)

230

283

304

Lower Mississippi (8)

44

54

63

Souris-Red-Rainy (9)

26

33

37

Missouri (10)

450

559

658

Arkansas-Wh i te-Red (II)

215

238

279

Texas-Gulf (12)

180

197

228

Rio Grande (13)

38

39

44

Upper Colorado (14)

27

31

34

Lower Colorado (15)

47

52

60

Great Basins (16)

33

34

36

Pacific Northwest (17)

72

86

102

California (18)

98

1 18

136

Total, Regions 1-18

1,905

2,222

2,536

Alaska (19)

<l

<l

1

Hawaii (20)

2

3

3

Caribbean (21)

5

8

10

Total, Regions 1-21

1,912

2,233

2,551

All water withdrawn is consumed.

The principal determinant of agricultural chemical use is, of course,

the particular crop cultivated. An example is corn production, which relies

on nitrogen-and herbicide-intensive techniques and accounts for 45 percent

of all herbicides used in United States agriculture (Figure III-9). The

Corn Belt States are by far the leading users of fertilizers, consuming

more than the next three leading regions combined. This is due not only

to more acreage in the region, but also to more intensive use of the

chemicals.

Cotton production, which is likewise insecticide-intensive, is another

example. About 47 percent of all the insecticides used in United States

agriculture are applied to cotton. Pesticide use is most prevalent along
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Table 111-36. —Irrigation and livestock fresh-water

withdrawals and consumption—"1975," 1986, 2000

(million gallons per day)

Agr icultural

Withdrawal

Consumption

water use

"1975"

156,776

1985

164,532

2000

152,572

"1975"

85,638

1985

92,047

2000

Irrigation:

Regions I — IS

91,835

Regions I-21

158,743

166,252

153,846

86,391

92,820

92,506

Livestock:

Regions I — IS

1,905

2,222

2,536

1,905

2,222

2,536

Regions I-21

1,912

2,233

2,551

1,912

2,233

2,551

TotaI:

Regions I — IS

158,681

166,754

155,108

87,543

94,269

94,371

TotaI:

Regions I-21

160,655

168,485

156,397

88,303

95,053

95,057

Table 111-36. —Estimated patterns of cropland harvested—"1975," 1985, 2000

(millions of acres)

Crop

1975'

1985

2000

Barley and oats

Corn and sorghum

Cotton

Soybeans

Wheat

Roughage (hay and pasture feeds)

Other

24.6

32.3

21.4

75.9

68.4

74.0

12.1

8.1

6.6

48.2

49.0

82.5

47.8

48.6

42.5

72.6

93.5

106.4

22.8

26.8

27.3

Total

304.0

346.7

360.7

Projection based on average cropland harvested in 1971-1973.
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the Pacific coast and in the Southeast. Use of pesticides in these areas

exceeds the national average by multiples of 5.5 and 4.2, respectively.

Even though the cropland harvested in these areas accounts for only 9.2 per-

cent of the national total, they account for over 45 percent of the

agricultural pesticide applications for the whole Nation. Table 11I-37

shows the pesticide and fertilizer applications per acre in "1975."

Table 111-37. — Pesticide and fertilizer applications for

major crop production in "1975"

Average pesticide Average fertilizer

Region application applicatipn

per acre9 per acre

(pounds)

(pounds

New England (I)

2.4

129

Mid Atlantic (2)

2.4

129

South Atlantic-Gulf (3)

I0.9

234

Great Lakes (4)

1.3

108

Ohio (5)

1.4

138

Tennessee (6)

I2.8

160

Upper Mississippi (7)

1.3

138

Lower Mississippi (8)

3.8

93

Souris-Red-Rainy (9)

0.5

50

Missouri (10)

0.5

50

Arkansas-Wh i te-Red (II)

3.1

74

Texas-Gulf (12)

3.1

74

Rio Grande (13)

0.9

57

Upper Colorado (14)

0.9

57

Lower Colorado (15)

0.9

57

Great Basin (16)

0.9

57

Pacific Northwest (17)

I4.3

143

California (I 8)

I4.3

143

Average

2.6

I05

Regions I-18

alncludes sulfur and petroleum that are applied as pesticides.

^Includes nitrogen, phosphorus, and potash.

The problems arising from use of chemicals for dryland agriculture

are frequently compounded by return flows from irrigated agriculture.

These return flows generally carry the same chemicals and other wastes

of dryland agriculture, and thereby increase the concentration of the

toxics already in the stream from other land runoff. In addition to

the toxics, the irrigation flows also increase the sediment and salt
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loads in the streams. More efficient methods are needed to control the

chemical and physical pollutants from irrigation. For example, computerized

irrigation scheduling to determine the precise water and fertilizer applica-

tions needed cuts down excessive chemical and water use.

Inefficient Use of Water

In "1975" irrigation consumed 81 percent of all the water in the Nation

withdrawn (Table 111-26). Such heavy consumption can and frequently does

damage instream values such as fish and wildlife, recreation, waste assimi-

lation, sediment transport, and fresh-water inflow to estuaries—all

environmentally valuable functions. This heavy consumption that depletes

the resource can also curtail continued development of irrigation in the

water-short regions of the West.

Irrigation efficiency can be increased by installation and management

of irrigation methods suited to site conditions. Proper management, such

as timing of irrigation and use of proper flow rates, application times,

surface preparation, length of runs, and reuse systems will improve water

use efficiencies of gravity methods. Farmers are learning to improve irri-

gation timing by measuring soil-moisture-using methods, such as the "ball-

test," gypsum blocks, and tensionmeters. Water application methods such

as sprinkler or drip systems, are generally more efficient than gravity

systems. Moreover, reuse of water in gravity irrigation also reduces

the needed water diversions. Along the same lines already demonstrated

in California, municipal waste water can be reclaimed for use in irrigation.

Injudicious Agricultural Practices

Cultivation of agricultural land increases the potential for topsoil

to be carried to streams by rain or irrigation water. The proportion of

eroded soil that actually reaches streams depends, of course, on the

specific physical characteristics of the land and on the specific cultiva-

tion practices used. The best available estimates on the proportion of

a ton of soil washed from fields into streams range from 0 to 60 percent.

Because of this variation, the exact relationship between agricultural

production and stream sedimentation is not precisely known. However, we

do have data on the relationship between cropland use practices and the

amount of soil eroded from fields. If all other technical factors vary

evenly over different regions of the country, the data on erosion and

the data on stream sedimentation closely correspond.

Table 111-38 shows projections of total annual soil loss during the

production of major crops by the year 2000. Data on current soil erosion

are presented in the section on erosion and sedimentation in Part III of

this report. The projections assume that farmers will adopt soil conser-

vation practices in response to environmental quality policies to achieve

clean water environmental goals by the year 2000.
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Table 111-38.—Projected annual soil loss for production

of major crops by 2000

Average

TotaI soiI loss

Region soil loss per acre

(mi 11 ion tons)

(tons)

New England (1)

0.4

1.0

Mid Atlantic (2)

27.0

3.4

South Atlantic-Gulf (3)

105.4

5.8

Great Lakes (4)

33.6

1.6

Ohio (5)

93.6

3.4

Tennessee (6)

9.8

3.9

Upper Mississippi (7)

216.5

3.7

Lower Mississippi (8)

89.6

5.7

Souris-Red-Rainy (9)

19.6

1.1

Missouri (10)

262.9

3.4

Arkansas-White-Red (II)

72.2

2.0

Texas-Gulf (12)

46.6

3.0

Rio Grande (13)

4.0

2.7

Upper Colorado (14)

2.6

2.5

Lower Colorado (15)

0.8

0.6

Great Basin (16)

2.7

1.7

Pacific Northwest (17)

43.6

3.8

California (18)

3.5

0.8

Total and average loss

1,034.4

3.2

Regions 1-18

Regional variations result from differences in average soil types and

the topography of the land. The Lower Mississippi and South Atlantic Gulf

Regions are projected to average 5. 7 and 5.8 tons per acre per year by 2000.

The California (South Pacific) and Lower Colorado Regions should average

less than a ton of soil eroded per acre.

Continued soil erosion at present rates has significant implications

for both the long-term productivity of the Nation's agriculture and the

quality of its water resources. Whether society should allow its agricul-

tural lands to be "mined" in this manner is a difficult question. However,

because this soil depletion reduces water quality, public action is needed

to help achieve a more satisfactory economic and environmental situation.

Another agriculture-related water quality problem is livestock waste

drainage. Over one fourth of all beef cattle raised in the major producing

states were fed in operations that have potential waste drainage problems.
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For example, over 80 percent of the beef in Illinois and more than

50 percent of the beef in Nebraska were produced under such conditions.

Moreover about one third of the hogs in the major producing states were

fed in operations with significant waste drainage problems. Individual

state data are not available for hogs, but the Corn Belt and Lake states,

the center of U.S. pork production, fed 35.6 percent of its hogs under

circumstances in which drainage of wastes posed a problem to water quality.

Conversion of Other Lands

In the estimated percent increase of land for agriculture that was

mentioned earlier, the contribution of acres converted from wet soils

is included. Federal laws and policies restrict any Federal involvement

in the conversion of wet soils or wetlands to pastureland or cropland.

However, private landowners continue to convert such lands to agricultural

use. Between 1955 and 1975, 6 million acres of wetlands were lost. These

wetlands provide food and cover for waterfowl, wildlife, and sport and

commercial fish. They also provide breeding and wintering habitat for

waterfowl, especially along migrating routes. They can also retain flood

waters and trap pollutants. Uncontrolled conversion of these lands could

seriously upset critical ecological balances.

Another type of land-use modification that presents a problem is

conversion of forests and pasturelands to croplands. By 2000, this type

of conversion is projected to be about 11 million acres. Although this

may be offset to some degree by croplands with wet soils being converted

to forest or pastureland, careful management of such activities must prevent

undue stress on the environment by such shifts.

National and State-Regional Futures

Both futures show essentially equal increases in total cropland har-

vested, but there are considerable differences in the current and future

irrigated farmland (Table 111-39). The sum of the available State-Regional

Futures shows an increase of about 18 million irrigated acres (33 percent)

between "1975" and 2000 whereas the National Future shows an increase

of only 7 million irrigated acres (15 percent); both increases assume

that the major increases in irrigated acreage will be due primarily to

an increase in the number of private projects, not in Federally-funded

projects.

As shown in Table 111-39, the largest differences between the National

and State-Regional Futures are concentrated in the central part of the

Nation. The reasons for those differences vary by region. In the Texas-

Gulf Region, the primary reason for the difference is that the National

Future assumed that by year 2000 ground-water overdraft would significantly

reduce the amount of irrigation. The state of Texas, however, estimates

that the effect of overdraft will not cause a decline in irrigated acreage

until after 2010 or 2020.
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Table 111-39.—Comparison of National and State-Regional Futures for

increases in irrigated farmland, "1975"-2000

(million acres)

Increase in

irrigated f

arm land, "1975"

to 2000

Nat iona1

Future

State-Regiona

il Future

(NF)

(SRF)

Absolute

Region

National

increase3

Increase3

Absolute 1

ncrease

"1975"

(decrease)

(percent)

increase (

percent)

New England (I)

0.04

0.01

33

0.01

33

Mid-Atlantic (2)

0.26

0.21

80

0.27

90

South Atlantic Gulf (3)

2.04

1.00

49

1.27

57

Great Lakes (4)

0.16

0.17

104

0.17

104

Ohio (5)

0.06

0.05

79

0.05

79

Tennessee (6)

0.02

0.008

53

0.005

100

Upper Mi ssissippi (7)

0.20

0.23

1 12

0.39

161

Lower Mississippi (8)

1.97

0.89

45

0.34

14

Souris-Red-Rainy (9)

0.04

0.28

764

0.42

1,161

Missouri (10)

9.70

1.81

19

5.94

52

Arkansas-White-Red (II)

4.77

0.78

16

N/A

N/A

Texas-Gulf (12)

4.77

(1.33)

(28)

2.83

53

Rio Grande (13)

1.98

(0.12)

(6)

.53

24

Upper Colorado (14)

1.37

0.26

19

0.33

22

Lower Colorado (I 5)

1.28

(0.16)

(13)

0.03

3

Great Basins (16)

1.74

(0.12)

(7)

0.01

>l

Pacific Northwest (I 7)

6.19

1.57

25

2.23

30

California (18)

8.73

1.35

15

1.46

16

Alaska (19)

0.004

0

0

N/A

N/A

Hawaii (20)

0.14

0.008

6

0.008

6

Caribbean (21)

0.07

45.30

0.008

6.91

1 1

0.008

N/A

1 1

Total, Regions I-I8

15

N/A

Total, Regions I-21

45.52

6.92

15

N/A

N/A

N/A - Not available.

Decrease shown in parenthesis.

In the Missouri Region,the primary reason for the difference lies

in the fact that the SRF estimates that recent trends of installing center-

pivot irrigation systems without Federal assistance will continue into the

future considerably faster than what is projected in the National Future.

Also, in the South-Atlantic Gulf Region indications are that irrigation

development may be above the National trend, and in the states of North

Carolina, South Carolina, and Georgia, it may be substantially higher.

Summary

Growth in world population and increases in per capita income will

substantially raise the demand for United States food and fiber products

over the next 25 years. This will require greater productivity of the
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Nation's land resources. At the same time, concern about environmental

quality draws attention to the agricultural use of the Nation's water

and land resources. These two forces—increased demand for food and fiber

products and concern for environmental quality—will lead to more frequent

future tradeoffs between the food and fiber demand and the environmental

goals.

Food and fiber production currently accounts for nearly one-half of

all fresh water withdrawn and 81 percent of the fresh water consumed

from surface- and ground-water sources in the United States. Agriculture

is projected to maintain its predominant role in the use of United States

water resources. In particular, irrigated agriculture is projected to

expand from its present base of 45.5 million acres to 52.4 million acres

by the end of this century. This in turn will increase consumptive use

of irrigation water from 86 bgd to 93 bgd.

In many areas of the United States, available water is fully appro-

priated, limiting the expansion of agriculture in these areas. Under

"dry-year" assumptions, agriculture's water supply will be completely

used by 2000 in much of the West. Agriculture in large parts of the

Missouri, Arkansas-White-Red, Texas-Gulf, Rio Grande, Upper and Lower

Colorado, Great Basin, and California Regions currently uses over 90 per-

cent of the available water, or will do so by 2000. For that reason,

any additional water required for other uses—navigation, fish and wildlife

maintenance, recreation, waste assimilation, or energy development—would

have to come from the allocation for irrigation, which would probably

lead to a reduced agricultural production in many of these areas.

Overdraft of ground water in large portions of the Great Plains is

expected to reduce substantially the availability of water for agriculture

by 2000. Adjustment to the reduction will be a major policy issue in

the water resources field.

Agricultural pollutants entering streams present a significant water

quality problem in both the humid East and the arid West. Erosion of top-

soil, leaching of pesticides and fertilizers, drainage from feed lots, and

irrigation-induced stream salinity are the principal forms of agricultural

water pollution. Application of more stringent restrictions to reduce agri-

cultural pollutants could reduce the cropland reserve even further.

At present,United States agriculture has a cropland reserve of about

40 to 50 million acres that are low quality lands with high economic costs

of crop production. This reserve fluctuates from year to year, depending

on world food demand, climatic conditions, and stored grain reserves.

The development of wetland areas into productive cropland is projected

to affect (an increase of about 24 percent) the supply capability of

the food and fiber sector between "1975" and 2000. Improved production

technology and the continuing adoption of technological improvements by

farmers between now and 2000 are expected to keep pace with the commodity

demand to maintain a substantial cropland reserve.

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

8
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

8
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



VOLUME 2, PART III I 77

Water for Energy Production

Energy has become a necessity for man. In "1975," the United States

used over 70 quadrillion Btu's of energy. The production of this energy

required over 142 billion gallons of water per day from fresh surface-

and ground-water and saline sources. The largest amount of water for

energy production is used to dispose of waste heat produced by the con-

version of heat energy to electricity. In "1975," water withdrawals for

steam electric power generation accounted for 96 percent of withdrawals

for total energy production and 94 percent of total fresh-water withdrawals

for all uses. Although the production of electricity from steam requires

large water withdrawals, in "1975" it accounted for less than 2 percent of

total fresh-water consumption in the Nation. Water is also needed to mine

base energy resources and to refine petroleum. These uses are discussed

in the sections on minerals and manufacturing.

This section contains estimates of energy use and production in "1975"

and projections for 1985 and 2000, as well as the water requirements

associated with energy production. The section also discusses potential

changes in water use and the implications associated with such changes.

Some information given in the following "background" paragraphs is

also contained in part in other sections dealing with offstream uses

(e.g., water for minerals production). However, the total past, cur-

rent, and future energy consumption by fuel source is presented here

to compare the overall consumption of fuels with the specific fuels required

to produce steam electric power. Since the offstream use of water for

steam electric power generation withdraws such vast quantities of water,

this section focuses on that specific water use. The instream use of

water for hydroelectric power is discussed in conjunction with other in-

stream uses.

Background

The availability of water resources has been fundamental to the rapid

growth in man's dependence on electricity. Development and application of

hydroelectric power technologies in the 19th century profoundly affected

American industry, transportation, and life styles. The change was con-

tinued with the invention of steam turbines to drive electric generators.

Condensers require high volumes of water to condense the steam to liquid

form after it passes through the turbine.

A series of complex factors involving national energy supply and demand

has recently focused attention on the role of water in energy production.

These factors include national energy self-sufficiency, national economic

activity, labor productivity, new sources of energy, environmental concerns

including air and water pollution control, and technological changes. The

collective effects of these factors should increase the volume of water

required for energy production, both nationally and regionally. Several

examples are: (1) the implementation of environmental standards for thermal
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discharges requires installation of evaporative cooling towers which will

increase water consumption; (2) initiatives for the water-demanding extrac-

tion and processing of oil shale and coal resources in the West put

even larger water demands on water-short regions; and (3) development

of nuclear powerplants that consume substantially greater quantities of

water per unit of electricity produced than fossil fuel plants.

Assumptions

The water-use projections for energy production presented in this

section anticipate broad national policy commitments to energy conserva-

tion efforts, technological advances in use of renewable energy resources,

satisfaction of environmental goals, and maintenance of high levels of

economic activity.

Although water supply for energy production maybe a critical concern

in some areas of the United States, it has not been assumed as a constraint

to development, except as may be reflected in utility decisions for pro-

posed powerplants. Continued development of nuclear powerplants is also

assumed, but with no bias toward any side of current debates on this subject.

Definition of Terms

The terms used in this section are straightforward or consistent

with other sections. The following definitions are provided to aid the

reader. Gross water demand is the amount of water needed to run the plant.

Withdrawal is the volume of water taken from the water source to meet

gross water demands; the amount is equivalent to the sum consumed and the

amount discharged as waste water. Consumption is the difference between

the amount of water withdrawn and the amount returned as waste water.

Consumption results from evaporation (direct or induced) or incorporation

of the water into the end product such as in coal liquefaction. Total

energy production is the sum of all energy outputs, including those derived

from gas and oil, coal and coal gasification, and electric power; for

comparison with electric power outputs in gigawatt hours, the energy

produced from the various fuels is converted to quads. A gigawatt hour

equals 1 million kilowatt hours and requires about 9 billion Btu's of

heat energy input, depending on the thermal efficiency of the conversion

facility. A quad (quadrillion) equals 10 Btu's.

Sources and Reliability of Data

The projections for the National Future include: (1) fuels production

forecasts made by the Bureau of Mines, U.S. Department of the Interior,

(2) electric power demand and supply projections made by the Federal Power

Commission (reorganized into the present Federal Energy Regulatory Commis-

sion), and (3) petroleum refining forecasts made by the U. S. Department of

Commerce. The projections predate work recently completed by the Energy

Information Administration of the U.S. Department of Energy as part of

its responsibilities under the Federal Energy Administration Act of 1974.
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These later sets of projections reflect more up-to-date considerations of

rapidly changing conditions such as costs, rates of consumption, fuel

mixes, public conservation ethic, and implementation of specific Federal

and State regulatory initiatives. They are includedwith the data in this

section for comparative purposes (Table 111-40).

Energy Consumption and Production

Water needed for energy production varies with the type of fuel used

to produce the energy. To put the water use for electric power generation

into a wider perspective, the following discussion first, gives the con-

sumption of fuels for total energy production, then compares these to the

fuels consumed for electric power generation, and finally shows regional

variations in use of fuels for electric power generation.

The historical and projected consumption by fuel sources are shown

on Figures 111-10 and 111-11 and on Tables 111-41 and 111-42. These

exhibits also show projected changes in the distribution of fuel types.

Even though petroleum consumption is expected to increase, its relative

share in overall energy produced should decline from 46 percent to 32 per-

cent by 2000. Energy production from natural gas is projected to decrease

after 1980; the relative importance of gas as an energy source will

decline from 28 percent of total energy consumption in "1975" to only

12 percent in 2000. During that period the output of hydroelectric power

from run-of-river and pumped-storage plants will increase by one-third

from its present level, but its relative share will decline slightly.

Consumption of coal for energy production should increase by over 165 per-

cent, but coal's share of total production will remain fairly constant

at about 20 percent. By the year 2000, nuclear energy production is

projected to increase dramatically by more than 30 times the "1975" level,

with its share increasing from 3 to 28 percent of total energy consumption.

The sources of fuel for power generation provide another perspective

on the composition of energy production. Of the fuels consumed for total

energy production in "1975,"92 percent came from fossil fuels, 5 percent

from hydropower generation, and less than 3 percent from nuclear fuels

(Table 111-42). On the other hand, 76 percent of electric power generation

was derived from fossil fuel, 15 percent from hydropower, and 9 percent

from nuclear fuels. In "1975," fossil fuels dominated both total energy

production and electric power generation. By the year 2000, however,

fossil fuel should be used largely for other types of energy conversion

(65 percent of total energy consumption) and nuclear fuels will be the

primary source (65 percent of electric power generation). By 2000, elec-

tric power generation will consume about 62 percent of the fuels used

for total energy production as compared with 21 percent in "1975." (See

Figure 111-12.)

Electric Power Generation

The two principal methods of electric power generation in the United

States are the conversion of heat energy to electricity by steam electric

-
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Table 111-40. —Projected consumption of energy in the United States

(quadrillion Btu)

Base energy resource

1985

Second

Assessment3 EIAa'b

2000

Second

Assessment3 EIAa'd

Coal

Petroleum

Natural gas

Nuclear

OiI shale, biomass

Hydropower, geothermaI

TOTAL

21.3

21.2

34.8

32.6

45.6

44.2

51.2

45.7

20.1

19.1

19.6

19.0

11.8

6.2

46.1

28.5

0.9

0.1

5.7

6.9

3.9

4.2

6.1

5.8

103.6

95.0

163.5

138.5

User sector

Residential and commercial

Industrial

Transportation

Electric generation

Other

Total

16.5

15.0

17.0

N/A

22.8

26.7

25.3

N/A

23.7

21.3

28.8

N/A

39.1

28.7

78.5

N/A

1.5

3.3

13.9

N/A

103.6

95.0

163.5

N/A - Not abaiI able.

3 National Future, Second National Water Assessment; estimates provided by

the Federal Power Commission.

° Volume 11, 1977, "Projections of Energy Supply and Demand and Their

Impacts," Energy Information Administration, U.S. Department of Energy,

April 1978.

c Medium Demand, Medium Supply Case.

Base case within a study performed by The Brookhaven National Laboratory

and Dale Jorgensen Associates.

plants (about 85 percent of the present total national generation) and

the conversion of hydraulic energy in falling water by hydroelectric plants

(about 15 percent of the present total national generation).

National Future projections of electric power requirements were made

for each of the 50 Federal Energy Regulatory Commission power supply areas

(PSA's). The PSA projections were grouped into 19 power market areas —

16 within the conterminous United States and one each for Alaska, Hawaii,

and Caribbean Regions.
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1850 1870 1890 1910 1930 1950 1970 1980 1990 2000

1860 1880 1900 1920 1940 1960 1975 1985

Figure 111-10.— Energy consumption by fuel source, 1850-2000

The projections were based on historical trends through 1973 for each

PSA. From regression and correlation analyses, extrapolations to 1985 and

2000 were made. The extrapolations were adjusted to make them consistent

with the Series E 0BERS population and economic projections. These energy

requirements were then aggregated on a regional basis, compared with

regional and national forecasts, and checked for reasonableness by deter-

mining and comparing the per capita use. Additional adjustments were

made to account for changes in electric energy use associated with the

oil embargo, the 1974-75 recession, and ensuing commitments to more effi-

cient energy use. The National Future pro jections were separately developed

by source of fuels used in generation for each of the target years of

"1975," 1985, and 2000.

The generating capacity available in "1975" to supply these power

requirements consisted of existing generating units and new units scheduled

for operation in "1975." Generation by individual units was based on his-

torical operation modified to reflect load changes and the types of new

generation scheduled to be added.
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1975

2000

Coal

Petroleum

Gas

Nuclear

1985

* Other includes hydroelectric, synthetic fuels, geothermal, solar and wind.

Figure 111-11.—Current and projected energy consumption

by fuel source-"1975." 1985, 2000

] Other*

Conventional hydroelectric and steam electric (nuclear and fossil-

fueled) capacity and generation are projected to increase by about 384

percent from "1975" to 2000. This increase reflects an average annual

growth of about 6 percent. The historical increase in electrical generation

has been about 7 percent annually for the Nation. This projected increase

is not evenly distributed among types of generating plants. Conventional

hydroelectric plants are projected to generate about 20 percent more

in 2000 than they did in "1975," while nuclear powerplants are projected

to generate 5.9 million gWh in 2000, over 30 times their generation in

"1975." (See Table 111-43.)

Several technological changes could substantially influence future

electric load growth. National energy self-sufficiency may involve a

significant change from liquid-fueled to electric-powered vehicles, which

would increase electric energy requirements. Additionally, sulfur scrub-

bers for air emission control on more than half of the coal-fired plants

will be required to meet existing air quality standards. Once sulfur

scrubbers are installed, output from the plants will be reduced by 6 to

8 percent, with a corresponding increase in capacity. Conversely, several
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Table 111-41.—Energy consumption by fuel source, 1960-2000

(quadrillion Btu)

Histor ical

la

Projected

1950

1960

1970

"1975"

1985

2000

12.9

10.1

12.9

13.1

21.3

34.8

13.5

20.1

29.6

32.7

45.6

51.2

6.2

12.7

22.0

20.4

20.1

19.6

e • e

0.1

0.2

1.8

11.8

46.1

1.4

1.7

2.7

3.3

3.5

4.3

• • •

• • e

• • •

• • •

0.6

2.5

e • •

• • •

e e •

• • •

0.2

1.8

• • •

• • e

• e •

• • •

• • •

0.3

• • •

e • •

e e e

0.3

0.2

1.9

Fuel source

Coa I

PetroIeum

Natural gasc

NucIearc

HydroeIectr i c

Synthetic fuels

GeothermaI

So Iar

Wind and other

Total 34.0 44.6 67.4 71.6 103.1 162.5

Sources:

aUnited States Federal Energy Administration, 1974, "Project Independence,"

Project Independence Report, Appendix Al, p. 9-16: U.S. Government Printing

Office, Washington, D.C. (November 1974).

Estimated for the Second National Water Assessment by the Federal Power

Commission (now Federal Energy Regulatory Commission), Bureau of Mines,

Federal Energy Administration, and Energy Research and Development

Admin istration.

cIncludes imports.

emerging technologies such as f luidized-bed boilers, which would eliminate

the need for sulfur scrubbers, could reduce electric load growth.

Regional Variations in Electric Power Generation

The largest electric power producing region in "1975" was the Ohio,

followed closely by the other industrialized regions—South Atlantic-Gulf,
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Table 111-42.—Total energy consumption and electric power generation by

fuel source—"1975," 1986, 2000

Total energy production Electric power generation

Type of

fuel used

1975

1985

2000

1975

1985

2000

Quads

Percent

Quads

Percent

Quads Percent

1,000 qWh

Percent

1,000 qWh

Percent

1,000 qWh

Percen'

Foss iI —

66.2

92

87.0

85

105.6

65

1,422

76

2,143

55

2,911

32

Nuc leai—

1.8

3

11.8

11

46.1

28

171

9

1,456

38

5,865

65

Hydro—

3.3

5

3.3

3

4.3

3

280

15

261

7

298

3

Other —

0.3

>1

1.0

i-

6.5

4

-

-

-

.

-

-

TOTAL

71.6

100

103.1

too

162.5

100

1,873

100

3,861

100

9,074

100

Mid-Atlantic, and Great Lakes (Table III-43). These four regions generated

51 percent of the Nation's electric power in "1975" and will continue

to generate one-half of the Nation's electric power through 2000. The

fastest rates of growth in electric power generation through 2000 (five times

"1975" generation or more) will occur in the South Atlantic-Gulf, Upper

and Lower Mississippi, Missouri, Arkansas-White-Red, Texas-Gulf, Great

Basin, Alaska, and Caribbean Regions. By 2000, fossil fuel generation

will grow more than three times the "1975" levels in the South Atlantic-Gulf,

Missouri, Upper Colorado, Great Basin, Pacific Northwest, Alaska, Hawaii,

and Caribbean Regions. The fastest growth in nuclear generation by 2000

(more than 50 times the "1975" load) will occur largely in those regions

with little or no nuclear generation capacity in "1975," namely the Ohio,

Tennessee, Lower Mississippi, Arkansas-White-Red, Texas-Gulf, and Pacific

Northwest Regions. Except for New England, Ohio, Upper Colorado, Pacific

Northwest, and Alaska, most regions are projected to decline in hydropower

generation over the study period.

Water for Energy Production

Water is essential to energy development and production. It is used

in extracting base energy resources, processing of these resources into

usable fuels, conversion of fuels to more useful forms of energy, and

disposal of wastes from all forms of energy production. Water also is

used directly for hydroelectric generation, for transportation of base

energy resources and fuels, for dissipation of waste heat (cooling) from

steam electric generating plants, and for steam to drive steam electric

generators.

Water withdrawal and consumption for energy production varies with

the type of fuel being extracted, processed, and used. For example,

estimates made in Project Independence (November 1974) indicate that mining

of coal requires less than 1 gallon of water per million British thermal

units (Btu), whereas the extraction of oil and gas requires about 3 gallons

of water per million Btu (Table 11I-44). Oil processing refineries need

about 7.6 gallons of water per million Btu; gas processing plants use

about 1.7 gallons of water per million Btu; and nuclear fuel mining and
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Figure 111-12.—Energy consumption, 1920-2000
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Table 111-43. —Electric power generation by fuel source—"1975," 1986, 2000

(1,000 gigawatt hours)

Reg i on

Total electric power

generation

Fossil fuels

Nuclear fuels

"1975" 1985 2000

"1975" 1985 2000

"1975" 1985 2000

Hydropower

"1975" 1985

2000

New Engl and(1)

Mid-Atlantic(2)

South Atlantic-Gulf(3)

Great Lakes(4)

0hio(5)

Tennessee(6)

Upper Mississippi(7)

Lower Mississippi(8)

Sour i s-Red-Ra i ny(9)

Missouri(10)

Arkansas-White-Red(11)

Texas-Gulf(12)

Rio Grandet13)

Upper Colorado(14)

Lower Colorado(15)

Great Basln(16)

Pacific Northwest(17)

California(18)

Regions 1-18

Alaska(19)

Hawai i(20)

Car i bbean(21)

Regions 1-21

67

126

295

44

52

90

200

406

903

158

191

249

238

675

1,773

190

329

748

209

374

842

148

156

186

304

506

1,057

299

424

522

68

163

263

46

39

57

114

250

667

88

126

156

54

1

121

1

366

0

53

1

80

1

72

0

75

187

449

50

138

209

73

165

404

61

1 15

102

124

275

825

123

216

205

11

5

27

11

5

3

24

58

91

23

57

74

35

65

103

24

48

51

4

25

124

3

10

9

138

189

409

6

10

18

121

227

344

79

115

92

857

3,816

8,939

1,406

2,110

2,842

1

3

15

1

2

7

5

10

26

5

10

26

10

31

94

10

21

35

1,873 3,861 9,074

1,422 2,143 2,911

20

72

202

2

2

3

37

211

650

5

4

4

30

331

1,010

18

15

15

35

198

635

26

21

21

0

75

527

5

6

8

3

109

191

19

15

15

25

122

509

1

1

1

0

40

293

1

1

1

0

0

0

0

0

0

6

35

226

19

14

14

5

44

297

7

6

6

0

58

618

1

1

1

0

0

23

1

1

1

0

0

13

1

1

3

0

7

43

9

9

9

0

14

1 15

1

1

1

3

45

235

128

134

156

6

84

1,446

220

5,807

36

280

29

260

32

290

171

0

0

0

1

1

3

0

0

0

0

0

0

0

171

10

1,456

58

5,865

0

280

0

261

0

298

processing require about 14 gallons of water per million Btu. Power

generation requires 120 gallons per million Btu for fossil fuel and

234 gallons per million Btu for nuclear fuel.

The largest user of water for energy production is the electric

utility industry, primarily for steam condensation (cooling) in steam

electric generating plants. The principal types of cooling systems now

in use or proposed for steam electric plants are once-through using fresh

or saline water, cooling ponds including spray ponds, and wet and dry

cooling towers. In some cases a combination of systems may be used.

Water withdrawal and consumption variations among these systems is shown

on Table 111-45. Although practically no water is consumed in the con-

densers, water is lost when the condenser flows are returned to receiving

bodies of water at higher temperatures or are passed through cooling towers

or cooling ponds. The amount of water required for condenser flows depends

upon the type of plant, its efficiency, and the temperature rise through

the condensers.

The production of steam electric energy accounted for nearly 26 per-

cent of fresh-water withdrawals for all uses, but less than 1 percent of

total fresh-water consumption in "1975" (Table III-2). By 2000, fresh-

water withdrawals for steam electric energy production will remain about

the same for total withdrawals, but consumption will increase to nearly

8 percent of total consumption. Consumptive use will increase from less

than 2 percent of "1975" withdrawals for energy production to more than
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Table 111-44.— Typical unit water requirements for energy production

Fuel and Process

by standard unit

Coal:

Western coal mining.

.ton.

Eastern coal mining ton.

Coal gasification MSCFa.

Coal liquefaction barrel

Petroleum:

Oil and gas production...barrel

Oil refining barrel

Oil shale production barrel

Gas processing MSCFa.

Nuclear fuels: ...

Power generation:

Fossil fuels kWh...

Nuclear fuels kWh...

Geotherma I ...

Gal Ions per

standard unit

6.0 - 14.7

15.8 - 18.0

72.0 - 158

1,134.0 - 1,750

1.7 - 3.0

43.0

145.4

1.67

0.41

0.80

Gal Ions per

mil I ion Btu Major use

0.25 - 0.61 Dust control and

washing

0.66 - 0.75 Dust control and

washing

72 - 158 Process anTJ cooling

31 - 200 Process and cooling

3.05 Wei I dri11ing and

recovery

7.58 Process and cooling

30.1 Mining, cooling,

processing, and waste

d i sposaI

1.67 Cooling

14.3 Mining and processing

120.16 Cooling

234.46 Cooling

527 Cooling and extraction

Million standard cubic feet.

United States Federal Energy Administration, 1974, "Project Independence," Project

Independence Report, p. 304: U.S. Government Printing Office, Washington, D.C. 20402.

13 percent of 2000 withdrawals due to installation of cooling towers at

existing facilities. Tables 111-46 through 111-49 show the fresh-water

withdrawals and consumption. Saline-water withdrawals are shown for those

regions using saline water on Table 111-50.
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Table 111-46.—Withdrawal and consumption factors for

steam electric plant processes

Steam electric plants

Installed before "1975"

Heat output rate,

Btu per kWh

Water withdrawal,

gal Ions per kWh

Water consumption,

gaI Ions per kWh

Installed by 1985

Heat output rate,

Btu per kWh

Water withdrawa

gal Ions per kWh

Water consumption,

gaI Ions per kWh

lb

Installed by 2000

Heat output rate,

Btu per kWh

Water withdrawal,

gal Ions per kWhb

Water consumption,

gal Ions per kWh

Cool inq System

Once-through

FossiI Nuclear

Coolinq ponds

FossiI Nuclear

Coolinq towers

Fossila Nuclear

9,800 10,500 9,800 10,500 9,800 10,500

0.45 0.60 0.54 0.72 0.83 1.11

0.28 0.37 0.36 0.48 0.56 0.74

9,700 10,300 9,700 10,300 9,700 10,300

0.45 0.59 0.53 0.71 0.82 1.08

0.27 0.36 0.36 0.47 0.55 0.72

9,600 10,000 9,600 10,000 9,600 10,000

0.44 0.56 0.53 0.68 0.81 1.03

0.27 0.34 0.35 0.45 0.54 0.69

Reflects base load operation (greater than 40 percent plant factor).

Withdrawal for once-through cooling based on condenser temperature rise of 13°F.

Note: Consumption factors reflect assumption that 50, 65, and 100 percent of waste

heat from the condenser will be dissipated through evaporative processes for

once-through, cooling ponds, and cooling towers, respectively.

In hydroelectric plants, the power produced is directly proportional

to the quantity of water passing through the plant and the vertical drop

(head) of water through the turbine. Little water is consumed except

through surface evaporation. Pumped storage projects also consume little

water.

Withdrawal and consumption of water for steam electric power generation

are directly related to the efficiency of the conversion of the fuel energy

to electricity (Table 111-45). A measure of generating plant efficiency

is its "heat rate," the amount of fuel energy measured in terms of heat

equivalent that is required to produce 1 kilowatt-hour of net electri-

cal energy. Fossil plant efficiencies improved from about 21 percent

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

8
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



VOLUME 2, PART III | 89

Table 111-46. _ Fresh-water withdrawals for energy

production -"1975", 1986, 2000

(million gallons per day)

Mining fuels

Ref i n i n

q petroleum

Steam electric generation

Total enerqy production

Reqion

1975

"1985

2000

"1975"

1985

2000

"1975"

1985

2000

"1975" 1985 2000

New EngI and(1)

0

0

0

16

8

5

1,263

1,069

375

1,279

1,077

380

Mid-Atlantic(2)

21

19

22

562

228

137

7,463

7,130

4,657

8,046

7,377

4,816

South Atlantic-Gulf(3)

68

85

86

28

32

25

12,768

12,912

13,952

12,864

13,029

14,063

Great Lakes(4)

14

18

21

687

141

95

24,362

22,689

16,061

25,063

22,848

16,177

0hio(5)

183

288

334

114

52

48

21,022

21,008

10,574

21,319

21,348

10,956

Tennessee(6)

8

14

21

0

0

0

4,799

5,738

4,581

4,807

5,752

4,602

Upper Mississippi(7)

20

33

48

50

36

33

7,644

6,347

3,537

7,714

6,416

3,618

Lower Mi ssi ss i ppi(8)

644

841

1,065

441

220

150

4,175

9,313

16,687

5,260

10,374

17,902

Souris-Red-Rainy(9)

4

4

4

0

0

0

82

23

0

86

27

4

Missouri(10)

144

198

236

91

36

29

3,540

5,834

4,938

3,775

6,068

5,203

Arkansas-Wh i te-Red(11)172

190

185

74

75

94

498

1,026

1,012

744

1,291

1,291

Texas-Gulf(12)

037

902

930

312

496

479

724

1,000

1,713

1,873

2,398

3,122

Rio Grande(13)

153

151

147

0

0

0

34

16

10

187

167

157

Upper Colorado(14)

68

97

171

4

1

1

103

157

201

175

255

373

Lower Coloradot15)

7

6

8

1

1

0

68

150

154

76

157

162

Great Basin(16)

1

1

1

8

7

7

33

65

82

42

73

90

Pacific Northwest(17)

3

4

6

11

12

15

260

203

580

274

219

601

California(18)

193

235

217

123

147

100

42

158

367

358

540

684

Regions 1-18 2,

540

3,086

3,502

2,522 1

,492'

1,218

88,880

94,838

79,481

93,942

99,416

84,201

Alaska(19)

12

133

342

1

1

1

36

20

11

49

154

354

Hawaii (20)

0

0

0

5

6

6

0

0

0

5

6

6

Caribbean (21)

0

0

0

0

0

0

0

0

0

0

0

0

Regions 1-21 2,

522

3,219

3,844

2,528 1

,499 1

1,225

89,916

94,858

79,492

94,996

99,526

84,561

(16,500 Btu/kWh) in 1938 to 33 percent (9,800 Btu/kWh) in 1965. However,

only slight increases in efficiencies are projected through the year 2000.

The increase will depend on several factors, including the extent of

air pollution control requirements that must be satisfied. Plants that

use fossil fuels and require stack emission control equipment would have

about 5 percent higher heat rates (and lower efficiencies) than those

without such equipment. Heat rates for modern steam electric plants placed

in operation before the year 2000 are expected to have heat rates varying

between 9,600 and 10,000 Btu per kWh.

Heat rate is influenced by other factors including the temperature

and pressure of the steam leaving the boiler. Most modern fossil fuel

plants are designed to operate at temperatures of about 1,000 F and at

gage pressures of 2,400 to 3,500 pounds per square inch (psi). Because

of safety considerations, nuclear plants are designed to operate at

temperatures and pressures somewhat lower than fossil fuel plants. Con-

sequently, their thermal efficiencies are lower than fossil fuel plants

and the waste heat per unit of generation that must be discharged is

about 30 percent greater. Breeder reactors and higher temperature gas-

cooled reactors should have efficiencies approaching those of new fossil

plants.

The consumptive use of water within a modern 1,000 megawatt coal-

fired steam electric plant using wet cooling towers and operating at

70 percent plant factor is estimated at about 9 million gallons per day
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Table 111-47. _ Fresh-water consumption for energy

production-"1975", 1986, 2000

(million gallons per day)

Mining fuels Refining petroleum Steam electric generation Total energy production

Region 1

1975"

1985

2000

"1975"

1985

2000

"1975"

1985

2000

"1975"

1985

20CC

New Englandt1)

0

0

0

5

4

4

21

18

167

24

22

171

Mid-Atlantic(2)

12

1 1

12

71

87

109

105

224

644

186

322

765

South Atlantic-Gulf(3)

55

66

64

12

15

20

153

722

1,857

220

803

1,941

Great Lakes(4)

8

10

1 1

51

56

74

175

497

1,384

234

563

1,469

0hio(5)

57

82

96

23

27

58

324

656

1,692

404

765

1,826

Tennessee(6)

1

3

4

0

0

0

42

231

417

43

234

421

Upper Mi ss i ss i ppi(7)

4

6

9

18

19

26

129

352

1,079

151

377

1,114

Lower Mi ss i ss i pp i(8)

167

212

99

66

80

119

54

118

291

287

4 10

509

Sour i s-Red-Ra i ny(9)

2

2

2

0

0

0

1

0

0

3

2

2

Missour i(10)

96

122

142

20

19

24

63

239

637

134

380

B03

Arkansas-White-Red( 1 1)114

128

130

44

51

75

89

237

45 7

24 7

416

66:

Texas-Gulf(12)

5 52

564

598

170

224

382

99

270

991

801

1,058

1,971

Rio Grandet13)

86

90

88

0

0

0

13

9

5

104

99

93

Upper Colorado(14)

56

56

1 1 1

2

0

1

39

106

151

79

162

263

Lower Colorado(15)

5

4

5

1

0

0

63

134

126

69

133

131

Great Basin(16)

1

1

1

4

4

6

3

42

52

8

47

Pacific Northwest(17)

2

2

4

6

8

13

13

104

344

21

1 14

3c:

California(18)

169

210

192

57

64

79

25

101

242

251

375

513

Regions 1-18 1,349 1

,569

1,568

548

658

9 70

1,419

4,060

10,536

3,316

6,287

13,074

Alaskat19)

11

120

308

0

0

1

0

2

5

1 1

122

5H

Hawaii (20)

0

0

0

5

4

5

0

0

0

3

4

Caribbean (21)

0

0

0

0

0

0

0

0

0

0

0

0

Regions 1-21 1

360

,689

1,876

551

662

976

1,419

4,062

10,541

3,330

6,413

13,393

Table 111-48. —Fresh-water withdrawals for total energy consumption and

electric power generation by fuel source—"1975," 1985, 2000

Total

energy consumpti

on

Electr

ic power generation

Type of

II

1975"

1985

2000

1975"

1985

2000

II

fuel used

Bgd

Percent

Bgd Percent

Bgd

Percent

Bgd

Percent

Bgd Percent

Bgd

Percent

FossiI

- 76.9

82

45.0 45

20.8

24

71.8

81

40.2 42

15.9

20

17.3

18

54.7 55

64.2

76

17.3

19

54.7 58

64.2

30

Hydro

-

-

-

-

-

-

-

-

-

-

Other

-

-

-

-

-

-

-

-

-

-

TotaI

94.2

100

99.7 100

85.2

100

88.9

100

94.9 100

79.5

100

(mgd) for cooling and about 1 mgd for sulfur removal. Water consumption

for sulfur removal will be about 135 billion gallons in the year 2000 or

an average of 370 mgd. Most of this water will be evaporated, but some

will percolate with the remainder to ground water by seepage from settling

ponds.
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Table III-49. —Fresh-water withdrawals and consumption for steam

electric generation-"1975," 1985, 2000

(million gallons per day)

Withdrawals

Region "1975"

New England (1) 1,263

Mid-Atlantic (2) 7,463

South Atlantic-Gulf (3) 12,768

Great Lakes (4) 24,362

Ohio (5) 21,022

Tennessee (6) 4,799

Upper Mississippi (7) 7,644

Lower Mississippi (8) 4,175

Souris-Red-Rainy (9) 82

Missouri (10) 3,540

Arkansas-White-Red (11) 498

Texas-Gulf (12) 724

Rio Grande (13) 34

Upper Colorado (14) 103

Lower Colorado (15) 68

Great Basin (16) 33

Pacific Northwest (17) 260

California (18) 42

Total, Regions 1-18 88,880

Alaska (19) 36

Hawaii (20) 0

Caribbean (21) 0

Total, Regions 1-21 88,916

1985

2000

"1975"

Consumption

1985

2000

1,069

375

7,130

4,657

12,912

13,952

22,689

16,061

21,008

10,574

5,738

4,581

6,347

3,537

9,313

16,687

23

0

5,834

4,938

1,026

1,012

1,000

1,713

16

10

157

201

150

154

65

82

203

580

158

367

94,838

79,481

20

11

0

0

0

0

94,858

79,492

21

18

167

103

224

644

153

722

1,857

175

497

1,384

324

656

1,692

42

231

417

129

352

1,079

54

118

291

1

0

0

68

239

637

89

237

457

99

270

991

18

9

5

39

106

151

63

134

126

3

42

52

13

104

344

25

101

242

1,419

4,060

10,536

0

2

5

0

0

0

0

0

0

1,419

4,062

10,541

Table 111-60.—Saline-water withdrawals for steam electric power

generation-"1975," 1986, 2000

(million gallons per day)

Withdrawals

Region "1975"

New England (1) 4,831

Mid-Atlantic (2) 16,997

South Atlantic-Gulf (3) 7,009

Lower Mississippi (8) 320

Texas-Gulf (12) 4,139

Pacific Northwest (17) 131

California (18) 14,088

Total, Regions 1-18 47,515

Alaska (19) 67

Hawaii (20) 1,085

Caribbean (21) 1,124

Total, Regions 1-21 47,791

1985

2000

14,604

10,161

28,634

26,208

14,976

20,239

1,590

10,181

4,950

10,371

9

10,652

22,090

24,658

86,853

112,470

44

420

2,005

3,637

2,337

2,288

91,239

118,815

Several emerging technologies could significantly reduce water

requirements in steam electric plants. One is fluidized-bed boilers that

allow lime to be added to coal in the boiler, thereby eliminating the

need for sulfur removal equipment and associated water use. This type

of boiler could be developed and placed into production during the next

10 years.
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Implications of Water Use for Energy Production

The use of large volumes of water for energy production in the United

States has important implications. The withdrawal and consumption of this

water from rivers, streams, and lakes may conflict with other water uses,

including environmental purposes. Disposal of wastes, including water-borne

wastes, will also be of concern; water quality, air quality, ash disposal,

and nuclear wastes will typically deserve considerable attention.

In water-short areas of the Nation, competition for available water

supplies is intense and is increasing. Historically, the largest use of

water in the West has been for irrigation. With the need for development

of energy production facilities in these areas, large amounts of the water

need to be converted from agricultural production to energy purposes.

This conversion may have undesirable effects upon local economic and social

structures. Streamflow regimes might be altered, land use may revert to

pre-irrigation conditions, and tax bases will be shifted.

All discharges of heated water contribute to physical and biological

changes in the receiving water body. These changes can be beneficial,

detrimental, or insignificant,'depending upon the ecology of the particular

water body and the amount and temperature of the discharges. The addition

of heat to water bodies may increase rates of chemical solubility and bio-

chemical reactions, both of which may affect aquatic organisms in the area

of higher temperatures. Heat added to a water body may also produce

stratification because of the reduced density of the water at the higher

temperature. A relatively few degrees difference in temperature is often

sufficient to cause the water to separate into distinct layers.

In addition to temperature increases, other water quality parameters

could be changed. Salinity of receiving water bodies will be increased

by the addition of concentrated boiler water and by evaporation (depletion

of streamflow). Production of base energy resource fuels may increase

the concentration of heavy metals and toxic substances where adequate

controls of runoff from surface mines and waste disposal sites are not

practiced and enforced.

Sulfur oxides have been an extensive air pollutant from electric

utility installations. Atmospheric sulfur oxides originate during the

combustion of sulfur-bearing coal, oil, and, to a much smaller extent,

natural gas. The rate at which pollutants are emitted from a powerplant

burning fossil fuel depends upon the type and quality of fuel burned,

design of the boiler, method of combustion, and other factors. The sulfur,

which occurs primarily in organic and pyritic forms, is transformed by

the combustion reaction into sulfur dioxide and sulfur trioxide.

The use of low sulfur coal — coal containing less than 1 percent

sulfur by weight — is the simplest method of reducing sulfur dioxide

emissions at coal-burning powerplants; however, the supplies of low sulfur

coal are often either committed to steel production and export or are

situated in deposits far removed from existing powerplants. Air quality

standards can be maintained even with high sulfur coal if devices such as
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flue gas desulfurization systems are used. Because these systems are

water-dependent, they pose threats for transforming an air pollution prob-

lem into a water pollution problem if not properly controlled.

The disposal of wastes from many energy producing systems must also

be considered. Ash from coal-fired plants, spent material from nuclear

reactors, residual shale from oil shale operations, sludge from refineries,

are only a few of the disposal problems that must be addressed.

Summary of Projections

Water use for energy production in the United States has increased

rapidly. In "1975," almost 95 billion gallons of freshwater were being

withdrawn daily from fresh-water sources for this production. The fol-

lowing tabulation summarizes water withdrawals and consumption expected

for energy production in "1975," 1985, and 2000:

"1975" 1985 2000

(billion gallons per day)

Total fresh-water withdrawals for

energy production

95.0

99.5

84.6

Fresh-water withdrawals for steam

electric generation

88.9

94.9

79.5

Fresh-water consumption for steam

electric generation

1.4

4.1

10.5

Saline-water withdrawals for steam

electric generation

47.8

91.2

118.8
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Minerals Production

Minerals production or mining has relatively minor water needs com-

pared to large users such as agriculture. Although the minerals industry

withdrew only 2 percent of all fresh-water withdrawals in "1975," the with-

drawals are projected to increase about 61 percent by 2000 when they will

make up over 3 percent of total withdrawals. Consumption is projected to

increase 74 percent by 2000.

Moreover, the consumption rate will grow right along with the increasing

demand for minerals with little appreciable improvement expected in effi-

ciencies or recycling. Total offstream withdrawals are expected to decline

by 9 percent between "1975" and 2000, with the largest decline of 62

percent in manufacturing. Minerals, on the other hand, are expected to

increase withdrawals by as much as 61 percent. This is significant in

light of the increasing competition for water among the offstream and

instream users, particularly in the western water-short regions.

Minerals production includes the extraction and primary processing of

three types of minerals: metals, nonmetals, and fuels. This section

discusses current and projected water withdrawals and consumption for

all three types of minerals (Table 111-51). The data includes water needed

for the basic extraction and complementary primary processing needs such

as well or brine operations, washing, or crushing to prepare the mined

material for use in other industries. Data on water for secondary processing

and conversion are included in other offstream uses such as manufacturing

and energy production.

Current water use and projected needs for 1985 and 2000 are given

for regions with significant production of each minerals type. The final

part summarizes the overall regional water needs and points out trends

that will influence future needs.

Metals Mining

Metals included in the minerals industry are: iron, lead, zinc,

manganese, gold, silver, copper, and molybdenum. The metals mining industry

uses the least water of the three mineral categories—about 12 and 13

percent of all withdrawals and consumption, respectively (Table 111-51).

However, consumption of water for metals mining is about 36 percent of

the amount withdrawn compared to 15 percent for nonmetals and about 53

percent for fuels. In metals mining, water is used largely for washing

and primary ore processing. In "1975," the Great Lakes, Lower Colorado, and

Great Basin Regions each withdrew more than 100 million gallons of water

per day (mgd) for metals mining (Table 111-52). Alaska is expected to

increase withdrawals from 15 to 127 mgd for metals mining by 2000. No

significant changes in other regions are expected for 1985 and 2000.

The Great Lakes Region, which includes iron ore production in Min-

nesota and Michigan, uses the largest amount of water for metals mining

(Table 111-52). The second and third largest users are the Arizona
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Table 111-51. —Minerals industry fresh-water withdrawals and

consumption—"1975," 1986, 2000

Mineral Category

Withdrawals

"1975" 1985 2000 "1975"

mqd % mqd % mqd % mqd %—

Consumption

1985 2000

mqd % mqd %

MetaIs

NonmetaIs

Fuels

Tota I s

817 12 1,053 12 1,361 12

3,686 52 4,560 52 6,123 54

2,552 36 3,219 36 3.844 34

7,055 100 8,832 100 11,328 100

294 13 403 14 513 14

543 25 686 25 1,021 28

1,359 62 1,688 61 2,075 58

2,196 100 2,777 100 3,609 100

copper mines and the Utah, Nevada, and Idaho silver mines. The Great Lakes

Region uses one-third of its total withdrawals for minerals in metals mining.

However, the drier Lower Colorado and Great Basin Regions use 83 percent

of the total water withdrawals for minerals in metals production. More

than 92 percent of the water withdrawn is used consumptively in metals

mining in the Lower Colorado Region. In Alaska, one-half of the total

minerals withdrawals are for metals mining; this should decline to about

one-fourth by 2000, since growth in metals mining is projected to be

only eight times the "1975" level in contrast to 28 times for fuels.

Table 111-52. — Metals mining fresh-water withdrawals and

consumption—"1975," 1986, 2000

(million gallons per day)

3

4

15

16

7

8

250

289

2

3

18

21

50

58

12

11

0

0

42

45

70

97

33

40

24

44

30

57

206

250

169

214

62

70

6

7

999

1,234

54

127

0

0

0

0

Withdrawals

Region "1975"

Now England (1) 3

Mid-Atlantic (2) 14

South Atlantic-Gulf (3) — 5

Great Lakes (4) 231

Ohio (5) 2

Tennessee (6) 16

Upper Mississippi (7) 45

Lower Mississippi (8) 14

Souris-Red-Rainy (9) 0

Missouri (10) 34

Arkansas-White-Red (11) — 54

Texas-Gulf (12) 20

Rio Grande (13) 9

Upper Colorado (14) 19

Lower Colorado (15) 150

Great Basin (16) 122

Pacific Northwest (17) 58

California (18) 6

Total, Regions 1-18 802

Alaska (19) 15

Hawaii (20) 0

Caribbean (21) 0

Total, Regions 1-21 817

1985

2000

"1975"

Consumption

1985

2000

1,053

1,361

<1

<l

<]

2

2

2

85

91

101

<1

<1

<1

2

3

3

7

7

8

3

3

3

0

0

0

5

5

7

7

10

15

3

4

5

3

10

19

3

6

13

138

194

232

25

37

53

8

8

9

1

293

1

382

2

471

1

21

42

0

0

0

0

294

0

0

513

403
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Overall increase in water requirements for metals mining will be

about 67 percent in withdrawals and 74 percent in consumption from "1975"

to 2000. Stabilized production in the Great Lakes, along with continued

competitive foreign supplies of iron, should slow the growth of water needs

for mining in that region to less than 25 percent, unless copper resources

in Wisconsin and Minnesota are rapidly developed. Basically, anticipated

efficiencies and conservation in water uses by the metals mining industries

will probably be offset by the need to mine and process lower grade ores.

Nonmetals

Nonmetals consist of lime, clay, barite, phosphate, sulphur, rock

salt, rock wool, pumice, sand, gravel, and stone. Construction materials

(sand, gravel, and stone) account for the largest proportion of nonmetallic

minerals produced in all regions and for most of the water withdrawals in

the eastern two-thirds of the conterminous United States. Except in the

Lower Mississippi Region, nonmetals production in eastern regions uses about

three-fourths of all water withdrawn for minerals production. In the western

mining regions and in the Lower Mississippi Region, nonmetals mining

withdraws only about one-fifth of the water used in the minerals industry

(Table 111-53).

The largest water use regions for nonmetallic minerals production

are those with large or growing industrial and population centers. Non-

metals mining operations, with few exceptions, are directly related to

population and growth. The South Atlantic-Gulf (the largest user) and

the Lower Mississippi Regions are growing rapidly. Most of the large non-

metal mining water use in these regions is attributed to phosphate mining

in Florida and sulfur mining in Louisiana.

Although the construction industry is expected to grow with population

increases, no dramatic shifts in uses or significant water problems appear

to be associated with nonmetals mining. Environmental and legal problems

with offshore dredging of construction materials and developments on or

near such deposits may change local water use, especially in marine and

lake coastal areas. Technological improvements in phosphate and sulfur

production are expected to meet higher environmental standards, but these

improvements will probably have little influence on water use in Florida

and the Gulf Coast areas.

Fuels

The fuels included in this assessment are: coal, oil shale, petroleum

natural gas liquids, and uranium. The mining and primary processing of fuels

is discussed in this section, but secondary processing and conversion to

basic energy, direct consumption, and conversion to electricity are included

in the sections on manufacturing and energy. Although the conversion

function is quite large, other fuels such as nuclear fuel may reduce

the conversion function, especially of petroleum. Increasing emphasis on

decreasing petroleum imports should substantially increase the use of
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Table 111-53. — Nonmetals mining industry fresh-water withdrawals and

consumption-"1975," 1986, 2000

(million gallons per day)

Reg ion

New England (I)

Mid-Atlantic (2)

South Atlantic-Gulf (3)

Great Lakes (4)

Ohio (5) —

Tennessee (6)

Upper Mississippi (7) --

Lower Mississippi (8) —

Souris-Red-Rainy (9) —

Missouri (10)

Arkansas-White-Red (11)

Texas-Gulf (12)

Rio Grande (13)

Upper Colorado (14)

Lower Colorado (15)

Great Basin (16)

Pacific Northwest (17) -

Cal i fornia (18)

TotaI, Regions 1-18 --

Alaska (19)

Hawaii (20)

Caribbean (21)

Total, Regions 1-21

Withdrawals

Consumption

"1975"

1985

2000

"1975"

1985

2000

87

112

49

11

16

20

424

514

662

56

69

88

1,105

1,446

1,983

158

207

254

451

563

734

62

74

99

508

372

471

54

50

64

86

108

144

12

15

20

268

334

427

35

45

57

141

157

24?

36

33

114

4

5

6

;

1

1

91

116

143

10

12

14

222

209

289

52

46

73

187

198

275

20

20

29

28

46

64

14

29

43

45

68

127

6

10

20

27

40

53

3

19

44

22

36

58

3

7

12

57

75

91

8

9

14

98

3,651

118

4,517

151

6,069

13

539

14

681

19

1,015

3

5

7

0

0

0

1

1

1

0

0

0

31

37

46

4

5

6

3,686

4,560

6,123

543

686

1,021

coal for energy conversion with corresponding savings in water requirements

vis-a-vis the use of nuclear alternatives.

Fuels production (extraction and primary conversion) accounts for a

little over one-third of the total water withdrawn for the minerals industry

for"1975," 1985, and 2000 (Table 111-51). However, in "1975" the consump-

tion rate for fuels was about 53 percent of withdrawals with the result

that total consumption of water for fuels production is 62 percent of

that for all minerals—metals, nonmetals, and fuels. The ratio of consump-

tion to withdrawals is highest in the fuels sector, or about 3.5 times

that of nonmetals.

The leading water use regions for fuels production are the Texas-

Gulf, Lower Mississippi, California, Ohio, Arkansas-White-Red, Rio Grande,

and Missouri (Table 111-54). Except for the Ohio and Missouri Regions,

these regions are the Nation's leading producers of oil and gas. The

five oil and gas producing regions withdrew about 2 bgd or 78 percent

of all fresh-water withdrawals for fuels production in "1975." The Ohio

and Missouri Regions are the leading coal producing regions. In "1975"

they withdrew 327 mgd or 13 percent of the total withdrawals for fuels.

Altogether these seven regions withdrew 91 percent of all water used

in fuels production and accounted for 90 percent of the water consumed.

By the year 2000 some changes are projected. Texas-Gulf withdrawals

will grow only ll percent, while the lower Mississippi will become the

largest withdrawal user in oil and gas recovery and processing, especially

in the rapidly expanding secondary recovery methods which involve injection

of water to flood older wells.
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However, consumptive uses will remain very high in the Texas-Gulf

Region (more than double that in the Lower Mississippi Region) at 64

percent of withdrawals for fuels production. The older petroleum fields

in the Texas-Gulf Region will increase water consumption in secondary

recovery operations. These continued high levels of consumption will also

be expected in the Arkansas-White-Red, Rio Grande, and California Regions

with a consumption to withdrawal ratio of about 71 percent.

Alaska will be the fastest growing region both in withdrawals and

consumption of water for fuels production, primarily petroleum. Water

withdrawals and consumption for fuels production in Alaska are expected

to increase 27 times from "1975" to 2000.

Table 111-54. — Fuels production fresh-water withdrawals and

consumption-"1975," 1986, 2000

(million gallons per day)

Withdrawals

Region "1975"

New England (t) 0

Mid-Atlantic (2) 21

South Atlantic-Gulf (3) — 68

Great Lakes (4) 14

Ohio (5) 183

Tennessee (6) 8

Upper Mississippi (7) 20

Lower Mississippi (8) 644

Souris-Red-Rainy (9) 4

Missouri (10) 144

Arkansas-White-Red (11) — 172

Texas-Gulf (12) 837

Rio Grande (13) 153

Upper Colorado (14) 68

Lower Colorado (15) 7

Great Basin (16) 1

Pacific Northwest (17) 3

California (18) 193

Total, Regions 1-18 2,540

Alaska (19) 12

Hawaii (20) 0

Caribbean (21) 0

Total, Regions 1-21 2,552

1985

2000

'1975"

Consumption

1985

2000

0

0

19

22

85

86

18

21

288

334

14

21

33

48

84 1

1,065

4

4

198

236

190

185

902

930

151

147

97

171

6

8

4

6

235

217

3,086

3,502

133

342

0

0

0

0

0

12

55

8

57

1

4

167

2

96

1 14

532

86

38

5

<1

2

169

3,219

3,844

1,348

11

0

0

1,359

C

11

66

10

82

3

6

212

2

122

128

564

90

56

4

<1

2

210

1,568

120

0

0

1,688

0

12

64

I I

96

4

9

299

2

142

130

598

88

111

5

<1

4

192

1,767

308

0

g

2,075

Water requirements for coal production in the eastern regions could

increase greatly if an expanded policy of energy self-sufficiency includes

technical developments to utilize the high-sulfur coals. The western coal

regions will face critical water problems with expanding coal production

(subject to environmental constraints), especially if the coal is used for

conversion to electricity in the region and if there is an oil shale/sands

technology breakthrough for extracting these fuels.

Overall Regional Needs

Because quantities and qualities of minerals vary by region, water

demands vary accordingly. The largest water-using region for all types

of mining is the South Atlantic-Gulf Region, largely for nonmetals such
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as construction materials, clays, and phosphates. The second and third

largest water-using regions are the Texas-Gulf and Lower Mississippi where

fuels production is the dominant water use. The fourth largest regional

user of mining water is the Great Lakes where water uses are largely for

metals mining. The most critical water-using regions for mining are the

western regions—the Great Basin, Upper and Lower Colorado, portions of

the Pacific Northwest, Arkansas-White-Red, and Rio Grande Regions—where

minerals are abundant and water supplies are short. These areas will be

critically short of water for mining as economic factors such as base metal

prices, energy self-sufficiency, and environmental constraints increase

water needs for low sulfur coal, oil shale, and uranium.

Regional uses of water in metals and nonmetals mining will not shift

geographically as with fuels production (from the Ohio to the Missouri),

but both withdrawals and consumption will increase about l.6 times between

"l975" and 2000. No insurmountable water supply problems are foreseen

in the minerals industry, except in some local areas in the western

regions, especially Missouri, Great Basin, and Upper and Lower Colorado.

Much of the increased water requirement in the petroleum industry will

be for increased secondary recovery through water flooding procedures,

but no severe water shortage is generally foreseen in the petroleum pro-

duction regions.

However, greater competition for scarce water, the need for water

to develop energy resources, the increasing cost of water use, and the

environmental requirements that come with such uses will require increased

efforts by the minerals industries to conserve water. Water requirements

will shift within the industry as supply-demand relationships shift, bring-

ing about substitution of one material for another and greater incentives

for more mineral recycling. The greater use of coal for energy production

by methods that meet clean air requirements will require more water for

coal preparation, transportation, and conversion. Low-sulfur western coal

transported to the Midwest through slurry pipelines would effectively

displace water from water-deficient areas to water-sufficient areas.

Mining Trends and Projections

A trend toward large-scale minerals operations, brought about by

the interrelated factors of mining and processing lower grade ores that

require higher capital outlays and longer-term market commitments, generally

will require more water per unit of production in the future. Larger

quantities of water will also be required to recover additional minerals,

especially fuels that require injection or flooding techniques for high

recovery operations. Solution mining techniques are needed to recover

certain deep minerals not amenable to underground mining. Leaching methods

are needed to recover minerals too low in grade for current systems,

and newer processes are needed to meet environmental goals. The increased

water withdrawals and consumption may be reduced through continued research

and applications that will lead to more water recycling and other conser-

vation measures in minerals mining.
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Consumption of water for minerals mining is expected to remain fairly

constant at 31 to 32 percent of withdrawals over the 25 years. Nonmetals

mining has the largest withdrawal in the minerals industry at 52 percent

of the industry total withdrawals in "1975," but consumptive use is only 25

percent of the total withdrawal.

Although fuels mining and processing withdrew about 36 percent of

the water withdrawn for minerals mining in "1975," consumption (53 percent

of withdrawals) was 62 percent of total minerals mining consumption. Metals

mining water withdrawals and consumption are quite stable at about 12

to 13 percent of the total.

The quantity of water used in the minerals industries is directly

related to the final consumer activities that each industry supports and

depends upon. For example, mining of nonmetals—lime, clay, phosphate,

sand, gravel, and stone—depends heavily on the levels and types of con-

struction activities. Fuels production depends on the different types

of energy demanded and the variations in supplies available at different

times and locations for economic or environmental reasons. These variations

also affect the location of energy production facilities and the balance

between domestic and import supplies.

All mining activities are projected to use water much more freely

than manufacturing, agriculture, and electric generation, both in absolute

quantities and in the less-than-average performance of the industry in

certain indicator areas like earnings. Projections for increased water

uses in mining are also related to the available changing technologies to

avert water quality problems and to the changing corporate and industry

activity. For example, about 89 percent of all water used in fuels

production (2.27 bgd in "1975") was for secondary recovery of petroleum,

largely through injection. Typical secondary petroleum operations use

about 7.7 barrels of water for each barrel of oil recovered. This ranges

from as little as one to as much as 28 barrels of water per barrel of

crude oil with the older, more depleted fields that require the heaviest

injections of water per barrel of oil. Larger oil imports or larger

domestic coal and nuclear fuel sources will tend to reduce water requirements

for domestic fuel production—a large part of which will be from secondary

recovery processes in the future.
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Water for Recreation

Americans continue to turn to the outdoors for recreation, relax-

ation, and rewarding use of leisure time. Many activities they enjoy depend

on or are enhanced by both the extent and variety of waters available

for recreation. In trying to provide sufficient water-related recreation

for the public, several issues face recreation planners. These include

(1) providing urban recreation opportunities; (2) improving water quality;

(3) maintaining streamflows for recreation; (4) providing maximum recrea-

tion opportunities at reservoirs; (5) providing public access to recreation

waters; (6) protecting flood plains, coastal beaches, wetlands, and other

critical areas for recreation; and (7) managing competing uses for water.

This section discusses the needs, available resources, and problems involved

in planning for water-related recreation. The assessment is concerned

largely with two types of water-related outdoor recreation activities:

water-dependent (swimming, canoeing, boating, sailing, water skiing, and

fishing) and water-enhanced (picnicking and camping).

Participation in Water-related Recreation

The frequency, duration, and type of participation in water-related

recreation involves a number of complex economic, social, and personal

preference variables. The Outdoor Recreation Resources Review Commission

considered leisure time, income, and mobility as the major recreation

demand variables. More recent studies, however, indicate that discretionary

income, leisure lifestyle, supply of outdoor recreation opportunity, and

the sequence of leisure time may be more important in estimating participa-

tion and projecting changes in demand for recreation. In addition to

these personal factors, increased population, longer life expectancy,

population shifts from rural to urban areas, and migration to sunbelt

areas also influence present and future recreation patterns.

In "1975," participation in water-dependent recreation was estimated

to be 1,359 million activity occasions for the conterminous United States.

Water-enhanced recreation activity occasions were 656 million (Table III-

55). The total water-related activity occasions were over 2 billion,

about 67 percent water dependent and 33 percent water enhanced. The water-

dependent activity occasions were heavily weighted by beach swimming (43

percent), fishing (28 percent), and boating (20 percent). The remaining

9 percent of water-dependent occasions consisted of water skiing, sailing,

and canoeing. Swimming, boating, and water skiing are more popular in

the western regions while fishing, canoeing, boating, and sailing are

more popular in the eastern regions. Water-enhanced camping and picnicking

activities are more frequent in the West than they are in the East.

By the year 2000, water-dependent activities are projected to increase

to 1,824 million activity occasions. With the largest numerical increases

in the Great Lakes, South Atlantic-Gulf, and the Mid-Atlantic Regions.

The greatest percentage increases will be in the Lower Colorado and Great

BasinRegions. Water-enhanced activities of camping and picnicking in the

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

8
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



104 | WATER USES

Table 111-66.—Outdoor recreation activity occasions

(million activity occasions)

Water resources Water-dependent

region and no. "1975" 1985 2000

New England (1) 69.8 77.9 91.0

Mid-Atlantic (2) 217.9 246.6 289.3

South Atlantic-Gulf (3) 160.5 192.0 235.1

Great Lakes (4) 220.4 247.1 295.0

Ohio (5) 142.1 158.3 182.8

Tennessee (6) 22.5 26.4 31.9

Upper Mississippi (7) 97.3 112.0 126.4

Lower Mississippi (8) 40.7 44.3 49.4

Souris-Red-Rainy (9) 4.7 4.7 4.8

Missouri (10) 61.9 67.5 77.2

Arkansas-White-Red (11) 44.5 48.6 55.8

Texas-Gulf (12) — 62.6 73.1 89.2

Rio Grande (13) 10.7 11.7 13.1

Upper Colorado (14) 2.2 2.3 2.6

Lower Colorado (15) 15.4 19.2 25.4

Great Basin (16) 8.0 9.7 12.2

Pacific Northwest (17) 42.7 46.1 53.1

California (18) 134.8 156.6 189.5

Total, Regions 1-18 1,358.7 1,544.0 1,832.7

Alaska (19) 2.0 2.4 3.1

Hawaii (20) 18.2 20.8 25.6

Caribbean (21) N/A N/A N/A

Total, Regions 1-21 1,378.9 1,567.2 1,852.4

-"1975," 1986, 2000

Water-enhanced

"1975"

1985

2000

35.7

40.9

48.4

115.0

131.0

155.9

57.9

68.4

85.3

106.6

119.1

138.7

58.9

65.5

75.5

8.0

9.4

11.3

47.6

53.0

61.4

14.5

15.8

17.5

2.3

2.3

2.3

32.8

35.7

40.8

18.0

19.7

22.2

22.3

26.0

31.7

5.9

6.5

7.3

1.4

1.5

1.7

9.8

12.3

16.3

5.2

6.2

7.8

27.4

29.6

34.0

86.4

100.4

121.3

655.7

743.3

879.4

1.3

1.5

2.0

5.9

6.6

8.0

N/A

N/A

N/A

662.9

751.5

889.4

N/A - Not available.

conterminous United States are projected to increase to 879 million occasions

by 2000. The largest numerical increases should be in the California,

Mid-Atlantic, and South Atlantic-Gulf Regions, but the greatest percentage

increases will occur in the Lower Colorado and Great Basin Regions.

Water Resources for Recreation

Recreation surface water is that part of the Nation's waters of suitable

quality and accessibility for recreation activities. Although about 85

million acres of total surf ace water are found in the conterminous United

States (about 507 acres per 1,000 people), only 20 million acres or 24

percent are considered usable or accessible for recreation (Table 111-56).

The surface water usable for recreation varies from a low of about 10

percent of the total surface water in the Great Lakes Region to a high

of 86 percent in the Great Basin Region. The Great Lakes, Lower Mississippi,

Rio Grande, and Texas-Gulf Regions have relatively low portions of total

surface waters available for recreation. Conversely, in the Ohio, Tennessee,

Missouri, Upper Colorado, Great Basin, and California Regions, a

large portion of total surface water is available for recreation.

Several reasons explain the low percentage of surface water available

for recreation in some areas that appear to have abundant surface-water

supplies. In very large bodies of water, such as the Great Lakes, only

the areas relatively close to shore, a small percentage of the total area,

are suitable for recreational uses. This limitation is intensified by

lack of adequate harbors, launching facilities, other supporting facili-
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ties, and frequently by unfavorable weather conditions. Deteriorated water

quality in urban and rural areas has made large portions of the Nation's

streams and lakes unusable for certain types of recreation. Sedimentation,

shoreline development, eutrophication, and restricted access often limit

inland lakes and reservoirs for recreation. Aquatic vegetation, parasites,

and other disease vectors also reduce the recreation use of waterways.

In some areas, the full range of recreation activities is limited by

competing uses. Altogether, these conditions significantly affect the

amount of water available for recreation.

In areas with high density uses but low availability of water, cer-

tain problems affecting quality and accessibility can be solved to some

extent. A concerted effort to develop additional surface-water acreage

or to make existing resources available for public use would significantly

enhance recreation possibilities in these regions. For example, improved

public access to large water bodies can enlarge opportunities for water-

related recreation in many areas.

Table III-56.—Total surface-water supply and surface-water area usable

for outdoor recreation—"1975"a

Total sur

face water area

Surface

water for

recreation

Acres

Acres

Thousand

acres

per 1,000

Thousand

Percent

per 1,000

Req i on

population

acres0

of total

population

New England (1)

4,103

422

1,480

36

152

Mid-Atlantic (2)

4,366

140

1,840

42

59

South Atlantic-Gulf (3)

8,672

433

2,029

23

102

Great Lakes (4)

41,547

1,748

4,253

10

179

Ohio (5)

932

56

519

56

31

Tennessee (6)

660

236

525

80

187

Upper Mississippi (7)

2,716

259

753

28

72

Lower Mississippi (8)

3,433

680

420

12

83

Souris-Red-Ralny (9)

1,232

2,425

333

27

656

Missouri (10)

3,504

504

2,494

71

359

Arkansas-White-Red (11)

1,855

345

634

34

118

Texas-Gulf (12)

2,692

346

387

14

50

Rio Grande (13)

542

402

070

12

52

Upper Colorado (14)

588

2,029

329

59

1,196

Lower Colorado (15)

456

237

209

46

i 108

Great Basin (16)

1,752

1,735

1,513

86

1,498

Pacific Northwest (17)

3,893

727

1,483

38

277

California (18)

1,674

99

1,091

65

65

Total Regions 1-18

84,557

507

20,326

24

122

Alaska (19)

12,787

52,192

1,937

15

7,906

Hawaii (20)

-

N/A

N/A

N/A

N/A

Caribbean (21)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Total Regions 1-21

aEstimated "1975" population 12 years and older is about 167 million.

Total of inland and other water from Area Measurement Reports, U.S. Department of Commerce Publication GE-20,

No. 1, and 1970 update sheet and comprehensive water basin studies.

Slater available and useful for recreation. To be available and useful the water must have adequate public

access, be free of obstruction to its use, and be of suitable quality for recreation use.

N/A-Not avaiI able.
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Water Needs for Recreation

Water resource requirements were projected for the participating age

population (12 years and older) for intensive use periods (June, July,

and August) in each subregion. These then were aggregated to estimate

the water acreage required for "1975," 1985, and 2000 for each region.

In "1975," surface area usable for water-related recreation totaled

20.3 million acres or over 122 acres per thousand of the participating

age population. To compare supply and demand, the analysis of each region

assumed that the region's population participated in water-related recrea-

tion outside the region as frequently as outsiders participated in activi-

ties within that region. Once the regional gross surplus or deficit water

surface areas were summed, the net surplus or deficit for each region

was determined, again considering the balancing of interregional partici-

pation (Table 111-57).

From the "1975" gross surplus of 10.8 million acres of usable recrea-

tion water (regions 1-18), the deficit waters of 8.1 million acres were

subtracted for a net supply of 2.7million acres. In "1975," 54 of the 106

subregions needed more than a thousand acres each of additional recreation

surface waters (Figure 111-13), with the largest need in the subregion that

includes New York City. This had a deficit over 1.68 million acres of which

only a small portion could be met through better access or improved water

quality. Other regions with gross needs for recreation waters are the

Great Lakes, California, New England, and Texas-Gulf Regions, which include

the Chicago, Los Angeles, Boston, and Dallas-Fort Worth metropolitan areas,

respectively. Virtually all of these urban centers are near major surface-

water resources where quality or access is limited, the water body is too

large to be effectively utilized, or a significant number of citizens lack

mobility.

The Mid-Atlantic, Ohio, Texas-Gulf, Upper Mississippi, South Atlantic-

Gulf, California, Lower Mississippi, Rio Grande, and Arkansas-White-Red

Regions had net deficit supplies of surface-water area in "1975." Although

each region contained enough surf ace water overall to satisfy recreational

demands, assuming that transportation were available, subregions within the

region had deficits. Several regions—the Missouri, Alaska, Great Basin,

Great Lakes, and Pacific Northwest—have a substantial surplus of water

acres in proportion to projected demands (Table 111-57).

Needs for recreation waters are projected to increase by the year

2000. Regions with a net deficit in "1975" are projected to increase from

9 to 12 by 2000. Although the Upper and Lower Colorado and New England

Regions now enjoy a surplus, their requirements will exceed available sup-

plies of surface water by 2000. The Mid-Atlantic, South Atlantic-Gulf,

California, Texas-Gulf, Upper Mississippi, and Arkansas-White-Red Regions

will also have increased deficits.
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Table 111-57. —Needs for surface-water area for water-dependent

recreation activities—"1975," 1986, 2000

(1,000 acres)

"1975"

Net

1985

Net

2000

Net

Gross

Gross

regional

Gross

Gross

regional

Gross

Gross

regional

surplus

deficit

surplus or

surplus

deficit

surplus or

surplus

deficit

surplus or

water3

water"

(deficit)0

water8

waterb

(deficit)0

water3

water"

(deficit)

Reqi on

New England (1)

902

560

342

879

681

198

833

929

(96)

Mid-Atlantic (2)

670

1,679

(1,009)

612

2,106

(1,494)

512

2,702

(2,190)

South Atlantic-Gulf (3)

607

958

(351)

446

1,208

(762)

236

1,665

(1,429)

Great Lakes (4)

2,900

1,284

1,616

2,816

1,504

1,312

2,676

1,888

788

Ohio (S)

0

961

(961)

0

(1,129)

(1,129)

0

1,404

(1,404)

Tennessee (6)

192

0

192

140

0

140

111

45

66

Upper Mississippi (7)

84

509

(425)

29

585

(556)

2

783

(781)

Lower Mississippi (8)

3

182

(179)

0

226

(226)

0

292

(292)

Souris-Red-Rainy (9)

211

0

211

212

0

212

210

0

210

Missouri (10)

1,976

6

1,970

1,939

10

1,929

1,880

22

1,858

Arkansas-Wh i te-Red (II)

179

250

(71)

174

300

(126)

163

382

(219)

Texas-Gulf(12)

0

539

(539)

0

678

(678)

0

901

(901)

Rio Grande (13)

12

129

(117)

11

142

(131)

10

160

(150)

Upper Colorado (14)

310

0

310

310

0

310

307

0

(307)

Lower Colorado (15)

102

94

8

81

128

(47)

68

185

(117)

Great Basin (16)

1,360

1

1,359

1,334

2

1,332

1,295

5

1,290

Pacific Northwest (17)

818

98

720

807

138

669

791

232

559

California (18)

475

806

(331)

454

977

(523)

419

1,244

(825)

Total, regions 1-18

10,801

8,056

2,745

10,244

9,814

430

9,513

12,839

(3,326)

Alaska (19)

1,901

0

1,901

1,896

0

1,896

1,882

0

1,882

Hawa 11 (20)

N/A

N/A

N/A

N/A

0

N/A

N/A

N/A

N/A

Caribbean (21)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Total, regions 1-21

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A - Not avai table.

aTotal of subregions with surplus water acreage for needs within each subregion.

"Total of subregions with deficit water acreage for needs within each subregion.

cThe algebraic difference between surplus and deficit subregions, I.e., a regional composite view of net needs

for the region.

In the conterminous United States, the "1975" net surplus of 2.7mil-

lion acres of recreation waters will decline to just better than a break-even

basis in l985, and a 3.3 million acres net deficit by 2000. A majority

of the increased needs identified in this assessment could be met through

more effective use of total surf ace waters. In all likelihood, people will

travel to other regions with adequate water for recreation, but such travel

will be costly in terms of time and energy.

Areas of Critical Environmental Concern

There are many areas of critical environmental concern. Well-known and

unique water recreation areas such as Grand Canyon, Yellowstone, and

Assateague Island are protected. However, many lesser known natural re-

sources also require special preservation, protection, or enhancement

of their recreation values. The assessment identified 2,ll9 acres of sig-

nificant value for water related recreation. These areas include coastal

shoreline and beach, flood plains and wetlands, lakes, streams, islands,
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unique natural areas such as waterfalls and areas of significant open

space or scenic value. Where data were available, the natural resource

attributes for each region are listed in Table 11I-58.

Table II1-58.—Attributes of areas of environmental concern, "1975'

State

Unique water

High

wl Id

Potential

High value

or water-

Flood

va lue

Federal wild

and

wiId and

recreation

related

plain

Open space,

genera 1

and

seen i c

scenic

river"

seen Ic

beach or

recreation

aread

recreation

scenic, or

recreation

Reqion river3

riverc

shore land

area

natural area

area

New England (I)

0

3

49

0

49

0

46

Mid-Atlantic (2)

0

22

ie

9

54

2

30

69

South At I antic-

Gulf (3)

0

3

42

2

19

1

33

17

Great Lakes(4)

1

15

43

21

126

1

22

38

0hio(5)

0

17

46

0

77

1

6

11

Tennessee(6)

0

6

0

0

16

4

8

4

Upper Mississippi(7)

1

2

29

1

91

0

83

19

Lower Mississippi (8)

0

2

1

1

26

0

104

6

Sour i s-Red-Ra i ny (9)

0

0

7

0

15

0

12

3

Missouri(10)

1

0

8

3

4

3

6

47

Arkansas-Wh i te-

Redd I)

0

9

3

0

9

1

3

11

Texas-Gulf(12)

0

0

0

1

13

0

19

1

Rio Grande(14)

0

0

1

0

0

0

0

2

Upper Colorado(14)

0

0

16

0

0

0

5

38

Lower Colorado(15)

0

0

21

0

11

0

8

2

Great Basin(16)

0

0

14

0

7

0

14

20

Pacific

213

Northwest(17)

0

7

25

0

23

0

0

Callfornla(IS)

1

7

29

3

24

0

18

20

Total, regions

4

93

245

41

564

Tf

37T

567

1-18

Alaska(19)

0

0

39

0

3

0

0

25

Hawaii(20)

0

0

0

7

12

0

6

0

Caribbean(21)

0

-0

0

-3

l-

—0

1

4

Total, regions

1-21

4

93

381

51

580

14

378

596

Pursuant to Section 3(a), Public Law 90-542, as amended by PL 93-261.

suant to State legislation.

Pursuant to Sections 5(a) of 5(d) of PL 90-542, as amended by PL 93-261, SCORP's Framework Level A and River

Basin Level 8 Studies.

Includes water falls, springs, gorges, canyons, wetlands, Islands or scientific water-related study areas.

All identified natural resource areas faced some threat that could

irreversibly damage the resource. Where data were available, these threats

are summarized for each region in Table 11I-59. However, these totals do

not show the relative importance of the threats in any one region.

The assessment process pointed out the desirability for a national

program to identify areas of critical environmental concern for water-

related recreation and to explore means for their preservation, protection,

or enhancement. Because an area is identified as one of critical environ-

mental concern does not imply that no development should be allowed.

Rather, the area should be preserved, protected, or enhanced for recreation

use as well as for other potential purposes. Proposals for development in

these areas should be carefully evaluated until a full analysis is made of

all benefits and liabilities.
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Table II1-59.—Critical environmental concerns—"1975'

« o .2 c

^ a "3 m O

1 I 8| I = 1

Residential

developmen

Commercial

developmen'

Industrial

development

Agricultural

development

Mining & rel

resource dev

Dam or irrig

project

Navigation

project

Channelizati

project

Water level

fluctuation

Water

pollution

Sedimentati)

Erosion

Nuisance

vegetation

Weed growtl

Eutrophicati

Adequate pi

access

Adequate

■treamflow

-

!

3

NewEnglandd)

20

3

2

5

1

5

0

0

1

9

1

0

21

10

1

58

4

(

Mid-Atlantic(2)

21

1

5

4

3

4

1

2

0

13

7

1

22

6

26

44

0

(

South Atlantic GulfO)

13

6

0

0

4

13

5

34

3

8

2

1

8

0

0

1

2

(

Great Lakes(4)

73

4

4

2

6

0

0

3

0

41

8

12

0

0

0

12

0

'

Ohio(5)

18

0

0

3

3

6

2

0

0

2

0

1

0

0

2

14

1

(

Tennessee<6)

6

0

0

0

0

1

0

1

0

0

0

0

0

0

0

0

0

(

Upper Mississippi!?)

126

7

5

35

0

5

14

27

2

100

36

15

2

2

6

32

0

i

Lower Mississippi(8)

2

0

0

22

0

0

0

7

1

0

0

1

0

0

2

57

0

c

Souris-Red-Rainy(9)

3

2

0

1

2

9

0

4

0

16

1

0

0

0

0

3

0

[

Missouri(1O)

9

2

3

5

9

21

0

6

8

18

8

6

0

1

3

5

12

c

ArkansasWhite-Red(11)

2

4

0

5

0

5

0

1

0

2

0

1

2

0

0

1

0

c

Texas-Gulf! 12)

17

19

5

6

0

2

1

5

2

14

6

1

0

0

0

4

1

t

Rio Grande(13)

0

0

0

0

0

0

0

0

0

2

1

1

0

0

0

0

0

c

Upper Colorado(14)

1

0

0

0

13

21

0

0

0

8

0

3

0

0

2-

0

2

c

Lower Colorado! 15)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Great Basin(16)

4

1

0

0

0

1

0

0

3

2

0

0

0

0

1

6

16

Pacific Northwest! 17)

5

3

0

1

1

19

1

1

23

31

2

1

0

0

0

20

37

California(18)

0

0

0

0

0

1

0

0

0

1

0

0

0

0

0

0

1

Total, regions 1-18

320

52

24

89

42

112

24

91

43

267

71

44

55

19

43

257

76

Alaska! 19)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Hawaii(20)

6

9

1

10

0

10

0

0

0

0

0

0

0

0

0

0

0

Caribbean(21)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

Total, regions 1-21

325

61

25

99

42

122

24

91

43

267

71

44

56

19

43

258

76

11

Preservation of Free-flowing Streams

The preservation of free-flowing stream values was a high priority

problem in 73 of the 106 subregions. The assessment and other reports

have highlighted numerous examples of how natural streams have been modified

to provide for flood control, navigation, power, and other uses—often with-

out full consideration of the stream's free-flowing values for recreation or

fish and wildlife. It is well recognized that such assessments and evalua-

tions should address efforts to enhance stream resources for these uses.

The national wild and scenic rivers system supported by the Wild and Scenic
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Rivers Act (Public Law 90-542) now encompasses 1,650 miles of rivers with

some 700 miles classified as wild, 460 miles as scenic, and 490 miles

as recreational. Twenty-six States have also enacted wild and scenic rivers

legislation.

Despite the preservation of a number of streams, the existing Federal

and State wild and scenic rivers programs cannot and are generally not

intended to preserve every worthy stream in the Nation. Protection of

significant stream segments containing natural and recreation values should

always be considered as an alternative to development proposals, whether

or not a particular stream has been identified under a wild and scenic

rivers program. The impetus for formulating free-flowing alternatives

to water resources development is contained in the National Environmental

Policy Act (Public Law 91-190), the Federal Water Power Act as amended

(Public Law 66-280), and the Principles and Standards for Planning Water

and Related Land Resources.

In authorizing, funding, and carrying out ongoing and future studies

of structural waste developments and free-flowing streams, expertise and

funds will be required to formulate and evaluate the alternative plans

necessary for sound decisionmaking. Priority should be given to those

streams presently being considered for early structural development, those

affected by the development of new sources of energy, and those subject

to large-scale irrigation developments.

Flood-plain Recreation Areas

Many resources require only some form of protection to be kept avail-

able for public enjoyment. Flood plains and wetlands in a natural state

are examples. They can provide a significant resource base for meeting

high priority recreation needs, a means for reducing or eliminating flood

conditions, and, at the same time, a pleasing contrast to intensive urban

development.

In most flood-prone areas, the flood plain or wetland area could be

preserved by nonstructural solutions that emphasize land uses compatible

with occasional inundation. Nonstructural techniques, such as land use

regulation or public purchase, leave options open for future generations

to decide on the ultimate use of these resources.

Section 73 of the Water Resources Development Act of 1974 (Public Law

93-251) provides for active Federal participation in nonstructural flood

damage reduction measures. Where a nonstructural alternative is recom-

mended, "non-Federal participation shall be comparable to the value of

lands, easements, and rights-of-way that would have been required of

non-Federal interests (under Section 3 of the Act of June 27, 1936,

Public Law numbered 738) for structural protection measures." It is in

the public interest to emphasize nonstructural measures in Federal pro-

grams.
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High Value Beach and Shoreline

Another problem identified concerns coastal and Great Lakes beaches,

some of nature's most vulnerable resources. These can erode until they

become unusable for recreation. Improper construction of jetties, break-

waters, and other structures can aggravate the natural process of erosion

by interfering with the water and circulation patterns that replenish

beaches. Unlimited recreation use cannot be accommodated without environ-

mental damage. Indeed, too many people in such fragile areas can destroy

the very features that attracted the recreation in the first place.

Urbanizing pressures along coastal and Great Lakes shorelines have

generated major environmental and recreation problems. The practice of

dredge and fill operations for real estate development continues to destroy

resources. Since recreation shorelines are highly desirable for other uses

such as industrial and power development, future pressures in many metro-

politan areas will intensify. In addition, as populations increase, these

shorelines will become increasingly valuable for recreation.

Urban Recreation Water Needs

The United States is an urban nation; 73.6 percent of the population

lived in urban areas in 1970. One consequence of this urbanization is that

choice water-related recreation land in or near metropolitan areas is almost

always under pressure for residential and commercial development. The com-

peting forces make these lands expensive for recreation uses. Moreover,

most urban areas have limited water-related recreation opportunities, espe-

cially for inner-city residents. Many local jurisdictions lack the financial

resources to put together major recreation lands acquisition and development

programs and to manage resources for their residents.

Because people are concentrated in urban areas while usable water

resources are often at some distance, transportation problems, including

energy scarcity, add pressure to make recreation more accessible to urban

populations. Virtually every major urban center is located adjacent to

major water resources that are often inaccessible or too polluted to enjoy.

As water quality improves in urban areas through implementation of the

Clean Water Act of 1977 (Public Law 95-217), the recreation opportunities

should increase for a substantial public benefit.

Projections for recreation demands demonstrate the pressing need to

plan for additional recreation resources for large metropolitan areas either

by enhancing existing recreation resources or by establishing new, urban-

oriented river and lakefront areas. The urban need has not gone unrecog-

nized at the Federal level. The 1976 Land and Water Conservation Fund

Act Amendments (Public Law 94-422) require that a comprehensive review

be made and a report prepared on needs, problems, and opportunities asso-

ciated with urban recreation in highly populated areas. A discussion of

resources potentially available for meeting such needs was included in

the report. The report also addressed major questions confronting our

urban areas such as operation and maintenance costs of recreation areas
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and the appropriate roles of Federal, State, local, and private interests.

The report also included definitive urban recreation policy for future

action.

Maintaining Streamflows for Recreation

As water is increasingly allocated among competing uses, maintenance

of streamflows for recreation is a relatively new but significant concept.

Consumptive demands for water in water-short areas are generally favored

over recreation demands because of legal constraints and economic interests.

Water rights in the West traditionally have been tied to beneficial use

of water as defined by State law. Beneficial uses generally include muni-

cipal and industrial water supplies, stock watering, agriculture, and

mining. Only recently have recreation uses and the esthetics of instream

flow been recognized. The necessity for maintaining water in the stream

for recreation will become more critical as energy and agricultural

developments compete for scarce water resources in many parts of the

country.

An acceptable methodology for determining adequate recreation flow

now being pursued at Federal and State levels should be encouraged and

strengthened by additional funding and personnel. Accurate determinations

of instream flow requirements flow for recreation use are essential if

multipurpose water resource planning is to be accomplished. Field surveys

should be focused initially on streams where energy and agricultural

developments are projected. The provision of a comprehensive data bank

on instream flows should be a high priority item in future Federal water

planning.

Improving Water Quality for Recreation

Man's activities have degraded water quality to the point that water-

related recreation opportunities have been diminished or entirely elimi-

nated on some bodies and streams. Water quality is especially critical

in the vicinity of cities where needs are greatest and water resources

limited. Many urban areas have developed around harbors or along river

transportation arteries, but planners in metropolitan areas have often

neglected these potential recreation resources because of water quality

problems. Increased opportunities for outdoor recreation may be provided

in conjunction with the cleanup of waters under the provisions of the Clean

Water Act of 1977 (Public Law 95-217), and more specifically, under the

areawide waste treatment management planning authorized by Section 208

of that Act.

The planning authorized by Section 208 can integrate environmental

and development considerations in solving water quality problems. On

the premise that water quality control problems cannot be solved by tech-

nology alone, the planning can also coordinate outdoor recreation programs

with efforts to clean up the Nation's waters. Since water quality is

influenced by patterns of land use, dedication of land to parks and recrea-
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tion should contribute greatly to improved water quality. Park development

can help to set the pattern for other types of development that affect

water quality.

In support of water quality objectives, adequate public access to

clean water will be provided by public acquisition of lands along rivers

and lakes. Water-related recreation areas can be enlarged by acquisition

of additional lands in con junction with treatment works. Easements obtained

for interceptor sewer lines could include public rights for trails.

Managing Reservoirs for Recreation

Improved use of existing water resources is one means of meeting needs

with very little alteration of the environment. Many Federal water resource

projects built before 1960 did not provide for recreation. Consequently,

present reservoir operations do not allow for meeting or enhancing recrea-

tion needs. The Federal Water Project Recreation Act of 1965 (Public

Law 89-72) established recreation as a factor in investigating and planning

Federal water resource pro jects. Making recreation equal to other purposes

in Federal water resource projects allows for acquisition of land for

public recreation use, for control of shoreline development, and for

modifying reservoir operating procedures to enhance recreation and related

environmental values.

Municipal water supply reservoirs offer additional recreation oppor-

tunities. These reservoirs and associated watershed lands are an ideal

resource for significant public recreation, often in close proximity to

major population centers. Significant use of municipal water supply reser-

voirs as recreation opportunities was identified in the New England, Ohio,

and South Atlantic-Gulf Regions. Historically, recreation use of water

supply reservoirs has been restricted to protect public health. Such a

policy was essential in the past before water treatment was introduced.

Today, improvements in water treatment technology, either widely used or

likely to be required, make possible the safe use of reservoirs and asso-

ciated watershed lands. Under these conditions, recreation becomes not

only a compatible use but also a very practical way to ensure the public

support necessary for continued long-term protection of the watershed

from the encroachment of more intensive uses.

Providing Public Access to Recreation Waters

The great diversity of access rights to waters for recreation can

confuse and discourage users. In States where lands beneath the lake

or stream are in private ownership, public uses of waters for recreation

can be prohibited by the owners of such lands. In many states where

public access is a normally guaranteed right, it is not always enforced,

so many shorelines are fenced off or otherwise made inaccessible. Excluding

the public from shorelines has increased pressures on lake, stream, and

ocean frontage that is accessible to the public.
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The importance of public access to surface water cannot be over-

emphasized. A major effort is necessary to examine public access policies

and programs for: existing legal rights of access; tools and techniques

for enforcing these rights (e.g., acquiring public access in residential

developments); development of access at bridge and road closures; management

options for maintenance and liability questions; establishment of new

funding programs for access purposes; and mandatory programs for providing

access in conjunction with new transportation projects. These issues should

be evaluated in appropriate forums to develop incentives to develop greater

access to the Nation's waters for recreation.

Any program or consideration of public acquisition of shoreline rights

should encourage the private sector, on either a prof it or nonprofit basis,

to provide access to water. Since public ownership of all the Nation's

water and related land resources is neither feasible nor desirable, ways

must be found to maintain and increase public access through private

lands. Privately-owned waters and related land resources have long played

a major role in satisfying public demands for recreation opportunities,

so every incentive should be explored for increasing the outdoor recreation

opportunities, particularly for water-related activities, on these waters

and lands.

Competition for Water

Recreation use of water appears to be on a collision course with

energy, municipal, industrial, transportation, and agricultural uses. Two

competitors in particular deserve attention—energy and agriculture. Water

is essential to all phases of energy development from mining to revegeta-

tion of mined lands. Management of reservoirs to maintain minimum reservoir

pools during the recreation season and for coordinated water releases

to enhance or protect downstream river recreation opportunities could be

seriously affected by anticipated water requirements for energy develop-

ment. Demands for water to support coal and other energy development

will undoubtedly lead to consideration of new reservoirs. Various energy

development proposals could also affect important recreation streams and

eliminate recreation for many miles below the scene of energy developments.

Section 13(c) assessments, which was carried out pursuant to Public Law

93-577, Federal Nonnuclear Energy Research and Development Act of 1974,

deals with water resources available for nonnuclear energy technologies.

Agricultural development, recreation's second major competitor for

scarce water resources, demands and needs water for irrigation. Past

Federal policies toward irrigation were based on the need to promote

settlement and economic development of the West. While these may no

longer be primary goals, there is still an effort to develop rural areas

of low growth or depressed economies and to promote agricultural growth

by providing water supplies. Agricultural priorities can seriously affect

the availability of stream and other surface waters for recreation. Both

energy development and irrigation will compete with recreation in areas of

limited water resources. Each can significantly affect reservoir recrea-

tion management and free-flowing stream values. Adequate consideration

of recreation values in all stages of development will be essential to

resolving these potential conflicts.
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Improving the Planning Process

A uniform recreation planning system with standardized terminology

is a high-priority need. Much of the recreation data developed in the

assessment was based on comprehensive water studies and statewide compre-

hensive outdoor recreation plans. The methodologies and data output by

Federal agencies and States varied significantly, even though each had

similar guidance. Lack of uniform data led to a number of irreconciliable

differences. In the past, recreation information has been lacking or

questionable sources have been used. It is now evident that a unified

and comprehensive (multi-agency) outdoor recreation planning program is

needed.

Throughout the assessment, accurate information on instream flow

requirements for recreation were lacking for two reasons. First, an

acceptable instream methodology to measure instream flow requirements for

recreation has not been developed. The assessment procedure for measuring

an entire subregion's instream flow requirements at the outflow point

was not considered sound for recreation planning. Secondly, adequate

data on recreation uses of streams were not available. Before intelligent

decisions can be made on instream flows, information comparable in detail

to that developed for other water-planning disciplines (e.g., hydrology,

engineering, and economics) is needed. A quantified data base detailing

the extent of recreation uses for major streams is essential.

Data in two additional worrisome areas were lacking for the assessment:

(1) the nature, magnitude, and importance of the private sector contribution

to the water supply for outdoor recreation supply, and (2) the propensity

of people to travel for outdoor recreation opportunities. It is often

estimated that the private sector provides more than 50 percent of outdoor

recreation opportunities. However, there was little information to verify

or refute this estimate from a national perspective. Tourism and travel

are now significant and are increasing at a rapid rate. However, little

information is available to estimate the significance of tourism and

travel on a regional base.*

To plan adequately for the increasing need for outdoor, water-related

recreation opportunity, greater effort is needed to develop a uniform

recreation planning system and a Federal data collection and retrieval

system to evaluate the resources available, the developing needs, and

the management options to utilize the available waters.

* For a more detailed discussion on the private sector and tourism, see

W.H. Honore, et al, The Federal Role In the Private Sector of Outdoor

Recreation. (Washington, D.C.: Heritage Conservation and Recreation

Service, 1978.)
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Water Requirements for Navigation

Navigation and Water Resources Management

Navigation is a nonconsumptive water use. The streamflows required

to support it are generally less than those needed for any other instream

purposes. Nevertheless, the development and management of waterways for

navigation often conflicts with other water uses. Navigation requires

dredging of channels to maintain channel depth, disposal of dredged

material, and construction of locks, dams, and impoundments—all of which

affect water quality, fish and wildlife habitats, flood-plain functions,

recreation, and other competing water-dependent activities.

This section discusses aspects of navigation: (1) the effects of

navigation on instream flows and the consequent water-use conflicts,

(2) the size, geographic distribution, and traffic load on the existing

waterway network, (3) the role of navigation in the Nation's economy,

and (4) 1985 and 2000 projections for navigation.

Instream Effects of Navigation

In most water resource regions, the water required for navigation is

less than that needed for other instream purposes such as fish and wildlife

habitats. For navigation, the required streamflow depends on the degree

to which the waterways are channelized, the depth maintained, the number

of locks, and the degree to which lockage water is pumped back to upper

pools. In general, conflicts between navigation and other instream uses

stem less fromwater supply requirements than from water quality problems.

The environmental effects associated with the building and maintenance

of waterway systems most of ten brings navigation needs into conflict with

fish and wildlife needs and other water quality issues. By creating uniform

depths and eliminating rapids and shoals, navigation projects can alter the

naturally occurring diversity within rivers. Such diversity is needed to

maintain large and varied fish and wildlife populations. For example, a

study by the Missouri Conservation Department revealed that navigation

projects (e.g., wing dikes) on the Missouri River caused a 50-percent

reduction in downstream flow. This in turn resulted in the loss of 100

islands critical for fish and wildlife habitat, and finally caused a

decrease in the size of the commercial fish catch.

Similar adverse affects associated with navigation result from disposal

of dredged material on river banks, dam construction, and the straightening

of river curves and bends. Such actions may reduce streamflows, increase

siltation, damage adjacent wetlands or prime bottomland habitats, or

precipitate erosion of farmland. In Ohio, farmland erosion from construc-

tion of high navigation dams and from increased barge traffic resulted in

a$140 million damages suit. Thus, while navigation instream flow needs

appear small at first, they can have serious effects on other uses. These

conflicting instream and offstream demands illustrate some of the issues

that must be addressed by water resources management.
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Nation's Waterways

During the past two hundred years, the Nation's navigation system

has been continually expanded, largely through Federal actions. It now

consists of 26,700 miles of inland and intracoastal waterways, the Great

Lakes-St. Lawrence Seaway system, and ports and harbors serving these

waterways (Figure 111-14). Navigable channels and canals provide direct

access to 131 of the nation's largest cities and to almost all parts of

the conterminous States. In Alaska, waterways provide access to many

parts of the interior not otherwise accessible by highway or railroad.

NEW YORK

NORFOLK

CHANNEL DEPTHS

1 9 OR MORE

• • • • LESS THAN 9

PLANNED EXTENSIONS

OR UNDER CONSTRUCTION

WILMINGTON

SOURCE: U.S. Army Corps of Engineer!

Figure 111-14.—Commercially navigable waterways

The vast geographical distribution of the waterway system indicates

how important navigation is to the Nation's economy. On the average,

65 percent of all these waterway channels have 9-foot depth authorization.

Exceptions are the Gulf Waterway, which has 50 percent with that authorized

depth, and the Atlantic, New York, and New England systems, which have

60 percent. The largest and most improved of the inland systems is
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that formed by the Mississippi River and its tributaries. This waterway

spans 9,000 miles of commercial channels, 65 percent of which has depths

of nine feet. On the East coast, the Atlantic Intracoastal Waterway

and the New York-New England Waterway system provides 7,000 miles of

navigable channels. In the south the Gulf Intracoastal Waterway covers

5,400 miles of channels. Farther west, the Columbia-Snake River system

and the Central California channels (which extend inland from San

Francisco Bay) total about 3,600 miles.

Nation's Commerce

The Nation's waterborne commerce is about one-fourth of the total

intercity freight as measured in ton-miles, but only about 17 percent of

the net tons carried (Table 111-60). Both measures show a steady decline

in relative importance to other modes since 1949. Actual ton-miles and

net tons carried by water grew steadily, 62 and 88 percent, respectively,

from 1949 to 1974. Over the same period, however, nonwaterborne intercity

traffic grew faster, at 140 percent in ton-miles and 107 percent in net

tons.

Table 111-60. — Intercity freight traffic by modes and waterborne freight

traffic by type of waterway, 1949-1974

Total

Al1 non-

All

domest

ic

In li

and

intercity

waterborne

1

waterborne

water-

Great

Year

freiqht

freiqht

freiqht

ways

lakes

Coastal

bi11 ion

bi 11 ion

per-

bi11 Ion

per-

bi 11 ion

per-

b i11 i on

per-

bi

1 1 ion

per

ton miles

1138

ton miles

777

cent

68

ton

mi les

361

cent

32

ton

mi les

cent

ton miles

98

cent

ton miles

cent

1949

42

4

9

221

19

1954

NA

NA

NA

NA

NA

83

NA

91

NA

NA

NA

1959

1549

1088

70

461

30

117

8

80

5

264

17

1964

1778

1291

73

487

27

114

8

106

5

237

13

1969

2117

1589

75

528

25

188

9

115

5

225

11

1974

2446

1861

76

585

24

247

10

107

4

231

9

mi 11 ion

mi 11 ion

mi 11 ion

mi 11 ion

mi

1 1 ion

net tons

net tons

net

tons

net

tons

net tons

1949

2648

2175

82

473

18

166

6

146

6

161

6

1954

3234

2685

83

549

17

217

7

145

5

187

6

1959

3533

2914

82

619

18

282

8

131

4

206

6

1964

4365

3650

84

715

16

358

8

151

4

206

6

1969

4973

4134

83

839

17

461

9

161

3

217

4

1974

5388

4498

83

890

17

511

10

146

3

233

4

1

Includes railway, truck, airway and oil pipeline frieght (excluding mail and excpress since 1969) for.

both for-hire and private carriers.

Source: Transportation facts and Trends, Transportation Association of America, Washington, D.C.

Intercity freight traffic on the inland waterways grew faster than

other types of waterborne traffic (Great Lakes and coastal traffic) from

1949 to 1974. Inland waterways handled nearly six times more ton-miles

-
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of traffic in 1974 than in 1949 and about three times more net tons.

These data indicate a trend to move commodities over longer and longer

distances on the inland waterway system.

Waterborne Commerce - Foreign and Domestic

Commerce handled at United States ports includes both foreign cargoes

(both imports and exports) and domestic shipments between United States

ports. During 1974 the Nation's total waterborne commerce, including both

foreign and domestic cargoes, was 1.7 billion tons, an increase of more

than 40 percent since 1964 (Table 11I-61). Petroleum and related products

are the predominant commodity traffic, accounting for about 42 percent of

the tonnage in both foreign and domestic waterborne commerce. Petroleum

and coal together make up over 55 percent of the total waterborne commerce.

Table 111-61.—Total, foreign, and domestic waterborne commerce by

major commodity groups, conterminous United States, 1974

Fore ign

Total (imports and exports) Domestic

Million percent Million percent Million percent

Commodity qroup

tons

tons

tons

Petroleum and products

735.4

42.1

328.1

43.0

407.3

41.5

Coal and coke

228.8

13.1

81.2

10.6

147.6

15.0

Iron ore, iron and steel

171.2

9.8

79.6

10.4

91.6

9.3

Sand, gravel and stone

127.5

7.3

14.9

2.0

112.6

11.5

Grains

97.8

5.6

70.1

9.1

27.7

2.8

Chemicals

96.1

5.5

40.7

5.3

55.4

5.6

Logs and lumber

52.4

3.0

25.8

3.4

26.6

2.7

ShelIs

17.5

1.0

0.0

0.0

17.5

1.6

AI I others

220.1

12.6

123.7

16.2

96.4

9.8

Total

1746.8

100.0

764.1

100.0

982.7

100.0

In 1974, the total foreign waterborne commerce was 764 million tons,

with 497 million tons imported and 267 million tons exported. This was an

increase of more than 80 percent in total commerce since 1964. Imports and

exports through coastal ports were 474 and 239 million tons, respectively,

while imports and exports through Great Lakes ports were about 4 and 5 million

tons, respectively.

In l974 domestic waterborne commerce within the conterminous United

States was nearly 983 million tons. This represented about 56 percent of

the total waterborne commerce for that year and a 20 percent increase over

l964. Of this total, 5ll million tons were carried on internal or inland
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waterways; 233 million tons on coastal traffic; 146 million tons on lakes;

88 million tons were local; and 4 million tons were among U.S. territories.

Projections for this assessment are based on the navigation and waterborne

commerce "1975" figure of 501 million tons of internal traffic on the

Mississippi River and the Gulf Intracoastal Waterway systems.

The Mississippi River and the Gulf Intracoastal Waterway systems,

which essentially form one system, carry most of the cargo moved on the

Nation's waterways. These two systems combined account for about 55 per-

cent of the length, 70 percent of waterborne ton-mileage, and 85 percent

of waterborne tonnage in the United States. The lower Mississippi between

the mouth of the Ohio River and Baton Rouge carries the largest amount

of traffic, more than 90 million tons.

Waterway Commerce, "1975"-2000

Total "1975" domestic waterborne freight traffic on the Mississippi

River system and the Gulf Intracoastal Waterway was 501 million tons.

This traffic is expected to grow by about 79 percent to 899 million tons

in 2000 (Table 111-62). Although petroleum and its products comprised

41 percent of the traffic in "1975," this traffic will increase only

46 percent by 2000 when petroleum will make up only about one-third of

the freight. Coal and coke products traffic, which will increase by about

112 percent, will make up 29 percent of the traffic in 2000. All other

commodity traffic is projected to increase proportionately over this period

with the two energy sources retaining together about two-thirds of the

Mississippi River-Gulf Intracoastal Waterways traffic.

Table 111-62. — Domestic waterborne traffic by commodity group for the

Mississippi River and tributaries and Gulf intracoastal water

systems- "1975." 1986, 2000

Commod ity

"1975'

i

1985

2000

Millions

tons

Mil lions

tons

Millions

tons

Percent

Percent

Percent

Petroleum and pr<

xJucts

207

41

242

37

303

34

Coa 1 and coke

123

25

187

29

261

29

Iron ore, iron and steel

9

2

12

2

16

2

Sand, gravel and

stone

27

5

31

5

40

4

Grains

28

6

33

5

47

5

Logs and lumber

1

1

2

<1

3

<1

Chemicals

38

8

56

9

100

11

ShelIs

13

3

16

3

20

2

Al1 others

55

11

74

12

112

12

Total3

501

100

648

100

899

100

Numbers may not total because of rounding.
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The regional characteristics of inland waterway navigation depend

on the types of economic activities within the waterway system, activities

which originated independently of the system as well as those which origi-

nated because the system was available. The Ohio and Upper and Lower

Mississippi Regions originated 346 million tons of commerce in "1975,"

70 percent of the total traffic (Table 11I-63). In 2000 these three

regions are expected to originate 620 millions tons of waterborne traffic,

but at about the same percentage as in "l975." The other major waterway

traffic region is the Texas-Gulf with about l00 million tons or one-fifth

of the total traffic in "l975." The largest rate of traffic increase is

Table 111-63.-Waterborne commerce on the Mississippi River and Gulf

intercoastal waterway by commodities and origins-"1975", 1986, 2000

(million tons)

Iron ore, Sand,

All com- Percent Coal and Iron, Gravel,

modifies of Total Petroleum Coke Steel Stone Grains Chemicals Shells Other

19

75

19

85

20

00

19

75

19

85

20

00

19

75

19

20

00

19

75

19

85

20

00

19 19 20

75 85 00

19

75

19 20

85 00

19

19 20

85 00

19 19

75 85

20 19 19 20 19 19 20

00 7 5 8 5 00 75 85 DC

Req i on

85

75

South Atlan-

tic Gult(3)

31

37

55

6

6

6

15

18

22

6

7

9

3 3

6

2

2

4

<l

<1 1

1 2

5

i

l

2 2 3 i

Great Lakes<4)

13

16

23

3

3

3

3

4

5

l

1

1

1 2

2

2

3

3

1

2 3

1 2

3

0

0

0 3 4'

0hio(5)

128

159

219

26

25

24

12

13

16

90

112

156

2 3

3

13

IS

18

2

2 4

4 5

9

0

0

0 6 9 1

Tennessee(6)

7

9

30

1

1

3

<1

<1

<1

3

4

21

<1 <1

1

2

2

2

<1

<1 <1

1 1

1

0

0

0 113

Upper Missis-

sippi ( 7)

63

no

141

13

17

16

6

8

10

18

57

67

<1 1

1

4

5

7

21

26 34

1 1

3

0

0

0 11 15 23

Lower Missis-

sippi

155

190

260

31

29

29

93

108

135

4

5

6

2 3

3

2

2

3

2

2 3

17 25

43

9

11

13 26 35 53

Missouri(10)

?

2

2

I

l

1

0

0

0

<1

<1

<1

<1 <1

<1

<1

<1

<1

1

1 2

<1 <1

<1

0

0

0 112

Arkansas-Wh ite-

Redtll) 1

1

2

l

1

l

<1

<l

<1

<1

<1

<1

<1 <1

<1

1

1

l

<1

<1 <1

<1 <1

<1

0

0

Oil'

Texas-Gulf(12)

100

123

165

20

19

18

78

91

114

1

1

1

1 1

I

1

1

2

1

1 1

13 20

35

3

4

5 4 6 6

Rio Grande(13)

1^

1,

2

1

I

1

!-

1.

1

!-

I

1^

j- j-

J-

-0

-0

-0

J-

J- J-

-L -L.

-0

-0

-o -L J. J-

Total

501

648

899

100

100

100

20 7

242

303

123

187

261

9 12

16

27

31

40

28

33 47

38 56 100

13

16 2 0 56 75 M!

expected in the Tennessee Region, although the total of 30 million tons

by 2000 will represent only 3 percent of all waterway traffic. This

increase will result largely from the expected opening of the Tennessee-

Tombigbee segment in l986.

Waterborne cargo on the Mississippi-Gulf waterways in the South

Atlantic-Gulf Region consists largely of energy materials, with petroleum

and coal making up two-thirds of the traffic. The Ohio Region waterway

traffic is 70 percent coal and coke with about equal tonnages of petroleum

and sand-gravel-stone (about l0 percent each). The major commodity traffic

on the Upper Mississippi Region is grain (one-third of the commerce)

followed by coal (29 percent) and petroleum (l0 percent). This region

originates three-fourths of all the grain traffic on the inland waterway

system. Increased agricultural exports would increase this traffic.
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The major traffic commodities on the Lower Mississippi are petro-

leum (60 percent) and chemicals (ll percent). The chemicals traffic

should increase by 250 percent but the petroleum traffic is expected to

increase only by about 45 percent by 2000. Likewise, the predominant

traffic on the Texas-Gulf waterways is petroleum (78 percent ) and chemicals

(13 percent). These two regions account for 83 percent of the waterborne

petroleum and 79 percent of the waterborne chemicals carried on the domestic

waterway system. Small amounts of traffic (about 30 million tons) originate

on the Columbia-Snake system (Pacific Northwest Region), but they are not

included in the data for the Mississippi River System and Gulf Intracoastal

Waterway.

Major navigation improvements are underway in the South Atlantic-

Gulf Region to accommodate expected growth above the "1975" level of

230 million tons of total waterborne foreign and domestic tonnage. The

new improvements include the Tennessee-Tombigbee Waterway now under con-

struction and significant harbor and port improvements. Maintenance of

these waterways to 9-foot channel depths under environmentally acceptable

conditions will be a continuing problem for navigation in this region.

The Ohio Region's growth in waterborne commerce, nearly doubling by

2000, will require extensive structural modernization to bring the total

system up to modern tow standards with 1200-foot locks. The Texas-Gulf

Region will require considerable financing for facilities and maintenance

of waterways to accommodate the 65 percent growth in tons of cargo projected

by 2000. The Army Corps of Engineers proposes that Locks and Dam 26 be

replaced to provide improved locking facilities for commercial navigation.

Noncargo and Passenger Uses of the Inland Waterways

Recreation boating has become an important and rapidly growing

activity on the Nation's waterways with an estimated 8.3 million boats in

use in 1974 (Table 111-64). Recreation boating is giving cargo waterway

users increased competition for the use of waterways. The greatest impact

is at points of congestion such as locks and fleeting areas. Pleasure

boat docking sites also compete with commercial uses of valuable and

limited waterfront property. In "1975," noncargo (largely recreation)

passages amounted to as many as one-half of all lockages at many locks.

This indicates increasing pressures on operating costs for locks and

commercial uses as density of traffic and congestion increase.

Compared to other modes, water transportation of passengers is

relatively small; however, 1974 records indicate that there were more

than 3,800 inspected United States vessels in the passenger trade, mostly

small ferry and passenger vessels. While available passenger statistics

are not complete, over 20 million persons were carried by these vessels

in 1974. An estimated 4,000 other vessels, which carry fewer than seven

passengers each, were not required to be inspected. The decline in use

of larger passenger vessels appears to have leveled off with tourist

cruise ships, mostly foreign, showing an increase in passengers. Local
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Table 111-84.—Selected recreational boating statistics, 1974

Total boats

Total

Area

al1 types

operators

Great Lakes

2,034,456

3,889,416

Mid-Atlantic

1,364,575

2,692,361

Gulf Coast

1,523,664

2,369,450

New England

1,222,407

2,976,551

West Coast

963,867

2,074,961

M i d-West/Mounta i ns

684,213

1,380,576

East Central

543,161

987,187

Total

8,336,343

16,370,502

Total

Boat

passenqers

hours

5,960,956

256,594,351

3,848,101

225,256,557

4,311,969

287,577,859

3,508,303

186,808,304

3,113,290

86,069,613

2,093,691

59,593,351

3,093,188

59/593,351

14,449,950

1,189,022,661

Source: U.S. Coast Guard

and intercity passenger movements on the waterways are expected to

increase between "1975" and 2000, but no special problems relating to the

increase in traffic are foreseen.

Navigational Water Requirements

Navigation is a nonconsumptive water user. A body of water of

defined depth sufficient to maintain acceptable vessel operations(loads,

tows, and speeds) constitutes a navigation system. In open rivers, navi-

gation needs are adjusted to the natural regime of the water flow.

Improvements in navigation conditions by dredging and other means, though

essential for water transportation, are limited by river hydraulics, cost-

benefit expectations, and adverse environmental effects.

Streamflows required to support navigation are generally less than

those needed to maintain the quality of water, aquatic habitats, or other

instream purposes. During low-flow periods, the lower sections of the

Missouri, Mississippi, and Columbia Rivers, which are basically natural

river regimes, maybe exceptions to this general statement. In the future,

increasingly large flows of water will be required to maintain suitable

water quality and to meet instream flow needs for fish and wildlife.

In most water resource regions, the water required for navigation will

be less than that needed for other instream purposes, especially for fish

and wildlife. Maintaining adequate instream flows would reduce the amount

of needed dredging and channelization.

Environmental Effects and Costs

The principal problem for future waterway transportation will be

that of developing and maintaining a viable and efficient transportation

system without adversely affecting recreation, fish and wildlife, com-
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mercial fishing, and the environment. The largest factor of uncertainty

is that of dredging and the associated spoil disposal. Constraints on

ocean dumping, diked wetlands, and other disposal methods have greatly

increased the cost of maintaining navigation channels. Such costs may

be especially difficult to meet where State and local governments are

obligated to provide disposal sites for the material dredged. These

environmental and associated cost conditions directly confront the need

for channel and port enlargements to meet increased traffic projections

for commercial navigation.

Future Navigation Systems

The projected commercial traffic for 1985 and 2000 is based on continued

free use of the waterways. It seems likely, however, that some system

of charges for the use of the waterways and/or facilities will be adopted

and implemented. Study results vary on how the charges will affect navi-

gation traffic.

The waterway system of the United States is essentially complete

except for certain connecting links such as the Tennessee-Tombigbee Water-

way, the Kaskaskia Rivers and the Red River from Shreveport to the Missis-

sippi waterways. Future improvements will include the completion of several

authorized waterways, but efforts will focus mainly on continued moderni-

zation. Among the future lock and dam improvements expected to be completed

by 2000 are the Vermillion, Seabrook, and Rigolets Locks on the Gulf

Intracoastal Waterway; the Smithland Locks and Dam on the Ohio River,

and (provided their construction will be authorized soon) Gallipolis Locks

and Dam on the Ohio River, and Locks and Dam 26 on the Upper Mississippi

River.

A limited number of improvements in harbor approaches may be made.

Widening and deepening of coastal harbor and channel dimensions will

be limited by the high cost of improvements and environmental concerns.

Because they affect maximum tow size and speed, channel and bridge re-

strictions will continue to constrain system capacity. One-way-only traffic

is required now at some of these congested points. Major capacity constraints

exist now or will develop before 1990 at various points on the Upper

Mississippi, Ohio, Kanawha, and Monongahela Rivers, as well as on the

Gulf Intracoastal and Illinois Waterways.

It is uncertain whether several authorized navigation projects can

be completed before 2000. These projects include: the Gulf Intracoastal

Waterway from St. Marks to Tampa, Florida; the Cross Florida Barge Canal

(construction halted in 1971 for environmental concerns); the CoosaRiver

in Alabama; the Yazoo River in Mississippi; the Illinois Waterway Dupli-

cate Locks; the Red River from Shreveport, Louisiana, to Daingerfield,

Texas; and the Trinity River in Texas.

Harbor and port facilities for special functions such as petroleum

handling will probably be funded and constructed. With the exception of

Seattle, no United States port will be accessible to fully loaded super-

ships, very large crude carriers (VLCC) of 140,000 deadweight tons, and
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ultra large crude carriers (ULCC) of 300,000 or more deadweight tons.

A "new" domestic trade route will be established between Valdez, Alaska,

and West Coast ports to transport oil from the southern terminus of the

Trans-Alaskan Pipeline System to refineries in the lower 48 States. Two

offshore oil terminals are expected to be built in the Gulf of Mexico.

These terminals (LOOP and SEADOCK), the first to be built off the United

States coast, will have the capability to handle the largest tankers

(ULCC) now afloat, those of 540,000 deadweight tons and 90-foot draft.

These offshore terminals will be used primarily to receive foreign oil

for transshipment by pipeline ashore.

The continued migration of populations to coastal areas and the con-

siderable nonresident interest in the natural aspects of the coastal

and river areas will increase pressures through the noncommercial uses

of the system. In addition, construction activities that increase erosion

and sedimentation may require even more maintenance dredging or new non-

structural alternatives to solve commercial navigation problems.
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Water for Fish and Wildlife

Since fish and wildlife are highly sensitive to environmental change,

their composition and condition can serve as a barometer of the quality

of the environment for man. No matter what type of environmental modifi-

cation occurs—whether one alters stream temperature of flow regime, drains

wetlands, channelizes a water course, clears a forest, or changes land

uses—it will affect fish and wildlife. Most fish and wildlife species

do not adapt easily to changes within their immediate environment. Aquatic

and riparian habitats of marshes, rivers, and coastlines are vital for

the life cycles of both commercial and noncommercial animal species.

This section discusses the water management challenges involved in preserv-

ing the natural habitat of wildlife species.

Endangered Species

Since the First National Water Assessment in 1968, concern about the

long-term viability of the Nation's environment has resulted in several

legislative measures designed to preserve adequate habitat for fish and

wildlife resources. Notable among these is the Endangered Species Act of

1973 (Public Law 93-205). The purpose of the Endangered Species Act is

to preserve the ecosystems and habitats on which endangered and threatened

species depend for existence. In most cases, the danger of extinction is

attributable, either directly or indirectly, to human influences.

Protection of endangered species is important not merely because of

their esthetic value or their medical and pharmaceutical potential, but

because of their unique function within their own ecosystems, which in

turn are linked to the functioning of the overall environment. More than

150 species of higher animals in the United States (mammals, birds, rep-

tiles, amphibians, and fish) have been officially listed as endangered

(Figure 111-15).

The U.S. Fish and Wildlife Service is evaluating data for designat-

ing as critical the habitats of these endangered higher animal species

in order to protect them. Similar protective measures are being evaluated

for insects, crustaceans, mollusks, and a large number of plants that

may be endangered or threatened in the near future. The critical habitat

of any species is a specific area of land, air, or water, characterized

by certain contained biological and physical elements that are essential

for that species' survival. The Act affects only those actions that would

jeopardize the species' continued existence (as determined by the Fish

and Wildlife Service).

The Act requires all Federal departments and agencies to avoid actions

that would adversely affect the survival of endangered or threatened species

or their critical habitat. Furthermore, Federal agencies are encouraged

to conduct programs for the conservation and recovery of listed species.

The large number and broad geographical dispersal of the species whose

preservation is mandated by Congress may delay and limit the scope of
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Figure 111-15. —Number of endangered species, June 1977

water resource projects and other developmental activities in some areas.

However, the costs of such delays and recovery measures serve to indicate

the long-range cost of less sensitive development that has endangered or

threatened species.

The water requirements for fish and wildlife involve three major

ecosystem types: riverine, wetlands and coastal, and upland.

Riverine Ecosystems

A riverine ecosystem is a natural water course containing flowing

water at least part of the year and supporting a biotic community of

aquatic plants and animals. In addition to the stream channel, the

ecosystem usually includes a zone of riparian vegetation dependent upon

surface or subsurface flow and a flood plain that is formed by the kinetic

energy of the stream during periods of high flow.

The thousands of miles of streams in this Nation are as diverse as

its climate and physiography. Although several Federal programs mandated

by law call for identification, classification, and preservation of

nationally significant streams, there is no one official, nationwide,
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aggregated display or map of such streams. In an initial attempt to

classify rivers for the second assessment, a series of maps were compiled

from State classification systems and information supplied by the U.S.

Fish and Wildlife Service's Ecological Services field personnel. The

criteria used included the presence of nationally significant recreation

fisheries and reproduction habitat for significant anadromous species.

These maps were further refined to include riverine habitat of endangered

species, selected National Wildlife Refuges, stream reaches either included

in or proposed for the Federal Wild and Scenic Rivers system, and nationally

significant inland river commercial fisheries. Results available from the

Fish and Wildlife Service's ongoing stream priorities project were also

included for nine States. The resultant map, available from the Water

Resources Council as a separate product of the assessment, shows the cur-

rent perception of stream priorities and serves as a starting point for

measures to improve the management of the Nation's waters. The first

generation map should be given broad review, so that refinements to the

map can be made. Then a second generation map can be published to help

water resource planners, developers, and managers recognize fish and

wildlife values and locations.

Water allocation problems stem from past decisions that placed

constraints on future choices. In many areas, limited water resources

are in great demand, so that tradeoffs with long-standing vested interests

will become necessary. Figure 111-16 illustrates the conflict for water

supply.

Fish &

Wildlife

Figure 111-16.—Conflicts in instream vs. offstream use
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Instream Flow Approximations

Because data were lacking, the first assessment did not address

instream flows, but it did state that in future assessments, a more

complete analysis of the flow adequacy for instream uses would be under-

taken. In fulfilling that promise, this assessment provides the first

nationwide examination of instream flow conditions and the implications

of accelerated offstream uses of water. This was accomplished through

a water adequacy analysis to determine whether streamflow supplies can

meet consumptive and nonconsumptive water requirements for each of

106 subregions. In order to perform the adequacy analysis, a set of

numbers was needed to represent the instream flow needs for fish and

wildlife.

Any analysis of the collective water requirements of a group of

streams comprising a major river basin cannot be made without sacrifice

in precision. Furthermore, instream flow needs had to be measured at

the outflow point of streams. At best, this measurement truly indicates

conditions only in the immediate outflow area. For much of the country,

almost no satisfactory biological data are available to correlate hydrologic

data. Moreover, an acceptable methodology to evaluate the data was not

available when the assessment was begun.

However, to facilitate problem identification—a major objective of

the second assessment—approximations of instream flow needs were based

on judgment and the best available information. These estimates were called

instream flow approximations (IFA). IFA's are estimates of monthly flows

sufficient to support aquatic life and outdoor recreation, estimated at

the outflow point. These approximations were initially developed in 1974

and 1975 by a team of U.S. Fish and Wildlife Service biologists, who

used the U.S. Geological Survey water supply statistics* and a variety

of methodologies and references. As a result of further changes in the

water supply data and comments provided by regional sponsors and others,

further refinements in the IFA data were made in 1977.

The various methods for arriving at the final instream flow approxi-

mations reflect the diverse combinations of factors considered. These

factors include: nature of the ecosystem; streamflow supply as influenced

by hydrological conditions, storage, and man's past allocation of supplies;

and availability of previous instream studies applicable to this assessment

(Figure 111-17). The rationale of factor combinations is discussed in a

supplementary report on "Instream Flow for Fish and Wildlife," to be pub-

lished by the Water Resources Council in late 1979. IFA data consist of

annual and monthly figures for each of the 106 subregions. See Volume 3,

Table II-3 of Appendix II and Table III-3 of Appendix III.

The USGS Water Supply Statistics for the Second National Water Assessment

prepared in the fall of 1974 included depletions at near "1975" levels of

development and reflect operation of reservoir storage as it would have

been detected by USGS discharge recording stations.
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The patterns on the map show where each of the following methods were used to obtain instream flow approximations (I FA). Except for

method D below, IFA are based on water flow data prepared for the Second National Water Assessment.

Monthly IFA are 50 percent chance

monthly streamflows. Annual IFA are

averages of monthly IFA.

Annual IFA are 50 percent chance

annual streamflows. Monthly IFA are

computed by multiplying the monthly 50

percent chance streamflows by the

factor required to make the average of

the monthly IFA equal the annual IFA.

Monthly IFA are either 40, 60, or 100

percent of the estimated monthly natural

flows depending on seasonal needs.

Annual IFA are averages of monthly IFA.

The estimated natural flows are obtained

for this purpose by adding consumptive

uses and exports to present average

streamflows and subtracting imports and

ground-water overdraft.

Method C above was used except that

flushing flows (100%) were not included.

E. Methods for these locations are based on more detailed information available from the following references:

Bayha. Keith and Charles Koski (Editors),

Anatomy of a River Report of Halls Canyon

Controlled Flow Study fas* Force, Washington.

1974.

Reservation of Water In tha Yellowstone Rh/ar

Basin, Montana Fish and Game Commission.

Helena, Montana. 1976.

Platta Rh/ar Basin. Nebraska Laval B Study,

Missouri River Basin Commission. Omaha,

Nebraska. 1976.

Puget Sound Task Force. Puget Sound and

Adjacent Waters. Comprehensive Water

Resource Study. Pacific Northwest River Basins

Commission, Vancouver, Washington. 1970.

Columbia Basin Fishery Technical Committee

September 1975 letter report to Division

Engineer, North Pacific Division, Corps of

Engineers from Fred Cleaver, Program Director,

National Marine Fisheries Service, Portland,

Oregon.

Personal communication with U.S. Fish and

Wildlife Service Biologists Ed Whitsell, Stockton,

Califomia, and Robert Hayden, Sacramento,

Califomia. 1977.

Interagency Ad Hoc Study Qroup. Report on

Mississippi Rlvar Flow Requirements for

Estuarlna Use In Coastal Louisiana and tha

Atchafalaya Basin. Mississippi River

Commission, Vicksburg, Mississippi. 1970. IFA

for ASR 801 and 802 are obtained from the IFA

tor ASR 803 using the ratio of streamflow from

ASR 801 and 802 to the streamflow from ASR

803.

Figure 111-17. —Methods used in arriving at instream flow approximations (IFA)
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Special Problems in Riverine Ecosystems

The Alaska North Slope is a special case not reflected in this

assessment. The problem in this area arises from winter withdrawals

from beneath the frozen surface of the Arctic slope rivers. In winter,

the streams in this severe environment form a chain of ice-locked pools

which provide a vital overwintering habitat for river fishes and other

organisms. However, the new petroleum industry taps these pools for

industrial water needs to the detriment of aquatic life.

Hydropeaking could become a significant factor in the water manage-

ment of many river basins. Energy projections call for heavy reliance

upon coal- and nuclear-fueled electrical generation. But a rise in the

present trend toward peaking operations of the Nation's hydropower

facilities is also assumed. Such operations burden stream ecosystems.

Violently fluctuating streamflows tend to flush the fine sediments down-

stream, so that beaches and spawning gravels are lost. Because the

upstream bedload is trapped In the reservoir, these sediments are not

replaced. As a result, the stream ecosystem in the reaches below the

dam is vastly different. In the Pacific Northwest, peaking of the region's

substantial hydropower facilities affects salmon and steelhead populations.

This problem is now being studied.

Stream alteration is a widespread problem for fish and wildlife

populations. Manipulation of rivers and streams through structural develop-

ments such as dams, levees, dredging, and channels in the past has been

the traditional solution to water management problems in the United States.

Stream channelization for flood control and drainage destroys the riparian

habitat and disturbs the character of the streambed itself. Studies have

shown that channeling destroys the stream ecosystem for a substantial

period, in some cases for decades. In recent years, greater public aware-

ness of the consequences of channelization has led to more selective

clearing and snagging, as well as special techniques such as excavation

from one side only and construction of mitigation features such as deflec-

tors, low water weirs, and vegetative plantings. The shift is toward

nonstructural solutions, which will benefit fish and wildlife populations.

Many nonstructural programs offer exceptional opportunities for comple-

mentary greenway development and recreational uses. Preservation of

remaining natural stream systems now gaining momentum is stimulating demand

for better inventory data and analytical techniques for assessing values

of riverine ecosystems.

Riparian habitats are very susceptible to damage from over-grazing.

Removal of the understory in forest cover is of special concern, particu-

larly in the Southwest where this habitat is vital to the native fauna.

When riparian lands are grazed, stream channels tend to become wider,

shallower, and warmer. These physical changes adversely affect the aquatic

organisms. Grazing of adjoining lands and fencing of streams and riparian

zones have been useful for reversing this effect.

Water quality is vitally important to fish and wildlife resources.

Although the quality of the Nation's streams reportedly is improving,
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nonpoint-source pollution (primarily in the form of contaminants carried

by surface runoff from agricultural lands, urban developments, and sites

disturbed by logging operations and construction) continues to be a major

concern. These pollutants contaminate not only the aquatic environment

but also water supplies of downstream communities and industry, and,

eventually, estuarine ecosystems. Control of nonpoint-source pollution

is clearly essential to maintain fish and wildlife habitat.

Water quality standards are an essential part of any State water

quality management system. They provide a basis for establishing instream

flow requirements, for controlling the introduction of toxic substances,

and for judging other water quality programs. The chemical and biological

parameters to protect and propagate fish and wildlife and to support

recreation in and on the Nation's waters have been well studied in order

to establish State water quality standards. If theNation's waters are to

support the maintenance of fish, wildlife, and recreation, physical stream

properties such as depth, velocity, turbidity, and temperatures must also

be included in State water quality standards. Water quality problems

are discussed in more detail in the section on water quality in Part IV

of this volume.

Ground-water and surface-water relations are both insufficiently

understood and poorly documented. Failure to manage use of ground-water

and surface-water resources as one water supply has led to substantial

problems in certain areas (e.g., subsidence in Texas, Louisiana, and

Florida; degraded riverine habitat in Nebraska, California, and Arizona).

Changes are urgently needed in both the research and data collection

programs and in our institutions and laws.

Future options are basically twofold: (1) take limited action and

witness the decline of the ecological balance of our riverine ecosystem

with consequent economic, esthetic, and social impacts; (2) alter existing

trends and mitigate adverse effects on a major scale. While technical

expertise can offer new practices, processes, and strategies, ultimately

legal and institutional mechanisms that have failed to keep pace with the

Nation's growth must be revised.

Wetlands and Coastal Ecosystems

Wetlands are lands where water is the dominant factor determining

the nature of soil development and the types of plant and animal communities

living in that area, including the terrestrial and aquatic systems.

The Federal Water Pollution and Control Act Amendments of 1972 (Public

Law 92-500) defines a coastal ecosystem or estuarine zone as ".. .an environ-

mental system consisting of an estuary and those transitional areas that are

consistently influenced or affected by water from an estuary such as, but

not limited to, salt marshes, coastal and inter-tidal areas, bays, harbors,

lagoons, inshore waters, and channels; the term 'estuary' means all or part

of the mouth of a navigable or interstate river or stream or other body of

water having unimpaired natural connections with the open sea and within

which the sea water is measurably diluted with fresh stream water delivered
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from land drainage." Although there are obviously some overlaps in these

definitions, there are also some unique aspects. Wetlands and coastal

ecosystems are considered intandemhere primarily because current insti-

tutions relate similarly to both.

Wetlands Ecosystems

During the past two centuries, the Nation's heritage of wetlands

has decreased from approximately 120 million acres to about 70 million

acres. No nationally consistent data describe the location and type of

these remaining wetlands; however, the U.S. Fish and Wildlife Service is

currently conducting a National Wetlands Inventory. The inventory has

been designed to provide a single, hierarchical system of classification

and storage of information that will describe all wetlands on an individual

and cumulative basis in terms of their ecological and physical characteris-

tics, geographic location, and natural resource values. An information

base is being developed in both map and computer file form. This will

permit compilation, storage, and retrieval of information after 1979.

Wetlands not only provide habitat for waterfowl and other wildlife,

breeding grounds for fish, and recreational opportunities, but they also

act as natural filters that absorb pollutants and recycle nutrients and

as a buffer for extreme events such as floods and storm tides. They

frequently play an important role in recharging aquifers. Wetland ecosys-

tems are more valuable than is generally perceived.

Until the President's Executive Order of May 24, 1977, drainage had

been promoted by some Federal programs in direct opposition to other

Federal programs aimed at preserving waterfowl habitat. Prairie grasslands

and associated wetlands converted to cropland through private action and

Federal programs have significantly reduced waterf owl and prairie wildlife

habitat. Draining of bottomland hardwood forests to provide additional

agricultural production has also adversely affected these natural ecosys-

tems. Furthermore, dredging and filling of coastal wetlands for navigation

and real estate development have caused substantial losses to flora and

fauna.

Coastal and Estuarine Ecosystems

A wide spectrum of habitats and coastal types are found along the

thousands of miles of shoreline in such diverse areas as the ice-stressed

systems of Arctic Alaska, the coral reefs and mangrove swamps of the

Gulf of Mexico and Hawaii, the rocky shores of New England and the Pacific

Coast, and the extensive salt marshes of the Mid- and South-Atlantic

and the Gulf Coast.

In recent years, economic returns from nearshore marine and estuarine

areas have reached $490 million from commercial fisheries landings (1972);

$160 million from sportfishing (1970); $224 million from waterfowl hunting

(1970); and $5.7 million in fur harvests (1970). Other uses such as

recreational boating, bird watching, and swimming also depend heavily
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on the quality of water and water-related resources. Within these diverse

ecological systems, man has become a major force in shaping the systems

to his own needs.

Since World War II, alteration of our coastal ecosystems has

accelerated through the dredging and filling of estuarine waters to produce

high value land for building construction and other works. Already,

75 percent of the Nation's estuaries have been severely degraded by dredging,

filling, or pollution. This loss of coastal ecosystem habitat has, in

some areas, crippled estuarine and nearshore marine fishery resources

through loss of vital nursery areas.

Upstream flow depletions and dredging of navigation waterways in the

coastal zone change the flow of fresh water and tidal salt water. This

upsets the circulation patterns of the estuarine community. Reduction of

fresh-water flows into an estuary can affect the estuary in a number of

ways: by increasing salinity, increasing flushing time, changing circula-

tion, and decreasing sedimentation. An estuary has a mix of sea water

and fresh water, but the amount of fresh water in proportion to the size

of the estuary varies enormously, not only from one estuary to another,

but also seasonally within a single estuary. The biota found within an

estuary reflects the relative stability or instability of the salinity

regime existing there.

Any change in the fresh-water flow will affect the salinity regime

and consequently affect the biotic communities. Within the lower reaches

of a river or in a bay or sound, salinity is a continuum, with the pro-

portion of salinity increasing nearer the sea. The continuum is dynamic,

however, in that it fluctuates in response to tidal influence, weather

conditions, and fresh-water discharge. A decrease in fresh-water discharge

causes the salinity to move farther upstream. Significantly, the lowest

diversity of organisms is found in the transition zone between the salt

and fresh water where salinity fluctuates most widely.

The most significant effect of reduced fresh-water flows is the change

of salinity and its resulting effect on fish and wildlife habitats. In

tidal rivers, such as the Potomac River near Washington, D. C., a reduction

of fresh-water flow has the same effect as low-flow conditions in the sum-

mer months; it moves the salinty upstream but on a more permanent basis.

Fauna requiring a particularly range of salinities reestablish themselves

farther upstream. Oyster beds are also subjected to higher salinities,

and those in the lower reaches may be subjected to predators and to infec-

tious oyster diseases that are salinity-limited under normal conditions.

New oyster rocks and cultch need to be established farther upstream in

order to keep the larval oyster set viable. Normal spawning and nursery

areas for anadromous fish such as herring and shad might be reduced in

size. This could be significant if suitable substrates are not available

or if a physical barrier to upstream migration is present. In rivers

such as the Potomac, the size and salinity of the receiving body of water

(the Chesapeake Bay) determine the extent of the river's salinity change

caused by a reduction in fresh-water flow. The Texas-Gulf coast and south

coastal California have estuaries deprived of substantial fresh-water

inflow. (See discussion below.)
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The damming of rivers and reductions in flow reduce the amount of

sediment reaching the estuaries. These sediments are important in con-

trolling the ecosystem, since they are sites for the absorption of nutrients

and for microbial activity responsible for the decomposition of organic

matter. In some cases this sediment reduction can be an advantage,

particularly where navigation channels must be maintained. In other cases

where large flows are prevalent, deltas depend upon this continued nourish-

ment by sediments. Without the sediment load and coastwide dispersion,

erosion takes place, which leads to loss of beaches and even the deltas

themselves. In all cases, the wildlife habitat changes.

The river flows are also important in offsetting pollution in the

estuaries and bays. Within each coastal region of the United States,

pollution is a major concern. In some areas, such as southwest Florida

and California, the major sources of pollution are frequently domestic

waste, whereas in other regions, such as New England and the Pacific

Northwest, industrial pollution is the major concern. Fresh-water flows

help to flush estuaries. Any flow reduction tends to increase the con-

centration of pollutants within the estuaries. Since the Texas bays have

a tidal range of only about 0.5 foot, the flushing characteristics must

be considered along with fresh-water input.

The effects of projected water use and supply on estuarine and near-

shore marine environments cannot be adequately assessed on a regional basis

for 1985 and 2000 because the differing demands on subregions within the

same region have a tendency to minimize these effects when the water

demands are aggregated. When individual subregions are examined, however,

certain regions appear to face significant problems.

Four areas have estuaries that are highly affected by changes, prin-

cipally increases in water use: the Texas-Gulf and Louisiana-Gulf coasts,

southern Florida, and the San Francisco Bay-Sacramento delta.

Texas-Gulf Coast—In this area, if predicted increases in consumptive

water use are realized, changes in salinity of estuarine areas could

seriously affect nursery areas and fishery habitats. The Laguna Madre and

Baffin Bay are examples of shallow estuaries in which evaporation in an

arid climate has exceeded fresh-water inflow, resulting in hypersaline

conditions. Further east, the Nueces River feeds Corpus Christi Bay, and

the Guadalupe and San Antonio Rivers empty into San Antonio Bay. Since

connections of these bays with the Gulf of Mexico are quite restricted

by the barrier islands, any reduction of flow increases the salinity of

the extensive bay system. The Colorado and Brazos Rivers empty directly

into the Gulf of Mexico, but the Trinity and San Jacinto Rivers feed the

extensive Galveston Bay complex. Again, passes through the barrier islands

are limited, so that any reduction of flow will increase the salinity

from the present average of about 12 parts per thousand. Even a minor

increase could seriously disrupt shrimp and shellfish nursery areas and

adversely affect the commercial industry dependent on them.

Louisiana Coast—Leveeing of the Mississippi River has altered the

distribution of silt-laden fresh water so that the coastline is subsiding
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rapidly. The land mass of coastal Louisiana is being reduced at a rate of

16 square miles per year. Salt-water intrusion is dramatically altering

the fresh-water and brackish marshes.

Southern Florida—Diversion of fresh-water supplies by the cross-

Florida navigation system through Lake Okeechobee has reduced the size

of the Everglades, damaged the estuarine ecosystem off south Florida, and

increased the adverse effects of normal droughts.

San Francisco Bay - Sacramento Delta—Massive diversions of the

Sacramento River through the delta to supply water to southern California

have transformed San Francisco Bay from an estuarine to a marine environ-

ment. This change jeopardizes the substantial anadromous fish and waterfowl

resources of central California. Planners in these areas must face major

challenges as they seek to reallocate available supplies in order to

preserve the productivity of these ecosystems. Detailed, area-related

analyses must be made on each estuarine area threatened with water supply

modifications before the effects of these changes can be assessed.

Although estuarine systems are adapted to widely fluctuating natural flow

conditions, any long-term increase or decrease of an area's water supply

or any change in the chemical balance will markedly affect the area's

resources and the ability of the system to rebound to a healthy condition.

Although not an estuarine or nearshore environment of the coastal

United States, the Gulf of California is a region that must anticipate

similar problems. Water-use projections for the Lower Colorado Region

(subregion 1502) and the Rio Grande Region (subregion 1305), which con-

stitute the major portion of the Gulf of California watershed, are similar

to those in some of the Texas-Gulf subregions. United States water demands

in these regions may affect the international waters.

Legal and Institutional Ramifications

Management responsibility for estuarine and nearshore marine areas

is shared by a multiplicity of Federal, interstate, State, and local

agencies. Recent Federal initiatives, particularly the Coastal Zone

Management Act of 1972 and the 1972 Federal Water Pollution Control Act

Amendments, encourage, and even mandate, coordination of environmental

considerations by various agencies at all levels. At the State level,

it is not likely that agencies will be created within the States' organi-

zational frameworks to function exclusively as managers of the States'

estuarine or nearshore marine areas. However, awareness of the need

for closer and more visible coordination among agencies is increasing.

Upland Ecosystems

At higher elevations, areas that adjoin drainage land or lands with

standing water have a great diversity of ecosystems that range from prime

wildlife habitat to areas almost totally converted to man's intensive uses.

Man's ability to alter the face of the earth has developed to the point

that change is occurring faster than the biota can adjust to it. The
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degree to which all uses collectively have altered the natural ecotypes

has not been displayed. Expansion of agriculture, stripmining, and urban-

industrial encroachment are rapidly reducing some ecotypes, such as prairie

grasslands and bottomland hardwoods.

The high commercial value of uplands is demonstrated by accelerating

land values. The value of the native vegetative communities which support

most of our wildlife population is more difficult to quantify. while

conversion of native communities to the specialized uses of man is no

doubt beneficial to a degree, perpetuating our natural heritage is also

desirable. Fish and wildlife populations are at the mercy of change

in land use, and there is a point beyond which the gene pools of certain

species will be irretrievably lost. While other sections in this volume

detail the expected trends in agriculture, mining, and urban activities,

the effects of these land-use changes on fish and wildlife populations

are not yet adequately understood.

Requirements for Fish Hatcheries

Fish hatcheries, both State and Federal, are important for meeting

the Nation's demand for recreation fishing. These stocking programs also

supplement commercial fish harvests.

The Pacific Northwest Region accounts for 43 percent of Nation's

total diversions for fish hatcheries. In "1975," the ten regions west

of the Upper and Lower Mississippi Regions withdrew about 75 percent

of the Nation's total water requirements for fish hatcheries. Federal

fish hatcheries (an offstream use) withdrew about 627 million gallons

of water per day in "1975" (Table 11I-65). These withdrawals are expected

to increase by about 15 percent by 2000. Withdrawals for fish hatcheries

constitute only 0.2 percent of total fresh-water withdrawals.

Withdrawals for fish hatcheries should not present a major regional

water supply problem between "1975" and 2000, but isolated areas in the

West may have periodic supply problems. The larger problem will be to

maintain adequate and quality streamflow to use fully the fish stocks

produced in the hatcheries.

Comparison of National and State-Regional Futures

Only four regions submitted instream flow data, which for the most

part described minimum flows. Some regions did not account for instream

flows for fish and wildlife, recreation, etc., because such uses are not

recognized as beneficial uses or because determination of instream flow

requirements is difficult, as discussed earlier. To assess the National

Future, these four regions joined several other regional sponsors in the

acceptance of the instream flow approximations for fish and wildlife, as

developed by the U.S. Fish and Wildlife Service, for use in this assess-

ment, but not necessarily for valid general application. It is clear

that a more widely understood and acceptable standard must be devised

and applied.
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Table III-65. —Federal fish hatchery fresh-water

withdrawals-"1975," 1986, 2000

(million gallons per day)

Region

"1975"

Withdrawals3

1985

2000

New England (1)

37

Mid-Atlantic (2)

21

South Atlantic-Gulf (3)

17

Great Lakes (4)

22

Ohio (5)

36

Tennessee (6)

15

Upper Mississippi (7)

5

Lower Mississippi (8)

1

Souris-Red-Rainy (9)

3

Missouri (10)

46

Arkansas-White-Red (11)

43

Texas-Gulf (12)

17

Rio Grande (13)

7

Upper Colorado (14)

20

Lower Colorado (15)

22

Great Basin (16)

2

Pacific Northwest (17)

272

California (18)

41

Total, Regions 1-18

627

Alaska (19)

0

Hawaii (20)

0

Caribbean (21)

0

Total, Regions 1-21

627

55

21

17

26

45

15

6

1

3

48

46

11

9

27

22

3

301

41

696

0

0

0

696

55

21

17

28

46

15

6

1

3

48

48

11

11

34

23

3

314

41

724

0

0

0

724

Consumption by hatcheries is negligible.
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Water for Natural Areas, Historic Resources, and Wilderness Areas

Natural areas need surface-water flows, ground-water levels, and a

high water quality. Disruptions to any of these natural conditions gen-

erally deteriorate natural areas and their related esthetic qualities.

This section addresses some conflicts between land and water uses that

jeopardize cultural resource preservation. First, the scope of existing

natural and historic preservation programs is described and specific con-

flicts with other water uses are examined. The discussion focuses on

how water resource management can balance preservation needs with develop-

ment projects.

Preservation of the functional and esthetic integrity of some historic

resources depends on maintaining water conditions as they appeared during

the time of the historic event or period represented. Examples are the

Chesapeake and Ohio Canal, the battlefield near the Concord River in

Minuteman National Historical Park, Massachusetts, and the Arkansas River

adjacent to Bent's Old Fort National Historic Site in Colorado. Water

also contributes to the esthetic setting of some historic properties (his-

toric docks, lighthouses, locks, dams, and waterfront districts) and to

the operation of others (mills and boatyards). Seldom does the use of

water for these purposes conflict with other water uses.

Occasionally water projects aid in historic preservation. For example,

a well-planned flood damage reduction program is imperative for protecting

historic areas, especially since these are irreplaceable resources. But

problems and conflicts can arise when projects for reservoirs, canals

and pipelines, stream channelization, agricultural operations, and private

land developments are undertaken in areas containing historic resources.

Natural areas and historic resources are issues in planning for water

resources development because projects may adversely affect biotic com-

munities or conflict with preservation. Consequently, water resource as-

sessment and planning is needed to balance national economic development

with historic and cultural values. The direct off stream water requirements

for natural areas and historic resources are small but critical for those

instream uses that enhance or support the areas and associated ecosystems.

Natural Areas

Water resource development projects frequently degrade conditions for

biotic communities that are integral to a natural area. Depending upon

the nature of the project, the effects range from near total destruction

to only minor damage. Construction of reservoirs submerges geologic fea-

tures and destroys terrestrial and aquatic ecosystems. Reservoirs con-

structed upstream from natural areas and used for diversion of water

may reduce surface-water flow and downstream ground-water levels with

a negative effect on biotic communities. Everglades National Park in Florida

is an example of a natural area affected by the construction of canals

and levees upstream of the park. These canals and levees have reduced

the natural southward flow of fresh water from Lake Okeechobee into the

park and have threatened some of the park's unique flora and fauna with

extinction.
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Natural areas are particularly sensitive to water development projects

that increase agricultural production. Pastures and croplands often are

created either by draining wetlands or by introducing irrigation water. In

either case, natural ecosystems are destroyed or damaged. Some sources of

irrigation water adversely affect an aquatic environment far removed from

the irrigation. If ground water is used for irrigation, the resulting

lower water tables could seriously affect natural areas and their associated

species.

Energy production also conflicts with natural area preservation in

many ways. It could involve adverse effects associated with reservoir con-

struction for generation of hydroelectric power; attendant effects from

coal-fired powerplants (including discharge of heated water and other

pollutants into the water and stack emissions harmful to plants); natural

esthetic values interrupted by construction of electric transmission

lines; and a multitude of other effects resulting from associated industrial,

commercial, and residential growth. Mining for coal and other minerals

frequently destroys riparian areas and their ecosystems, and acid drainage

from abandoned mines has polluted many rivers and streams.

Even the use of water resources for recreation and for maintaining

fish and wildlife populations occasionally conflicts with natural area

preservation. Natural shorelines and backup land areas are drastically

modified to provide large numbers of people with opportunities for swim-

ming, boating, and other recreation pursuits. Likewise, natural areas

may be modified with dikes, fences, irrigation systems, and farming programs

to maximize production of wildlife foods or improve habitat for specific

species of wildlife.

Efforts to reduce flood damages by constucting impoundments and levees

or to increase navigation by dredging and stream channelization often

have disastrous effects on biotic communities. On the other hand, non-

structural solutions frequently foster retention of natural conditions

and preservation of natural diversity.

Historic Resources

Conflicts between water resource development and historic preservation

are aggravated by the fact that prehistoric and historic communities were

concentrated along water courses and in proximity to flood plains and other

arable lands. As a result, historic resources and needs for present-day

water resource development frequently are concentrated in the same places.

Water from reservoirs can inundate historic resources. Visitors

collect artifacts and vandalize sites and structures around the reservoir.

Archeological and architectural salvage programs mitigate some of these

problems, but they can rarely prevent damages that undermine the authen-

ticity of the historic resources.

Agricultural operations have led to the discovery of, but also caused

the loss of many historic and prehistoric sites. Water resource develop-
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ment for agriculture can intensify land surface disturbance. Land leveling,

subsoiling, and excavation practices are particularly disruptive.

Private and public development of land dependent on the availability

of water has complex direct effects on historic resources. Urban renewal

can destroy historic buildings and structures; suburban development of open

land destroys archeological sites. Construction of sewers, roads, streets,

highways, power generation and transmission facilities, and support systems

necessary for such growth destroy both prehistoric and historic sites

and structures.

Because most major water resource projects either take place on

Federal land or involve Federal funding or licensing, the Federal historic

preservation laws are applicable to these projects. The U. S. Environmental

Protection Agency funds the preservation or salvage of historic properties

within the rights-of-way of sewer projects, but it must rely on local juris-

dictions to identify and mitigate the secondary effects of such projects

(for example, when urban growth and development have adverse effects on

historic resources). Often, however, the local jurisdiction has no policy

whatever for historic preservation.

The U.S. Army Corps of Engineers tends to require the identification

and protection of historic properties by permit applicants only when there is

definite information indicating that the applicant's project will threaten

such property. But, because many historic properties have not yet been

identified, such information is usually not available.

To add further complications, State and local provisions for historic

preservation may conflict with or crosscut Federal regulations. Some local

jurisdictions, for example, have protective ordinances applying only to

prehistoric archeological sites, historic buildings, landmark buildings,

historic districts, or Indian burial sites. It is easy for a project

planner to confuse compliance with a local ordinance or State law with

compliance with Federal law or vice-versa. The comprehensive nature of

Federal concern for historic preservation may conflict with more limited

preservation interests held by local communities. On the other hand,

the specific interests of local communities in preserving their important

properties may be poorly identified through the Federal process.

Programs for Natural and Historic Resources Preservation

National programs for the preservation of natural areas have been

developing in an uncoordinated and fragmented fashion. In response to

increasing concerns for protection of environmental quality, the Federal

Government has recently enacted a number of laws dealing with natural

area preservation. The Wilderness Act (Public Law 88-577) was passed in

1964; the Wild and Scenic Rivers Act (Public Law 90-542) in 1968; the

National Environmental Policy Act (Public Law 91-190) in 1969; the Marine

Protection, Research, and Sanctuaries Act (Public Law 92-532) in 1972;

the Coastal Zone Management Act (Public Law 92-583) in 1972; amendments

to the Federal Water Pollution Control Act (Public Law 92-500) in 1972;
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the Endangered Species Act (Public Law 93-205) in 1973; and amendments

to the Land and Water Conservation Fund Act of 1965 (Public Law 94-422)

in 1976.

States administer a variety of programs for protection of natural

resources on their lands, e.g., State parks, monuments, preserves, wild-

life refuges, reservations, forests, estuarine sanctuaries, and desig-

nated national wild and scenic rivers. They also have statewide programs

such as forest fire protection and they assist local governmental units

in natural resource protection, frequently through participation in co-

operative programs with the Federal Government. States conduct or partic-

ipate in river basin studies, prepare State water plans using Title III

of the Water Resources Planning Act (Public Law 89-80) and other grant

programs, coordinate preparation of coastal zone management programs,

and prepare comprehensive State outdoor recreation plans that recognize

the need for natural area preservation. A 1972 survey by the U.S. Department

of the Interior, Bureau of Outdoor Recreation, indicates that local govern-

ments were protecting about 1.7 million acres of wilderness, primitive,

and natural areas.

Some of the Nation's choice natural areas are being preserved by

industries and privately-financed citizen organizations. The Nature Con-

servancy is an outstanding example of such an organization. Its goal is

to preserve ecological diversity through protection of significant natural

lands. It acquires lands both for later transfer to government units

and for its own stewardship. It has acquired and transferred to government

units and private organizations about 390 natural areas containing 900,000

acres. In 1977, it owned and managed some 660 preserves having 400,000

acres. The National Audubon Society is another leading conservation

organization administering natural areas. In 1977, it had 67 wildlife

sanctuaries with some 180,000 acres.

A national program to preserve historic (archeological, historic,

and architectural) resources was expanded by the National Historic Preser-

vation Act of 1966. The act provided for establishment of the National

Register of Historic Places, under the Secretary of the Interior, to

foster preservation of districts, sites, buildings, structures, and objects

significant in American history, architecture, archeology, and culture.

The Federal Government administers programs to preserve historic re-

sources in Federal ownership. At the end of 1976, the national park

system included 170 historical areas having about one-half million acres.

Historic resources on lands adminstered by the U.S. Bureau of Land Manage-

ment are protected in designated "Important Cultural Sites" and in the

national forest system.

State historic preservation officers conduct comprehensive statewide

surveys and develop historic preservation plans under the authority of

the National Historic Preservation Act. The States administer a variety

of programs to protect historic resources on their lands. They also assist

local government units in historic resources protection. The States also

administer the historic preservation grants program for eligible projects

within their borders.
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Local governments undertake local historic preservation planning and

projects. They also regulate activities of the private sector through

local preservation and environmental ordinances and regulations. According

to the Department of the Interior's 1972 survey, local government units

were protecting 22,000 acres containing historic resources.

Privately financed citizen organizations also play a major role in

preservation of historic resources throughout the Nation. They are organized

at national, State, regional, and local levels to preserve single prop-

erties, groups of properties, and historic districts. The National Trust

for Historic Preservation and the many State and local historical societies

do outstanding work in preserving historic resources. State and local

archeological societies work for the identification, study, and protection

of historic and prehistoric sites and exercise control over the quality

of archeological excavations. Prof essional organizations such as the Soci-

ety of Professional Archeologists are active throughout the Nation.

Opportunities for Preservation

As the population of our Nation continues to grow, so will the problem

of preserving natural and historic resources. In view of the rapid rate

of land development, water resource development, and other factors, the

Nation must substantially increase efforts to identify and preserve in

perpetuity units of land and water representing a full array of biotic

communities, geologic features, and other components of natural heritage.

In future studies, there may be opportunities to identify and acquire

lands that have been damaged by erosion, stripped by surface-mining, clut-

tered with abandoned and obsolete industrial and commercial facilities,

or otherwise scarred by man, but that may be preserved for natural and

historic purposes.

The variety of legislated programs, the lack of coordination, and

the broad Federal involvement make it difficult to comprehend both the

scope of natural area preservation and its subsequent effects on water

resources planning and development. Data are needed to facilitate preser-

vation of the important remaining natural areas and historic resources.

Adequate information on the extent and integrity of our remaining biotic

diversity in the country, including wetland communities, is urgently needed.

Research is also urgently needed on various topics related to natural

area establishment and management so that preservation of genetic diversity

within a national system may proceed in a more enlightened way. A resources

inventory and plans for management, research, and education are needed

for each preserved area.

Water Requirements for Public Lands

An important aspect of preserving natural and historic resources and

maintaining them for the public benefit is the Nation's public lands.

These public lands are largely those managed by the U.S. Bureau of Land

Management, the National Forest Service, and the National Park Service.

The operation and management of these lands require minimal water with-

drawals that are largely consumptive.
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Withdrawals of fresh water for public lands were estimated at 1,239

billion gallons per day in "1975," less than 1 percent of the total

for all offstream withdrawals (Table 111-66). By 2000, these withdrawals

are expected to increase by 40 percent, at which time the proportion

of national use for these lands will still be less than 1 percent.

Table 111-66. —Public lands withdrawals and

consumption- "1975." 1986, 2000

(million gallons per day)

Wi

ithdrawaIs

Consumpt

ion

Reg ion

"1975"

1985

2000

"1975"

1985

2000

New England (1)

2

2

3

2

2

3

Mid-Atlantic (2)

4

4

7

3

3

6

South Atlantic-Gulf (3)

5

6

10

5

6

10

Great Lakes (4)

6

13

17

6

13

17

Ohio (5)

5

8

12

5

8

12

Tennessee (6)

1

2

3

1

2

3

Upper Mississippi (7)

2

3

4

2

3

4

Lower Mississippi (8)

1

3

4

1

3

4

Souris-Red-Rainy (9)

1

2

2

1

2

2

Missouri (10)

159

198

266

159

198

266

Arkansas-White-Red (11)

26

33

39

26

33

39

Texas-Gulf (12)

<1

2

2

<1

2

2

Rio Grande (13)

22

27

28

22

27

28

Upper Colorado (14)

103

120

127

103

120

127

Lower Colorado (15)

20

49

56

19

47

54

Great Basin (16)

319

351

411

319

351

411

Pcaific Northwest (17)

190

262

332

190

262

332

California (18)

363

371

394

362

369

391

Total, Regions 1-18

1,229

1,456

1,717

1,226

1,451

1,711

Alaska (19)

10

10

20

10

10

20

Hawaii (20)

0

0

0

0

0

0

Caribbean (21)

0

0

0

0

0

0

Total, Regions 1-21

1,239

1,466

1,737

1,236

1,461

1,731

As expected, the largest uses of water on public lands are in the

western regions, the Great Basin, Pacific Northwest, and California Regions,

which together withdrew and consumed 70 percent of the total for public

lands in "1975." Collectively, the regions west of the Mississippi Region

withdrew and consumed 98 percent of the total for public lands.

Nearly 100 percent of public lands withdrawals of fresh water are

consumptively used. The public lands will consume about 1.2 bgd in "1975"

and 1.7 bgd in 2000. Consumptive uses on public lands were about 1.2 per-

cent of the total national consumption for offstream uses in "1975."

Significant savings or improved efficiencies in water on these lands

are not contemplated.
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Because large holdings in State, local, and private organizations are

not recorded, these fresh-water withdrawal estimates for public lands sub-

stantially understate the real requirements for natural areas and historic

resources. In addition, the instream flows and stocks needed for natural

areas are considered only for fish and wildlife purposes. However, these

instream flow approximations required for fish and wildlife should be suffi-

cient for maintaining most natural and historic resources.

Wilderness Areas

The Wilderness Act of September 3, 1964, established congressional

policy "to secure for the American people of present and future generations

the benefits of an enduring resource of wilderness." To this end, the

Act required the Secretaries of Agriculture and the Interior to review

the suitability of their respective primitive and roadless areas for wil-

derness inclusion.

The 1964 Act declares that areas classified as "wilderness" will be

managed so as to preserve their wilderness character into perpetuity.

This should not be construed as a "lock up of resources," but rather as

a preservation of those uses that are compatible with wilderness values.

The quality of the surface water is of key importance to the national

wilderness system, not only for its recreation and scenic values, but also

because of its importance in maintaining the viability of wilderness areas

themselves. In some cases, water problems for these areas maybe influenced

by conditions and activities upstream. An upstream project may interrupt

the normal water flow and alter the wilderness character of an area. Strip-

mining upstream, for example, could lower water quality in a downstream

wilderness area. Thus, preserving wilderness areas may require that special

precautions be taken for certain activities in adjacent areas.

Fifty-four of the highest quality areas within the national forests

were made wildernesses by 1968, and an additional 181 areas were proposed

by the U.S. Fish and Wildlife Service, the National Park Service, and the

U.S. Forest Service (Figure 111-18). By 1977, a total of 161 areas involv-

ing 14.4 million acres had been enacted into the wilderness system, with

an additional 70.5 million acres proposed.

(1) National forest roadless and undeveloped areas—Anticipating

the requirement for completion of primitive area studies that are specified

in the Wilderness Act, the U.S. Forest Service issued a 1967 directive to

the regional foresters* to identify all areas that seem to satisfy the

criteria meriting recommendation for inclusion in the national wilderness

preservation system. Subsequent Congressional action also has directed

the identification of other eligible lands.

*Forest Service Manual 2321.31b, Revised 1969. Appendix 11.
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90 Areas
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r-52 Areas 17 Areas-

L

J.

92 Areas

50 Areas

37 Areas

324 Areas

Exclusive of Alaska 0-2 lands

Enacted Proposed

1968

Enacted Proposed'

1977

Figure 111-18.—Current and proposed increases in wilderness areas from

first (1968) to second (1977) assessments

National forests contain many areas of significant size that are

roadless and undeveloped and are not specifically mentioned in the l964

Wilderness Act. These lands represent potential high quality additions

to the national wilderness preservation system. It is essential that

they be given special consideration in planning, because the irreversible

nature of some actions could damage their wilderness character. It is

generally accepted that the wilderness characteristics and values that

now exist in some roadless areas may be reduced if certain kinds of

development are allowed.

Areas on which roads are constructed, timber is harvested, land is

cultivated, or permanent structures are built are essentially precluded

from wilderness consideration; therefore, the roadless area review was

designed to select the remaining areas having highest quality for additional

study and to continue to protect their wilderness characteristics until

a final determination could be made. A second roadless area review eval-

uation (RARE II) was initiated during the final days of this assessment.

It is possible that additional potential wilderness may be identified.

(2) National parks and monuments and national wildlife refuges—The

National Park Service and the Fish and Wildlife Service have examined the

lands under their jurisdiction to determine which tracts meet the wilderness
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criteria. These areas were then studied and recommendations sent forward

for most of them.

(3) Public domain lands—The Wilderness Act does not specifically

mention public domain lands administered by the U.S. Bureau of Land Man-

agement. However, passage of the Federal Land Policy and Management Act

of 1976 (Public Law 94-579) extends the provisions of the Wilderness

Act to public domain lands. The Bureau administers about 450 million

acres of Federal land, including 279 million acres in Alaska. About

322 million of the 450 million acres are roadless and undeveloped. The

Bureau of Land Management has designated 11 areas as primitive areas

(234,013 acres). In addition, 27 other areas (1,486,000 acres) have

been identified as being primitive in character as of April 1974. There

are also 43 natural areas. Such roadless and undeveloped areas are a

potential source of classified wilderness. All of these are subject to

a current inventory and should be considered in determining the need for

areas to be left in an undeveloped state.

(4) Alaska—The Alaska Native Claims Settlement Act of 1971 (Public

Law 92-203) provided for withdrawal of 80 million acres to be studied for

possible inclusion in the national parks, wildlife refuge, forest, and

wild and scenic rivers systems (often termed D-2 lands). In 1973, the

Secretary of the Interior recommended that 83 million acres be added to

these systems and that a 3-year study of these areas for suitability as

designated wilderness be undertaken. Congress is currently working on

H.R. 39 which calls for instant wilderness designation for some areas.

These proposed D-2 lands are included in a map, available from the

Water Resources Council as a separate product of this assessment. This

map illustrates the spatial relationship between the enacted, proposed,

and potential wilderness for the four Federal agencies. It is obvious

that the wilderness preservation program cannot attain equal distribution

by States or drainage basins.
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Flood-plain Management

Background

In the past, the general response to floods was to increase flood con-

trol, that is to use structural means such as levees or walls to keep the

water from the people and their property. To some extent this worked.

However, this method also cut off the natural "relief valve" and established

a false sense of security leading to continued or increased use of the

"protected" flood plain. Moreover, as the number of people increased

and as property values grew, flood damages soared so that people put

more pressure on governments—primarily on the Federal Government, which

first took the lead—to build more controls, more structures. Flood control

structures often significantly disrupt the natural and beneficial values

of the flood plains.

Federal involvement in flood-related programs, however, has increas-

ingly changed direction since the mid-1960's. Federal support is now aimed

at breaking the ever-enlarging cycle of flood destruction, reactions to

destruction by increased flood control, increased flood-plain occupancy,

flood destruction, more controls, etc. Instead of flood control, flood-plain

management is emerging as the objective. Sound flood-plain management

entails the balancing of sometimes competing concerns. Although flood-damage

reduction is important, recreation, agriculture, water supply, navigation,

and fish and wildlife management are also important. As a result, attention

has shifted from a narrow focus on flood modification through structrual

means to the way man occupies the flood plain, how he manages it, and

how he adjusts to the dangers of occupancy.

The new approach does not exclude controls or structural measures;

instead, it aligns these measures with an increased focus on nonstructural

measures. It also increasingly emphasizes the role of State and especially

of local governments, where the bulk of flood-related decisions are made.

In this section, the nature and costs of floods and the consequences

of flood-plain occupancy are discussed in light of the shift to the flood-

plain management policy. Future losses and damages are projected against

four scenarios of management decisions on various combinations of measures

to deal with flooding and flood-plain occupancy. Since all floods do

not occur in plains only, the term flood plain here also includes coastal

areas affected by hurricanes, tidal waves, or other elements that cause

inundation of the area.

Definition of Terms

In the discussion, the term flood losses refers to loss of life

and flood damages refers to dollars lost in property or income, either

as direct or indirect result of flooding.

Flood control techniques that physically contain or modify the flooding

are called structural measures, e.g., dams, levees, reservoirs.
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Nonstructural measures are all other means to modify either the type

and amount of flood-plain occupancy or the behavior of the occupants

toward the threat of floods. These measures include altered land uses;

regulation of types of flood-plain occupancy; floodproofing; disaster

preparedness and response planning; flood forecasting, warning systems,

and emergency plans; insurance programs; tax ad justments; and flood recovery

assistance.

Flood-plain regulation is the use of legal tools to control use of

the flood-plain, e.g., zoning, building codes, land acquisition, tax in-

centives or subsidies to implement the regulations.

Flood-plain management is the generic term that includes various

practical mixes of regulation, structures, education, monetary induce-

ments, Federal support to flood-plain insurance, etc.

Data Parameters

At best, approximations of flood damages are simply that—approxi-

mations. Damages may be long- or short-term, realized or potential,

direct or indirect, primary or secondary, to person or property, etc.

Beyond this complexity, these damages may be expressed as an average of

a yearly actual experience or an "average annual" in the sense of a pro-

bable value. In this presentation both expressions of estimates are

used: (1) historical damages identified by year or years and (2) average

annual damages used to express probability for a current or future year.

Although both expressions of damages are given in this section, clearly

the two cannot be compared.

In the assessment, future flood damage estimates are based on various

historical trends and on assumptions about future land use and flood-plain

management programs. The national estimates are aggregated from regional

projections of probable recurring damages. The regional estimates have

been adjusted to reflect certain assumptions about future management and

regulation of flood-plain development.

Consequence of Floods

Although there are regional exceptions, there is no widespread evidence

that on the national level flooding is increasing in magnitude or frequency.

Increasing overall costs may seem to belie this evidence, but the escala-

ting flood damages actually result from two primary causes: continued

development on the flood plain and rising costs to make repairs.

Flood damages averaged $104 million in the 15 years from 1926-40, but

varied from $2.8 million in l931 to $440 million in 1937. Flood damage

exceeds $50 million in about one out of every two years. Since 1941 the

damage has never been less than $50 million in any year. The most fre-

quent yearly damage is in the range of $100 million to $400 million,

although damage of about $1 billion has occurred several times since

1951, the first year that flood damage exceeded $1 billion. Flood damage
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reached nearly $4.5 billion in 1972, the highest ever (Table 111-67).

The 1972 flood damage was unusually high over a wide area not normally

damaged by hurricanes and the storms associated with them. From 1925

to 1970, the total loss of human lives from floods was 3,738. The number

of flood-related deaths varies widely from one year to another, so no

estimates were projected for this assessment. In general, the number

of losses has tended to drop over the years.

Table 111-67.—Annual losses of life and property from floods

in the United States, 1926-1975

Annual

Annual

Average

Average

Annual

Annual

Average

Average

loss of

loss ol

loss of

loss of

loss of

loss 0

f loss of

loss

Year

property

($1,000)

1 ife

property

($1,000)

1 Ife

Year

property

($1,000)

1 ife

property

($1,000)

1 Ife

1926

23,468

16"

1951

1,028,741

51"

1927

347,656

423

1952

254,064

54

1928

44,611

15

— 99,937

112

1953

122,204

40

- 501,468

100

1929

68,098

89

1954

106,842

55

1930

15,850

14—

1955

995,491

302 —

1931

2,808

0—

1956

64,688

42—

1932

10,295

11

1957

360,303

82

1933

36,679

33

- 37,454

74

1958

218,255

47

- 175,495

56

1934

10,362

88

1959

141,255

25

1935

127,127

236—

1960

92,976

32 —

1936

282,549

142-

1961

154,033

52—

1937

440,738

142

1962

75,237

19

1938

101,098

180

175,737

121

1963

177,946

39

- 369,381

66

1939

13,834

83

1964

651,642

100

1940

40,467

60—

1965

788,046

119_

1941

39,524

47~

1966

117,004

31"

1942

98,507

68

1967

375,218

34

1943

199,732

107

- 120,928

69

1968

339,399

31

— 391,946

105

1944

101,079

33

1969

902,654

297

1945

165,798

91_

1970

225,453

135—

1946

70,813

28 —

1971

287,525

74~

1947

272,328

55

1972

4,465,135

554

1948

229,959

82

- 168,616

61

1973

1,894,493

148

— 1,719,325

201

1949

93,931

48

1974

576,203

121

1950

176,050

93 —

1975

1,373,269

107—

The following discussion explains the various elements included in

the generic term, flood-plain management. Because each flood area has

different physical characteristics and varying levels of development,

the mix of each and proportion of money and effort devoted to each must

be determined by the community occupying the flood-prone area.

Flood-plain Management

Flood-plain management is based on an informed use of the flood

plain. Basic to the informed use is an understanding of the flooding

itself. The flood's spread or depth, suddenness or predictability, and

velocity or disruptive force area are all basic to an understanding of

what mix of measures can best offset the effects of the flood. Moreover,
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given this understanding about the nature of the flooding, the community

must also consider what future makes sense to them and what role the

flood plain will play in that future. Once these are known, the commu-

nity can select the appropriate land-use development, whether that is

one best use or a mixture of open space, recreational, residential, com-

mercial, agricultural, or industrial. It can then accommodate this develop-

ment to the natural function of the flood plain and thereby reduce damages

and costs.

Structural Measures

Whether by channel straightening or deepening or by the timely releasing

of impounded water, large flood discharges can often be accommodated with

little damage to the flood plain. The first assessment showed that

the estimated cumulative damages prevented by structural measures increased

from $5.0 billion in 1950 to $14.6 billion in 1966. The $3.4 billion

estimated damages in "1975" would have been 40 percent larger if structural

devices had not been installed. If the current trend were to continue,

structural means alone should reduce the projected 2000 damages by another

10 percent.

The U.S. Corps of Engineers and the U.S. Soil Conservation Service

have active flood control, flood prevention, and watershed protection

programs. Much of their activity has involved structural measures averaging

a cost of over $600 million per year for the last 10 years. Although

emphasis is being shifted to nonstructural measures, significant expen-

ditures are likely to continue for structural measures, such as dams,

levees, and channels. But all areas cannot be given structural protection,

even if warranted, nor are all flood control works certain to prevent

catastrophic events. In fact, flood control works often give a false

sense of security and invite further invasion of the flood plain.

Flood-plain Regulation

Indiscriminate development and encroachment in flood plains with-

out regard to what, where, and how development takes place have caused

pressures to deny all development on flood plains or at least to make a

permit difficult to obtain. Whole systems of flood-plain regulations—

zoning, building codes, and subdivision regulations—are being enacted

locally. Table 111-68 shows the growth in use of these regulations.

Flood-plain regulation is the adoption and use of legal tools to

control flood-plain uses. For this report, regulation includes zoning,

some construction requirements, and, to a limited extent, land acqui-

sition or other equitable arrangements (such as subsidies or tax incen-

tives) to implement the regulation. Enforcement and compliance with

regulations are assumed in the projections.

If the current trend to increase regulation continues, damage could

be reduced by 14 percent by 2000. The reduction in urban damage could be

23 percent. Agricultural damages, however, are not expected to drop;
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Table III-68. —Uses of flood-plain regulations

Number of uses thru FY

Flood-plain regulations

1974

1975

1976

1,003

1,289

1,590

273

285

300

838

923

1,096

1,522

1,978

2,448

110

118

138

362

391

420

543

656

734

Adoption of strengthening

Process of adoption

Planning studies underway

Interim flood control

Non-Federal flood control work

Non-Federal control studies

Acquisition of flood plains

Comprehensive land-use planning

1,746

2,023

2,315

Note: These actions have been prompted in many cases by interaction

of local interests and Corps of Engineers Flood Plain Management

Services. Cumulative responses to requests for flood hazard

information and assistance numbered 19,000 in FY 1976.

Source: Corps of Engineers, Flood Plain Information Report (FPIR),

in fact, they may even increase if regulations lead to an intensifica-

tion of flood-plain agriculture. Available data indicate that maximum

practical regulation could reduce damage by 21 percent. This estimate

approaches the maximum 25 to 35 percent reduction suggested by White

and Haas.* They concluded that as much as 25 to 35 percent of mean

annual losses could be reduced over a 20-year period by a combination

of measures other than construction of protection works.

Complementary Nonstructural Measures

Two specific Congressional acts underpin the shift from structural

to nonstructural measures: the National Flood Insurance Act of 1968

(Public Law 90-448), as amended, and the Flood Disaster Protection Act

of 1973 (Public Law 93-234), as amended. These complementary acts are

aimed at reducing the general taxpayer's burden of flood relief by dis-

tributing the financial burden of floods more equitably. To accomplish

this, both acts require that nonstructural measures, primarily regulatory,

(land use, public facilities, floodproofing, and construction measures),

be implemented before flood-plain occupants can receive Federally-backed

insurance to recover from floods or financial assistance to construct

or improve property in the designated flood-prone areas. Since its in-

ception, about 15,000 communities have participated in the insurance pro-

gram. Actuarial rates for new construction can accomplish several things:

(1) indicate to prospective builders and buyers the extent of the hazard

White, Gilbert F., and Haas, J. Eugene, Assessment of Research on Natural

Hazards, Cambridge, Mass.; The MIT Press, 1977.G
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they face, (2) discourage building in hazardous areas or at vulnerable

elevations, (3) discourage nonconforming uses of the flood plain by requiring

that flood-damaged structures can be rebuilt only if floodproofed and

then must be insured at full actuarial rates.

Legislative opinion seems favorably disposed toward increased use

of nonstructural measures as is apparent in Section 73(a) of the Water

Resources Development Act of 1974 (Public Law 93-251). Section 73(a)

states: "In the survey, planning or design by a Federal agency of any

project involving flood protection, consideration shall be given to non-

structural alternatives to prevent or reduce flood damages including,

but not limited to, floodproofing of structures; flood-plain regulation;

acquisition of flood-plain lands for recreational, fish and wildlife,

and other public purposes; and relocation with a view toward formulating

the most economically, socially, and environmentally acceptable means of

reducing or preventing flood damages."

In addition to regulatory measures to modify flood-plain occupancy,

more effort should be focused on modifying the occupant's perception of

and susceptibility to flood losses, damage, and disruption. The indi-

vidual and the community must take action on flood preparedness, survival,

and recovery. Tools include information dissemination and education,

arrangements for spreading costs over time, and the reasonable transfer

of some individual losses to the community. For each area, the needs

and responses are unique, but flood fighting has helped communities to

survive floods. Communities must educate citizens on systems and methods

best suited to their specific needs. Effective postflood recovery requires

planning and coordination to accelerate the process of recovery. Any flood

forecast or warning system depends on local cooperation to supply adequate

information and then to make use of the forecasts produced from the

information. Although these are short-term emergency measures, they in-

dicate that a community is taking every step to alleviate problems that

might arise from the floods.

The estimated flood damages for "1975" were based on the current

level of flood-plain development with the current level of flood-plain

management in effect. The probable damage was estimated at $3.4 billion

in 1975 dollars. This "1975" estimate is used to project future damages

under four sets of hypothetical mixes of flood-plain regulation and control.

These hypothetical mixes or scenarios are:

(1) the "1975" level of flood-plain regulations to

remain constant

(2) trend to increase regulation to be continued

(3) maximum regulation to be applied

(4) regulation to be accelerated while structural

measures are slowed.

Figure 111-19 shows the overall projections based on these four

scenarios; Table 11I-69 gives a further break-down in projected damages.
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Figure 111-19.— Projected average annual flood damages for selected scenarios

The "1975" estimates shown on Table 69 were derived from (1) U.S. Soil

Conservation Service inventories for drainage areas less than 400 square

miles upstream and (2) the U.S. Army Corps of Engineers inventories for

drainage areas generally exceeding 400 square miles downstream.

After data were studied and the likely trends in flood control work

were investigated, the fourth scenario was developed. Under this alter-

native, the damage reduction from structures amounts to 0.4 percent of

projected damages remaining, assuming that regulation trends continue to

accelerate and structural measures decline. The flood-plain regulations

will be implemented faster than at the current rate, but not up to the

maximum practical level. This alternative seems to be the one that

people will most likely choose. The following projections are based on

this flood-plain management scenario.

Estimates of probable flood damage totaled about $3.4 billion for

"1975" (Table 111-70). This level of probable damage is projected to

increase by 26 percent from "1975" to 2000, to about $4.3 billion (1975$).

Of the 3.4 billion, agriculture accounted for 48 percent, urban areas
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Table III-69.-Projected national average annual flood damages for

selected management scenarios, 1986 and 2000

(million 1975$)

Future alternatives

Urban and

bu 11 tup

areas

Agriculture Other

Total

Upstream

Downstream

1985

1. Flood-plain management

to remain constant

2. Increased regulation

to be continued

3. Maximum practical regu-

lation to be applled

4. Regulation to be accel-

erated while structural

measures are slowed

1,554

1,677

922

4,153

1,889

2,264

1,424

1,679

803

3,906

1,819

2,087

1,358

1,677

799

3,834

1,775

2,059

1,306

1,609

764

3,679

1,713

1,966

2000

Flood-plain management

to remain constant

Increased regulation

to be continued

Maximum practical regu-

lation to be applied

Regulation to be accel-

erated while structural

measures are slowed

2,240

1,942

1,378

5,560

2,646

2,914

1,855

1,944

1,130

4,929

2,409

2,520

1,459

1,944

1,101

4,504

2,088

2,416

1,575

1,749

1,002

4,326

2,114

2,212

The adopted National Future (NF) alternative.

Table 111-70.— Annual total, urban, agricultural, and other flood

damages-"1975," 1986, 2000

(million 1975$)

Total

Urban

Aqr

icultur

al

Other

Req ion

"1975"

1985

2000

"1975"

1985

2000

"1975"

1985

2000

"1975"

1985

2000

New EngI and (1)

92

121

153

77

103

128

3

3

3

12

15

23

Mid-Atlantic (2)

1,831

213

296

130

158

229

28

26

28

25

28

39

South Atlantic-Gulf (3)

484

528

658

110

133

177

264

254

281

110

140

199

Great Lakes (4)

105

125

146

79

96

111

20

19

24

6

10

1C

Ohio (5)

186

201

232

60

69

82

86

88

94

40

44

5f

Tennessee (6)

72

76

93

20

23

29

35

32

34

17

21

::

Upper Mississippi (7)

235

258

302

70

77

86

108

114

131

57

67

3(

Lower Mississippi (8)

399

420

469

63

73

88

255

256

273

82

91

'---

Sourls-Red-Rainy (9)

39

41

47

6

6

7

29

30

32

5

6

8

Missouri (10)

350

358

413

52

59

70

223

214

235

76

85

108

Arkansas-White-Red (11)

234

249

303

39

50

65

146

135

144

50

64

^3

Texas-Gulf (12)

276

282

302

50

47

50

176

177

188

50

58

64

Rio Grande (13)

67

67

72

12

13

15

44

42

44

11

11

13

Upper Colorado (14)

5

6

8

1

2

2

3

3

4

1

2

2

Lower Colorado (15)

122

137

158

56

65

79

38

39

38

28

34

41

Great Basin (16)

10

11

14

3

4

5

4

4

4

3

3

4

Pacific Northwest (17)

126

134

158

42

49

61

67

64

71

17

21

26

Cal ifornla (18)

417

433

482

259

269

275

101

102

115

56

62

92

Total, Regions 1-18

3,404

3,663

4,306

1,129

1,296

1,562

1,629

1,603

1,743

646

763

1,001

Alaska (19)

13

3

5

13

3

4

<1

<!

<1

<1

<1

<I

Hawaii (20)

10

10

11

5

6

7

4

4

4

<1

<1

<l

Caribbean (21)

3

3,429

3

3,679

4

4,326

1

1

2

1,575

1

2

2

1,749

1

647

1

764

I

Total, Regions 1-21

1,147

1,306

1,635

1,609

1,002
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33 percent, and other areas (public lands and facilities, mining, utilities,

rural industries, etc.) 19 percent. Of estimated damage of $4.3 billion

for 2000, 40 percent is projected for agriculture, 36 percent for urban

areas, and 23 percent for other areas.

During the period "1975" to 2000, agricultural damages were pro-

jected to increase from $1.6 billion to $1.7 billion, to account for

40 percent of the total flood damage. This 7 percent increase, how-

ever, is still less than that projected for urban and other areas. During

this period, urban area flood damage is projected to increase from $1.1

billion to $1.6 billion, which accounts for 36 percent of total damage

in the year 2000. This is a 37 percent projected increase. Damages

in other areas are pro jected to increase from $0.7 billion to $1.0 billion.

This is 23 percent of the Nation's probable flood damage in 2000 and

represents a 55 percent increase.

All of these projected damage increases assume more intensive use

of flood plains and a higher value of properties subject to flood damages.

Projected flood damage would be $1.2 billion more if the flood-plain

management measures assumed in the second assessment projections are not

implemented.

The highest total damage should occur in the South Atlantic-Gulf,

California, Lower Mississippi, and Missouri Regions. Agricultural damages

will be most significant in the South Atlantic-Gulf, Upper and Lower

Mississippi, Missouri, Texas-Gulf, Arkansas-White-Red, and the Texas-Gulf

Regions. Urban damages are and will be more prominent in California,

Mid-Atlantic, South Atlantic-Gulf, Great Lakes, and New England Regions.
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Erosion and Sedimentation

By volume and weight, sediment is the largest pollutant of waters.

Sediment, transported and deposited by surface water, damages cropland,

pastureland, forestland, urban areas, rivers, lakes, and bays. It can

also reduce the capacity of stream channels and cause overwash, swamping,

and increased flood damages. It accumulates in reservoirs, reduces the

efficiency of hydroelectric power facilities, increases treatment costs

of municipal and industrial water supplies, impairs navigation, clogs

irrigation systems and drainage ditches, destroys crops, increases main-

tenance costs of utility and transportation facilities, decreases the

recreation value of waters, and adversely affects fishery resources.

However, sediment can also be beneficial. Added to the flood plain, it

can provide more land for growing crops and even improve the quality of

some croplands. Without sediment transported to the coastal areas, re-

creation beaches could not be replenished from the eroding effect of

waves and littoral currents. Because of their natural energy for transport,

streams deprived of sediment from nearby lands will pick up more particles

from their banks and beds to compensate for reduced amounts of soil deliv-

ered by rainfall runoff. The same phenomenon occurs in rivers where up-

stream dams and reservoirs cut off sediment supply.

Obviously, erosion is a land management problem directly related to

a water quality problem. Although erosion is a natural geologic process,

this section deals with manmade alterations to the natural environment

that increase the natural process. The focus is on water-induced erosion

from agriculture, silviculture, and urbanization and construction, mining,

and river and shoreline development activities. Options and costs for

controlling erosion and sedimentation are also discussed for each source.

A more detailed discussion on the polluting effects of erosion is given

in the section on water quality in Part IV of this volume. The effects

of erosion on navigation are also given in the earlier section on navi-

gation in this part.

Data Parameters

Although historical erosion information is given for land-use cate-

gories such as forestry, ranges, and mining, projected rates for 1985

and 2000 are given only for cropland activity, the heaviest contributor

to erosion problems. Streambank and coastal erosion and sedimentation

were also not covered in the model. The surge in agriculture exports

between 1972 and 1975 was only partially foreseen and included in the

National Future. As a result, the erosion problems resulting from the

increase in acreage to meet the rising exports may be more serious and

expensive to control than the projections for 1985 and 2000 show. Moreover,

the current oil shortage and energy crisis will doubtlessly alter the

picture of mining-caused erosion as the Nation turns more to other fuels.
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Background

Water interacts with soil in complex ways to produce various types

of erosion such as sheet, rill, gully, channel, streambank, and shore

erosion. It is estimated that sheet and rill erosion by water accounted

for 3 billion tons of soil loss from harvested cropland alone in 1975.

Without existing conservation practices, cropland soil losses would be

another 1 billion tons annually. Estimates are that the productivity

of the soil resource base cannot be maintained if the average soil loss

exceeds 1.5 billion tons a year. Much of our cropland is losing topsoil

at over twice the rate at which existing levels of soil productivity

can be sustained on a permanent basis. The amount of sediment being produced

from erosion of urban areas, roadsides, strip mines, and from channel

banks and bottoms has not been estimated on a national basis.

Wind erosion may occur wherever a loose, dry, pulverized and un-

protected soil is subject to high winds. Generally, it is most serious

where precipitation is low and variable, drought is frequent, and tempera-

tures are high. The upper reaches of the Missouri, the Arkansas-White-

Red, and the Texas-Gulf Regions are areas subject to high wind erosion.

Gravity generally causes slow movements of soil, but occasionally a

movement is sudden in the form of mud flows and landslides. Mass soil

movement may constitute the dominant process of erosion in areas with

exceptionally steep slopes, high rainfall, or low-strength soil, such

as the mountainous areas of Southern California. Because such movement

is only locally important, it is not considered further in this assessment.

Water-Induced Erosion and Sediment

The locations of erosion and sources of sediment include cropland,

pasture, rangeland, forestland, urban and highway construction areas,

surface mines, streams and rivers, and coastal areas (ocean and lake

shores). Most of the soil eroded from these lands is deposited close

to the site of erosion in land depressions, on channel bottoms or flood

plains, and in lakes and reservoirs. Only about one quarter is carried

out to the sea. Useful procedures have been developed to estimate soil

losses and devise erosion control measures for these areas and conditions.

The most frequently used measure of sheet and rill soil losses is

the "Universal Soil Loss Equation," a predictive model based on such

factors as rainfall, soil types, slopes, management, and control practices.

Mathematical models predict the sediment yield from small acreages and

for river basins. It is important to verify these models from known or

measured inputs and outputs for each local application. The percentage

of sediment delivered from the erosion source to any specified downslope

location is affected by such factors as size and texture of erodible

material, climate, land use, local environment, and general physiographic

position.
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Water-Induced Erosion and Sediment Sources

Until recently, attention has been focused on erosion and sedimentation

of cropland where the economic effects of erosion are more apparent.

However, other settings for erosion are now being studied more urgently

as the pressures of man's activites and expanding population are felt

in previously undisturbed areas. The Nation's demand for more energy,

for instance, has increased strip-mining in vast areas of the West and

parts of the interior and the East. And, as more people have settled

in coastal and urban areas and working hours have been reduced, pressures

on woodlands and beaches have intensified. Table 111-71 shows the Nation's

distribution of land uses in "1975." Table 111-72 shows how man's activities

can accelerate erosion more than 100-fold over the normal geologic rate

of erosion.

Cropland

In 1975, just over 50 percent of the 335* million acres of harvested

cropland was subject to moderate, severe, or very severe erosion (Table

111-73). The 10 regions with high percentages of moderate to very severe

erosion hazard are: New England (55.6), Mid-Atlantic (66.1), South

Atlantic-Gulf (52.9), Tennessee (71.6), Souris-Red-Rainy (56.1), Arkansas-

White-Red (51.9), Texas-Gulf (54.1), Missouri (61.3), Upper Colorado (81.9),

and Pacific Northwest (63.1).

The average annual soil loss rate for most soils should not exceed

5 tons per acre for sustained crop production. But in 1975 the average

rate was nearly double this amount nationwide at 9 tons per acre with

some areas exceeding 25 tons per acre (Figure 111-20 and Table 111-74).

Overall water erosion dislocated 3 billion tons of soil on harvested crop-

land in 1975. Without existing conservation measures, the loss would have

been 4 billion tons.

Estimates of cost burdens for erosion vary widely. One study places

the value of soil nutrient losses at $1.2 billion annually.** To date

public expenditures on conservation efforts, including erosion control,

approximate $15 billion for the last 40 years. The assessment's National

Future shows that to reduce cropland erosion from 9 tons per acre annually

to only 3 tons per acre by the year 2000, expenditures of about $35 billion

would be required.

Estimated acres harvested in actual year 1975; this partially reflects

the 1972-1975 surge in agricultural exports.

U.S., Senate, "Conservation of the Land and the Use of Waste Materials for

Man's Benefits," prepared for the Committee on Agriculture and Forestry

by the Council for Agricultural Science and Technology, GPO, 1975.
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Table 111-71.—Surface area and land use, "1975'

1,000 acres

Percentage of

surface area

Surface area

Land use

Pasture Forest and Other

Regions 1-21 Total Water3 Land Cropland and range woodland agr i. Urban Other

2,316,966 50,114 2,266,852 422,182

100.0

2.2

97.8

18.2

884,932

38.2

673,313 38,905 34,896 212,624

29.0

1.7

1.5

9.2

Does not include area of Great Lakes or waters classified as "other waters" from U.S. Department of Commerce

Area Measurement Reports.

Table 111-72.—Selected quantitative effects of man's activities

on surface erosion

Initial status

of land use

Type of

d i sturbance

Magn itude of

specific disturbance3

Forest land

Grassland

Forest land

Forest land

Forest land

Forest I and

Row crop

Pastureland

Forest land

Planting row crops

Planting row crops

Building logging roads

Woodcutting and skidding

Firo

Mi n ing

Construction

Construction

Construction

100 to 1,000

T imes

20 to 100

Times

220

Times

1.6

Times

7 to 1,500

Times

1,000

Times

10

Times

200

Times

2,060

Times

aRelative magnitude of suface erosion from disturbed surface, assuming "I" for the initial status.

The first row of the table, for example, indicates that transforming a forestland into row crops

may increase surface erosion 100 to 1,000 times.

Source: "Loading Functions for Assessments of Water Pollution from Non-Point Sources," Environmental

Protection Technology Series, U.S. EnviornmentaI Protection Agency, Washington, D.C.,

May 1976.

The conflicts between increased food production and water quality are

covered more fully under the sections on agriculture and water quality in

this report. But it is important to note that certain trends in land

use and agricultural practices have hastened erosion. The use of machinery

that compacts soil and increases runoff, monoculture, use of marginal lands,

and irrigation are prevailing cropping practices that generally increase

soil erosion and sedimentation.
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Table III-73. —Susceptibility of harvested cropland to erosion, 1975

Si

usceptibi1 ity

to erosion

Total

(thousand acres)

Very

cropland

Reg ion

SI iqht

Moderate

Severe

severe

harvested3

New England (1)

461

529

44

4

1,038

Mid-Atlantic (2)

2,893

4,759

668

226

8,546

South Atlantic-Gulf (3)

9,134

9,402

635

235

19,406

Great Lakes (4)

13,378

7,469

405

125

21,377

Ohio (5)

15,115

9,225

1,202

367

25,909

Tennessee (6)

795

1,628

254

127

2,804

Upper Mississippi (7)

27,108

24,250

1,903

618

53,879

Lower Mississippi (8)

14,016

2,843

219

101

17,179

Souris-Red Rainy (9)

7,600

9,518

237

84

17,439

Missouri (10)

31,118

41,399

6,322

1,528

80,367

Arkansas-White-Red (11)

16,902

14,733

3,059

456

35,150

Texas-Gulf (12)

9,958

10,302

1,208

232

21,700

Rio Grande (13)

1,776

368

38

6

2,188

Upper Colorado (14)

155

464

205

30

854

Lower Colorado (15)

1,197

56

3

4

1,260

Great Basin (16)

924

630

102

9

1,665

Pacific Northwest (17)

5,555

7,778

1,484

230

15,047

Cal ifornia (18)

6,936

1,840

463

109

9,348

Total, Regions 1-18

165,021

147,193

18,451

4,491

335,156

a1975 cropland is estimated acres harvested in the actual year 1975. It is distributed

to regions on the basis of the 1967 Conservation Needs Inventory.

Source: "Cropland Erosion by Water," U.S. Department of Agriculture.

Pasture, Range, and Forest

Careful management of pastureland minimizes sheet and rill erosion

and effectively reduces sediment transport. Native grazing lands or ranges

in the Great Plains and western range, generally have lower erosion rates

than croplands because rainfall is sparse and vegetative cover exists for

the entire year. But range lands are subject to heavy runoff and erosion

during sudden thunderstorms. Wind erosion threatens some denuded range

lands of the Plains. Erosion on pasturelands and range land is increased

by improper management of livestock grazing and periodic cultivation of

marginal land. Table 111-75 shows the magnitude of the grazing problems.

Well-managed forests provide effective protection against sheet and

rill erosion and sediment transport. The dense tree-leaf canopy, under-

story vegetation, deep root systems, and ground litter prevent rapid runoff

of rainfall and major soil movements. The forest's natural protection

against erosion is broken when trees are removed too fast, when roads

or skid trails are built, and when understory litter is removed or disturbed.
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Reg, ion

Table III-74.— Sheet and rill erosion from harvested cropland, forest, and

range lands-"1975," 2000

(tons per acre per year)

Erosion from cropland harvested Erosion from forest and range lands

"1975"

2000d

"1975"

New England (1)

Mid-Atlantic (2)

South Atlantic-Gulf (3)

Great Lakes (4)

Ohio (5)

Tennessee (6)

Upper Mississippi (7)

Lower Mississippi (8)

Souris-Red Rainy (9)

Missouri (10)

Arkansas-White-Red (11)

Texas-Gulf (12)

Rio Grande (13)

Upper Colorado (14)

Lower Colorado (15)

Great Basin (16)

Pacific Northwest (17)

Cal ifornia (18)

Total, Regions 1-18

Alaska (19)

Hawaii (20)

Caribbean (21)

Total, Regions 1-21

7

1

14

3

18

6

5

2

9

3

19

4

10

3

23

6

2

1

7

3

6

2

7

3

2

3

2

3

2

1

2

2

2

4

1

9

1

3

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

0.2

0.5

0.

0.

0.

0.

0.

0.

0.

.3

.2

.4

.3

.6

.3

.6

1.5

1.0

0.7

0.9

2.8

2.0

4.1

1.2

2.6

0.9

N/A

N/A

N/A

N/A

N/A - Not avaiI able.

aAssumes application of sound conservation measures.

Table 111-75. —Forests and range lands subject to erosion from grazing and

exploitative grazing

(million acres)

Ecogroup

Area

Grazed

Grazed

exploitatively

Eastern

forests

Western

forests

Western

range

Great p1

ains

Alaska

Hawai i

Total

393.5

1,606.6

418.6

228.9

351.2

2.9

1,555.7

159.9

97.2

360.8

217.1

19.0

1.2

855.2

72.4

2.2

0.9

0.0

0.0

0.0

85.6

Source: U.S. Forest Service, USDA Forest Resources Report No. 21
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Estimates of erosion rates from forests generally have been on too

small a scale to establish general relationships between certain

practices, such as between clearcutting and sedimentation, and experimental

results have varied greatly. However, estimates made for this assessment

indicate that soil losses from forest and range lands average nearly

one ton per acre per year with the highest losses in the Great Basin—over

4 tons per acre per year.

Urban Areas and Construction Sites

Urbanization and highway construction generally increase erosion. The

natural surface is altered, vegetation is removed, and the soil structure

is destabilized by massive earth moving equipment. Gentler slopes may also

be replaced by steep ones.

Some studies of small sites in the eastern United States show that

urban construction activity may increase soil losses through erosion by as

much as 5,000 times. After the construction has been completed, the

overall sediment yield from the urban sites tends to drop. Studies made

in Maryland and Virginia* indicate that an average of 40 to 50 tons of

sediment per acre per year can be expected during urban development when

the soil surface is unvegetated and subject to constant reworking. Urban

development substantially increases the amount and peak rate of runoff

from the affected area. Such peak outflow areas of ten degrade the adjacent

channels so that the resulting bank erosion becomes a source of sediment

for many years.

Surface Mines

Surface mines are significant sources of sediment where areas are being

cleared, grubbed, and scalped. Roadways, spoil piles, areas of active

mining, and areas being reclaimed, also contribute to sedimentation.

Strip-mining of coal is projected to increase substantially in the

northern Great Plains and Rocky Mountain areas. This will increase erosion

and add to the sediment loads downstream. In 1940 less than 10 percent of

United States coal production came from surface-mining. By 1972 strip-

mining accounted for 49 percent. For the remainder of the century, over

50 percent of coal production is projected to be surface-mined. The total

land area disturbed by surface-mining is estimated at about 4.5 million

acres.

U.S. Geological Survey, "Sediment Movement in an Area of Suburban Highway

Construction, Scott Run Basin, Fairfax County, Virginia, 1961-1964,"

(Washington, D.C. : 1969). Raymond B. , Vice, et al. , "Erosion from Suburban

Highway Construction," Proceedings, American Society for Civil Engineer-

ing, Vol. 94, Jan. , 1968. Thomas H. York and William J. Davis, "Effects

of Urbanization on Suburban Transport in Bel Creek Basin, Maryland,"

U.S. Geological Survey paper 750-B, 1971.
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General methods for predicting the erosion rate from surface-mined

areas are not available. The influence of strip-mining on the hydrologic

environment, including sedimentation, was studied for the Beaver Creek

Basin in Kentucky. The study concluded that spoil banks resulting from

strip-mining and prospecting are the greatest source of eroded materials.

From 1958 to 1966 the average annual soil loss by sheet erosion on the

soil banks was about 60 cubic yards per acre. Where the outer slope

was rilled and partly terraced, the average annual loss dropped to less

than 15 cubic yards per acre. On the other hand, in an area drained

by a large gully, the annual rate of erosion was as high as 159 cubic

yards per acre. The sediment concentration in the receiving stream in-

creased from 550 to 30,000 parts per million, and the annual sediment

yield increased from 25 tons per square mile to 1,900 tons per square

mile over the strip-mined area. The average annual sediment yield from

the spoil banks was about 27,000 tons per square mile.* Reclamation from

surface-mining may cost over $5,000 per acre. Documented costs inMontana

were $3,807 per acre (Table 111-76). Even at a cost of $5,000, reclamation

would add only about 10 cents per ton to the cost of mining coal.**

Channels and Streambanks

In most forest and range country and in areas with less than 20 inches

of precipitation annually, channel-type erosion (e. g. , gully, streambank)

produces the bulk of sedimentation. In primarily agricultural watersheds

with more than 20 inches of precipitation, the major source is generally

sheet erosion.

Streambank erosion is dominant in semiarid and arid areas and in

the mountainous areas of the Pacific Coast. In the north coast watersheds

of California and in the Williamette Basin of western Oregon, the sediment

contribution from streambank erosion is greater than from all other sources

combined.

Of an estimated 3.5 million miles of streams (7 million bank-miles),

approximately 8 percent, or 549,000 bank-miles, currently has some degree of

erosion. Of this, about 78 percent is west of the main stem of the Mississippi

River.

The most visible problem arising from bank erosion is the loss of land

at the concave bank or the new channels cut by the stream. The exchange

usually results in a net economic loss because the "new" land consists of

uncompacted, generally coarse soil and is lower in elevation. Rarely is it

U.S., Environmental Protection Agency, Erosion and Sediment Control:

Surface Mining in the Eastern U.S.

Genevieve Atwood, "The Strip-mining of Western Coal," Scientific

American, December 1975.
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Percent of

totaI cost

77.4

16.1

3.2

3.3

Table 111-76.— Projected costs of reclaiming an acre of land in Montana

Reclamation Incremental

component cost per acre3

Recontouring $2,947

Topsoi I ing 612

Revegetation 122

Management and other 126

Total $3,807 100.0

aReclaimed to its past value with a uniform topsoiI of 4 inches where spoil

slopes are 10-percent grade.

Source: Watts, M.J., Staff Paper 75-24, Department of Economics, Montana State

University, cited in Ecology Consultants, Inc.

immediately as valuable or productive as the land that was eroded. In

addition, costly resurvey and litigation may be necessary to settle land

claim disputes that arise. With few exceptions, eroded banks are unsightly

and tend to reduce overall environmental quality. The Corps of Engineers

estimates that total damages from streambank erosion range from $120

to 130 million annually. Based on methods currently in use, acceptable

streambank erosion control would cost about $420 million annually.

Shorelines

The coastal zone is a uniquely valuable national asset. Nearly half

of Nation's population lives within 50 miles of the oceans or Great Lakes.

In the past 10 years, 90 percent of the national population growth has

occurred in 30 coastal states.

Of the 84,240 thousand miles of shoreline evaluated, about 2,700

miles are suffering from critical rates of erosion (Table 111-7 7). The

major coastal areas located in the North Atlantic Region and the South

Atlantic-Gulf Region have critical erosion problems directly related to

extensive development along the shoreline. Storm wave erosion also threatens

the shoreline. Probably the most important effect of shoreline erosion

is the threat to recreational beaches. Special erosion problems merit

attention, such as the effect of inlets that trap sand in littoral transport

and thereby deprive downdrift beaches, especially along the productive

barrier beaches.

Nationally, it would cost over 2 billion dollars to halt erosion

on the 2,700 miles of shoreline with critical erosion. This includes

$1.8 billion in structures and other capital costs, plus about $73 million

annually for beach nourishment. More detailed study may be needed to

decide where treatment should be the responsibility of potential property

owners and/or users of the beaches.
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Options for Controlling Erosion and Sedimentation

The basic techniques and technologies for controlling erosion and

sedimentation are simple in concept but complicated to implement. The

control techniques fall into three broad categories:

(1) land use management, based on soil resource data and conservation

planning, to select for cultivation or other activities the land

that is capable of supporting the planned use without excessive

erosion

(2) land treatment measures such as minimum tillage and other conser-

vation practices on agricultural land, minimum exposure of soil

during urban and highway construction, and planting and preser-

vation of vegetation on streambanks and mining spoil piles

Table 111-77.—Severity and extent of shore erosion

(miles)

Total

shore Iine

Erosion

Req i on

Critical

Noncritical

Nonerod inq

New England (1) and

Mid-Atlantic (2)

8,620

1

,090

6,370

1,160

South Atlantic-Gulf (3)

14,620

980

1,840

11,800

Great Lakes (4)

3,680

220

1,040

2,420

Lower Mississippi (8)

1,940

30

1,550

360

Texas-Gulf (12)

2,500

100

260

2,140

Pacific Northwest (17)

2,840

70

190

2,580

Cal ifornia (18)

1,810

80

1,470

260

Alaska (19)

47,300

100

5,000

42,200

Hawaii (20)

930

30

80

820

Total, shoreline evaluated

84,240

2

,700

17,800

63,740

Source: U.S. Army Corps of Engineers.

(3) structural measures such as impoundments to control runoff and

trap sediment, revetments to protect streambanks, and jetties to

help trap sand in littoral currents and thus provide renourishment

for eroded beaches.

Controls or treatment must be related to the specific site, including soil

type, degree of slope, vegetative cover, climate, etc.

The lack of a coordinated national strategy for conservation re-

flects, in part, the complexity of the relationship between erosion reduc-

tion in a watershed and sediment load in its streams and rivers. It also

reflects lack of public consciousness of the magnitude of the problem and

the deficiencies of existing institutions to carry out greatly expanded

programs. It is difficult to implement comprehensive conservation programs

without strong national direction and even stronger local support and under-

standing of the sources and damages of erosion and sedimentation.
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Nevertheless, there has been progress. Without the soil conservation

programs established in the 1930's and implemented on large areas of crop-

land, soil losses in the United States in 1975 would have been an estimated

1 billion tons greater than they were, or a third more than the estimated

3 billion tons that were lost. The unsightly gullies that commonly laced

farmlands 30 years ago are largely stabilized.

Conclusions

The chief factors mitigating against more extensive use and mainte-

nance of erosion and sediment controls are:

(1) lack of incentive to make conservation investments on private

land to create public benefits such as cleaner water

(2) incomplete knowledge of the relationship between erosion re-

duction in a watershed and sediment loads in streams and rivers

(3) lack of institutional mechanisms for resolving conflicts between

public interests and private ownership rights as they pertain

to erosion and sedimentation

(4) an incomplete evaluation of erosion's effect on the productivity

of soil resources

(5) the incomplete coordination of and inconsistencies and gaps

between agriculture and environmental policies

(6) lack of specifics in translating national policy for food pro-

duction, protection of agricultural resource base, and water

quality into specific, understandable, and reliable regional,

State, county, and river basin erosion and sediment control

accomplishments

(7) shortage of technical assistance and site-specific strategies

that provide information to the farmer on costs and expected

benefits of conservation practices

(8) incompatibility of intensified production systems and monocul-

tures with conservation management systems, and of large ma-

chinery with traditional conservation practices.

Except for developing more information, the correction of these defi-

ciencies is not simply a matter of doing more. Attitudes must be changed

and conflicts resolved among competing interests for land and water.

The experience gained from the extensive spread of conservation prac-

tices on cropland could be used, however, to develop a national strategy.

Experience indicates that to be successful a strategy should embrace:

(1) generation of new information (erosion and sediment yield ratios)
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(2) objectives that reflect current goals (relating sediment tol-

erance levels at different stream locations to particular water

uses at those locations)

(3) implementation of erosion and sediment control plans that utilize

current technology (action on prioritized problem areas and

sources)

a. design of an aggressive system of incentives and disincen-

tives (public sharing of the costs of conservation on private

land and withdrawal of public subsidies for failure to imple-

ment conservation practices)

b. continued emphasis on technology transfer (technical assist-

ance and demonstration projects)

c. strengthened institutional arrangements (land use regulation

that exert pressure on land users who refuse to control

land erosion voluntarily or in response to incentives)

(4) monitoring of land erosion rates and sediment delivered to the re-

ceiving waters and ad justing action plans (comparison of measured

soil losses and sediment loads with objectives).

A comprehensive national strategy must also consider future projec-

tions of factors such as food demand, soil losses under different rates

of cropland production, and sediment yields. Data must be broken down

to the smallest feasible units. Comprehensive projections on gross erosion

and sediment yield are not available, but a start has been made for

projecting erosion and sediment control needs in the different land and

water use classifications.
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PART IV

WATER SUPPLY AND

WATER QUALITY

CONSIDERATIONS
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Introduction

Part IV of this assessment report analyzes fresh-water supplies

(ground and surface). It contains six sections:

l. Introduction — outlines Part IV, briefly describes the hydro-

logic cycle, and discusses the water budget of the United States

2. Water Supply — quantifies surface and ground waters, existing

storage capacity, and water transferred between and within regions

(water imports and exports)

3. Water Use --describes present and future national and regional

requirements for water by types of use

4. Analyses of Water Supply and Use — describes the water supply

adequacy analysis model and compares water supplies with require-

ments

5. Water Quality — describes problems, sources, and controls of

pollution problems

6. Legal and Institutional Aspects of Water Management —discusses

the historical development of surface- and ground-water laws

and identifies key treaties and compacts.

Basic information includes streamflow quantities and frequencies,

storage capacities of large reservoirs, ground-water reserves, water

imports and exports (intra- and inter-regional water movements), and

saline water use. This information was used to analyze the Nation's

water supply and requirements for both instream and offstream uses. Water

quality is included in the analyses since quality may limit or restrict

water use. Better water use and supply management, including conservation,

is also considered.

Hydrologic Cycle

The hydrologic cycle is a complex and continuous process involving

the sun, oceans, river systems, ice caps, winds, vegetation, soils,

rocks, and man's activities. Figure IV-l shows how water in the form of

vapor continuously moves from the ocean and other water surfaces to the

atmosphere; there it condenses and precipitates. Much of this precipita-

tion re-evaporates or transpires and returns to the atmosphere. The re-

mainder runs off to become streamflow or seeps into the earth to become

soil moisture and ground water. Plant roots draw upon the soil moisture

in plant growth and through transpiration return water vapor to the

atmosphere.

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

9
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



2 | WATER SUPPLY AND WATER QUALITY

Figure IV-1: The hydrologic cycle

Precipitation may percolate to a ground-water reservoir or aquifer. It

may emerge in a spring, seep into a stream channel, be pumped or forced up

by nature's geysers, or it may move into tidewater or the ocean. Thus,

the hydrologic cycle is a continuous process. The cycle time for water

movement varies from a few days to millions of years, depending upon whether

the water reaches a river channel, lake, swamp, glacier, polar ice cap,

ground water, etc.

Nation's Water Budget

The average daily water budget of the conterminous United States is

shown in Figure IV-2. The budget accounts for water in its various phases

and locations. On the average, about 40,000 billion gallons perday(bgd)

of water pass over the conterminous United States in the form of water vapor.

Of this, about 10 percent (4,200 bgd) or the equivalent of an annual 30
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Figure IV-2: Average daily water budget

inches precipitates as rainfall, snow, sleet, or hail. The remainder con-

tinues in atmospheric suspension. Of the 4,200 bgd, about two-thirds

(2,750 bgd) is re-evaporated from the wet surfaces or transpired by

vegetation back to the atmosphere. The remaining l,450 bgd accumulates

in ground or surface storage, flows to the oceans or Gulf of Mexico or

across the Nation's boundaries, is consumed, or is evaporated from reser-

voirs.

Streamf low into the oceans, Gulf of Mexico, Canada, and Mexico amounts

to about l,230 bgd with an additional l00 bgd as subsurface flow to the

oceans. Consumptive use is about l06 bgd. Evaporation from major reservoirs

and stock ponds accounts for another l5 bgd.

From a national water budget standpoint, the United States seems to

have more than sufficient water supplies to meet its needs. However, the

water resources vary considerably, from region to region.
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Water Supply

Precipitation

Sources and Quantities

As mentioned earlier, an average of approximately 30 inches of water

annually precipitates to the surface of the conterminous United States.

About 26 inches of this falls as rain and the remainder as snow, sleet, or

hail. Evaporation from the oceans provides over 80 percent of the water

vapor for precipitation falling on the conterminous United States. Inland

evaporation and transpiration supplies the rest.

Only a portion of the potential 1,450 bgd (4,200 bgd precipitation

minus 2,750 bgd evaporation) shown in the water budget analysis in Figure

IV-2 is available for intensive beneficial uses. To date, because existing

surface storage is inadequate and because extremes of annual precipitation

cause floods and droughts, only 675 bgd of the average annual stream

flow is considered available in 95 out of 100 years. In the remaining

five years, or an average of once every twenty years, an even smaller

amount of water can be expected to be available for use.

Geographic Variability

The average annual amount of precipitation ranges from less than 4

inches in parts of the Great Basin and Lower Colorado Regions to more than

200 inches in coastal areas of the Pacific Northwest Region. Figure IV-3

shows the geographic variations in average precipitation for the con-

terminous United States. The area east of the Mississippi River averages

about 44 inches, the area west of the Rocky Mountains about 18 inches,

and the intervening area about 28 inches. The average annual precipitation

in Alaska ranges from about 5 inches in the extreme north to more than

200 inches at places along the southern panhandle for an overall average

of about 20 inches.

In local areas precipitation varies significantly. For example,

large amounts of water precipitate on the windward sides of high mountains

where water vapor suspended in the atmosphere is cooled as the air passes

over the mountainous area, causing it to precipitate. The Olympic Mountain

Range in the State of Washington is an example. It receives as much as

200 inches of precipitation a year on the western slope, but as little as

20 inches on the eastern slope. Mt. Waialeale in Hawaii has the world's

largest average annual precipitation, 460 inches. However, about 15 miles

southwest, on the leeward side of that mountain, the average annual precip-

itation is less than 30 inches.
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WATER SUPPLY AND WATER QUALITY

Figure IV-3: Variations in average precipitation

Annual and Seasonal Variability

The extremely varied topographic and climatic conditions of the con-

terminous United States create continuously varying seasonal and annual

precipitation patterns. While normal precipitation is occuring in some

areas of the country, subnormal precipitation occurs in others. Locations

with low average rainfall generally experience the greatest variations.

In the Northeast there is relatively little seasonal variation in pre-

cipitation. On the other hand, summer storms during the May-October period

in the midcontinent area typically produce more than twice the precipita-

tion that occurs during the remainder of the year.

In the South the seasonal trend is even more complicated. Thunder-

storms provide inland areas with most of the summer precipitation, while

hurricane rains provide coastal areas with precipitation in the fall

months. Cyclones range far enough south during winter months for some

areas to receive most of their precipitation from this source.
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In western mountain areas, winter is the period of greatest precipita-

tion except for low altitudes in southern latitudes where winter precipita-

tion is less than that for the summer. West of the Cascade and Sierra

Nevada Mountains, the maximum precipitation occurs during the winter.

During the summer months, much of California is virtually without precip-

itation. In the northern mountain areas, water available for storage

during the winter months as snowpack is released to streams as tempera-

tures rise in the spring.

The coastal areas of Alaska receive precipitation primarily in the

late fall, while interior areas receive precipitation mostly in summer.

In both Hawaii and the Caribbean, fall is the wet season and early spring

is dry.

Precipitation Quality

As shown in Figure IV-4, the acidity of precipitation varies substan-

tially nationwide. The pH is lowest, that is, the acidity is highest,

in the industrialized Northeast. Concentrations of nitrogen and sulfur

compounds in precipitation have increased dramatically during the past

10 years in many large areas of the northeastern part of the United States.

For example, concentrations have increased fourfold in New York State.

The reason for this is not fully known. Data from the U.S. Environmental

Protection Agency show that emissions of both sulfur dioxide and nitrogen

oxides increased sharply after 1960. However, the increase in nitrogen

oxides doubled that for sulfur dioxide during the 1960-1970 period. The

increase in nitrate concentration in precipitation parallels the increase

in precipitation acidity. Significantly, the use of nitrogen fertilizers

has increased rapidly since about 1950.

Surface-water Resources

Surface water is that which occurs in rivers, streams, lakes,

swamps, marshes, and manmade reservoirs. Ground water occurs in the zone

of saturation below land surface. For this discussion, surface-water sup-

plies are grouped into two broad categories — fresh and saline. While

saline water ranges from brackish inland water to sea water, for the

second assessment, saline water is defined as water that contains more

than 1,000 milligrams of dissolved solids per liter of solution, irrespec-

tive of the nature of the minerals present.

About two-thirds of the total fresh- and saline-water withdrawals in

the conterminous United States comes from fresh-water streamflow and sur-

face storage sources (256 bgd); an additonal 15 percent (61 bgd) comes

from groundwater sources that are highly interactive with streamflows.

Hence, for this assessment these are considered to be a single source.

Therefore, 80 percent of the Nation's water presently being withdrawn

comes from those fresh-water sources. An additional 5 percent comes from

ground-water overdraft. The remaining 15 percent comes from saline-water

withdrawals.
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Figure IV-4: Acidity of precipitation

Streamflow and Runoff Variability

The amounts of streamflow f rom each of the 2l regions are shown in

Table IV-l. Variations in annual streamflow are expressed in terms of

flow that is expected to be exceeded in a specific percentage of years.

For example, a flow of 5-percent exceedance represents an extremely high

flow that will be exceeded on the average in only 5 out of 100 years.

Many flood plains are inundated when flow in the main stream is at or

above this level. The 50 percent exceedance flow is the median flow;

streamflow will exceed the median flow half the time. The 80-percent

exceedance flow, on the other hand, represents a low flow, one that

will be exceeded 80 years out of 100, on the average. During those years

when flows are less than the 80-percent exceedance level, water shortages

of varying intensity can occur. The 95-percent exceedance flow represents

extremely low flows.

Although the average annual runoff is sometimes assumed to be the

theoretical upper limit of supply, the storage required to make this

amount of water available for use would be so large that much of the

water would be lost by evaporation. In general, the percentage of mean
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Table IV-1.— Streamflow frequency—"1976"

[Italic numbers not included in total because these are inflows to another region]

Water resources

region and No.

Streamflow, in billion gallons per day

Mean

Percent exceedance

5

50

80

95

107.7

77.4

62.7

48.3

115.1

77.8

61.2

48.4

356.6

219.3

164.1

121.8

103.9

71.7

57.3

44.9

254.0

178.0

141.0

105.0

57.9

40.8

35.9

31.4

189.0

121.0

91.8

65.3

757.0

433.0

282.0

202.0

11.4

5.6

3.4

1.8

74.3

43.2

29.9

17.6

120.7

59.1

37.4

21.6

62.4

22.9

12.3

6.3

4.4

.6

.3

.2

15.6

10.0

7.0

3.9

1.7

1.6

1.4

1.2

4.7

2.4

1.6

1.2

344.7

254.3

213.3

179.7

87.4

44.3

29.8

19.5

1,956.9

1,210.9

889.4

675.3

1.030.0

898.0

795.0

705.0

10.3

6.3

4.9

3.8

7.1

4.5

3.3

1.6

New England (1) 78.2

Mid-Atlantic (2) 79.2

South Atlantic-Gulf (3) 228.0

Great Lakes (4) 1 72.7

Ohio (5) 178.0

Tennessee (6) 40.8

Upper Mississippi (7) 121.0

Lower Mississippi (8) 433.0

Souris-Red-Rainy (9) 6.0

Missouri (10) 44.1

Arkansas-White-Red (11) 62.6

Texas-Gulf (12) 28.3

Rio Grande (13) 1.2

Upper Colorado (14) 10.0

Lower Colorado (15) 1.6

Great Basin (16) 2.6

Pacific Northwest (17) 255.3

California (18) 47.4

Total, Regions 1-18 1,233.4

Alaska (19) 905.0

Hawaii (20) 6.7

Caribbean (21) 4.9

Total, Regions 1-21 2,150.0

3,004.3

2,119.7

1,692.6

1,385.7

annual runoff, the ground-water recharge possibilities, the amount of

storage and surface area of reservoirs, and the evaporation potential

all vary greatly nationwide and all affect water yield. In fact, to

make available for withdrawal the amounts shown for 95-percent exceedance

values, many regions would need substantial additional storage. Other

measures such as water conservation to reduce water use or weather

modification to increase precipitation must be considered if increased

water requirements are to be satisfied.

The streamflow values estimated by both the regional sponsors and the

Water Resources Council are presented for comparison in Volume 3, Appen-

dix V, Streamflow Conditions. The estimates agree closely on the average

annual amounts of streamflow being discharged from most of the 106 sub-

regions.

Precipitation varies widely from region to region and within a region,

from season to season, and year to year. Similar variations occur in stream-

flow. For example, within a normal year, the ratio of maximum flows to

minimum flows may be greater than 500 to 1. Annual variations in average

flows are also substantial. As shown in Figure IV-5, average annual runoff

is highest in the Northwest and lowest in the Southwest.
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WATER SUPPLY AND WATER QUALITY

/ o

.>^ %

Regional data not available

Figure IV-5: Average annual runoff

The adverse effects of droughts are particularly serious in areas that

use a high proportion of the available average annual runoff or where stor-

age and distribution facilities are inadequate to provide carryover during

periods of low streamflow.

The amount of streamflow in a dry year can be compared to streamflow

in an average or median year to show the amount of dependable water supply

that a stream can provide. The dry year selected in this comparison is

important. One approach is to select a year with a flow that represents

the lowest annual, monthly, or daily mean streamflow ever observed (the

low flow of record). Another approach, the one used in this assessment,

is to select a year from frequency analysis of observed streamflow to

determine the flow for various percentages of time; the Council selected

the 80-percent streamflow condition to represent the dry year. Table IV-2

shows the variations in the monthly streamflow by comparing the high and

low flow values with the average annual values.
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WATER SUPPLY AND WATER QUALITY

Reservoir Storage

Water can be stored naturally in lakes and wetlands or artif ically in

manmade storage reservoirs. In the second assessment, storage reservoirs

were identified and the amount of storage capacity tabulated for the 21

regions and 106 subregions. Large reservoirs include impoundments and

diversion works created by barriers and appurtenant works that are 25

feet or more in height and which have a capacity of at least 50 acre-feet

(approximately 16.3 million gallons). As shown in Table IV-3, there are

about 49,130 large reservoirs (capacity of 50 acre-feet or more) and

more than 1,843,000 smaller reservoirs in the United States.

Of the large reservoirs, 1,631 have storage capacity greater than

5,000 acre-feet. As shown in Table IV-3, 31 of these have a combined

total of approximately 191 million acre-feet of normal storage that accounts

for about 41 percent of the total normal reservoir storage in the United

States. In addition to the large reservoirs, more than 1.8 million small

reservoirs and an undetermined number of farm ponds have been developed

for water supply, fire protection, and recreation. These smaller water

bodies have about lOmillion acre-feet (3,260 billion gallons) of storage

capacity or about 2 percent of the total capacity. Normal operating storage

of all reservoirs in the Nation is about 146,800 billion gallons (450

million acre-feet), as shown in Table IV-4.

Table IV-3.—Summary of manmade reservoirs in the United States,

"1975"

Reservoir size

(thousand acre-feet)

Number of

reservoirs

Normal storage

capacity

(thousand acre-feet)

Percentage of total

normal storage

capacity

More than 10,000

2,000 to 10,000

5

26 —

117,000

74,000 _

25

- 31

-191

-41

16 —

5 to 2,000

1,600a

168,000a

37a

0.05 to 5

47,500a

91,000a

20a

Less than 0.05b

1,843,000a

10,000a

2a

Total

1,892,131

460,000

100

^Approximate values.

Note that 0.05 thousand acre-feet

equals

50

acre-feet.
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Table IV-4. — Reservoir storage capacity for the United States, "1975"

Reg ion

Maximum storage3 Normal storage

Norma I poo I

surface area

(billion gallons) (billion gallons) (1,000 acres)

New England (1)

6,310

4,722

412

Mid-Atlantic (2)

7,853

6,271

142

South Atlantic-Gulf (3)

19,799

13,382

1,766

Great Lakes (4)

4,199

3,292

182

Ohio (5)

14,098

5,161

681

Tennessee (6)

7,724

3,600

466

Upper Mississippi (7)

7,574

4,231

469

Lower Mississippi (8)

6,398

2,034

542

Souris-Red-Rainy (9)

2,429

1,430

18

Missouri (10)

38,488

27,161

2,087

Arkansas-White-Red (11)

22,761

9,853

1,515

Texas-Gulf (12)

17,912

7,660

930

Rio Grande (13)

4,410

2,534

173

Upper Colorado (14)

3,691

3,329

318

Lower Colorado (15)

23,491

19,962

251

Great Basin (16)

1,368

1,239

130

Pacific Northwest (17)

21,257

17,839

1,280

California (18)

14,416

12,697

413

Total, Reg ions 1-18

224,179

146,397

11,774

Alaska

283

267

12

Hawa i i

17

13

1

Car ibbean

132

92

7

Total, Regions 1-21

224,612

146,769

11,793

Maximum storage is flood capacity; over normal storage.

""Normal storage is that capacity designated for purposes other than flood

con troI.

Evaporation

The amount of evaporation from reservoir surfaces is significant,

particularly in the arid West. The basic factors influencing the rate at

which waterwill evaporate from the surface of an extensive body of water

are short-wave and long-wave radiation, humidity, air temperature, wind

movement, and temperature of evaporating surfaces. The average rate of gross
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14 I WATER SUPPLY AND WATER QUALITY

evaporation from reservoirs varies from about 20 inches per year in the

Pacific Northwest and New England Regions to more than 80 inches per year

in the Rio Grande and Lower Colorado Regions.

Precipitation falling onto reservoir surfaces makes up for, and in some

cases exceeds, evaporation. Thus, evaporation is less than precipitation

in the humid East. Net evaporation for the East was treated as zero

for this assessment. The largest net evaporation occurs in the Southwest.

Table 1V-5 shows the net evaporation by region for "1975."

Table IV-5. —Net evaporation from reservoirs, "1975"

Estimated net9

Region evaporation

mgd

New England (1) 0

Mid-Atlantic (2) 0

South Atlantic-Gulf (3) 0

Great Lakes (4) 0

Ohio (5) 0

Tennessee (6) 0

Upper Mississippi (7) 43

Lower Mississippi (8) 0

Souris-Red-Rainy (9) 16

Missouri (10) 4,924

Arkansas-White-Red (11) 2,615

Texas-Gulf (12) 1,705

Rio Grande (13) 730

Upper Colorado (14) 711

Lower Colorado (15) 1,202

Great Basin (16) 327

Pacific Northwest (17) 2,014

California (18) 669

Alaska (19) 0

Hawaii (20) 1

Caribbean (21) 0

alf precipitation exceeds evaporation, net evaporation is shown as

zero (0).
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Water Imports and Exports

There are physical regional and intraregional transfers of water in

the United States. Figure 1V-6 shows where water imports and exports

occurred in "1975" and are projected for 2000. The estimates of future

increases or decreases in transfers are based on authorized and/or funded

projects only.

Subregions that import water now or

will import water by the year 2000

Subregions that export water now or

will export water by the year 2000

Subregions showing both

mports and exports

Figure IV-6: Water exports and imports by subregion

Saline-water Supplies

For the second assessment, saline-water supplies are described

largely in terms of water uses. The major sources are the limitless

supplies of oceans. Of the total fresh and saline withdrawals, 15 percent

(59.7 billion gallons per day) is saline water. Manufacturing and steam

electric generation are the largest users of saline water. Table IV-6

shows the regions that withdraw saline water and what percent of total

water withdrawals this represents.
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16 I WATER SUPPLY AND WATER QUALITY

Table IV-6. — Withdrawal of saline water and percentage of total

(fresh and saline) withdrawal, "1975"

Sa I ine

Region withdrawal Percent

mgd

New England (1) 5,216 51

Mid-Atlantic (2) 19,625 52

South Atlantic-Gulf (3) 7,460 23

Great Lakes (4) 0 0

Ohio (5) 0 0

Tennessee (6) 0 0

Upper Mississippi (7) 0 0

Lower Mississippi (8) 1,253 8

Souris-Red-Rainy (9) 0 0

Missouri (10) 0 0

Arkansas-White-Red (11) 0 0

Texas-Gulf (12) 9,163 35

Rio Grande (13) 0 0

Upper Colorado (14) 0 0

Lower Colorado (15) 0 0

Great Basin (16) 0 0

Pacific Northwest (17) 131 0.3

California (18) 14,569 27

Total, Regions 1-18 57,417 15

Alaska (19) 57 16

Hawaii (20) 1,139 38

Caribbean (21) 1,124 55

Total, Regions 1-21 59,737 15

Ground-water Resources

Distribution and Characteristics

Figure IV-7 shows the physiographic distribution of the Nation's major

ground-water aquifers. Aquifers vary widely in their ability to accept

replenishment. Some ground-water reservoirs receive ample recharge from
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18 I WATER SUPPLY AND WATER QUALITY

rain and snow, while others receive small or even negligible amounts. The

movement of water underground does not necessarily coincide with surface-

water drainage patterns. Irregularities in geology and climate and the

characteristically unsteady hydraulic conditions caused by pumping make

ground-water basins a complex resource, one which requires detailed hydro-

logic and geologic analysis.

About 30 percent of the Nation's streamflow during a year of normal

rainfall is supplied by ground water which percolates into aquifers and

then emerges as streamflow from natural springs and other seepage sources.

In arid regions, seepage from streams, rivers, and reservoirs is a principal

source of ground-water recharge. During years with subnormal precipita-

tion, most of the flow in many smaller streams during the low flow months

comes from ground-water storage. This low flow from ground water is the

"base flow" of a stream. For an assessment of theNation's water resources

to be accurate, it must include the degree of interaction between the

surface- and ground-water resources.

From a historic, geologic point of view, all ground water is considered

to be renewable, but a considerable amount accumulated hundreds, thou-

sands, and even millions of years ago. These waters that have been in

storage a long time are considered nonrenewable. Sometimes the withdrawal

is so great that renewal or recharge takes years. The term ground-water

overdraft is applied to both. In order to develop ground-water resources

properly, the amount as well as quality of water in underground storage,

the amount considered to be readily available for withdrawal, the amount

currently being withdrawn, as well as the rate of annual recharge must

be known.

Ground-water Quantity and Use

The amount of fresh ground water in storage is vastly greater than the

quantity of fresh water in streams and lakes. Within the conterminous

United States, there are about 180 billion acre-feet or 59,000,000 billion

gallons of ground water within about 2,500 feet of the earth's surface.

Of this amount, about half is considered to be extractable if no considera-

tion is given to changes in streamflow, the effect on the environment, and

the costs of extraction. To put these huge quantities of water into perspec-

tive, compare that 59,000,000 billion gallons to the 1,290,000 billion gal-

lons of water in Lake Michigan or to the 33,000,000 billion gallons of

water that the Mississippi River discharged into the Gulf of Mexico during

the last 200 years.

Table IV-7 presents historical information on ground-water with-

drawals. For the period of 1900 to "1975," withdrawals of saline and

fresh water increased annually at an average compound rate of 3 percent.

During the last 25 years of this period, fresh surface-water withdrawals

increased annually at a rate of 2 percent, whereas fresh ground-water

withdrawals increased 3.8 percent. This is a significant increase in

the dependency on ground water for fresh-water supplies.
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Table IV-7.—Saline- and fresh-water withdrawals from ground and

surface sources in the United States since 1900

(billion gallons per day)

Sal ine water Fresh water Sal ine and fresh

ground water in

Year Ground Surface Ground Surface Reclaimed Total percent of total

1900 40

1910 66

1920 92

1930 110

1940 136

1950

N/A

10

34

160

N/A

204

17

1955

0.7

18

47

180

0.2

246

19

1960

0.4

31

50

190

0. 1

272

19

1965

0.5

43

60

210

0.7

314

19

1970

1.0

53

68

250

0.5

372

19

1975

1.0

69

82

260

0.5

412

20

N/A Not ava iIable.

Sources: Years 1900-1940: National Water Commission, Water Policies for the

Future, Table 1, p. 7.

Years 1950-1975: USGS, "Estimated Uses of Water in the United States,"

Geological Survey Circular 765, Table 3, p. 10.
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WATER SUPPLY AND WATER QUALITY

The principal use of ground water is for irrigated agriculture. Over

80 bgd of ground water was withdrawn in "1975" (Table IV-8). Based on the

United States Geological Survey information shown in this table, 69 percent

of ground-water withdrawals in "1975" were for irrigation. This accounts

for 40 percent of all water used for irrigation.

Table IV-8.—"1975" Fresh-water withdrawals in the United States,

by source

(billion gallons per day)

Uses

Withdrawals

Ground3 Surface3 sewagec

Reclaimed Total

USGSa

Total

WRC

b

Irrigation

Public suppl ies

Self Supplied

Electric power

Other industrial

Rural domestic

Livestock

Total - USGS

Total - National Assessment^

56.3

83.9

0.

4

140.6

158.7

10.7

18.8

29.5

27.9C

1.4

130.0

131.4d

88.9d

9.6

29.0

38.6

58.3f

2.7

0.1

2.8

2.7f

1.2

0.9

262.7

2.1

1.9

81.9

0,

,4

345.0

338.4

82.3

U.S. Geological Survey (C.R. Murray & E.B. Reeves), "Estimated Use of Water

in the United States in 1975," Circular 765, 1977.

Column provides a rough equivalency between USGS categories for uses and

national assessment categories.

Commercial (5.5 bgd), Domestic central (21.2 bgd). Public lands (1.2 bgd).

Difference largely due to definition for once-through cooling.

Manufacturing (51.2 bgd), Minerals (7.1 bgd).

Noncentral (2.1 bgd), Fish hatcheries (0.6 bgd).

^Ground-water withdrawals from Volume 3, Appendix II, Table 11-1.G
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Table IV-9.—Ground-water withdrawals and percentage

of overdraft -"1975"

Total

Water resources withdrawal

region and No. (mgd)

New England (1) 635

Mid-Atlantic (2) 2,661

South Atlantic-Gulf (3) 5,449

Great Lakes (4) 1,215

Ohio (5) 1,843

Tennessee (6) 271

Upper Mississippi (7) 2,366

Lower Mississippi (8) 4,838

Souris-Red-Rainy (9) 86

Missouri (10) 10,407

Arkansas-White-Red (11) 8,846

Texas-Gulf (12) 7,222

Rio Grande (13) 2,335

Upper Colorado (14) 126

Lower Colorado (15) 5,008

Great Basin (16) 1,424

Pacific Northwest (17) 7,348

California (18) 19,160

Regions 1-18 81,240

Alaska (19) 44

Hawaii (20) 790

Caribbean (21) 254

Regions 1-21 82,328

Overdraft

Subregions

Total

(mgd)

Number

Number

Range in

Percent

in

with

overdraft

region

overdraft

(percent)

0

0

6

0

—

32

1.2

6

3

1- 9

339

6.2

9

8

2-13

27

2.2

8

1

30

0

0

7

0

...

0

0

2

0

—

0

0

5

0

...

412

8.5

3

3

7-13

0

0

1

0

—

2,557

24.6

11

10

4-36

5,457

61.7

7

7

2-76

5,578

77.2

5

5

24-95

657

28.1

5

4

22-43

0

0

3

0

—

2,415

48.2

3

3

7-53

591

41.5

4

4

7-75

627

8.5

7

6

4-45

2,197

11.5

7

5

7-31

20,889

25.7

99

59

1-95

0

0

1

0

...

0

0

4

0

...

13

5.1

25.4

2

1

60

5

20,902

106

1-95

Table IV-9 presents the ground-water withdrawal and overdraft by

region. For example, in "1975" ground water obtained from nonrenewable

sources was 77.2 percent in the Texas-Gulf Region, 28.1 percent in the

Rio Grande Region, 24.6 percent in the Missouri Region, 11.5 percent

in the Calif ornia Region, and 8.5 percent in the Lower Mississippi Region.

In "1975" ground water provided 40 percent or more of the total fresh

water withdrawn in 23 of the 106 subregions. The West, in particular,

experienced significant scattered ground-water overdrafts. For example, 48

percent of the total fresh waterusedin California in "1975" was obtained

from wells. This accounted for 23 percent of the total national ground-

water withdrawal. California extracted more ground water than all of

the eastern regions (1 through 8) combined.

Water Supply Conservation and Augmentation

The importance of water conservation has been demonstrated by the

President's frequent messages that conservation is a cornerstone of his

overall water policy. Past Federal involvement in water resources manage-

ment has generally supported an increase in supplies rather than a reduc-
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22 | WATER SUPPLY AND WATER QUALITY

tion in demands through water conservation. Some State and local govern-

ments, however, have already made significant advances in developing in-

novative water conservation programs. The tools of conservation are the

elements of management and technology that can balance water requirements

with resource availability.

The construction of dams and reservoirs, management of upstream

watersheds, and the transfer of water between regions have been regarded

as traditional conservation practices. Conservation in this sense means

to save water for later use. These technologies seek to reduce the seasonal

variability of water supplies within a particular area either by retaining

available runoff and streamflow for dry periods or by moving water from

water-rich to water-poor regions. Water storage and transfer will con-

tinue to be an integral part of a conservation strategy. However, in

recent years, increasing requirements for water within the region of

origin often dictate against further transfers to other regions. In some

regions, a lack of storage sites coupled with escalating costs for storage

and distribution facilities often suggest other approaches.

An alternative to supply augmentation is the improvement in use of

existing supplies. Modifications in reservoir operation to meet the chang-

ing priorities for water use may partially offset the need for new supplies.

Water reclamation and reuse is another opportunity to improve use of exist-

ing supplies. As of 1975, reuse of water in irrigated agriculture and

manufacturing has increased considerably, but the increase could be greater

if acceptable practices were developed to use treated water from waste

treatment plants for irrigated agriculture.

Perhaps the greatest management possibility lies in enhanced ground-

water use. If used properly and if developed and managed in conjunction

with surface-water use, ground water is a much greater potential natural

resource.

Past patterns of economic growth and associated ground-water develop-

ment have taxed the natural distribution of ground water. This frequently

creates an imbalance within and between hydrologic basins. Ground-water

overdraft has led to falling ground-water levels, increased pumpage and

treatment costs, land subsidence, surface fissures, and salt-water intru-

sion into fresh-water aquifers. Wise use of the renewable ground-water

resource can enhance the potential supply of existing water.

Technological Means

Desalination

Water requirement projections for the second assessment are similar in

magnitude to those for the first assessment. However, projections for with-

drawals to meet requirements have been greatly reduced because more inten-

sive water management practices are expected, including desalination or

desalting of water that would otherwise be of unacceptable quality.
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From 1955 to 1975 the number of desalination plants in the United

States increased from 12 producing a total of less than 2 mgd, to 336

plants producing about 100 mgd. While this is only about one-tenth of

I percent of the total withdrawals of fresh water for urban and industrial

use, it indicates that desalination is increasing. Most of these desalting

plants provide water for industrial purposes; however, about 33 percent

provide municipal supplies. As of 1975, the largest number of desalination

plants were located in California, Texas, and Florida. Some plants are

also located in the industrialized Northeast and arid Southwest. About

61 percent of the installed capacity is east of the Mississippi River.

Location of future plants will depend upon specif ic local requirements

and the availability and quality of supplies (including brackish and saline

waters) and the comparative costs of desalination versus alternative solu-

tions. The Federal Water Pollution Control Act Amendments of 1972 (Public

Law 92-500) also have influenced the need for treatment of water, including

desalination, in order to eliminate discharge of pollutants.

Since many major cities are located in the coastal zone areas, water

from the Atlantic and Pacific Oceans and the Gulf of Mexico could supply

many of the Nation's cities or industries if technology can make desalina-

tion less expensive and more energy efficient. The availability of brackish

surface waters in many coastal areas and in much of the interior where new

supplies are needed provides another possibility for reclaimed water.

In many parts of the Nation, available ground water with concentra-

tions of dissolved minerals exceeds the limit of 500 parts per million (ppm)

for total dissolved solids that was established for drinking water by the

U.S. Public Health Service Standards of 1962. On December 24, 1975, the

initial Interim Primary Drinking Water Regulations of the U.S. Environmen-

tal Protection Agency superseded the above standard. Although it is not

an enforceable requirement, the 1975 regulations, which set a 250 ppm

limit, is a desirable goal.

The April 1975 Westwide Study Report of the Deparment of Interior

identifies the increasing salinity of the major western river systems

as a serious problem. This salinity is reducing the amount of water of

acceptable quality for use by small western communities. The report states

that at least one-fourth of the 6,500 nonmetropolitan communities in the

II western States have water in short supply, of poor quality, or both.

It further states that 340,000 people in this area are supplied water

containing dissolved solids in excess of 1,000 ppm.

A 1973 study by the Engineering Environment Station of the University

of North Dakota found that 43 North Dakota communities with a population

of 500 or more had supplies containing total dissolved solids greater

than 1,000 ppm and/or hardness, chloride, sulfate, or sodium greater than

400 ppm. A similar study by the South Dakota Department of Health revealed

that 150 communities in that State have water supplies containing more

than 1,000 ppm of total dissolved solids. During 1971 to 1974, similar

reports were prepared by the U.S. Office of Saline Water for Arizona,

California, Colorado, Kansas, Nevada, and Illinois.
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Ma jor efforts to desalt brackish water include the recently completed

Water Factory 2l of the Calif ornia Orange County Water Agency and the pro-

posed Yuma Plant of the U.S. Bureau of Reclamation. Water Factory 2l con-

sists of a 5 mgd reverse osmosis plant operated in conjunction with an

advanced treatment plant to provide l5 mgd of water for ground-water re-

charge to prevent sea-water intrusion. It is the largest desalination plant

in the United States. The Yuma Plant is planned to desalt annually about

l00,000 acre-feet of drainage water from about 3,200 ppm down to about

250 ppm by use of the reverse osmosis process. This is enough water to

irrigate over 30,000 acres of row cropland or to provide domestic water to

over l00,000 homes.

The reclaimed water will be mixed with Colorado River water to provide

l.5 million acre-feet of water annually to Mexico under provisions of Minute

242 of the International Boundary and Water Commission. Water must be de-

livered to Mexico at Morales Dam with a dissolved solids concentration

that does not vary more than l15 ppm, +30 ppm, from that available to the

United States at Imperial Dam. The Yuma plant will be by far the largest

desalination plant in the United States. It will compare in size with several

Saudia Arabia plants that utilize the electrodialysis process.

Because desalination operations are still expensive, users install

these operations only if less costly sources of water are not available.

The need for water of improved quality has stimulated intensive research

to improve techniques for desalting brackish and saline water. Five desalting

processes currently show the most promise. They are reverse osmosis, electro-

dialysis, ion exchange, distillation, and freezing. All of these are energy

intensive, so a significant breakthrough in reducing the cost of energy,

for example from efficient solar installations, would have an extremely

favorable effect on the desalination processes.

Weather Modification

Efforts to induce ormodify precipitation by seeding clouds with silver

iodide, frozen carbon dioxide, and other nuclei have been the subject of

considerable applied research and development activities over the past

three decades. Considerable progress has been made in understanding how

precipitation forms and the relative effectiveness of the various seeding

nuclei and application techniques. As a result, many of the arid States

have developed legislation in anticipation of increased weather modification

activity. Figure IV-8 shows States with weather modification legislation.

In general, seeding of winter storms in the western United States over

the past 25 years has increased total precipitation from 5 to 25 percent.

Cloud seeding is considered to be effective in increasing snowpack on the

western slopes of the western mountain ranges, thereby adding to the amount

of streamflow and snowmelt water in downstream storage reservoirs.

The seeding of summer cumulus clouds to produce additional rainfall is

considerably more complex. Many experiments have been made on single cumu-

lus clouds; some showed great promise while others did not. The reason
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Figure IV-8: States with weather modification laws

why some seedings actually decrease expected rainfall by 100 percent is

not understood. However, some recent seedings of multicloud formations

have yielded positive results. For example, projects in the Dakotas have

increased the total seasonal rainfall by about 10 to 20 percent. For

Florida the best rough estimate of the magnitude of the mean seeding

effect is from a plus 18 percent to a minus 6 percent. Whether results

obtained from these areas can be transferred to other parts of the

country is not known.

End-use Technology

Irrigation is the prime candidate for water-saving techniques because

it uses large quantities of water and is concentrated in relatively water-

short western states. Irrigation accounts for 46 percent of total national

withdrawals and 83 percent of consumption of freshwater. Several reports

have indicated that the potential reduction in withdrawals for irrigation

is around 20 to 30 percent.
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Improved delivery systems are the principal means available for reduc-

ing irrigation withdrawals. Lining or converting ditches to pipelines,

automated weirs and gates, and computerized scheduling of deliveries are

examples. Improved onfarm systems (e.g., trickle, drip, or sprinkle),

land preparation, and water management can reduce withdrawal requirements

by over 10 percent.

Consumption is not readily decreased without reducing the irrigated

area. Crops need a nearly full water supply for efficient production.

However, when withdrawals are excessive, there is a tendency for water

to collect in nonerop areas and be consumed by evaporation and transpira-

tion. Reducing these so-called incidental losses can reduce water con-

sumption. However, this sometimes reduces wildlife habitat.

Water use from central domestic systems represents less than 6 per-

cent of total national water use. Yet consumption can be reduced substan-

tially and at relatively little cost to the supplier. For example, out-

side uses of water, such as lawn and garden watering and car washing,

account for over one-third of all water used by urban systems. Yet price

sanctions do not reduce these substantially. Within the home, bathing

and toilet flushing, for instance, represent over half of all household

water use. Retrofitting existing showers and toilets and adding more

efficient new fixtures can reduce the water used for this purpose.

Institutional Means

Pricing and Charges

When water is delivered by a public authority, charges can sometimes

deter the inefficient use of water. Numerous studies demonstrate that

price can influence levels of use. Although agricultural water users are

generally sensitive to water price, this will vary, at least in part,

according to the selling price of the crop.

The following are criteria for promoting efficient water use:

1. The price of the water should be paid by the user as a direct cost

2. The price for water from existing facilities should produce, as a

minimum, enough revenue to cover operation and maintenance costs

of the service

3. The price for water made available by expansion of existing facil-

ities should provide enough revenue to cover costs of the expanded

service

4. The price should reflect the value in alternative uses prevented

by the user's consumption.
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Water Transfers

Because some water is self-supplied, charges cannot be universally

applied as a mechanism to encourage efficient use. One mechanism to encour-

age water use efficiency is the sale of excess water where State water

laws do not preclude such sales. Uncertainty about water rights makes

such transactions difficult. The States in some water-short areas of the

West are considering changes in law to promote water transfers through

a "water market" or a "water bank."

Technical and Financial Assistance

The practices and technologies to reduce water use often are not known

by the water user or are expensive to implement. It may be necessary to

provide technical, financial, and educational assistance programs as part

of a conservation strategy. Recent efforts in the West show that such pro-

grams can reduce irrigation water use. During the 1977 drought, urban uses

in the West were reduced by as much as 40 percent through technical

assistance and educational programs, and rationing in some cases.

The major water use, especially in dry areas, is for irrigation.

Installation and operation costs for water-reducing equipment are often

not justified under current water and agricultural price relationships.

With rising water prices, improved management may reduce agricultural

water use. Unfortunately, in many instances further savings can only come

either by reducing the level of irrigated agriculture or by using technology

that is not cost-justified for the individual farmer. Financial assistance

for these technologies can, of course, help to justify their adoption.
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Water Use

National

In "1975," total ground and surface fresh-water withdrawals for the

Nation were approximately 338 billion gallons per day(bgd). Of this amount,

107 bgd were consumed through evapotranspiration or were incorporated into

products. The remainder was returned to surface water for possible reuse

downstream. By 2000 total fresh-water withdrawals are projected to be about

306 bgd, with about 135 bgd consumed. This is a 9 percent reduction in

withdrawals but a 26 percent increase in consumption. Increased emphasis

in reuse is the principal reason for the expected decline in water with-

drawals by 2000.

The most significant contribution to this reduction in offstream use

will be made in the manufacturing sector where fresh-water withdrawals are

projected to decline from 51.2 bgd to 19.7 bgd, or 62 percent. Although

the quantity of withdrawals for irrigation and steam electric generation

will decrease slightly between "1975" and 2000, the percentage of total

withdrawals for these two uses will remain essentially unchanged, at about

one-half for irrigation and one-fourth for steam electric generation. All

other offstream uses will increase both in amount and percentage in their

share of the Nation's total withdrawals.

Consumption of water in some respects is more critical than the total

quantity withdrawn because consumed water is not available for downstream

uses or for ground-water recharge. Consumption is not proportionate to

withdrawals among the functional use categories. Offstream consumption

was 107 bgd in "1975" and is projected to increase by 26 percent to 135

bgd by the year 2000. Agriculture (irrigation and livestock watering)

has the highest consumptive use of water. Agriculture was responsible

for 83 percent of the total water consumed in "1975"; this percentage will

decrease to about 70 percent in 2000 because of higher consumption expected

in steam electric generation and manufacturing. Table IV-10 and Figure

IV-9a and b show the withdrawals and consumption by functional use for the

21 water resources regions for "1975," 1985, and 2000.

Regional

During the "1975" to 2000 period, most of the conterminous United

States is projected to decrease total water withdrawals, with the greatest

decreases projected for the Ohio and Great Lakes Regions. These regions

have high concentrations of manufacturing and electric power generation

plants. Both fresh-water withdrawal and fresh-water consumption should

taper off and possibly decrease in much of the Southwest due to declining

ground-water and surface-water supplies. However, the Texas-Gulf Region

is expected to increase saline-water withdrawals significantly.
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WITHDRAWALS

Domestic and Commercial

I Agriculture

I J Steam Electric Generation

26.3%

j I Manufacturing and Minerals

Public Lands and Other
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Figure IV-9a: Total fresh-water withdrawals by functional use
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CONSUMPTION

I Domestic and Commercial

Agriculture

Steam Electric Generation

I Manufacturing and Minerals

Public Lands and Other

1.3%

7.7%

1.3%

7.8%

13.6%

1975 TOTAL

2000 TOTAL

1955 1960 1965 1970 1976

1985

2000

Figure IV-9b: Total fresh-water consumption by functional use
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Table IV-10. —Total withdrawals and consumption, by functional use, for

the 21 regions-"1975." 1986, 2000

(million gallons per day)

Functional

use "1975"

Fresh water:

Domestic:

Central (municipal) 21,164

Noncentral (rural) 2,092

Commercial 5,530

Manufacturing 51,222

Agriculture:

Irrigation 158,743

Livestock 1,912

Steam electric generation 88,916

Minerals industry 7,055

Public lands and others' 1,866

Total fresh water 338,500

Saline water,2 total 59,737

Total withdrawals 398,237

Total withdrawals

Total consumption

1985

2000

"1975"

1985

2000

23,983

2,320

27,918

2,400

4,976

1,292

5,665

1,408

6,638

1,436

6,048

6,732

1,109

1,216

1,369

23,687

19,669

6,059

8,903

14,699

166,252

2,233

153,846

2,551

86,391

1,912

92,820

2,233

92.506

2,551

94,858

79,492

1,419

4,062

10.541

8,832

11,328

2,196

2,777

3.609

2,162

2,461

1,236

1,461

1,731

330,375

306,397

106,590

120,545

135,080

91,236

118,815

421,611

425,212

1 Includes water for fish hatcheries and miscellaneous uses.

2 Saline water is used mainly in manufacturing and steam electric generation.

The areas that are projected to increase withdrawals have special

circumstances that offset the general trend toward decreased withdrawals.

For the Tennessee and Lower Mississippi Regions, withdrawals will increase

because of continued heavy reliance on once-through cooling for steam

electric power generation. In the Missouri, Upper Mississippi, and Souris-

Red-Rainy Regions, increased withdrawals are expected from the expanded

irrigation that will follow the completion of the Garrison Diversion Unit

in North Dakota and from the large increases in privately funded irrigation

projects that are using ground water in Nebraska. Irrigation supplied by

ground water is also projected to increase in the Hawaii Region.

On the other hand, consumption of fresh water is expected to increase

substantially in all regions except those in the Southwest where ground-

water shortages are severe. However, even in the Southwest declining con-

sumption by irrigated agriculture will be partially offset by increases

in nonagricultural consumption. Total consumption is projected to increase

in the Ohio, Tennessee, Upper Mississippi, and Souris-Red-Rainy Regions.
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Although these regions should not have the greatest absolute growth in

population and economic activity, their economic activity is projected

to have the highest percentage increases.

Domestic

In projecting fresh-water use, it was assumed that the per capita use

from domestic central water systems would remain virtually unchanged

through 2000 and that there would be only a modest increase in the per

capita rural domestic water use. Regional analysis confirmed this assumption

for demand. As a result, growth in water use in areas where central systems

are available directly corresponds to the population increase and the

rural changeover from noncentral to central water supply systems. The

largest increases in domestic water use are expected along the Atlantic

Coast, in the Midwest, and in the Southwest where population is projected

to increase the most.

Manufacturing and Steam Electric Power Generation

Fresh-water withdrawals for manufacturing and steam electric power

generation are expected to decline 33 percent by 2000. However, the extent

of the decline varies from region to region depending upon the amount of

total saline water now being used, plus the types of industries located in

each region, their assumed growth rates, and their projected increases in

recycling.

Although national fresh-water withdrawals for steam electric power

generation are expected todecline significantly between "1975" and 2000,

substantial increases in saline-water withdrawals are projected for the

coastal regions. Also, fresh-water withdrawals will increase in the Ten-

nessee and Lower Mississippi Regions due to a continued reliance on once-

through cooling in this area as a result of the exceptional ability

of the Lower Mississippi River to dissipate heat waste without significant

environmental effects. Substantial increases in withdrawals for steam

electric generation are also projected for Texas and the Southwest.

Mining Production

Consumption of fresh water for minerals production does not nor is

it projected to represent a substantial portion of any region's total water

consumption, even though consumption is expected to increase about 64 per-

cent. Consumption increases in mining should come primarily from projected

increases in coal production and oil shale conversion. Increases in water

consumption in areas where mining is unrelated to fuels production can

be attributed to increased industrial demand for nonmetallic minerals.
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Irrigation

By 2000, fresh-water withdrawals for irrigation will decrease in areas

where water shortages now exist. For example, in the High Plains areas of

Texas, Oklahoma, and New Mexico, irrigation is projected to decline because

of depleted ground-water supplies and competition from other water-using

sectors. Use of irrigation water, however, will increase significantly in

the central United States and in the Pacific Northwest where water is avail-

able to support additional irrigated acreages. In addition, the South

Atlantic-Gulf Region has had a substantial growth in irrigation water

development and use.

Instream Flow Use

Instreamflow uses, often referred to as instream flow need, is that

amount of water flowing through a natural stream channel needed to sustain

the instream values at an acceptable level. Values of instream flows relate

to uses made of water in the stream channel. These uses include fish and

wildlife population maintenance, outdoor recreation activities, naviga-

tion, hydroelectric generation, waste assimilation (sometimes termed water

quality), conveyance to downstream points of diversion, and ecosystem

maintenance, which includes fresh-water recruitment to estuaries, riparian

vegetation, and flood-plain wetlands. Streamf low sufficient tomaintain

all these uses establishes the acceptable level for the instream flow

uses. Understandably, at a given location in a given stream system, only

certain uses may be applicable. The actual instream flow needs are based

on the dominant instream flow uses, or alternatively, on the resulting

best mix after tradeoffs with the instream users have been made.

The second assessment has quantified minimum streamflow levels for

fish and wildlife population maintenance and for navigation. In all sub-

regions, the fish and wildlife use is the dominant instream flow use.

Figure IV-10 illustrates how the flow requirement for each use fluctuates

seasonally but that one use dominates at any given time. Many instream

values are supported by the instreamflow requirement. It is also possible

that conflicts between instream uses may necessitate tradeoffs in arriving

at the needed instream flow regimen.

Fish, Wildlife, and Ecosystem Maintenance

The U.S. Fish and Wildlife Service was assigned to develop a set of

values that represents current and projected instream flowneeds. Develop-

ing such values proved to be very difficult for the following reasons:

(1) A widely accepted methodology for quantifying instream flow

requirements was not available at the time the assessment was

initiated.
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Conveyance

Fish & Wildlife

Estuary

Inflow

Hydroelectric

LL _ m- Navigation

Waste

Assimilation

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

TIME

Figure IV-10: Streamflow fluctuations and dominant uses

(2) Most biological background studies are insufficiently detailed

on the instream flow requirements of various species of fish.

For much of the Nation there are almost no satisfactory bio-

logical data with which to correlate hydrologic data.

(3) Use of the outflow point(s) tomeasure instream flow requirements

for an entire river basin can at best only show conditions in the

stream reach near the outflow point. Such analysis does not

necessarily indicate reliably the situation at other points

within the subregions.

Because of this difficulty in quantifying instream flow needs, the

values developed can only be considered approximations.

Instream flow approximations (IFA) are defined as estimated flows at

the outflow point(s) that are sufficient to support the habitat of aquatic

life and outdoor recreation. The IFA values consist of an annual and twelve

monthly estimates for the outflows of each of the 106 subregions. See Figure

IV-ll.
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60

) 6o y~

V 59 y-s.

\ 60

68 52^-=

Explanation

I | 0-25%

26 50 %

51-75 %

t". * 76 100%

fat-* Over 100 %

Figure IV-11: Instream flow approximations for fish and wildlife, as percentage of total

streamflow

Navigation

Since the flows required for navigation are less than the flows needed

to maintain water quality and to support other purposes, the streamflow

requirements to support navigation were provided for only selected sub-

regions. Among other factors, the instream flow required for navigation
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depends on the degree of channelization, the depth maintained, the number

of locks, and how much lockage water is pumped back to upper pools. Because

increasingly large flows will be required to maintain suitable water quality

and to supply industrial needs in most regions, use of water for navigation

should not generally compete seriously with other uses.

Compacts and Treaties

Required streamflows were estimated for those subregions where a

compact or treaty affects the flows discharged from the subregions.

These flows are included in Volume 3, Table II-3. Except for the Lower

Colorado Region, streamflow quantity to meet the terms of the treaties

and compacts does not appear to be a problem.

Congress has approved 42 interstate compacts and international

treaties; others are still in negotiation. A principal purpose of most

of these is to allocate water among political subdivisions for existing

or potential uses downstream. The last section of this volume discusses

treaties and compacts in more detail.

Hydroelectric Power Generation

Conventional hydroelect ric powerplants can produce power without con-

suming fuel and without polluting water or air. These plants have lower

maintenance and operating costs and low outage rates compared to steam

electric generating plants. Hydroelectric powerplants are often used only

to meet the peak of daily load curve; in the Northwest they are a major

contributor of baseload power.

The lack of economical and environmentally compatible impoundment

sites has limited the potential for increases in conventional hydropower

development. Only four regions are projected to significantly increase

the present turbine flows by 2000: the Ohio, Upper Colorado, Pacific

Northwest, and Alaska Regions. Studies are now underway to measure the

potential for low-head hydroelectric sources and retrofitting of existing

dams which, even prior to the recent dramatic increased costs of alternative

energy, were economically impractical. Hydropower operations can be com-

patible with other instream flow needs. However, sudden releases of water

during peakload generation can be damaging to other instream uses.
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Analysis of Water Supply and Use

The availability of water for current and future demands was the pri-

mary interest of the second assessment. Of particular concern was the

identification of areas with water deficiencies. This section describes

the water resources analysis model that is the basis for quantifying

existing and future ground- and surface-water depletion conditions for

both offstream and instream use. The section also provides graphic and

tabular examples of water requirements and supply comparisons and discusses

some of the Nation's current and emerging water supply problems and related

conflicts.

Water Adequacy Analysis Model

Description of the Model

The analysis of the water data in the second assessment includes cur-

rent information for "1975" and projected estimates for 1985 and 2000.

The model, depicted in Figure IV-12, is based on a concept of balance

between requirements and availability of water, including the availability

of ground water. To compare all related parameters in the model, each

subregion is analyzed as if all consumption, evaporation, and water transfers

occur at the outflow point (or points) of the subregion. This simplifying

assumption implies that streamf low at the outflow point can be made available

to the entire subregion, usually by use of the water from the stream

network before it actually reaches the outflow point.

The adequacy analysis is based on the streamf lows as calculated at the

outflow point in each of the 106 subregions. A subregion may have one or

more outflow points where water supply data are determined. Linked sub-

regions will have inflow from upstream subregions and possibly imports.

Exports, consumption, and evaporation may reduce instream flow. When these

reductions are subtracted from the potential supply, the remaining flow

equals the outflow. Ground-water movements beneath the gage recording

the outflow may cause another loss. The ground-water recharge accounted

for in the model is not considered a loss.

For the period of analysis, "1975" to 2000, precipitation contributing

to streamf low supplies (runoff) is assumed constant, whereas actual runoff

varies somewhat due to changing land use patterns and increased urbanization.

Water imports and exports and reservoirs evaporation are held fixed at "1975"

quantities except for changes expected from currently authorized and funded

projects.

Most ground-water withdrawals are replenished in a short time by pre-

cipitation or runoff recharging the underground aquifers. Under this

ordinary use, the ground-water aquifer is like a reservoir that fluctuates

with time but is considered a stable source of water.

Ground-water overdraft, the long-term withdrawal of ground water

faster than it can be replenished, cannot be handled so easily. With

groundwater overdraft, the supply is like an initially full large reservoir

that is slowly and continuously drawn down faster than it is replenished.
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USE

SUPPLY

—/ Includes only evaporation from manmade reservoirs.

27 Includes flow requirements for navigation, hydroelectric, conveyance to meet downstream treaty and

compact commitments, fish and wildlife habitat maintenance, waste assimilation, recreation, sediment

transport and fresh-water inflow to estuaries.

— ■'' Includes precipitation minus natural evaporation from the land surfaces and plant transpiration,

and drainage to ground water.

Figure IV-12: Water-supply adequacy analysis model

Eventually the reservoir will run dry. For the second assessment, the

use of streamflow as a measure of long-term fresh-water supply requires

that the contributions to the water balance from ground-water overdraft

be eliminated when discussing long-term supply. Therefore, the streamflows

in the model (except for current streamflow) deduct the ground-water over-

draft from available streamflow supplies. The implicit assumption is that

uses currently supplied by ground-water overdraft will instead be supplied

directly from streamflow supplies. This may exaggerate problems in certain

areas where decreasing ground-water overdraft is expected to reduce both

withdrawals and consumption. Consistent data, however, were not available

to reflect these reductions.

The water adequacy analysis is used to determine whether river systems

can meet current and future requirements of both off stream and instreamuses

without recourse to ground-water overdraft. The analysis brings into per-

spective the conflicting requirements of offstream and instream uses.

For example, the ratio of total use to total streamflow delineates the

intensity of conflict between instream and offstream needs. The assessed

streamflow depletion ratios show how the intensity of offstream consump-

tion, if continued, will affect the future supply. The depletion of natural

outflow shows how man has already affected the stream network.
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As presented earlier, offstream water requirements (withdrawals and

consumption) were developed by Federal agencies for each subregion for the

years "1975," 1985, and 2000. Consumptive requirements for these func-

tional uses and the instream flow approximations represent a total use

that can be compared directly to the total available streamflow. The com-

parison shows either an available surplus or a conflict between offstream

requirements and instream flows. These instream flow comparisons indicate

the pervasiveness of current and future supply conflicts between instream

and offstream uses.

Since the comparisons are made at the outflow points of the subregions,

the instream flow comparisons discussed here do not necessarily represent

the specific conditions within the subregions. Instead, the comparisons

indicate what the streamflow conditions would be at the outflow point, given

the collective changes in consumptive use and export/import conditions in

all upstream subregions. Figure IV-13 shows the downstream routing of

outflows for the Nation.

CB Closed Basins

—► Independent

Subregion

•—»• Interconnected

Subregion

Figure IV-13: Subregional flow patterns
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Streamflow conditions at the outflow point of single-river subregions

such as 802 (Lower Mississippi River) represent the effects of the collec-

tive changes upstream, i.e., in the Arkansas-White-Red, Missouri, Upper

Mississippi, Ohio, Tennessee, and Lower Mississippi Regions. In the coastal

areas, several rivers discharge from a subregion into the ocean. In these

cases, the comparisons are not for adiscrete outflow point; rather, they

represent an estimate of the overall effect of collective changes for a

group of rivers independently entering the ocean. In the closed basins of

Nevada, Utah, Oregon, and California, the comparisons represent what is

collectively happening within the one or more watersheds comprising that

subregion upstream from the terminal lakes. The Great Lakes are treated

as if they were an ocean with only the United States portion of their water-

shed included. In the lower Rio Grande and Souris-Red-Rainy Rivers, only

the United States portion of the watershed is included. However, in the

Columbia River system, the Canadian contribution is reflected in the sur-

face-water supply data.

Components of the Model

Stream Inflow and Outflow—Over 300 streamf low gaging stations were

analyzed to estimate annual and monthly amounts of streamf low. The annual

and monthly streamf low estimates were developed for the mean streamf low and

for four exceedance levels—5 percent, 50 percent, 80 percent, and 95 per-

cent. Further, a linear trend analysis of the entire period of record

for each hydrologic unit was developed to examine the extent to which

historical increases in of f stream depletions may have decreased streamf low.

Inflow is outflow froman upstream region or subregion, where one exists.

Runoff—For the second assessment, runoff is precipitation reaching

streams or ground-water supplies minus natural evaporation from plants and

wetland surfaces. Some arid river basins may have a deficit runoff, which

is shown by a negative number. In that case the natural evaporation and

water consumption by vegetation is greater than the rainfall, which neces-

sitates increased use of upstream-origin runoff. Because runoff is con-

sidered to be constant, it is already reflected in current streamflow.

Ground-water Overdraft—Ground-water overdraft is that quantity of

water withdrawn which exceeds the existing natural and manmade recharge

rates. The magnitude of ground-water overdraft and its comparison to total

withdrawal is shown in Table IV-9.

Ground-water overdraft is considered in two parts—the portion of the

withdrawal that is consumed and the portion that is returned to the stream

system. In estimating long-term supply, the portion consumed is assumed to

be supplied directly from streamflow, thereby decreasing the resultant

streamf low. In addition, the portion that is not consumed will no longer

be supplying the stream system, causing a further reduction in available

streamf low. The net effect is that the entire amount of overd rafted ground-

water withdrawals must be subtracted from available streamf low to properly

estimate long-term supply.
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Imports and Exports—Estimates of average annual and monthly net

water exports equal gross exports minus gross imports. These exports and

imports directly affect available streamflow. For computing depletions,

however, when the difference is negative, a value of zero is assumed to

avoid negative total depletions. The locations of exports and imports

are shown in Figure IV-6.

Evaporation—The measurement of net evaporation losses from manmade

reservoirs is limited to those with a capacity greater than 5,000 acre-

feet (as of 1966) and to farm stock ponds averaging about one acre in

size. In the East where net evaporation losses were negative, that is,

precipitation is greater than gross evaporation, the values were set to

zero. Intermediate-size reservoirs were not included because information

was lacking.

Consumption—Amounts of water consumption were developed for nine

functional use categories on an annual and monthly basis for both average

and dry year (80 percent exceedance) rainfall conditions. The categories

are:

1. Agriculture

2. Steam electric power generation

3. Manufacturing

4. Domestic

5. Commercial

6. Minerals

7. Public lands

8. Federal fish hatcheries

9. Miscellaneous

Inst ream Flow Requirements—Inst ream flow uses are those uses that do

not withdraw water from the stream, but rather depend on either an adequate

amount of streamflow or depth of water passing through a river reach. Esti-

mates of flow requirements for only three instream uses were developed for

this assessment. These are fish and wildlife, navigation, and downstream

conveyance requirements for treaties and compacts. Instream requirements

are not additive. Flows for one instream use can simultaneously support

other instream uses. Thus, the largest instream flow requirement is the

dominant or controlling need. In all subregions, fish and wildlife habitat

maintenance is the controlling need.
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WATER SUPPLY AND WATER QUALITY

The water adequacy analysis gives the assessed outflow under existing

and projected conditions of consumption. The resultant outflows are com-

pared with the instream flow needs to determine if sufficient flow is

available to meet fish and wildlife needs.

Effects of Offstream Use on Instream Flows

The streamflow depletion analysis provides comparative information

from whichan assessment of instream flow conditions can be made. Results

of this analysis indicate the degree to which streams are currently depleted

and how much further they will be depleted. The analysis includes how

the current and future levels of consumption and import/export conditions

affect the instream flow conditions.

To evaluate how changes to instream flow conditions (as indicated by

offstream depletion ratios) change the fluvial ecosystems, some criteria

for describing the severity of impact are needed.

Tennant has described the instream flow condition at 60, 30, and 10

percent of mean annual flows: (Tennant, Donald L.: Instream Flow Needs,

Volume II, American Fisheries Society, Bethesda, Maryland, 1976, pp. 367-

369; underscore added for emphasis).

"Sixty percent (60%) of the average flow [40 percent

depletion]...: This is a base flow recommended to provide

excellent to outstanding habitat for most aquatic life

forms during their primary periods of growth and for

the majority of recreational uses. Channel widths, depths,

and velocities will provide excellent aquatic habitat...

Most of the normal channel substrate will be covered

with water, including many shallow riffle and shoal areas.

Side channels that normally carry water will have aquatic

flows. Fewgravel bars will be exposed, and the majority

of islands will serve as wildlife nesting, denning, nur-

sery, and refuge habitat. The majority of streambanks

will provide cover for fish and safe denning areas for

wildlife. Most pools, runs, and riffles will be adequately

covered with water and provide excellent feeding and

nursery habitat for fishes. Riparian vegetation will have

plenty of water. Fish migration is no problem in any

riffle areas. Water temperatures are not expected to

become limiting in any reach of the stream. Invertebrate

life forms should be varied and abundant. Water quality

and quantity should be excellent for fishing and floating

canoes, rafts, and larger boats, and general recreation.

Stream esthetics and natural beauty will be excellent

to outstanding."
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"Thirty percent (30%) of the average flow [70 percent

depletion]...: This is a base flow recommended to sustain

good survival habitat formost aquatic life forms. Widths,

depths, and velocities will generally be satisfactory...

The majority of the substrate will be covered with water,

except for very wide, shallow riffle or shoal areas.

Most side channels will carry some water. Gravel bars

will be partially covered with water and many islands

will provide wildlife nesting, denning, nursery, and

refuge habitat. Streambanks will provide cover for fish

and wildlife denning habitat in many reaches. Many runs

and most pools will be deep enough to serve as cover

for fishes. Riparian vegetation will not suf f er f rom lack

of water. Large fish can move over riffle areas. Water

temperatures are not expected to become limiting in most

stream segments. Invertebrate life is reduced but not

expected to become a limiting factor in fish production.

Water quality and quantity should be good for fishing,

floating, and general recreation, especially with canoes,

rubber rafts, and smaller shallow draft boats. Stream

esthetics and natural beauty will generally be satisfac-

tory."

"Ten percent (10%) of the average flow [90 percent

depletion]...: This is a minimum instantaneous flow

recommended to sustain short-term survival habitat for

most aquatic life forms. Channel widths, depths, and

velocities will all be significantly reduced and the

aquatic habitat degraded... The stream substrate or

wetted perimeter may be about half exposed, except in wide,

shallow riffle or shoal areas where exposure could be

higher. Side channels will be severely or totally de-

watered. Gravel bars will be substantially dewatered,

and islands will usually no longer function as wildlife

nesting, denning, nursery, and refuge habitat. St reambank

cover for fish and fur animal denning habitat will be

severely diminished. Many wetted areas will be so shallow

they no longer will serve as cover, and fish will generally

be crowded into the deepest pools. Riparian vegetation

may suffer f rom lack of water. Large fish will have dif-

ficulty migrating upstream over riffle areas. Water tem-

perature often becomes a limiting factor, especially in

the lower reaches of streams in July and August. Invert-

ebrate life will be severely reduced. Fishing will often

be very good in the deeper pools and runs since fish

will be concentrated. Many fishermen prefer this level

of flow! However, fish may be vulnerable to overharvest.

Floating is difficult even in a canoe or rubber raft.

Natural beauty and stream esthetics are badly degraded.

Most streams carry less than 10% of the average flow

at times, so even this low level of flow will occasionally

provide some enhancement over a natural flow regimen."
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Tennant1 s benchmark percentages have been used in the assessment as

criteria for interpreting how past, present, and future depletions affect

instream conditions. For the instream flow discussion, the following terms

will be used to relate to Tennant's criteria.

Severe -depletion equal to or greater than 90 percent

(10% depletion = 10% mean annual flow)

Stressed - depletion between 70 percent and 89 percent

(70% depletion = 30% mean annual flow)

Potential conflict - depletion between 40 percent and

69 percent (40% depletion = 60%

mean annual flow)

Acceptable - depletion less than 40 percent

Tennant's criteria are based on "mean annual flows." The significant

development of storage transbasin diversion and the use of ground-water

overdraft in many subregions requires a surrogate be used for the mean annual

flows. Actually, three alternate surrogates are used in the assessment:

(1) natural outflow; (2) current streamflow supply; and (3) assessed total

streamflow. The primary water adequacy analysis emphasizes the assessed

total streamflow as the measure of mean annual flow, but the first two are

computed so that all subregions can be fairly compared despite their varied

histories of depletions, transbasin diversions, and ground-water overdraft.

The water adequacy analysis (Table IV-11) shows results of both the

current and assessed streamflow analysis. Current Streamflow Supply (col-

umn 15) restores current "1975" consumption (column 14) to the stream

as a surrogate for mean annual streamflow. Assessed Total Streamflow (column

17) also restores "1975" consumption, but subtracts ground-water overdraft

(column 16), since it is not considered to be a long-term supply.

For water adequacy analysis, both interbasin transfers and reservoir

evaporation are maintained at "1975" levels. Only future changes in these

parameters are used to determine the total offstream use (column 12) for

computing the depletion ratios. Thus,

current streamflow depletion (21) = offstream use (12)

current streamflow supply (15)

and

assessed streamf low depletion* (22) = offstream use (12)

assessed total streamflow (17)

*Also called offstream use to total streamflow ratio.
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Table IV-11.— Annual water adequacy analysis

Base Conditions

INS IRC AM

(0H- (021

INSTREAM USE

OFFSTREAM (MILLION GALLONS PER

(06) (07)- (08) •

EXPORTS (EXPORTS - IMPORTS)

DAy)

(09)

(03) (04)

CONSUMPTION

(05)

NET

NET

( 10)

EVAPORAT

(HI

ON

OFFSTREAM

I 12)

F ISM +

WILOLIFE

(MGD)

NAV1GA-

TION

(MGD)

ABOVE

WITHIN

ABOVE

WI THIN

CHANGE

OF (05+06)

FROM 1975

INCREASE

OF (05+06)

FROM 1975

ABOVE

WITHIN

CHANGE

OF (09+10)

FROM 1975

USE

INFLOW

HyDRO

INFLOW

HyDRO

INFLOW

HyDRO

(03+04

REG I Of

J

POINTS

UNIT

POINTS

UNIT

POINTS

UNI T

+08+111

1

-1975-

1985

2000

6900 1

69001

6900 1

N/A

N/A

0

481

64/

1063

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

461

647

1063

N/A

0

0

0

0

0

0

0

2

"1975-

68840

66840

68840

N/A

N/A

N/A

0

1843

2472

3548

0

0

0

-479

-479

-479

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1843

2472

3548

1985

2000

1

0

3

-1975"

188855

188855

166855

N/A

N/A

0

0

0

4667

6772

10053

0

0

0

6

6

6

0

0

0

0

0

0

0

0

0

0

0

0

0

4667

6772

10053

1985

2000

N/A

0

0

4

-1975"

63951

63951

63951

N/A

N/A

0

2598

3300

4693

0

0

0

-19

-19

-19

0

0

0

0

0

0

0

0

0

0

0

0

0

2598

3300

4693

1985

2000

u

0

0

N/A

0

5

"1975"

1985

2000

160520

160520

160520

4 10

530

645

313

1798

2527

4332

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2111

3174

5437

647

1105

0

0

0

0

0

6

"1975"

1985

2000

36480

16100

16100

16100

0

0

3 13

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

313

647

1 105

38460

38480

647

0

0

0

1105

0

T

"1975"

1985

2000

110750

1 10750

1 10750

34680

34660

34880

15469

19206

19913

1145

1604

2668

-4 1 1

-433

-2064

-2064

-2064

0

-22

0

0

4924

5324

5595

43

45

46

0

16614

21212

23823

137

548

546

402

674

8

"1975"

1985

2000

359033

359033

359033

1 19500

119500

119500

26789

32753

36925

4027

4554

551 1

-2603

-2674

-2127

0

0

0

0

-71

476

0

0

7562

8279

8752

0

0

30616

38004

44062

476

0

0

697

1 170

9

"1975"

1985

2000

3673

3673

3673

0

0

0

0

0

0

112

0

0

0

0

0

0

0

0

0

16

18

19

0

2

3

1 12

206

449

204

446

-56

-64 1

-58

-64 1

0

0

10

"1975"

1985

2000

33956

33958

33958

25640

25640

25840

0

0

0

15469

19206

19913

0

0

0

-4 1 1

-433

0

-22

548

0

0

0

4924

5324

5595

0

15469

19806

21 132

137

546

0

0

400

671

11

"1975"

1985

2000

46169

46169

46169

N/A

N/A

N/A

0

0

8064

6769

8887

0

0

0

-126

-177

-200

0

0

0

0

0

2615

0

295

498

8064

9064

9383

-49

0

0

2910

3111

0

-72

12

-1975-

1985

2000

22917

22917

22917

N/A

N/A

N/A

0

1 1259

10227

10529

0

0

0

-30

-30

-30

0

0

0

0

0

0

0

0

0

1705

1875

1992

0

170

287

1 1259

10397

10816

0

0

13

"1975"

1985

2000

2287

2287

2287

N/A

N/A

N/A

0

4240

4320

4016

0

0

0

-234

-199

-199

0

0

0

730

764

785

0

4240

4389

4106

0

0

35

35

35

35

0

0

34

55

1 4

"1975"

1985

2000

7947

7947

7947

0

0

0

0

0

0

2440

3018

3232

0

0

0

805

985

1095

0

0

0

0

0

7 1 1

721

728

0

10

17

2440

3208

3539

180

290

180

290

15

"1975"

1985

2000

6664

6664

6664

0

0

2440

3018

3232

4595

805

4463

4064

3898

0

0

0

0

711

1202

1222

1236

0

7035

7602

7991

4754

4706

985

-199

-2 7 7

72 1

728

30

51

0

1095

16

"1975"

1985

2000

3369

3389

3369

0

0

0

0

0

0

3779

3785

4036

0

0

0

-101

-177

-251

0

0

0

0

327

331

333

0

4

6

3779

3769

4042

-76

0

0

-150

0

1 7

"1975"

1985

2000

214004

214004

214004

N/A

N/A

N/A

0

0

0

11913

14610

15198

0

0

0

-4 7

0

0

0

0

0

0

0

2014

2055

2063

0

4 1

69

11913

14851

15285

-4 7

-4 7

0

0

16

"1975"

1985

2000

32607

32607

32607

N/A

N/A

N/A

0

0

0

26641

27932

29899

0

0

-4438

-4069

-3661

0

0

0

0

0

669

679

666

0

26641

28311

30273

0

369

557

369

557

10

17

19

"1975"

1985

2000

859000

859000

859000

N/A

N/A

0

58

207

459

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

58

207

459

N/A

0

0

20

"1975"

1985

2000

4590

4590

4590

0

0

0

0

0

0

605

636

666

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

1

0

0

0

605

636

666

1

2 1

"1975"

1985

2000

3706

3706

3706

0

0

0

0

343

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

343

374

300

0

0

374

300

0

0

0

0

0

NATION

(1-1«>

"1975"

1985

2000

1035221

1035221

1035221

N/A

N/A

N/A

0

0

0

105584

119328

133855

0

0

0

-2677

-2677

-26 7 7

0

0

0

0

0

0

0

0

0

14956

15944

16614

0

988

1856

105584

120316

135313

(01) INSTREAM FLOW APPROXIMATIONS AS DEFINED IN EXPLANATORy NDTES: FOR USE ONLy IN SECOND NATIONAL WATER ASSESSMENT

(07) CHANGES IN NET EXPORTS ARE NEGATIVE WHEN THERE IS AN INCREASE IN IMPORTS OR A DECREASE IN EXPORTS

(06) ONLy POSITIVE VALUES OF (07) ARE CONSIDERED OFFSTREAM USES NEGATIVE VALUES OF (07) ARE TREATED AS ZERO
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WATER SUPPLY AND WATER QUALITY

Table IV-11.—Annual water adequacy analysis (continued)

Base Conditions

STREAMFLOW AS SUPPLy

INSTREAM FLOW

( 18) | 19)-

MAXIMUM ASSESSED

INSTREAM STRMFLW

USE (01 AT

OR 02) OUTFLW PT

IMGD) (MGD)

WATER ADEOUACy INDICATORS

(21) (22)) - (23)

( 13)

(14)- 115) (16|

( 17)-

(20)

ASSESSED

(24)

CURRENT

"1975" CURRENT GRND WTR

ASSESSED

OFFSTREAM INSTREAM

CURRENT USE USE

STRMFLW TO TOTAL TO TOTAL

DEPLETION STRMFLW STRMFLW

(12)/( 15) (12)/( 17) ( H|M 17)

TOTAL

STRMFLW

CONSUMP- STRMFLW OVERORAFT

TOTAL

SURPLUS

USE

AT

TION SUPPLy ABOVE

STRMFLW

STRMFLW

TO TOTAL

OUTFLW PT

(03+04) (13+14) OUTFLW PT

( 15-16)

(19-18)

STRMFLW

REGION

(MGD)

I MGD I IMGD) (MGD)

(MGD)

(MGD)

(2J+23)

i

"1975"

1985

2000

78180

48 1

76661

0

0

0

76661

89001

6900 1

69001

78160

78014

77598

9179

9013

8597

1%

IX

1%

1%

6B%

BS%

e ex

eex

BS%

a*x

2

"1975"

1985

2000

79190

1643

81033

32

0

0

81001

68840

68840

68840

79156

78529

77453

10318

9889

6613

2%

2%

3%

4%

8 5%

6 5%

B7%

sa%

65%

89%

3

-1975-

1985

2000

226010

4667

232877

3 39

0

232538

188855

188855

188855

227671

225766

222485

39016

37111

33630

2%

2%

3%

4%

B1%

8 3%

84%

0

eix

eix

B5%

4

-1975-

1985

2000

72710

2598

75308

27

75281

63951

63951

63951

72683

71981

70566

6732

3%

3%

4%

8 5%

eex

0

8030

66 3 7

8 5%

8 5%

B9%

0

6%

s-x

5

-1975-

1985

2000

178000

2111

180111

0

0

0

180111

160520

160520

160520

176000

176937

174674

17480

16417

14154

1%

1%

2%

3%

8 9%

6 9%

8 9%

90%

S1%

9 2x

6

-1975-

1985

2000

40800

313

4 1113

0

41113

38480

38460

38480

40800

40466

40006

2320

1%

1%

2%

3%

94%

94%

9 4%

95X

96%

9-x

0

0

1966

1526

7

-1975-

121000

16614

137614

2557

0

135057

110750

110750

110750

116443

113667

111234

7693

12%

12%

6 2%

62X

6 2%

94%

98%

100%

1985

2000

0

3117

16%

18%

464

8

"1975"

1985

2000

433000

30616

463816

8426

0

455390

359033

359033

359033

4J4574

417457

411308

85541

58424

52275

7%

7%

7 9%

7 9%

7 9%

B6%

B-%

0

ex

10%

B9%

9

"1975"

1985

2000

6010

1 12

6122

0

0

0

6122

3673

3673

3673

6010

5974

6314

2337

2301

2641

2%

2%

60%

6 0%

6 0%

6 2%

3%

7%

6 3%

6:%

10

-1975-

1985

2000

44100

15469

59569

2557

0

57012

33958

33958

33958

41543

37428

35880

7585

3470

1922

26%

2 7%

34%

37%

60%

60%

60%

B7%

94%

0

9 7%

1 1

-1975-

1985

2000

62600

6064

70664

5457

85207

46169

46169

46169

57143

56192

55898

10974

10023

9727

1 1%

12%

14%

M%

71%

71%

'I%

83%

0

0

65%

6 5%

12

-1975-

1985

2000

28270

1 1259

39529

5578

0

33951

22917

22917

22917

22692

23554

-225

2 ex

3 3%

3 1%

3 2%

68%

6 8%

6 6%

101%

0

23135

637

218

9 9%

100%

13

-1975"

1985

2000

1230

4240

5470

657

4813

2287

2267

573

424

-1714

-1663 .

-1560

78%

66%

91%

8 5%

48%

136%

0

0

2287

707

4 8%

139%

133%

4 ex

14

-1975"

1985

2000

10000

2440

12440

0

0

0

1 J440

7947

7947

7947

10000

9232

8901

2053

1J85

2 0%

2 0%

26%

64%

B4\

954

64%

9C%

9 2%

2 ex

6 4%

15

"1975"

1985

2000

1550

7035

8585

2415

6170

6664

-885

-1433

-1544

-7729

-82297

-8406

8 2%

114%

111%

111%

111%

225%

237%

241%

0

0

6664

6664

126%

130%

16

-1975-

1985

2000

2562

3779

6341

591

0

5750

3389

3389

3389

197 1

2057

1858

-1418

-1332

-1531

6 0%

66%

59%

59%

59%

125%

125%

129%

0

66%

7 0%

17

-1975-

1985

2000

255270

1 1913

267163

627

0

0

268556

214004

214004

214004

254643

251905

251291

40639

37901

37287

4%

4%

5%

80%

60%

60%

64%

B5%

B6X

6%

18

"1975"

1985

2000

47375

2664 1

74016

2197

71819

32607

32607

32607

45176

43508

41546

12571

10901

8939

3 6%

3 7%

4 5%

B2%

0

3 9%

4 5%

45%

0

4 2%

8 7%

19

"1975"

1985

2000

905000

58

905058

0

0

0

905058

859000

859000

859000

905000

904851

904599

46000

45851

45599

<1%

<11

%

<1%

9 5%

9 5%

95%

HI

ox

95%

9 5%

20

"1975"

1985

2000

6747

605

7352

0

0

0

7352

4590

4590

4590

6747

6716

6666

2157

2126

2098

B%

ex

6 2%

62%

62%

7 0%

9%

9%

7 1%

7 1%

21

"1975"

1985

2000

4851

343

5194

13

5181

3706

3706

3706

4638

4807

4681

1 132

7%

7%

7%

7 2%

7 2%

79%

0

0

110 1

1 175

7 9%

ex

7 2%

rot

NATION

(1-18)

"1975"

1985

2000

1233357

105584

1338941

20889

0

1318052

1035221

1035221

1035221

1212468

177247

162515

147516

ex

ex

7 9%

7 9%

7 9%

67%

0

1197736

1182739

9%

10%

8 6%

B9\

(14) "1975" BASE-CONDITIONS CONSUMPTION IS ADDED TO STREAMFLOW TO DETERMINE AVAILABLE FRESHWATER SUPPLy.

(17).(19) TOTAL STREAMFLOW AND ASSESSED STREAMFLOW EXCLUDE CONTRIBUTIONS FROM GROUND-WATER OVERDRAFT

(19) - (17) _ (03) - (04) - (07) - (11)

DEPLETION

(221 ALSO CALLED ASSESSED STREAMFLOW
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Table IV-11.— Annual water adequacy analysis (continued)

Base Conditions

Water adequacy — For purposes of the second assessment, water adequacy is the capability of the

river system to meet the requirements of both offstream and instream uses with no overdraft of

ground-water sources.

Base conditions — Based on typical conditions of fresh-water use compared to long-term fresh-water

supply.

Above inflow points — Term equivalent to "above outflow point" except it excludes the information

for the given region or subregion.

above inflow points = above outflow point — within hydro, unit

Above outflow point — Describes depletion (consumption and evaporation) and water transfer (ex-

port and import) information. Information described as "above the outflow point" is the value for

the given region or subregion (within the hydro, unit), plus the sum of values for all upstream regions

or subregions. This information represents the total load on the upstream river network.

At outflow point — Describes streamflow information. All streamflow is measured at the

downstream edge of the subregions and regions. In many cases, this is the downstream portion of the

major river draining the area, but for other (particularly coastal) subregions, the "outflow point" is

truly the sum of outflows from all of the major rivers and streams draining the area.

Downstream subregion — The next subregion downstream from a given subregion. If no

downstream subregion exists, a notation is included to indicate what is downstream, e.g., Pacific

Ocean, Atlantic Ocean, Gulf of Mexico, Canada, Mexico, or terminal lakes (closed basin).

Within hydro, unit — Refers to values within the appropriate hydrologic unit (region or subregion).

Note: numbers in parentheses refer to Table column headers.

(01) Fish and wildlife instream use /l/ — Instream flow approximations for habitat maintenance

from Volume 3, Table II-l.

(02) Navigation instream use /l/ — Instream flow requirements for navigation from Volume 3,

Table II-l.

(03) Consumption above the inflow points /l/ — Base conditions consumption for all upstream

regions or subregions. This represents the consumptive load on the inflows entering the region or

subregion. A value of zero indicates there are no upstream regions or subregions.

(04) Consumption within the hydrologic unit — Base conditions consumption for the region or

subregion from Volume 3, Table 11-4.

(05) Net exports above the inflow points /I/ — Net exports for all upstream regions or subregions.

(06) Net exports within the hydrologic unit — Net exports for the region or subregion. Negative

values for net exports represent net imports. Basic export and import information is in Volume 3,

Table II-2.

(07) Change in net exports above the outflow point /I/ — Represents a change in net exports from

"1975". A positive value represents an increase in exports (or a decrease in imports) which decreases

assessed streamflow (19); an increase in net exports is treated as an additional depletion for com-

l\l Note that regional and national totals for this information are not arithmetic sums of subregional values. Rather, they

are sums of those subregions with streams flowing out of the region or Nation. National totals also include streamflow

into terminal lakes in the Great Basin (Region 16), but exclude Alaska, Hawaii, and the Caribbean.
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Table IV-11. —Annual water adequacy analysis (continued)

Base Conditions

puting assessed streamflow depletion (22). A negative value represents an increase in imports (or a

decrease in exports), which increases assessed streamflow; a decrease in net exports is not treated as a

decrease in depletion for computing assessed streamflow depletion.

(08) Increase in net exports above the outflow point /l/ — Represents that portion of the change in

net exports (07) treated as an additional depletion.

(09) Net evaporation above the inflow points /l/ — Net evaporation for all upstream regions or

subregions.

(10) Net evaporation within the hydrologic unit — Net evaporation for the region or subregion from

Volume 3, Table II-2.

(11) Change in net evaporation above the outflow point /I/ — Represents an increase in net evapora-

tion from "1975" due to construction of reservoirs and farm or stock ponds. This increase represents

an additional depletion for computing assessed streamflow depletion (22) and causes a decrease in

assessed streamflow (19).

(12) Offstream use — Total assessed depletions; sum of consumption [(03) + (04)] plus increases in

net exports (08>plus changes in net evaporation (11).

(13) Current streamflow /l/ — Mean flow for "1975" from Volume 3, Table II-l, derived from

historical data; data includes effects of consumption, water transfers, evaporation, and ground-

water overdraft.

(14) "1975" consumption above the outflow point /l/ — Sum of (03) plus (04).

(15) Current streamflow supply /l/ — Theoretical streamflow that would currently be available at

the outflow point of a region or subregion if current consumption were eliminated. Current

streamflow supply is a measure of currently utilized fresh-water supply but does not necessarily

represent long-term supply.

current streamflow supply = current streamflow (13)

+ "1975" consumption (14)

(16) Ground-water overdraft above outflow point /I/ — Ground-water overdraft for this region or

subregion plus overdraft for all upstream regions or subregions. This represents the total upstream

overdraft that eventually may be exhausted and no longer available as supply. Basic overdraft infor-

mation is in Volume 3, Table II-l.

(17) Assessed total streamflow /I/ — Long-range streamflow that would be available at the outflow

point of a region or subregion if consumption were eliminated, if ground-water overdrafting were

discontinued, and if "1975" water transfer and reservoir practices would continue. Total streamflow

is the measure for supply utilized in the second assessment. Ground-water overdraft is subtracted as it

is not considered to be a long-term supply.

assessed total streamflow = "1975" current streamflow (13)

+ "1975" consumption (14)

- "1975" ground-water overdraft (16)

(18) Maximum instream use /l/ — The second assessment has attempted to bring to the attention of

water resources planners and policy makers the importance of instream uses. The key instream uses

/I/ Note that regional and national totals for this information are not arithmetic sums of subregional values. Rather, they

are sums of those subregions with streams flowing out of the region or Nation. National totals also include streamflow

into terminal lakes in the Great Basin (Region 16), but exclude Alaska, Hawaii, and the Caribbean.
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Table IV-11. — Annual water adequacy analysis (continued)

Base Conditions

included in the analysis are (01) fish and wildlife habitat maintenance (instream flow

approximations), and (02) navigation. The most demanding of these (18) is used in further analysis

(20),(23),(24). Details on these uses are in the explanatory notes for Volume 3, Table II-3.

(19) Assessed streamflow /l/ — Computed flow that includes effects of consumption, water

transfers, and evaporation from manmade reservoirs, but ignores contributions from ground-water

overdraft.

assessed streamflow = assessed total streamflow (17)

- off stream use (12)

"1975" assessed streamflow = "1975" current streamflow (13)

-."1975" ground-water overdraft (16)

(20) Assessed surplus streamflow /l/ — A measure of available supply for conflict-free development

of offstream uses. A negative figure indicates a conflict between offstream uses and the estimated in-

stream flow needs. See also (23),(24).

surplus streamflow = assessed streamflow (19)

- maximum instream use (18)

(21) Current streamflow depletion — Depletion rate under current ("1975") conditions of consump-

tion, water transfer, evaporation, and ground-water overdraft. This figure best represents actual cur-

rent depletion under base or average conditions.

. , . consumption [(03) + (04)]

current streamflow depletion =

current streamflow supply (15)

(22) Offstream use to total streamflow (assessed streamflow depletion) — Depletion rate if contribu-

tions from ground-water overdraft are ignored. This figure represents the long-range depletion under

base or average conditions.

offstream use (12)

assessed streamflow depletion =

assessed total streamflow (17)

(23) Instream use to total streamflow — A measure of instream use demands (18) upon assessed total

streamflow. Note that a "1975" figure in excess of 100 percent indicates that exports from a region

or subregion are already adversely affecting the instream environment. See also (20),(24).

maximum instream use (18)

ratio =

assessed total streamflow (17)

(24) Total use to total streamflow — A measure of available supply for conflict-free development of

offstream uses. A figure greater than 100 percent indicates a conflict between offstream uses and the

estimated instream flow needs. See also (20),(23).

total use

ratio = where:

assessed total streamflow (17)

total use = maximum instream use (18)

+ offstream use (12)

III Note that regional and national totals for this information are not arithmetic sums of subregional values. Rather, they

are sums of those subregions with streams flowing out of the region or Nation. National totals also include streamflow

into terminal lakes in the Great Basin (Region 16), but exclude Alaska, Hawaii, and the Caribbean.

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

9
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



62 | WATER SUPPLY AND WATER QUALITY

The natural water supply analysis (Table IV-12) estimates conditions

in the so-called natural state, i.e., before human influence. However, it

is not truly natural in that vegetation and runoff patterns have been

altered by humans. "Natural Outflow" (column 17) not only restores current

"1975" consumption to the stream, but also eliminates interbasin transfers

and reservoir evaporation to obtain a prehuman surrogate for mean annual

streamflow. The natural flow depletion then treats actual exports and

evaporation as depletions, in addition to consumption.

Thus,

natural flow depletion (19) = total depletions [(15) + (16)]

natural outflow (17)

Comparison of this ratio with the current and assessed streamflow ratios

shows significant differences, especially in subregions with large inter-

basin transfers or excessive evaporation.

Results of the Analysis

Figure IV-14, Natural "1975" Depletion, shows the depletion of the

estimated "natural outflow" of the subregions. These depletion ratios

illustrate how offstream use affects historical, "prehuman" streamflows.

As can be seen in southern California (1141-percent depletion of naturally

available supplies), development has already significantly changed the

nature of things. The second assessment did not, however, attempt to

take man back to prehistory. Rather, the selected base conditions for

the water adequacy analysis assumed "1975" levels of water management and

interregional water transfers.

Figures IV-15, IV-16, and IV-17 show streamflow depletion under dif-

ferent assumptions for "1975" and 2000. Complete details, including 1985,

can be found in Volume 3, Analytical Data. Regional results are also

in Tables IV-11 and IV-12. The parameters that vary among the figures

are the contributions from ground-water overdraft, the amount of precipi-

tation, and the volume of requirements or demands. Evaluation of the

annual depletion levels at the subregion outflow point(s) for the mean

water conditions illustrates the geographic distribution of the gross

water adequacy situation. The current situation is already severe in

southern Calif ornia and southern Arizona, and under stress in the head-

waters of the Platte and Arkansas Rivers, the San Joaquin Valley, the

Rio Grande Region, and in three closed basins in Nevada, Utah, and California.

Ground-water overdraft has been the basis for much agricultural devel-

opment in the Midwest and Southwest. Because of declining water tables

and a corresponding increase in pumping costs, it is assumed that ground-

water overdraft will be reduced in the future. For the long-range water

supply analysis, contributions from ground-water overdraft have been

eliminated from all results except current streamflow and current stream-

flow depletions. This immediately exaggerates the water problems in some

regions, as can be seen by comparing Figure IV-15, Current Streamflow
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Table IV-12. — Natural water supply analysis

(01) (02)

CONSUMPTION

(03) (04)

NET EVAPORATION

(05) (06)

NET EXPORTS

(07)

NET 1

(08)

MPORTS

(09) (10)

G W OVERDRAFT

(11)) - (12))

-

TOTAL DEPLETIONS

ABOVE WITHIN

INFLOW HyDRO

POINTS UNIT

(MGD) (MGD)

ABOVE

INFLOW

POINTS

(MGD)

WITHIN

HyDRO

UNIT

(MGD)

ABOVE

INFLOW

POINTS

(MGD)

WITHIN

HyDRO

UNIT

(MGD)

ABOVE

WITHIN

HyDRO

UNIT

(MGD)

ABOVE WITHIN

INFLOW HyDRO

POINTS UNIT

(MGD) (MGD)

ABOVE

WITHIN

HyDRO

UNIT

(MGD)

INFLOW

INFLOW

POINTS

POINTS

REGIOt

i

(MGD)

(MGD)

i

-1975"

1985

2000

0

0

0

481

647

1063

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

481

0

0

0

0

647

0

.1063

2

"1975-

1985

2000

0

0

0

1643

2472

3548

0

0

0

0

0

0

0

0

0

479

0

0

0

32

0

0

0

1843

2472

3546

0

0

0

0

0

479

479

0

0

0

3

"1975"

1985

2000

0

0

0

4667

6772

10053

0

0

0

0

0

0

0

0

6

6

6

0

0

0

0

0

0

0

339

0

0

4873

6776

0

0

0

0

0

0

10059

4

-1975"

1985

2000

0

0

0

2598

3300

4693

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

19

19

0

27

0

0

0

0

0

2598

19

0

0

3300

4693

5

"1975"

1985

2000

313

647

1 105

1798

2527

4332

u

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

313

647

1 105

1798

2527

4332

0

0

0

0

6

-1975-

1985

2000

0

0

0

313

647

1 105

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

313

647

1105

7

"1975-

1985

2000

15469

19206

19913

1 145

1604

2668

4924

5324

5595

43

0

0

0

0

0

4 1 1

433

2064

2064

2064

2557

0

0

20393

24530

25645

1166

1649

2734

45

46

137

0

0

0

0

8

-1975-

1985

2000

26789

32753

36925

4027

4554

551 1

7562

6279

8752

0

0

0

0

0

0

0

2603

2674

2127

0

0

0

6014

0

412

0

0

34371

41032

45677

4027

4554

0

0

0

551 1

9

-1975-

1985

2000

0

0

0

1 12

204

446

0

0

0

16

18

19

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

128

222

485

58

0

0

64 1

10

"1975"

1985

2000

0

0

0

15469

19206

19913

0

0

0

4924

5324

5595

0

0

0

0

0

0

0

0

4 1 1

0

2557

0

0

0

0

20393

24530

25645

433

0

0

137

0

0

11

-1975"

1985

2000

0

0

6064

6769

8887

0

0

0

2615

2910

3111

0

0

0

0

0

126

0

5457

0

0

0

0

10679

11679

11998

0

0

0

0

0

177

200

0

0

0

12

"1975"

1985

2000

0

1 1259

10227

10529

0

0

0

1705

1875

1992

0

0

0

0

0

0

o

30

30

30

0

5576

0

0

0

0

0

12984

12102

0

0

0

0

0

0

12521

13

• 1975"

1985

2000

0

4240

4320

0

0

0

730

0

0

0

0

0

0

0

0

234

199

199

0

0

0

857

0

0

0

4970

5064

4601

0

0

4016

764

785

0

0

0

14

"1975"

19B5

2000

0

0

0

2440

3018

3232

0

0

711

0

B05

985

1095

0

0

0

0

0

0

0

0

0

0

0

0

0

0

3956

4724

5055

0

721

728

0

0
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0

0
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Depletion, with Figure IV-16, Assessed "1975" Streamflow Depletion. Certain

subregions, such as those in southern Arizona, show a depletion greater

than 100 percent. This means that these subregions are already overdrafting

ground water to meet current of f stream consumption. Many of the subregions

discussed earlier as "under stress" for current conditions would be con-
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Table IV-12. — Natural water supply analysis (continued)
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Table IV-12. — Natural water supply analysis (continued)

Base conditions — Based on typical conditions of fresh-water use compared to long-term fresh-water

supply.

Natural water supply — An analysis that estimates conditions in the so-called natural state, i.e.,

before human influence. However, it is not truly natural in that vegetation and runoff patterns have

been altered by humans (see also "natural outflows").

Above inflow points — Term equivalent to "above outflow point" except it excludes the information

for the given region or subregion.

above inflow points = above outflow point — within hydro, unit

Above outflow point — Describes depletion (consumption and evaporation) and water transfer (ex-

port and import) information. Information described as "above the outflow point" is the value for

the given region or subregion (within the hydro, unit), plus the sum of values for all upstream regions

or subregions. This information represents the total load on the upstream river network.

At outflow point — Describes streamflow information. All streamflow is measured at the

downstream edge of the subregions and regions. In many cases, this is the downstream portion of the

major river draining the area, but for other (particularly coastal) subregions, the "outflow point" is

truly the sum of outflows from all of the major streams and rivers draining the area.

Downstream subregion — The next subregion downstream from a given subregion. If no

downstream subregion exists, a notation is included to indicate what is downstream, e.g., Pacific

Ocean, Atlantic Ocean, Gulf of Mexico, Great Lakes, Canada, Mexico, or terminal lakes (closed

basin).

Within hydro, unit — Refers to values within the appropriate hydrologic unit (region or subregion).

Note: numbers in parentheses refer to Table column headers.

(01) Consumption above the inflow points /l/ — Base conditions consumption for all upstream

regions or subregions. This represents the consumptive load on the inflows entering the region or

subregion. A value of zero indicates there are no upstream regions or subregions.

(02) Consumption within the hydrologic unit — Base conditions consumption for the region or

subregion from Volume 3, Table II-4.

(03) Net evaporation above the inflow points /l/ — Net evaporation for all upstream regions or

subregions.

(04) Net evaporation within the hydrologic unit — Net evaporation for the region or subregion from

Volume 3, Table II-2.

(05) Net exports above the inflow points /l/ — Net exports for all upstream regions or subregions.

(06) Net exports within the hydrologic unit — Net exports for the region or subregion from Volume

3, Table II-2.

(07) Net imports above the inflow points /I/ — Net imports for all upstream regions or subregions.

(08) Net imports within the hydrologic unit — Net imports for the region or subregion from Volume

3, Table II-2.

/l/ Note that regional and national totals for this information are not arithmetic sums of subregional values. Rather, they

are sums of those subregions with streams flowing out of the region or Nation. National totals also include streamflow

into terminal lakes in the Great Basin (Region 16), but exclude Alaska, Hawaii, and the Caribbean.
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Table IV-12. — Natural water supply analysis (continued)

(09) Ground-water overdraft above the inflow points / l/ — Ground-water overdraft for all upstream

regions and subregions.

(10) Ground-water overdraft within the hydrologic unit — Ground-water overdraft for the region or

subregion from Volume 3, Table II-1.

(11) Total depletions above the inflow points — For natural supply analysis, depletions include all

man-induced uses that result in decreased streamflow.

total depletions = consumption (01)

+ net evaporation (03)

+ positive net exports (05) where net imports is zero

(12) Total depletions within the hydrologic unit — Depletions include all man-induced uses that result

in decreased streamflow for the region or subregion.

total depletions = consumption (02)

+ net evaporation (04)

+ positive net exports (06) where net imports is zero

(13) Inflows entering the hydrologic unit /I/ — Sum of flows for all streams and rivers entering a

region or subregion. Equivalently, the inflow to a subregion is the sum of the outflows from all

upstream subregions. A value of zero indicates the most upstream subregion of a river network.

(14) Current streamflow /l/ — Mean flow for "1975" from Volume 3, Table II-l, derived from

historical data; data includes effects of consumption, water transfers, evaporation, and ground-

water overdraft.

(15) Total depletions above the inflow points /l/ — same as (11).

(16) Total depletions within the hydrologic unit — same as (12).

(17) Natural outflow at the outflow point (natural available streamflow) /l/ — Estimate of

streamflow without artificial manmade constraints for comparison with current streamflow (Volume

3, Table II-5) and assessed streamflow (Volume 3, Table II-5). Natural flow indicates the average

potential runoff available from precipitation before introducing human effects. It is not truly natural

streamflow because vegetation and runoff patterns have been altered by man.

natural outflow = current streamflow (14)

+ total depletions (15)+ (16)

- net imports (07) + (08)

_ ground-water overdraft (09)+ (10) where:

total depletions = consumption (01)+ (02)

+ net evaporation (03) + (04)

+ net exports (05) + (06)

/l/ Note that regional and national totals for this information are not arithmetic sums of subregional values. Rather, they

are sums of those subregions with streams flowing out of the region or Nation. National totals also include streamflow

into terminal lakes in the Great Basin (Region 16), but exclude Alaska, Hawaii, and the Caribbean.
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Table IV-12. — Natural water supply analysis (continued)

(18) Natural outflow within the hydrologic unit (natural available streamflow) — Estimate of average

potential runoff available from precipitation in the region or subregion before introducing human ef-

fects. Equivalently, the portion of water supply contributed by the region or subregion.

natural outflow = current streamflow (14)

- inflows (13)

+ total depletions (16)

- net imports (08)

- ground-water overdraft (10) where:

total depletions = consumption (02)

+ net evaporation (04)

+ net exports (06)

(19) Natural flow depletion above the outflow point — Estimated loss to total natural outflow

(natural available streamflow) from all offstream demands (consumption, evaporation, and net ex-

ports).

... total depletions (15) + (16)

natural flow depletion =

natural available streamflow (17)

(20) Natural flow depletion within the hydrologic unit — Estimated loss to regional or subregional

natural outflow (natural available streamflow) from offstream demands (consumption, evaporation,

and net exports) within the region or subregion.

total depletions (16)

natural flow depletion =

natural available streamflow (18)

(21) Drainage area above the outflow point — Hydrologic area of the watershed in the region or

subregion (22), plus the hydrologic area of all upstream regions or subregions, measured in square

miles.

(22) Drainage area within the hydrologic unit — Hydrologic area of the watershed in the region or

subregion, measured in square miles.

(23) Estimated runoff above the outflow point — Estimated runoff for the region or subregion (see

24), plus the estimated runoff for all upstream regions or subregions, converted to equivalent inches

of rainfall.

natural available streamflow (17)

estimated runoff =

hydrologic drainage area (21)

(24) Estimated runoff within the hydrologic unit — Estimate of potential rainfall which would reach

the outflow point of a region or subregion from rainfall occurring in that region or subregion. Using

natural outflow (18) and drainage area (22), this figure has been converted to equivalent inches of

rainfall. Due to diverse sources of data used in the assessment process, these estimated runoff figures

are provided only for comparison with other regions or subregions in the assessment.

natural available streamflow (18)

estimated runoff =

hydrologic drainage area (22)

/l / Note that regional and national totals for this information are not arithmetic sums of subregional values. Rather, they

are sums of those subregions with streams flowing out of the region or Nation. National totals also include streamflow

into terminal lakes in the Great Basin (Region 16), but exclude Alaska, Hawaii, and the Caribbean.
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igure IV-15: Current streamflow depletion —"1975" (base conditions)
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figure IV-17: Assessed streamflow depletion—2000 (base conditions)
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sidered severe if there were not ground-water overdrafting to supplement

normal surface-water supplies.

Figure IV-17, Assessed 2000 Depletions, shows a general increase in

severity of stress from increased consumption. The headwaters of the

Platte River and the San Joaquin Valley may be severely depleted by the

year 2000. The primary force producing these increases is the significant

increase in irrigation to meet assumed high export levels of certain

agricultural products. However, the high plains of Texas and part of the

Rio Grande Region should improve since irrigation consumptive use patterns

are projected to lessen the demand on ground-water overdraft as a source

of supply. For the most part, these reduced depletion levels reflect an

assumed reduction of ground-water supplies from depletion of deep aquifers.

Other contributing factors include high pumping costs, land constraints

near urban areas, and improved water efficiencies.

The discussion this far has been restricted to average or normal condi-

tions. The problem of severe or stressed instream environment seems to be

in the Southwest. Figure IV-18, Dry Assessed 2000 Depletion, shows that

under dry conditions, increased irrigation causes much higher depletions,

particularly in Texas and the southern Great Plains, but the basic geo-

graphic pattern of areas with high depletion remains much the same.

It is informative from the viewpoint of instream values to consider

areas where in a number of months the mean monthly depletions exceed the

40, 70, and 90 percent criteria. A summary of monthly depletions greater

than the 40, 70, 90 percent depletion criteria is available in Volume 3,

Table I1-7, which shows the number of months in which these evaluation

levels are exceeded in each subregion. There is already ("1975" assessed

conditions) encroachment on optimum instream conditions (40 percent deple-

tion) for most months throughout the West. In much of the arid West,

the water supply is already depleted by more than 90 percent in many

months. This means a loss of desirable aquatic life and attendant instream

values. In southern Florida, large diversions have substantially reduced

the famous "river of grass" known as the Everglades.

By the year 2000, given the projected of f stream use, the instream con-

ditions will worsen significantly in most basins. Perhaps the monthly

analysis is most valuable as a means of pointing out areas for employing

improved water management and for reallocating water storage to cope

with short-term instream flow inadequacies.

Because the monthly and annual stream and instream information re-

flects conditions only at the outflow point(s) of a subregion, it is

possible for tributary streams to support viable fisheries even though

the mainstream is severely depleted, or, conversely, for severe instream

flow problems to exist in some tributaries that are not reflected in

the depletion ratios.

As discussed earlier, a set of instream flow approximations (IFA) for

wildlife habitat maintenance was developed for the second assessment. In
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Figure IV-18: Assessed streamflow depletion—2000 (dry conditions)

addition to Tennant's depletion levels, the instream flow approximations

can be directly compared to the assessed streamflow to determine conflicts.

A conflict arises when the expected streamflow is less than the desired IFA.

Figures 1V-19, IV-20, and IV-21 show those subregions where current

and assessed annual streamf lows are now and would be insufficient to meet

the instream flow approximations for "1975" and 2000, respectively.

The comparison of current "1975" streamflow values with instream

flow approximation values indicates that conflicts already exist in sub-

regions in the southern Great Plains and the Southwest; moreover, by

the year 2000 the estimated instream flow needs may not be met in the

northern Great Plains and southern Florida. Some of the future instream-

offstream conflicts would actually exist in "1975" if the stream supplies

were not being supplemented through ground-water overdrafting. A com-

parison of the monthly assessed streamflows to the monthly IFA values

shows how many months the streamflows will not meet thelFA's (Figure IV-

22). The figure shows existing conflicts in the West, but also beginnings

of problems in the East.
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Figure IV-19: Comparison of instream flow with current streamflow —"1975" (base conditions)

Figure IV-20: Comparison of instream flow with current streamflow — "1975" (base conditions)
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Figure IV -21: Comparison of instream flow with assessed streamflow—2000 (base conditions)

Figure IV-22: Months that assessed streamflow is less than I FA (base conditions)
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A comparison of the aggregate supply and demand data for the Nation's

waters (Table IV-13) shows that there is sufficient water supply for all

of the perceived requirements. The table indicates that the present and

projected national consumption is 10 percent or less of natural outflow.

Hence, it would appear that the Nation does not have a water shortage

problem. However, the regional supply and requirements presented in

Table IV-13 indicate problems in a number of regions. For example, the

Lower Colorado Region is seriously overcommitted and this situation will

intensify. The amount of transpiration and evaporation in that region

exceeds the rainfall by 605 million gallons per day (mgd). Furthermore,

the overdrafting of ground water presently amounts to about 2,415 mgd.

The resulting streamf low of 1,550 mgd is well below the 6,854 mgd preferred

for ideal fish habitat.

Ground-water overdraft is extensive over the Ogallala (High Plains)

aquifer. Table IV-9 shows a ground-water overdraft for the Missouri

Region (2,557 mgd), Arkansas-White-Red (5,457 mgd), and the Texas-Gulf

(5,578 mgd). Approximately 10 million acres of farmland depend on the

Ogallala for fresh water. The Rio Grande Region also depends on ground-

water overdraft for much of its supply. Furthermore, the remaining stream-

flow projected for 1985 and 2000 is not sufficient to support the current

level of fish and wildlife.
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Table IV-13. — Summary of fresh-water supply and use—"1975," 1986, 2000

(Data are in million gallons per day. Shaded areas reflect conditions without ground-water overdraft)

Supply

Use

Water res

region a

ources

id No.

Year'

Stream

inflow2

Natural

outflow3

Net

imports

Ground-

water

over-

draft

Total

consump-

tion

Net

evapora-

tion»

Net

exports

Remaining

stream

outflow

Instream

flow

New England (1)

"1975"

0

0

0

0

78,661

78,661

78,661

78,661

0

0

0

0

0

481

0

0

78,180

78,180

78,014

77,598

approxi-

mation 6

"1975"

0

0

0

481

0

0

0

0

0

0

69,001

1985

647

2000

1,063

Mid-Atlantic (2)

"1975"

0

0

0

0

80,522

80,522

80,522

80,522

479

479

479

479

32

0

0

0

1,843

1,843

2,472

3,548

0

0

0

0

0

0

0

0

79,190

79,158

78,529

77,453

"1975"

68,840

1985

2000

South Atlantic-Gi

If (3)

"1975"

0

0

0

0

232,544

232,544

232,544

232,544

0

0

0

0

339

0

4,867

0

0

0

0

6

6

6

6

228,010

227,671

225,766

222,485

"1975"

4,867

188,655

1985

0

0

6,772

2000

10,053

Great Lakes (4)

"1975"

0

0

0

0

75,262

75,262

75,262

75,262

19

19

19

19

27

0

0

0

2,598

2.598

3,300

4,693

0

0

0

0

0

0

0

0

72,710

72,683

71,981

70,588

"1975"

63,951

1985

2000

Ohio (5)

"1975"

40,800

40,800

40,466

40,008

138,998

138,998

138,998

138,998

0

0

0

0

0

0

0

0

1,798

1,798

2,527

4,332

0

0

0

0

0

0

0

0

178,000

178,000

176,937

174,674

"1975"

160,520

1985

2000

Tennessee (6)

"1975"

0

0

0

0

41,113

41,113

41,113

41,113

0

0

0

0

0

0

0

0

313

0

0

0

0

0

0

0

0

40,800

40,800

40,466

40,008

"1975"

313

38,480

1985

647

2000

1,105

Upper Mississippi

(7)

"1975"

44,100

41,543

37,428

35,880

76,024

76,024

76,024

76,024

2.064

2,064

2,064

2.064

0

0

0

0

1,145

1,145

1,604

2,688

43

43

45

46

0

0

0

0

121,000

118,443

113,867

111,234

"1975"

110,750

1985

2000

Lower Mississipp

(8)

"1975"

361,600

353,586

346,966

341,804

75,015

75,015

75,015

75,015

0

0

0

0

412

4,027

4,027

4,554

5,511

0

0

0

0

0

0

0

0

433,000

424,574

417,457

411,308

"1975"

0

0

0

359,033

1985

2000

Souris-Red-Rainy (9)

"1975"

0

0

0

0

6,138

6,138

6,138

6,138

0

0

0

0

0

112

112

204

446

16

16

18

19

0

0

0

0

6,010

6,010

5,974

6,314

"1975"

0

3,673

1985

58

2000

641

Missouri (10)

"1975"

0

0

0

0

61,525

61,525

61,525

61,525

411

411

433

2,557

0

15,469

15,469

19,206

19,913

4,924

4,924

5,324

5,595

0

44,100

41,543

37,428

35.880

"1975"

0

33,958

1985

0

0

0

2000

0

137

Arkansas-White-Red (11)

"1975"

0

0

0

0

67,694

67,694

67,694

67,694

128

128

177

200

5,457

0

8,064

8,064

8,769

8,887

2,615

2,615

2,910

3,111

0

0

0

0

62,600

57,143

56,192

55,896

"1975"

46,169

1985

0

0

2000

Texas-Gulf (12)

"1975"

0

0

0

0

35,626

35,626

35,626

35,626

30

30

30

30

5,578

0

11,259

11,259

10,227

10,529

1,705

1,705

1,875

1,992

0

0

0

0

28,270

22,692

23,554

23,135

"1975"

22,917

1985

0

0

2000

Rio Grande (13)

"1975"

0

0

0

0

5,309

5,309

5,309

5,309

234

234

199

199

657

0

4,240

4,240

4,320

4,016

730

730

764

785

0

0

0

0

1,230

573

424

707

"1975"

2,287

1985

0

0

2000
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Table IV-13. -Summary of fresh-water supply and use—"1975." 1986, 2000 (continued)

(Data are in million gallons per day. Shaded areas reflect conditions without ground-water overdraft)

Water resources

Stream

Supply

Ground- ,--.-.

Use

Remaining

Instream

flow

region and No.

Year'

inflow2

Natural

outflow:

Net water „ ,otal nm Net stream

imports over- co^p~ "%£?- exports °"rtl°w

approxi-

mation*

Upper Colorado (14)

"1975"

0

13,956

0

0

2,440

711

805

10,000

"1975"

0

13,956

0

0

2,440

711

805

10,000

7.947

1985

0

13,956

0

0

3,018

721

985

9,232

2000

0

13,956

0

0

3,232

728

1,095

8,901

Lower Colorado (15)

"1975"

10,000

-605

0

2,415

4,595

1,202

4,463

1,550

"1975"

10,000

-605

0

0

4,595

1,202

4,463

6-865

6.864

1985

9,232

-605

0

0

4.754

1,222

4.084

5-1,433

2000

8,901

-605

0

0

4.708

1,236

327

3.896

6-1,544

Great Basin (16)

"1975"

0

5.976

101

591

3,779

0

2,562

"1975"

0

5,976

101

0

3,779

327

0

1,971

3.389

1985

0

5,976

177

0

3,765

331

0

2,057

2000

0

5,976

251

0

4,036

333

0

1.858

Pacific Northwest (17)

"1975"

0

268,523

47

627

11,913

2.014

0

255.270

"1975"

0

268,523

47

0

11,913

2,014

0

254.643

214,004

1985

0

268,523

47

0

14,610

2,055

0

251.905

2000

0

268,523

47

0

15,196

2,083

0

251.291

California (18)

"1975"

0

68,050

4,438

2.197

26,641

669

0

47,375

"1975"

0

68,050

4,438

0

26,641

669

0

45,178

32.607

1985

0

68,050

4,069

0

27,932

679

0

43,508

2000

0

68,050

3,881

0

29,699

686

0

41,546

Regions 1-18

"1975"

0

1,330,331

2,677

20,889

105,584

14,956

0

1,233,357

"1975"

0

1,330,331

2,677

0

105,584

14,956

0

1,212.468

1.035,221

1985

0

1.330,331

2,677

0

119.328

15,944

0

1,197.736

2000

0

1.330.331

2,677

0

133,655

16,614

0

1.182,739

Alaska (19)

"1975"

0

905,058

0

0

58

0

0

905,000

"1975"

0

905,058

0

0

58

0

0

905,000

859.000

1985

0

905,058

0

0

207

0

0

904,851

2000

0

905.058

0

0

459

0

0

904,599

Hawaii (20)

"1975"

0

7,353

0

0

605

1

0

6,747

"1975"

0

7,353

0

0

605

1

0

6,747

4.590

1985

0

7,353

0

0

636

1

0

6,716

2000

0

7,353

0

0

666

1

0

6,686

Caribbean (21)

"1975"

0

5,181

0

13

343

0

0

4,851

"1975"

0

5,181

0

0

343

0

0

4,838

3.706

1985

0

5,181

0

0

374

0

0

4,807

2000

0

5,181

0

0

300

0

0

4.881

Regions 1-21

"1975"

0

2,247,923

2,677

20,902

106,590

14,957

0

2,149,955

"1975"

0

2,247,923

2,677

0

106,590

14,957

0

2,129,053

1.902.517

1985

0

2,247,923

2,677

0

120,545

15,945

0

2,114,110

2000

0

2,247,923

2,677

0

135,080

16,615

0

2,098,905

'The second "1975" shows "1975" data without ground-water overdraft for a more direct comparison with the conditions for

1985 and 2000.

2 Flow across international boundaries is not shown.

3 Estimated water supply generated within each region. Negative values indicate that evaporation and plant transpiration are

greater than rainfall in the region.

4 From manmade reservoirs with storage capacities larger than 5,000 acre-feet and from farm ponds and lagoons. If

precipitation exceeds evaporation value is zero.

■ Negative values show the amount of excess water use without ground-water overdraft. Streamflow will be maintained to meet

commitments to Mexico.

• U.S. Fish and Wildlife Service estimates for optimal fish and wildlife habitat conditions.
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Conclusion

Offstream uses (especially extensive development of irrigated agri-

culture) stress the stream ecosystems. When protection for aquatic eco-

systems is lacking, these uses severely threaten fish and wildlife that

depend on the river flow. While this analysis stresses the severity of

the western water problems, it also indicates that instream flows are of

concern in the East as well.

Implementation of multidisciplinary and multiagency efforts are re-

quired to:

1. improve the methods for collecting instream flow data

2. develop and correlate analytical techniques to systematically

determine instream flow requirements for all instream uses

3. find solutions to the institutional problems encountered by those

attempting to implement the recommendations.

Current and future planning and decisionmaking must include instream

ecological values and must also provide and protect a supply of water

sufficient to sustain these values.
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Water Quality

Introduction

Man's pollution of the water environment is one way in which he changes

for the worse the world around him. Although to some degree, all organisms

modify their environment, at times their habitat is altered so drastically

that their own existence is put into jeopardy. Man differs in the extreme

degree to which he can destructively modify his environment. While man also

differs in his ability to evaluate the consequences of his actions, the

tendency to view the environment within narrow boundaries — such as a town

or stretch of water — often interferes with objective evaluation. Our

technological society, however, has expanded its perspective on environ-

mental problems and their control, bringing an increasing realization

of the disturbing ramifications of environmental perturbation. To evaluate

the disturbance to and prospects for water quality is the purpose of

this chapter. Toward this end, the section will discuss three aspects

of the water quality problem: (1) national patterns of water pollution;

(2) sources of water pollution; and (3) control of water pollution.

The first part of this section discusses the types of pollutants

that affect the health of human beings, plants, animals, and biological

communities and the incidence and severity of these pollutants. Because

pollution affects different water bodies in different ways (e.g., rivers

do not assimilate pollution in the same way as lakes), the first part

concludes with a discussion of the diversity of pollution's effects.

While the first part assesses national patterns of water quality,

the second part analyzes the sources of water pollution. To a large

degree, the legal control of pollution depends upon the nature of the

source that discharges it. Sources of pollution have been defined as either

point, such as municipal and industrial discharges, or nonpoint sources,

those not readily identifiable. Polluted runoff is an example of a nonpoint

source since atmospheric fallout, traffic residues, litter, and construc-

tion sites all contribute to the pollution that eventually reaches the

water. The purpose of the second part is to characterize the importance

of these pollutant sources. The analysis in that part is constrained,

however, by available data. Because systematic national data are lacking,

only estimates of biochemical oxygen demand (BOD) and total suspended

solids (TSS) are available to compare the importance of point and

nonpoint source pollutants. Ideally, a national assessment should be

based, not on specific pollutants or classes of pollutants, but rather

on categories of effects that are produced. But such information is

even more limited.

The third part on contol of water pollution discusses the control of

both point and nonpoint sources. The debate over costs of regulation and

the risks of less stringent regulations is increasingly focusing on certain

issues such as the pretreatment of industrial wastes and the control of

toxics.
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For this section, every attempt was made to employ and contrast in-

formation from a variety of sources. For example, the Council onEnviron-

mental Quality provided the displays of mean levels and annual violation

rates for a number of different pollutants. The Environmental Protection

Agency supplied trend data on these parameters from the STORET data base.

The Water Resources Council supplied estimates of pollutant sources which

formed the basis for the map displays in the second part. Finally, much

of the cost information comes from publications of the Bureau of Economic

Analysis, U.S. Department of Commerce. Since the issues of water quality

are varied and complex, this chapter can only superficially analyze a sub-

ject so large in scope.

National Patterns of Water Pollution

The basic concept of pollution stems from its Latin root, polluere,

meaning to soil or defile. This early definition included only the physical

aspects of pollution — impurity or foulness. Today pollution may be diverse

and complex. For example, thermal pollution does not defile or degrade

the water according to the early meaning of pollution. In a modern context,

pollution encompasses anything that changes the natural quality of water.

Pollutants fall into four major categories: (1) chemical, (2) bio-

logical, (3) physical, and (4) physiological. Within these categories,

the types of measurements are manifold and the criteria are not always

well defined. Indeed, the effects of pollution are increasingly complex.

(1) Chemical materials discharged into water may be either organic or

inorganic. Undesirable inorganic materials include heavy metals or other

toxic substances and soluble salts that change the pH of water. Organic

compounds in water can deplete oxygen and harm biota by accelerating

bacterial growth, which uses up dissolved oxygen for oxidation. Organics

of particular concern are pesticides and other toxic or hazardous sub-

stances.

(2) Biological contamination was the center of early systematic and

scientific investigations of water pollutants. The paramount danger from

this source is the threat to public health. Vectors of waterborne diseases

include: bacteria, viruses, protozoa, and the helminths. Some bacteria-

caused diseases are cholera, typhoid fever, and bacillary dysentery. In-

fectious hepatitis and poliomyelitis are diseases transmitted by water-

borne viruses. Amoebic dysentery is a disease caused by a protozoan,

and schistosomiasis is caused by the helminths.

(3) Physical pollutants are varied: discoloration, turbidity, tem-

perature, suspended solids, foam, and radioactivity. Some, like color,

though not harmful, are undesirable for uses such as drinking water.

Others, heat being one, seriously affect living organisms. Each species

tends to have its own range of favorable temperatures. Thermal pollution

can disrupt the temperature range natural to a given species. The effects

of thermal pollution may be lethal or, at sub-lethal levels, can alter

a species' life span, activity, and reproduction. The tremendous growth

in cooling water for electrical generating stations has increased the

awareness of how heat can pollute water.

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

9
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



VOLUME 2, PART IV I 71

(4) Physiological pollution is a special problem for drinking water.

Although science has advanced methods of detection, extremely small quanti-

ties of some pollutants can be tasted or smelled. For example, chlorophenols

can be tasted at extremely low concentrations. Fish that absorb or ingest

such pollutants may be eliminated as a food source because of their tainted

odor or taste.

The following discussion will consider several specif ic groups of pol-

lutants of special concern today.

Toxic Chemicals

Concern over toxic substances in the environment has greatly in-

creased in recent years. Their manufacture, disposal, and transportation

have become the center of legislation and regulation. Many believe that

toxic pollutants represent the most devastating threat to water quality

and public health. Some chemicals that are essential to life in certain

quantities may be toxic in greater quantities; yet the balance between

these extremes is not always known. Moreover, each year man synthesizes

many new chemicals.

The number of chemical compounds in existence today is in the millions

and those in commerce, in the thousands. With ongoing research and develop-

ment, over a thousand new chemicals are developed each year in response

to the public demands for new and better synthetic products. The sheer

numbers involved have resulted in inadequate data on the effects of these

compounds.

Many of these toxic substances are extremely persistent and often

accumulate in bottom sediments of streams and rivers, which can cause

death, reproductive failure, or other damage to fish and wildlife. But

much has yet to be learned about the extent and the effects of toxic

pollutants on natural populations and human health. The danger is that:

large amounts of accumulated toxic material could be introduced into

the human food supply; or this toxic material might perturb the eco-

system because of the sudden or gradual removal of populations essential

to the system. Toxics in concentrations below currently detectable limits

may have sub-lethal effects that can become apparent only after long

periods of observation.

Heavy Metals

The serious pollutants in aquatic environments are those that: (1)

reach the system in large amounts, (2) are toxic, (3) concentrate within

an organism to a level greater than that in the environment, and (4)

persist for long periods of time. Heavy metals, by these criteria, are

an important problem in the quality of the Nation's waters. These elements

are termed "heavy" partly because of their comparatively high density

and partly because of their moderate chemical activity as compared to

the alkaline earth elements. They are considered here as one group of

toxic pollutants.
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One source of information on the severity of these problems is an

annual report by the States that describes current water quality and

identifies important problems within each State. This annual report is

required by the Clean Water Act (Public Law 95-217) as an inventory

of water quality problems. Toxic metal pollution was cited by 35 of

the 45 States that reported water quality problems to EPA in the 1976

National Water Quality Inventory. In another study done by the National

Commission on Water Quality, 12 of the 41 sites analysed had a major

problem from heavy metals. The National Commission on Water Quality was

established by Congress to make a thorough study of what effects might

accompany the achievement of the mandated water quality goals. The 1975

draft report of this temporary commission serves as another source of

information on national water problems.

Generally, the problem is widespread because of our manifold use of

heavy metals and because of the diverse methods by which they are trans-

ported to the receiving water. Mercury, for example, is a ubiquitous

material. It is found frequently in nature and is in demand by various

industries. It is employed in dental supplies, mechanical devices and

instruments, electrical processes, paints, agriculture, pharmaceuticals,

plastics, and synthetic products. In 1974, the U.S. demand for mercury

was approximately four and one half million pounds. Industrial discharge

and urban storm-water runoff transport heavy metals to water in heavily

populated regions. In other areas, mining, soil erosion, and atmospheric

fallout of air pollutants contribute large amounts.

Because of the vapors emitted in its liquid metallic elemental form,

mercury has traditionally been considered a public health threat in media

other than water. Mercury in water has been a concern only in the last

two decades. Inthel950's, the danger of mercury in water presented itself

in Japan, where fishermen and their families around Minamata Bay suffered

a neurological illness that was eventually traced to the consumption of

fish containing high concentrations of the element. Later studies proved

that micro-organisms could convert any form of mercury to the toxic methyl

mercury form. Since then, other pollutants such as cadmium have been identi-

fied as pervasive toxics with neurological effects.

Fish exposed to concentrations of mercury in water accumulate the

pollutant in tissue and pass the pollutant on through the food chain.

This concentration of mercury in the food chain is called "biomagnifi-

cation." Toxic materials present in low concentrations can be accumulated

and "magnified" in higher levels of the food chain since larger numbers

of lower level organisms are consumed by the organisms in higher levels.

The result is a higher concentration of toxic material per unit of body

weight. Given the persistence of mercury, its slow dissipation from

sediments, and the ability of organisms to absorb and concentrate it,

an aquatic habitat thus contaminated could continue to be polluted for

as long as 10 to 100 years after the discharge has ceased.
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Figures IV-23 through IV-24 indicate the nationwide extent of mercury

pollution. The first map (Figure IV-23) shows the annual percentage of

"violations" for mercury;* in other words, the percentage of measurements

taken throughout the year that exceed a reference level (0.5 micrograms

per liter). For 1976, no one area exceeded the criterion all of the time,

but many areas exceeded the reference level up to 50 percent of the year.

To show trends in mercury pollution, Figure IV-24 compares available

data from 1967-69 to 1973-75. Each map provides a different perspective

on that pollutant—one map gives problem areas for a given year, the

other shows the increase or decrease between the two periods. Many areas

have worsened, but unfortunately, the data are inadequate to characterize

the Nation as a whole. In fact, the predominant white areas have insuffi-

cient data to estimate any change.

Another heavy metal with acute lethal toxicity is zinc. In contrast to

mercury, widespread violations are occurring with this pollutant. Figure

IV-25 shows five areas that were above the reference level for over 99 percent

of the measurements during 1976. Because the reference level was low (50

micrograms per liter), the map to some degree overstates the threat from

zinc. Unfortunately, trend information for zinc from STORET is available

for only two States, Colorado and Minnesota. A few other areas have suf-

ficient data, but they are scattered and do not provide enough information

to gain a clear indication of change over time.

To illustrate the extent of pollution from heavy metals in the United

States, Figures IV-26, IV-27, and IV-28 show concentrations of copper,

cadmium and lead, respectively. These maps only reinforce what the State

reports to EPA and the National Commission on Water Quality site studies have

indicated — heavy metals pollution is a significant problem. Concen-

trations are in micrograms per liter.

Violation is not used here in a legal sense. The standard in the exhibit

serves only as a reference to indicate the proportion of all measurements

above this benchmark.

**

Unlike the NASQAN maps, this exhibit is derived from data contained

in the EPA STORET system. STORET was developed to be a repository and

a uniform reporting format for water quality data. The data within STORET

from sampling stations, have increased to over 200,000. According to

EPA, these trend data are derived from comparable stations and periods

of record.

JLJL jL

Although the NASQAN station may not report violations (it monitors an

entire drainage area) STORET stations within the same drainage area may

report a number of violations.
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□ No data
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Figure IV-26: Total concentrations of copper
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Figure IV-27: Total concentrations of cadmium

Figure IV-28: Total concentrations of lead
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Pesticides

Over 1,000 basic chemical compounds are now used as pesticides in

the United States. Annually, these active materials are mixed into over

a billion pounds of pesticides and over 40,000 formulations for use as

insecticides, rodenticides, fungicides, herbicides, and plant growth

regulators. Pesticides also have toxic effects, depending on the type

used, the application, and the transport characteristics of the area.

The hazards of pesticides in water include:

o In aquatic biota accumulation of pesticide residues to lethal

levels or accumulation in the food chain

o Reduced productivity of biota

o Interactions witn other pollutants (e.g. , increased temperatures

may increase the DDT absorption in fish several fold).

Among the more alarming effects of some pesticides are their suspected tera-

togenic, mutagenetic, and carcinogenic consequences.

Over a billion pounds of synthetic organic pesticides are used each

year in the United States. If this quantity were blanketed uniformly over

the Nation's 3.6 million square miles, about 275 pounds of active pesticide

ingredients would be deposited annually on each square mile of land. However,

pesticide use is concentrated in agricultural areas and not evenly dis-

tributed across the United States. These pesticide residues pollute re-

ceiving waters through four principal means:

o The atmosphere - pesticides are often introduced to the environ-

ment by a spray that settles by gravity

o Sediment runoff - most of the pesticide residues in aquatic

systems are washed from cropland in runoff or come from irrigation

water. Another related source is urban runoff, since surburban

populations use these substances for weed control

o Effluent - some residues originate from industrial sources or from

domestic sewage

o Accumulation - because of low solubility in water and high solu-

bility in the oils of body tissue, levels accumulate in aquatic

biota, thereby working up the food chain.

Because of their prevalence, persistence, ease of transport to and passage

through aquatic systems, coupled with their toxic effects, pesticides sig-

nificantly threaten water quality.

Pesticide pollution is a widespread problem. Eighteen States in their

submissions to Congress reported pesticide contamination of water quality.

Moreover, in the site studies of the National Commission on Water Quality,

14 of the 41 sites had major problems from pesticides. One highly publicized
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incident of pesticide pollution involved the unlawful discharge of kepone,

a criminal case resolved in October of 1976, with a total 8.85 million dollar

fines levied against Allied Chemical Corporation and Life Science Products.

Though high, this dollar amount does not represent a full assessment of

damages.

The control of pesticides is primarily directed to the manufacture

and distribution of these substances. The Federal Insecticide, Fungicide,

and Rodenticide Act as amended, prohibits any person from holding for sale

or distribution into interstate or intrastate commerce any pesticide that

is not registered in compliance with the Act. The law also prohibits any

person from using any registered pesticides in a manner inconsistent with

its labeling.

A number of pesticides have been suspended, cancelled, or restricted in

use. DDT, endrin, chlordane, dieldrin, and aidrin are examples. How effect-

ive have these restrictions been in improving the quality of the receiving

waters? Much remains unknown about the fate of restricted pesticides.

Aquatic contamination with DDT and its metabolites can be expected to

remain for a considerable time. Because much of the contamination is

associated with aquatic sediments, the ultimate fate of DDT will depend

on what happens to these sediments. For example, DDT-laden sediments can

be overlayed with fresh uncontaminated sediments and later be resuspended.

But recent evidence supports the conclusion that pesticide levels have

been reduced as a result of pesticide restrictions. A Canadian study

has reported that in Lake St. Clair, residues of DDT, HEOD, and PCB

declined between 1970 and 1974; this coincided with restrictions on these

materials. The study did not, however, discuss the longer-term effects

of these compounds on biota.

In contrast to the Canadian study, a recent study by the Council on

Environmental Quality (CEQ) supports the conclusion that use of restricted

pesticides may continue. The CEQ has concluded:

The most significant finding of the study was the prevalance

of several cancelled or restricted pesticides in water sam-

ples. Even though sales of dieldrin were greatly restricted

by EPA in 1973 and its major uses were suspended in 1974

because of its carcinogenic properties, dieldrin residues

were still often detected in 1976. Dieldrin was detected

in 21 percent of all water samples taken last year in the

three-state study areas, and the detection rate for the

Houston area was 68 percent.

CEQ concluded: "These high rates of detection, especially for dieldrin,

raise the question whether these chemicals are being used extensively

despite regulations." If so, what are the sources of these restricted

* Council on Environmental Quality, Recent Trends in Pesticide Residue in

Streams in Texas, Louisiana, and Oklahama (draft), 1977.

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

9
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



VOLUME 2, PART IV I 79

materials? Although available information indicates the positive effect

of bans on pesticide use, some restricted use of pesticides may continue.

Since these substances have demonstrated serious adverse environmental

effects, their continued use, despite legal restriction, is alarming.

Other Toxics

Although the many toxic substances cannot be dealt with in depth in

this chapter, they should be mentioned because they are important. The most

commonly described industrial chemical compounds that contribute to water

pollution are cyanides, phenols, and polychlorinated biphenyls. Of these

toxics, six states reported problems with cyanides, 11 with phenols, and

seven with PCB's.

Threats from these substances vary. For example, standards for cyanide

are based upon toxicity to fish, not to man. In reasonable doses in man,

cyanide can be readily converted to less toxic forms; however, cyanide In

fish can be very toxic at low concentrations.

The effects of phenols vary with the particular chemical form and the

general nature of the total waste. For man, phenols affect the taste and

odor of drinking water and fish. Phenolic pollution may be produced through

chlorination of public water supplies and treated sewage. Phenolic compounds

in waters chlorinated for disinfection may form chlorophenols.

The term PCB refers to a family of organic chemicals—polychlorinated

biphenyls—that has been produced and marketed in this country for 45 years.

PCB, one of the most stable organic compounds known, accumulates in the

tissues of many organisms. The PCB problem has been demonstrated in many

areas of the United States. Several years ago, prohibitively high levels

were found in the oysters of Escambia Bay, Florida. Early in 1976, the

Hudson River was closed to commercial fishing because of PCB contamination.

For the same reason, portions of the Great Lakes fisheries have been closed.

Fish in Georgia, South Carolina, Kentucky, and Idaho have been found to

contain high levels of PCB. Because of their persistence and long-term

toxicity, PCB's have become an increasingly publicized concern. EPA has

estimated that free PCB's available through air and water dissipation have

amounted to 150million pounds since 1932; other estimates place the figure

at 180 million pounds. Although these compounds have been restricted,

their presence in the environment remains significant.

Bacteriological Contaminants

The diseases transmitted by human fecal matter include typhoid fever,

hepatitis, dysentery, encephalitis, poliomyelitis, psittacosis, and tuber-

culosis. Concentrations of fecal coliform bacteria are used as an indica-

tor of potential human health hazard in surface and ground waters. While

these particular bacteria are not harmful, they do provide a comparatively

simple-to-obtain indication of the degree to which human and animal fecal

matter, which can transmit disease bacteria and viruses, are present in

the water.
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The many point and nonpoint sources of bacteria include municipal

treatment plant effluents, combined sewer overflows, urban feedlot and

agricultural runoff, septic fields, and natural sources such as migrating

waterfowl that congregate in large numbers at certain waterbodies. For

most areas of the country, however, the major problems arise from urban

centers. These problems are exacerbated by streamflow variations that

affect the dilution of sanitary waste loads.

Seasonal effects, however, may vary in importance according to the

type of surrounding land use. From its National Water Quality Surveillance

System, an EPA analysis of data showed that during the summer months (where

lower flows and higher temperatures are common), 7l percent of the stations

below municipal areas had severe problems and another 25 percent had inter-

mittent problems; in rural areas only l6 percent of the stations had severe

problems and another 34 percent had intermittent problems (Figure IV-29).

The National Commission on Water Quality reported that municipal

point source discharges were the major source of bacteria in 32 of the 34

sites with significant problems. Urban runoff and combined sewer overflows

contributed to the problem in nine of these segments, while agricultural

sources were major contributors in two sites and moderate contributors in

l6 sites.

| Severe Problems (Violation rate greater than 50%)

KS Intermittent Problems (Violation rate between 15% and 50%)

n Minor Problems (Violation rate less than 15%)

100— I 1 1 1

Downstream from Rural Areas

Municipal Areas

Figure IV-29: Violations of criteria for fecal coliform bacteria
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While municipal sources may contribute most to the bacteria problem

on the national level, certain areas of the country are more affected by

other sources. The central States report that feedlots and agricultural

runoff are their major sources of bacteria. Resort areas with no central

sewer systems often have problems with leachates from septic fields that

contaminate surface and ground waters. This is a particular problem in

areas such as the Colorado mountains where the soil is not suitable for

septic systems.

In many coastal areas around the country, bacterial contamination has

curtailed shellfish harvesting. The National Commission on Water Quality

reported that 14 of its 16 estuarine study sites included areas closed to

shellfish harvesting for health reasons. In the State water quality reports

to Congress, almost all of the Northeastern and Middle Atlantic States

describe areas where shellfish acreage has been closed to harvesting because

of bacterial contamination from sewage discharges, combined sewer over-

flows, and urban and agricultural runoff. In 1975, the EPA New England

regional office estimated that the total potential value for shellfish

areas closed by pollution in New England exceeded $15 million per year.

Bacteriological contamination of fresh waters is, however, the most

widely reported problem across the country. The National Commission on

Water Quality found that 34 of the 41 sites studied had major problems

with bacteriological contamination. The State water quality reports to

Congress almost all reported some significant problems from bacteria. For

example, Illinois reported that at 98 percent of its sampling stations the

bathing water criteria were exceeded at least once. Kansas was another

State reporting severe problems from bacteria.

Figures IV-30 through IV-32 present a national overview of fecal

coliform bacteria from two perspectives: (1) the annual "violation" rates

for 1975 and 1976, and (2) trends in measured levels by a comparison of

interval 1967-69 data to 1973-75 data.

In the darkest areas of Figures IV-30 and IV-31, bacterial contamina-

tion is greatest. The figures show fecal coliform pollution, which is a

measure statistically related to the presence of pathogens in the water.

They indicate the percentage of measurements above the criterion for swim-

ming waters (200 cells per 100 milliliters) since the number of con-

forms permitted in water depend upon the purpose for which the water is to

be used. As can be seen, most areas of the country have violations at

least part of the time. On the whole, however, bacteriological pollution

has been reduced. From the second perspective, Figure IV-32 shows that 59

percent of the areas with available data had some improvement in water

quality in 1973-75 as compared with the years 1967-69, although this

does not mean that the problem has been removed.

The trends in reduction are expected to continue, according to the

National Commission on Water Quality. Only four of the 34 sites with

major identified problems should continue to have major problems from this

source after all sewage treatment plants achieve secondary treatment.

Moreover, the State water quality reports to Congress cite numerous examples

where this form of pollution has been reduced.
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Figum IV 31: Fecal coliform bacteria violation rates, 1976
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S3

Improved • Less than 10% Change * Worsened

272 Areas (59%) 25 Areas (5%) 167 Areas (36%)

Figure IV-32: Trends in fecal coliform bacteria

□ White: no data

Nutrients

The discharge of materials that fertilize or stimulate excessive or

undesirable forms of aquatic growth can create significant problems in

receiving water systems. Overstimulation of aquatic weeds or algae can:

o Be esthetically displeasing

o Cause a reduction of dissolved oxygen and an increase

in C02

o Reduce the assimilative capacity of the water

o In extreme cases, interfere with small boat navigation and

other recreation uses of the water body.

The problems from excessive nutrients can be severe, causing surface scum,

foul odors, and in some cases, the killing of fish when oxygen is depleted.
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The fundamental problem from the discharge of nutrients is the accel-

eration of eutrophication. This term derives from two Greek morphemes:

eu, well and trophos, nourished, thus "well-nourished." Eutrophication

develops naturally with the geologic aging of a body of water such as

a lake (see Figure IV-33). As a lake ages, enrichment by nutritive materials

is increased. Man's discharge of nutrients, however, speeds the process

from one that normally takes centuries to one that takes only a few years.

In general, a nutrient is defined as a substance necessary for growth

or reproduction of an organism. Multiple nutrient elements are present;

the limiting nutrient is the one in the lowest concentration required

to stimulate plant growth. Two principal nutrients are phosphorus and

nitrogen. Loads of these two enter waterways from many sources including:

sewage treatment plant discharges, runoff from urban and rural areas contain-

ing organic material, agricultural runoff and irrigation return flows

containing fertilizers, leachates from septic fields, atmospheric fallout,

and some industrial waste discharges. Sewage treatment plant discharges

and agricultural runoff are major sources of nutrients, particularly phos-

phorus.

EPA analyses show that phosphorus concentrations in streams below

municipal areas are generally high during low-flow periods, which indicates

that in heavily populated areas, point source discharges are a principal

source of phosphorus. In the Great Lakes area, where problematic eutrophi-

cation has extensively deteriorated Lake Erie, the States estimate that

approximately 50 percent of the phosphorus loadings in their waterways

are from sewage treatment plants, and that half of this phosphorus loading

comes from phosphate detergents. These estimates were largely confirmed

when the State of Indiana reported that stream loadings of phosphorus

had been reduced by 25 to 30 percent after a statewide ban on phosphate

detergents had been implemented.

The largest total contributor of nutrients is agriculture. Fertilizer

is the main source although not all nutrients from agricultural runoff

come from fertilizer. Leaching of residues, natural background levels,

and rainfall itself are other sources. As shown in Figure IV-34, nutrient

concentrations in streams are generally higher in agricultural areas. Fur-

ther, the National Eutrophication Survey found that runoff from agricultural

lands carried more than twice as much nitrogen (Figure IV-35) and almost

four times as much phosphorus (Figure IV-36) as did runoff from forest lands.

Nutrient concentrations in the agricultural runoff were even more pro-

nounced, since forested areas generally have higher rainfall. Concentra-

tions are in milligrams per liter.

An indication of the widespread nature of nutrient problems comes

from two reports: (1) the National Commission on Water Quality found 22

of its 41 sites had major problems, (2) the State reports to Congress in

1976 showed greater emphasis on nutrients. In fact, Vermont, Maryland,

and Florida indicated that excessive nutrients were their most serious

water quality problem. The above mentioned figures show that nutrient

enrichment problems are geographically diverse.
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Oligotrophic Lake

Mesotrophic Lake

Eutrophic Lake Pond, Marsh or Swamp

Figure IV-33: The natural eutrophication process

Forest

Mostly Forest

Mixed

Mostly Urban

Mostly Agric.

Agriculture

Forest

Mostly Forest

Mixed

Mostly Urban

Mostly Agric.

Agriculture

Mean Total Phosphorus Concentrations

vs

Land Use

Eastern United States

0.014

0.040

J 0.066

1 0.066

-» 1 1 I I'

0.05

i I

Milligrams per Liter

0.10

Mean Total Nitrogen Concentrations

vs

Land Use

Eastern United States

J 0.830

"10.883

^ 1282

] 1.286

] 0.123

1.0

2.0 3.0

Milligrams per Liter

0.15

4.170

F'9ure IV-34: Mean total phosphorus and nitrogen concentrations vs land use

(Eastern United States)
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Figure IV-36: Geographic distribution of phosphorous concentrations
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Physical Pollutants

Suspended Solids

Suspended solids consist of silt particles, organic matter, plankton,

and other substances found in the water column. These particles affect

the beneficial use of water in several ways:

o They reduce light transmission through the water and

thereby inhibit the growth of underwater plants that

are the primary food source for aquatic life

o They interfere with nursery grounds or other habitats

of aquatic life

o Organic suspended solids settle to form oxygen-demanding

sludge deposits

o High levels cause esthetic degradation

o They create a taste and odor problem for potable water

supply.

By far the largest source of suspended solids is sediment runoff. Al-

though this runoff may occur naturally, it is aggravated by man's activities,

primarily agriculture, forestry, mining, and construction. The rate of

erosion will depend upon the particular land use as well as the natural

conditions prevailing.

Erosion from agricultural lands is an especially significant problem

because large quantities of fertilizers, herbicides, and pesticides are

washed into the streams along with the soil particles. But erosion in

mining areas is another significant source of suspended solids because of

the runoff from exposed surface areas, disposal piles, and related construc-

tion areas. The regions most affected are the coal mining areas near the

Appalachian and Rocky Mountains and other areas where minerals mining is

extensive, such as the iron ore mines in Minnesota.

Forestry activities that contribute to erosion include the construction

of logging roads, log transport, and clear cutting operations. These activi-

ties are found primarily in the Southeast and in the Northwest. Other

significant sources of suspended solids include dredge and fill operations,

wave turbulence in estuaries, and urban runoff.

According to the recent State reports to Congress, almost every State

has some problem with suspended solids from agricultural sediment runoff.

STORET data indicate that, on the whole, the levels of this pollutant have

not improved.
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WATER SUPPLY AND WATER QUALITY

Dissolved Solids

Salinity is the concentration of dissolved mineral salts in water.

While geographic variations in salinity levels are largely natural, human

activity can have a significant influence, particularly in areas where

water is scarce.

Excess mineralization can have a number of adverse effects. Human

health is affected by excessive flourides, which cause mottling of dental

enamel, and by high sodium intake, which is associated with coronary prob-

lems. Other effects include objectionable taste in drinking water, corro-

sion of metals, damage to fabrics being washed, health effects on livestock,

and damage to crops being irrigated. While fish and other aquatic life

generally adapt to high background salinity levels, abrupt changes may be

lethal. The most widespread economic effects result from irrigation waters

high in dissolved solids. For example, it has been estimated that for

each milligram per liter increase in salinity in the lower Colorado River,

there is an annual economic cost of approximately $230,000.

Salinity problems are generally found in two types of geographic areas:

coastal areas where sea-water intrusion may occur, and arid areas in the

West and Southwest where the fresh-water supply is insufficient to dilute

the salt loadings from natural sources and from irrigation return flows.

In coastal areas the major source of salinity is sea water that enters

surface waters during low-flow periods or seeps into ground-water storage

areas that have been depleted of freshwater. Sources of salinity in inland

problem areas are mineral salts in surface runoff and ground-water inflow;

other sources may be mineral springs and irrigation return flows. Irrigation

return flows contribute high salinity loads because crops utilize much of

the irrigation water but leave the dissolved salts in the remaining water.

In the West the deep percolation of this irrigation water in contact with

mineral formations constitutes another source.

In the Colorado River Basin the natural sources account for about two-

thirds of the total annual salt loadings while irrigation return flows

account for almost all of the remainder. Municipal and industrial sources

account for only a very small percentage of total Colorado River salt load-

ings.

Methods currently used to alleviate salinity levels are: importation

of less saline waters from alternative sources; the interception, impound-

ment, and evaporation of mineral springs; diversion of runoff and streams

around areas of salt pickup; improvement of irrigation conveyance facili-

ties; improvement of irrigation and drainage practices; and desalinization

of water supplies at points of use. Increased consumptive use, particularly

for irrigation, further reduces streamf lows, which means that salt loadings

will have to be considerably reduced even to maintain current salinity

levels.

Nationally, one of the most severe problems is the intrusion of salt

water into fresh ground-water aquifers. Almost all coastal areas that con-

sumptively use ground water face this problem to some extent, since the
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depletion of ground water allows salt water to intrude the aquifers. The

following excerpt from the California Annual Water Quality Inventory, one

of the State reports to Congress required by the Clean Water Act, indicates

how severe the problem can be:

One of the more serious water quality problems affecting

California coastal areas is the insidious intrusion of salt

water into fresh-water aquifers. Heavy reliance on ground-

water pumping in coastal basins has resulted in numerous in-

stances of reversal of hydraulic pressure gradients and the

subsequent inland movement of ocean waters, spoiling what

were once high quality fresh-water aquifers. The problem

is widespread along the California coast, although it has

received attention along the southern California bight.

Excess salinity is also considered the most serious water quality

problem in several of the western and southwestern States that make exten-

sive use of their water resources for irrigation. All eight inland study

sites where the National Commission on Water Quality found major salinity

problems are located in these regions*.

While severe salinity problems are generally located in areas where

natural conditions are a major factor, certain other areas, such as the

area around the Great Lakes, have increasing chloride levels from heavy

concentrations of industrial discharges. The Indiana Harbor Ship Canal

in particular has high chloride levels, and Lake Erie has had a long-term

increase in salinity. While the chloride levels in Lake Erie are not

yet a significant problem, the trend should be noted to ensure that the

situation does not worsen to the point where conditions begin to affect

fish and aquatic life or human water uses.

Temperature

Thermal pollution can be a significant source of either physical,

biological, or chemical harm to aquatic organisms. Temperature affects

nearly every physical property of concern in water quality management,

including density, surface tension, gas solubility, and gas diffusion. Of

these, oxygen solubility is probably the most important; a lower solubility

induced by higher temperatures, if combined with an organic effluent and a

resulting increased bacterial rate, can deplete dissolved oxygen below fish

survival levels. Moreover, temperature has a profound effect on biological

activity. Shifts in temperature change the distribution of organisms that

are active in waste assimilation. These shifts may dramatically alter the

waste assimilation rates. For more complex organisms such as fish, thermal

pollution affects activity and reproduction. Temperature affects not

only the rate, but also the extent of the chemical action.

* U.S. National Commission on Water Quality, "Water Quality Analysis and

Environmental Assessment, Technical Report," Public Law 92-500: Vol. I,

PB 252-167-01-02.
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The two primary dischargers of heat are the steam electric power gen-

eration and manufacturing industries. As shown in Table IV-l4, these in-

dustries discharged a total of about 8.7 x 10^ Btu of heat to the Nation1 s

surface waters in "l975." Of this total, 66 percent is attributed to cooling

of electric power generation facilities, whereas, the remaining 34 percent

is attributed to the cooling in manufacturing processes using energy.

By the year 2000 about a five-fold increase is projected for the

electric power heat dissipation cooling requirements. Due to the provisions

in the Clean Water Act and the lack of heat sinks (rivers and lakes)

large enough to dissipate the heat, by 2000 most of the waste heat will

be discharged to the air by cooling towers or cooling ponds. Therefore,

by year 2000 the amount of total heat discharged to the Nation's fresh

surface waters is projected to decrease by 5l percent, while the heat

discharged to saline waters increases by about 77 percent. A similar

expectation holds for the manufacturing industries. The implementation

of the provisions of the Clean Water Act will decrease the amount of

heat discharged by a factor of ten.

In sum, by the year 2000, 98 percent of the heat discharged to the

Nation's fresh and saline waters is projected to come from electric power

generation facilities, and 39 percent of those discharges are projected

to enter fresh surface-water resources. Regional variations in the heat

discharges occur, however. For example, the largest expected decrease

in heat discharges is in the industrial Northeast.

Table IV-14. —Heat generated and discharged to the nation's fresh and

saline surface waters

"1975"

Percent of

1985

Percent of

total

d Ischarqed

2000

Percent of

Btu's x 1015

total

d ischarqed

Btu's x lo'5

Btu's x 1015

total

d ischarqed

Electric power

generation:

Heat generated

1 1.0

-

24.3

-

57.1

-

Heat discharged

to water

5.7

66

7.8

98

7.4

98

(Fresh)

(3.9)

(45)

(3.9)

(49)

(2.8)

(37)

(Saline)

(1.8)

(21)

(3.9)

(49)

(4.6)

(61)

ManufacturIng:

Heat d ischarged

to water

3.0

34

0.2

2

0.2

2

(Fresh)

(2.2)

(73)

(0.2)

(2)

(0.2)

(2)

(Saline)

(0.8)

(27)

(0)

(0)

(0)

(0)

TotaI heat

discharged

8.7

100

8.0

100

7.6

100

(Fresh)

(6.1)

(70)

(4.1)

(51)

(3.0)

(39)

(Saline)

(2.6)

(30)

(3.9)

(49)

(4.6)

(61)
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Radioactive Materials

Some mention should also be made of radioactive materials in the aquatic

environment. When radioactive materials enter surface waters, they are di-

luted and dispersed by the same forces that mix and distribute other soluble

or suspended materials. But it is very difficult to compare radioactive con-

tamination with other pollutants. Each radioisotope tends to take a charac-

teristic route and has its own rate of movement through various temporary

reservoirs. The route taken by tritium is different from that of other

radioisotopes. Tritium and strontium 90 picked up in the water molecule

cannot be removed by conventional waste treatment practices.

The radioisotopes present in aquatic ecosystems can irradiate aquatic

organisms in many different ways:

1. Radioisotopes that tend to remain in solution, or at least suspended

in the water, are assimilated more readily by aquatic organisms

than the radioisotopes that settle out.

2. Radioisotopes present on or fixed to sediments are significant to

aquatic life, particularly to benthic organisms in the vicinity of

existing major atomic energy plants.

3. Radioisotopes attached to the outer surfaces of organisms are of

greater significance to micro-organisms than to shellfish or fish.

It is, however, difficult to measure the amount of radiation absorbed

by aquatic organisms because they are simultaneously irradiated by radio-

isotopes within their body, on the surface of their body, in other organ-

isms, in the water, and in sediments. Exposure thus depends on an organ-

ism's position in relation to the sediments and to other organisms, and to

movement of some species in and out of the contaminated area. The principal

danger from this type of pollution is that radioactive material will reach

man through the food chain.

Conclusions - The Diversity of Effects

The severity of water pollution depends on the type of pollutants in

question. However, equally important is the nature of the water receiving

the pollution. The receiving waters vary in their ability to assimilate

waste, to cleanse themselves. As a concluding note to this section, it is

important to stress not only what pollution is, but, how it affects the

receiving water.

Receiving waters may be classified as:

o Fresh-water streams and rivers

o Tidal rivers and estuaries

o Lakes and reservoirs

o Harbors and oceans.
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Each of the above has its own characteristics of mixing. In fresh-water

streams and rivers a one-directional flow predominates. The river flow

or advection is, therefore, the principal mass transport mechanism. Estu-

aries differ, however. An estuary is that portion of a coastal river

where the tidal action from the ocean is the significant transport mechanism.

Estuaries have two broad sections: the tidal river portion where the water

body ebbs and flows but is entirely fresh water, and the lower estuaries

portion where sea salt makes a significant incursion. Both advection and

dispersion are important in estuaries. Thus, tidal flows cause a vertical

mixing, which makes flows in estuaries more complex in mixing character-

istics.

Lakes and reservoirs may also be exceedingly complex in their flow

regime. Since no dominant mechanism generally determines the advective

flow or mixing (in contrast to rivers and estuaries), the effects of

waste loads on lakes and reservoirs are difficult to describe. The lack

of these forces sometimes allows stratification to occur.

In these different receiving water systems, the reactions of pollutants

will also vary. The types of reactions may be grouped into two categories

according to their reaction:

o Conservative: those that persist in the water column

(e.g., certain dissolved solids)

o Nonconservative: those that decay slowly (e.g., toxic

materials) or rapidly (e.g., BOD or biochemical oxygen

demand*).

Nonconservative substances can also affect reactions such as BOD on

oxygen depletion.

What occurs when a waste is discharged to a receiving water body?

Figure IV-37 provides an example of BOD in a river where a hypothetical

discharge of organic material has been made at day 0 and mile 0 on the

river. Before discharge, oxygen in the stream is approximately 7 parts

per million (ppm) and the BOD is approximately 2 ppm — values which could

be expected in a relatively unpolluted river. When the waste is discharged,

BOD rises to 20 ppm at time 0 and subsequently falls to a value near that

before the waste discharge. Dissolved oxygen accordingly decreases to

a minimum and then recovers. With the influx of a waste load, the bacterial

growth rate is accelerated and as the dissolved oxygen process goes on,

the food is "used up" and BOD declines. Unlike BOD and other traditional

pollutants, toxics will persist, especially if mixing forces are not great.

* The aerobic decomposition of organic matter lowers the concentration of

dissolved oxygen in the water. Biochemical oxygen demand (BOD) is a measure

of the potential rate of degradation and of oxygen utilization. Thus, the

addition of organic substrate increases the BOD. The actual load of organic

matter can be inferred by calculation, given the rate of oxygen demand.
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Miles

Figure IV-37: Representative inflow of BOD load in a stream

Sources of Water Pollution

The previous part on water quality problems emphasized selected pol-

lutants and partially analyzed their instream effects. Only limited

attention was given to the sources of these pollutants. This part exam-

ines pollutant sources. Unfortunately, little information exists to char-

acterize adequately pollutant generation by source on a nationwide basis,

particularly with diffuse sources.

In general, the sources of pollution are either point or nonpoint, de-

pending on whether the means of discharge is from a discrete conveyance such

as a pipe, or generated at and transported over a wide area such as agricul-

tural runoff. The definition of the pollutant source determines the legal

means of control available. The Clean Water Act (Public Law 92-500) requires

the identification, monitoring, and control of water pollution. In the case

of point sources, the Federal and State laws require that technology-based

effluent limitations be reached by specified dates. For nonpoint sources,

no Federal requirements are analogous to the effluent limitations for point

sources. Instead, EPA addresses nonpoint sources through the State and area-

wide planning mandated by Section 208 of the Clean Water Act.
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Point Sources

The distinction between point and nonpoint sources of pollution is

not always clear. Point sources are generally described as those that dis-

charge to the receiving waterbody through a discrete pipe or ditch. However,

this definition encompasses a wide range of discharges since runoff from

almost any type of area can eventually reach the receiving waterbody by

some type of culvert, ditch, or gully. Therefore, in this discussion,

point sources are defined as industrial discharges (including large feedlot

discharges but not including discharges from other agricultural activities

or from mining and forestry areas), municipal sewage treatment plant dis-

charges, and combined sewer overflows.

Industrial Discharges

Pollution problems associated with industrial discharges include oxy-

gen depletion, excess suspended solids, oil and grease, heavy metals,

and toxic chemicals. Thermal pollution and pH problems from point sources

are also generally attributed to particular types of industrial effluents.

For example, cooling-water discharges from electric powerplants can elevate

receiving-water temperatures to levels that significantly affect the aquatic

life.

Across the country, the effect of industrial discharges on water quality

varies in both type and extent. The Northeast and Great Lakes areas are

the most affected by industrial discharges, as would be expected. In these

two areas, almost 88 percent of the basins were noticeably affected by indus-

trial discharges as compared to about 65 percent for the rest of the Nation

(Table IV-15). By contrast, in the Southwest, only 23 percent of the basins

were affected by industrial discharges.

Municipal Discharges

Municipal discharges adversely affected water quality in 89 percent

of the basins across the country (Table IV-15). As would be expected, the

more heavily populated regions generally had a higher percentage of basins

affected, although even in the sparsely populated Southwest, 64 percent of

the basins had some problems from municipal discharges. Most of these prob-

lems arose from inadequate treatment or overloaded treatment plants. The

States expected that most problems would be resolved as construction grant

funding became available to upgrade treatment facilities.

Combined Sewers

Combined sewers overflow when excessive rainfall runoff is added to

normal sewage flows in systems where storm and sanitary sewers are combined.

The resulting overflow produces a direct untreated discharge containing

pollutants from both the sewage (principally bacteria, excess nutrients,

and oxygen-demanding loads) and the urban runoff (principally suspended
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Table IV-15. —Point sources of pollution

(percentage of basins affected3, by type of point source)

Area

(number of basins)

Industr iaI

Mun ic ipaI

Combined

sewer overflows

Northeast (40)

Southeast (47)

Great Lakes (4 I)

North Central (35)

South Central (30)

Southwest (22)

Northwest (22)

Island (9)

95

74

80

74

70

23

55

89

95

91

95

86

100

64

73

100

60

17

37

0

0

0

14

0

In whole or part.

Source: Environmental Protection Agency.

solids, heavy metals, oil, and grease). These discharges can severely de-

grade water quality.

Combined sewers are generally located in older cities, so problems

from combined sewer overflows are found primarily in the Northeast and Great

Lakes areas. Almost half of the basins in those two areas have problems

from combined sewers, as compared to only 8 percent for the rest of

the country. Some Northeast and Great Lakes States report that combined

sewers represent a serious water quality problem.

Another way to compare the importance of municipal point sources with

industrial point sources is the National Residuals Discharge Inventory

(NRDI). Figures IV-38 and IV-39 present NRDI data for BOD and total

suspended solids (TSS) on a nationwide basis. Even a cursory examination

of these maps reveals that at present, publicly-owned treatment works

are the predominant influences on BOD, while the reverse is true for

TSS. Only in Texas and some parts Of the mid-Atlantic coast do the

municipal sources account for over half the TSS discharge from point

sources. For BOD, some areas estimate that over 90 percent of the point

source discharge comes from the treatment works, which is a striking

contrast to the foregoing.
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Figure IV-38: Municipal source of BODg as percentage of total estimated point source discharge
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Nonpoint Sources

The effects of nonpoint or diffused sources of pollution on water

quality conditions are not as well understood and documented as are point

source effects. Even the definition of nonpoint sources is not always

clear. For example, for purposes of issuing discharge permits, several

States refer to problems such as urban runoff, agricultural return flows,

and runoff from mines as point rather than nonpoint sources. In this

section, agriculture, urban runoff, hydrologic modification, forestry,

mining, and solid waste disposal are discussed as nonpoint sources.

Agriculture

Agricultural activities are the most widespread causes of nonpoint

source problems. They affect well over half of the basins in each geographic

area (Table IV-16). The most affected areas are the North Central, South

Central, and the Southwest (Figure IV-40). A total of 83 percent of the

basins in these three areas are affected, as compared to 58 percent for

the rest of the country.

Pollution from agricultural activities can come from runoff or from

irrigation return flows. Runoff generally increases levels of bacteria,

suspended solids, nutrients, and pesticides, while irrigation return flows

primarily increase dissolved solids, nutrients, and pesticides.

Urban Runoff

Urban runoff is cited as a primary cause of water quality degradation

in heavily populated areas. Almost every type of pollutant is found in

urban runoff, the most severe being suspended solids and toxics, particu-

larly heavy metals. Bacteria, oxygen-demanding loads, nutrients, and oil

and grease are other pollutants frequently mentioned in discussions of

urban runoff.

Across the Nation, 52 percent of the basins are affected by urban run-

off (Table IV-16). As would be expected, the highest percentage of affected

basins (70 percent) is in the densely populated Northeast, while the lowest

percentages are in the Southwest and Northwest (23 percent).

Hydrologic Modification

Hydrologic modification causes problems when alterations in streamf low

patterns adversely affect water quality. These modifications are generally

in the form of streambed channelization and dam construction.

Streambed channelization is done to maintain navigation channels,

to reduce flooding potential, or to facilitate irrigation flows. The chan-

nelization can produce high levels of suspended solids and excessive

sedimentation which destroy aquatic habitats. This problem affects many

streams in the Lower Mississippi River Basin (Figure IV-41).
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Table IV-16. — Nonpoint sources of pollution

(percentage of basins affected3, by type of nonpoint source)

Area

Urban

Hyd

rolog

c

Sol Id waste

In

d (vidua

(number of basins)

runoff

Cons

tructlon

mod 1 f icat

on

Forestry

Mln Inq

Aqr

culture

dl

sposal

d

isposa

Northeast (40)

70

15

20

10

20

55

35

63

Southeast (47)

57

2

21

30

15

62

9

40

Great Lakes (41)

54

7

2

15

41

59

15

39

North Central (35)

54

6

3

6

40

89

9

29

South Central (30)

50

0

23

13

53

87

13

4C

Southwest (22)

23

0

18

5

36

73

0

35

Northwest (22)

23

23

23

27

23

55

9

32

Islands (9)

67

67

22

0

0

78

22

89

In whole or part.

Source: Environmental Protection Agency.

Figure IV-40: Basins affected by pollution from agricultural activities
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Figure IV-41: Basins affected by hydrologic modifications

Dam construction can be both beneficial and detrimental to water

quality. On the positive side, dam impoundments act as retention basins

where excess suspended solids and nutrients can settle out, thereby reducing

the levels of these pollutants in downstream waters. Dam impoundments

can also regulate streamflow and maintain the minimum flow level needed

to assimilate downstream waste loads. This flow regulation is not, however,

an alternative to adequate waste treatment.

On the other hand, dams can cause serious water quality problems in

two ways. First, water descending over the dam spillways can become super-

saturated with dissolved gases (oxygen and nitrogen) that cause the fatal

gas bubble disease in fish. This problem is of particular concern in the

Snake and Columbia Rivers in the Pacific-Northwest Region where dams also

act as barriers to the migratory runs of salmon and other fish (Figure

IV-41). Second, water released from the lower portions of many reservoirs

contains high levels of nutrients and suspended solids and low levels of

dissolved oxygen and low temperatures caused by stratification of the

water in the reservoir. These problems are in addition to the eutrophica-

tion from nutrient buildup that often occurs within the reservoir.
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Forestry

Forestry activities can cause severe erosion problems. Logging roads

and denuded areas on steep hillsides cause runoff, which produces high levels

of suspended solids and excessive sedimentation. Oxygen-demanding loads,

excessive nutrients, and pesticides can also be carried along with the

runoff. Widespread problems from forestry activities are found primarily

in the Southeast and Northwest (Table IV-16, Figure IV-42).

Mining

Thirty percent of the Nation's river basins are affected by runoff

or drainage from active or abandoned mines (Table IV-16, Figure IV-43).

Abandoned mines cause the most severe control problems in most areas, al-

though the extent and type of problem varies considerably with geographic

region. In the Ohio River Basin of the Great Lakes area, mining is princi-

pally for coal. The most severe impact of coal mining is acid mine drainage,

which is caused by exposed sulfur-bearing rock reacting with air and water

to form sulfuric acid. This acid leaches or runs off into nearby streams.

Erosion from coal mining also causes excess suspended solids.

In the North Central, South Central, and Southwest areas, heavy metals

from ore mining are the principal pollutants. Oil and gas extraction often

causes salinity in the South Central areas. Coal mining affects the water

in the North Central area.

Solid Waste Disposal

Surface- and ground-water pollution from solid waste disposal generally

arises from runoff or leaching of toxic materials such as heavy metals and

PCBs from landfills or dumps. This problem can be potentially critical be-

cause a ground-water aquifer, once polluted by a persistent toxic material,

may take decades or even centuries to purge itself. Abandoned disposal

sites pose a significant problem in this regard because of their potential

for releasing hazardous substances into the aquatic environment through

leaching and runoff.

Pollution from individual disposal systems has been widely reported

by the States, with 43 percent of the basins across the country affected

(Table IV-16, Figure IV-44). In most cases, problems arose from inadequate

or malfunctioning septic systems in rural or recreation areas. The leachate

from these systems contaminated surface waters or groundwaters. Overcrowd-

ing and soil conditions not suitable for septic systems also contributed

to the problem. The major pollutants associated with individual disposal

problems are bacteria and, t§> a lesser extent, excess nutrients.
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Figure IV-42: Basins affected by pollution from silvicultural activities

Figure IV-43: Basins affected by pollution from mining activities
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Figure IV 44: Basins affected by pollution from individual disposal systems

Point and Nonpoint Source Comparison

How important are point sources as a group to the total pollution dis-

charge to receiving waters? Figures IV-45 and IV-46 show National Residuals

Discharge Inventory (NRDI) estimates for BOD and TSS, respectively, but do

not include estimates for other important pollutants such as toxics. It

should be noted that the nonpoint source fraction has been estimated for

only agricultural and urban runoff. Moreover, these should be viewed as

only coarse approximations since there is little information on the severity

or geographical distribution of these diffuse sources. Thus, point sources

are compared to a rough estimate of only argicultural and urban nonpoint

sources.

These data present another stark contrast between BOD and TSS. For

most of the Nation, BOD discharges currently come from point sources, even

though for a few regions such as the Missouri and Upper and Lower Mississippi

the BOD from nonpoint sources predominates. TSS problems generally come

from nonpoint sources. A large portion of the Nation appears to receive

less than 10 percent of the TSS discharge from point sources.
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Figure IV-45: Point sources of BOD as percentage of total discharge

Figure IV-46: Point sources of TSS as percentage of total discharge
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With higher levels of treatment for point sources, what will point

sources contribute to the discharge of pollutants? Figures IV-47 and

IV-48 present estimates for point source BOD discharge at best practical

technology (BPT) and best available technology (BAT), respectively. Figure

IV-49 presents the same for TSS. With higher levels of waste treatment,

the proportionate share of the point sources declines rapidly. Because

the point source contribution is low to begin with, the change from BPT to

BAT gains little with respect to these pollutants; in fact, one map can

present both treatment levels since there is no change larger than the

categories selected in the display. Some significant gains are made, how-

ever, from the application of BAT to point source BOD, especially in the

Texas-Gulf Region. In others, such as the Missouri Region, advanced treat-

ment causes no appreciable differences in the proportion of point sources

in the total discharge, on the basis of these data.

| 40-50%

| | 30-40%

H 20-30%

g| 10-20%

I not

calculated

Bgt-jbest practical

*t ethnology

..... S 'V .

National Residuals Discharge Invairfff

Estjptated-Yea^Js^Jgre

Figure IV-47: Point sources of BODg as percentage of total estimated discharge: BPT
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Figure IV-48: Point sources of BOD as percentage of total estimated discharge: BAT

Figure IV 49: Point sources of TSS as percentage of total discharge: BPT and BAT
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Control of Water Pollution

The Nation's program to control water pollution largely rests on the

authority granted by Congress in the passage of the Clean Water Act (Public

Law 95-217). In the 1972 amendments (the Federal Water Pollution Control

Act, subsequently renamed the Clean Water Act when amended), the Nation

launched a program of pollution control with demanding water quality goals

and strict deadlines. The objective of the Clean Water Act is to restore

and maintain the chemical, physical, and biological integrity of the Na-

tion's waters. Congress defined this objective in terms of two national

goals and four fundamental policies.

The first goal, based upon the concept of effluent control, provides

that the discharge of pollutants into navigable waters be eliminated by 1985.

The second goal, requires, ..."wherever attainable, an interim goal of

water quality which provides for the protection and propagation of fish,

shellfish, and wildlife and provides for recreation in and on the water

be achieved by July 1, 1983."

In addition to these two goals, Congress presented the four national

policies that are the framework of the Nation's water program: (1) the pro-

hibition of discharge of toxic pollutants in toxic amounts, (2) the provi-

sion for Federal financial assistance to construct publicly owned waste

treatment works, (3) the planning process for areawide waste treatment

management, and (4) the establishment of a major research and development

program to develop the technology needed to eliminate pollutant discharges.

Various provisions of the Act concern toxic substances. The preventive

approach of Section 307(a) focuses on the regulation (or prohibition) of

toxic discharges. Section 311 concerns the response to a spill—designating

certain substances as hazardous and determining the responsibility and lia-

bility for spills. Section ll5 provides for cleanup of existing residues

of toxic pollutants in harbors and navigable waterways. These provisions

for toxic pollution control have been the source of much controversy,

litigation, and legislative amendment since the passage of the 1972 amend-

ments.

The Federal financial assistance to publicly owned waste treatment

works is a mechanism to assist in the achievement of the technology-based

standards that apply to both publicly owned treatment works and to indus-

trial discharges. According to the 1972 amendments, the former was to

have achieved secondary treatment by 1977 and the latter was to have achieved

the "best practicable control technology currently available" (BPT) as

defined by the Administration of EPA. A second set of effluent limitations

was to be met by 1983 through the application of the "best available tech-

nology economically achievable" (BAT).

Congress envisioned that BPT would represent the average of the best

existing performance by plants within each industrial category while BAT

effluent limitations would be established with reference to the best perform-

ance in any industrial category. In the 1977 amendments, Congress extended

the deadlines for the standards, providing criteria to be achieved by speci-

fied dates.
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Control of Nonpoint Sources

The control of nonpoint sources does not have a regulatory program per

se; instead, control is achieved through water quality management planning

under Section 208 of the Clean Water Act, which is designed to coordinate

the various water pollution control and abatement requirements, including

municipal, industrial, residual waste, runoff, and ground-water pollution

control. The law places the responsibilty for implementing solutions to

these problems with State and local governments. The governor of each

State identifies a State agency to conduct and coordinate water quality

planning within the State. For particularly complex problem areas, he may

also designate a local agency to prepare an areawide plan for water quality

management. The lead State agency that organizes the overall State effort

may involve any appropriate local, State, or Federal agency in the plan

development and implementation.

The research and development program, set forth in Title I of the Clean

Water Act sets forth a series of funds relating to different purposes of the

Act. This research is directed to(l) obtaining the necessary data to per-

mit sound policy, (2) developing the control technology to achieve the

goals of the Act, and (3) training the human resources necessary to the

Nation's water pollution control effort.

On the whole, the Clean Water Act is a major piece of legislation for

water pollution control, but it is not the only governing legislation.

Others include: the Safe Drinking Water Act (Public Law 93-523), the Ocean

Dumping Act (Public Law 92-532), the Resources Conservation and Recovery

Act (Public Law 94-580), and the Toxic Substances Control Act (Public Law

94-469).

Control of Point Sources of Water Pollution

Section 402 of the Clean Water Act establishes the National Pollutant

Discharge Elimination System (NPDES), which requires all point sources to

obtain a discharge permit. NPDES is administered by EPA or by an EPA-approved

State program. As of July 1, 1978, over half of the U.S. jurisdictions

had received EPA approval to administer NPDES within their boundaries. As

of July 1, 1978, EPA and the approved States have issued 52,517 permits.

Section 309 of the Clean Water Act provides for enforcement mechanisms

to ensure compliance with the requirements of the NPDES program. These

consist primarily of: (1) notices of violation issued to dischargers with

NPDES permits issued by approved States, (2) administrative orders issued

to dischargers with EPA-issued permits (and to some dischargers with State-

issued permits), and (3) referral of cases to United States Attorneys for

civil or criminal action. Section 309 authorizes the EPA Administrator to

seek injunctive relief, and provides for the imposition of civil penalties

of up to $10,000 per day of violation. Section 309 also provides for crim-

inal fines of not less than $2,500 nor more than $25,000 per day of viola-

tion and/or not more than one year imprisonment for first offenders, and

fines of up to $50,000 per day and two years imprisonment for second

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:2

9
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



108

WATER SUPPLY AND WATER QUALITY

offenders. Section 301 is the basic statement of policy. This section

establishes the technological standards to be met by publicly owned treat-

ment works and industry.

How has this enforcement program been carried out? Figure IV-50 pro-

vides an overview of the EPA enforcement program. The exhibit shows the

emphasis placed on administrative or informal resolution of violations,

under the provisions of Sections 301 and 309 of the Clean Water Act. In par-

ticular, it is interesting to compare on a nationwide basis all penalties

levied under the authority of Sections 309 and 301 of the Act up to 1977.

What is surprising is the regional discrepancies in total penalties and

the generally low level of the penalties imposed. New York had penalties

of less than $50,000, while its neighbor New Jersey had fines of over one

million dollars. Moreover, for 19 of the 50 States, total fines were less

than $50,000 per State. Finally, given the number of cases, the tabulation

reports that a surprising number were declined for prosecution.

Total Penalties from I I No Closed Cases - ' „ 1 - $50,000 \\ $50,000 ■ $100,000- I I Over $1,000,000

Closed Actions I 1 No Penalties vX $100,000 $1,000,000 ™

Closed Actions (1,1) (Civil,Criminal)

As of July 31, 1977

Figure IV-50: Enforcement actions brought under Sections 301 and 309 of Public Law 92-500

Penalties levied and cases prosecuted
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A recent aspect of the enforcement program is the "penalty policy"

announced by the EPA Office of Water Enforcement in June 1977. This policy

requires the imposition of penalties in amounts at least as great as the

economic savings that accrued to the discharger through noncompliance with

the July 1, 1977, deadline. During FY 1977, 1,128 administrative orders

and 297 notices of violation were issued, and ll5 cases were referred to

the Department of Justice for civil or criminal relief. In FY 1977,

$15,664, 865 in EPA-enforced penalties and fines were collected from all

sources.

Costs of Control

The costs of controlling of point sources have two elements: (1) in-

dustrial source costs and (2) municipal source costs. Because the Federal

Government supports the planning and construction of municipal waste-water

treatment facilities and not industrial treatment, the economic burden is

quite different in each case.

What is industry now spending now on water pollution control? According

to estimates of the Bureau of Economic Analysis in the Department of Com-

merce (Table IV-17), industry spent a total of 2.4 billion dollars on water

pollution abatement in 1975, a sum which has increased to a planned 1977

expenditure of 3.2 billion dollars. In all, more is spent by industry on

air pollution control than water pollution or solid waste control, but ex-

penditures for water pollution abatement have risen faster than expenditures

for either air pollution or solid waste control.

Industrial Costs

In their water quality reports to Congress, a total of 16 States pro-

vided estimates of statewide capital costs to meet the industrial effluent

limitations required under Federal Water Pollution Control Act (Public Law

92-500) (see Table IV-18). The National Commission on Water Quality report

estimates that the costs for meeting BPT requirements alone will be $37

billion. BAT requirements and New Source Performance Standards will cost

an additional $23 billion and $20 billion, respectively, for a total cost

of $80 billion to industry. The Council on Environmental Quality (CEQ)

also estimated total projected industrial pollution control costs, which

came to $40.3 billion, including BAT-level treatment for most industries.

CEQ states that this figure should be the maximum amount spent to meet EPA

guidelines.

Direct comparisons between the State estimates and the National Com-

mission and CEQ estimates are difficult for several reasons. First, the

16 States that did provide estimates may not include a representative

sample of the different industries that must spend substantial amounts

on pollution control. Second, about half the States based their estimates

on BPT requirements while the other half used BAT requirements. Third,

some States did not include very small dischargers or thermal discharge

in their estimates.
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Table IV-17. — New plant and equipment expenditures by

U.S. business: total and for pollution abatement8

(millions of dollars)

Item

Totalb

Pollution abatement

1975

Solid

Total0

Pollution abatement

1976

Solid

Total"

Pollution abatement

Planned 1977

SoU

Total

Air

Water

waste

Total

Air

Water

waste

Total

Air

Water

warn

All Industries

113.469

6,519

3,790

2.362

396

121,232

6.762

3.593

2,743

426

134,953

7,512

3.832

3.159

521

Manufacturing

48,314

4,475

2,494

1.736

245

52,979

4,382

2.105

1.993

284

59.582

4.730

2,177

2,276

283

Durable goods

22.046

1,775

1,161

529

85

23,595

1.560

952

537

72

26,474

1347

998

765

H

Primary metalsc

5.892

1.012

750

221

41

5,883

923

661

250

12

6,196

1,072

680

376

16

Blast furnaces.

steel works

2.926

396

261

135

1

2,954

446

272

173

1

3,129

597

316

281

1

Nonferrous metals

2,267

546

425

82

39

2.139

405

323

71

11

2.216

380

287

SO

14

Electrical machinery

2,327

136

34

93

9

2.640

148

44

86

10

2,927

120

47

57

16

Machinery, except

electrical

4,736

83

40

37

6

5,026

80

40

30

10

5,585

135

50

71

15

Transportation

equipment0

3,387

116

51

50

15

3,689

125

53

51

21

4,774

198

65

110

23

Motor vehicles

2,206

86

35

138

13

2,484

90

32

39

19

3,436

149

49

80

20

Aircraft11

915

26

14

11

1

983

32

20

11

2

1,097

31

15

14

2

Stone, clay & glass

1,389

198

164

31

3

1,675

103

74

25

5

1,751

118

79

32

6

Other durables6

4,315

229

122

97

10

4,682

181

81

95

5

5,241

206

76

120

9

Nondurable goods

26,268

2,700

1,333

1,208

160

29.384

2.821

1.153

1.456

212

33,108

2,889

1.180

1,511

199

Food including

beverage

3,383

175

71

92

12

3.903

175

90

75

10

4,151

204

95

102

7

Textiles

680

31

15

15

1

841

37

11

24

2

936

36

11

24

1

Paper

2,908

489

273

189

27

3,473

511

182

304

25

4,028

567

212

329

26

Chemicals

6,300

684

250

394

40

6,723

765

287

433

45

7,343

740

298

403

48

Petroleum

10,497

1.239

684

483

72

11,744

1.275

554

594

126

13,317

1,262

527

626

109

Rubber

1,037

41

25

14

2

1,093

37

20

14

3

1,393

38

21

13

4

Other Nondurable*'

1,463

41

14

22

6

1,607

23

9

11

2

1,040

34

17

14

4

Nonmanufacturing

65,175

2,074

1.296

626

152

68,253

2,381

1,488

750

142

75,371

2,775

1,655

883

231

Mining

3,823

73

32

31

10

3,972

86

47

29

10

4,407

130

40

41

49

Railroad

2,539

35

11

21

3

2,348

27

8

17

2

2.594

21

1

19

1

Air transportation

1,841

11

6

4

1

1,324

16

12

2

2

1,669

14

11

2

1

Other transportation

2.901

41

12

19

10

3,585

38

11

26

1

2,560

40

17

23

1

Public utilities

20.313

1,700

1,138

466

96

22,437

2.032

1.332

600

100

25.604

2,378

1,503

717

159

Electric

17,030

1,650

1,123

438

89

18.942

1.990

1.312

579

99

21,508

2.348

1.488

702

158

Gas and other

3,283

50

16

28

6

3.495

42

20

21

1

4,096

31

15

15

1

Communication, com-

mercial, & otherfl

33.758

214

97

84

33

34,587

182

79

76

27

38,537

193

84

82

27

a Excludes agricultural business; real estate; medical, legal, educational, and cultural services; and nonprofit organizations. Pollution abatement

operating costs are also excluded.

b Estimates of total new plant and equipment expenditures are based on the same surveys as the estimates of pollution abatement expenditures:

for 1975, on the survey conducted in November 1975; for 1976 and planned 1977, on the survey conducted in November and December 1976.

c Includes industries not shown separately,

d Includes guided missiles and space vehicles.

8 Consists of fabricated metal, lumber, furniture, instruments, and miscellaneous.

'Consists of apparel, tobacco, leather, and printing-publishing.

9 Consists of communication, trade, service, construction, finance, and insurance.

Note: Estimates for 1973 and 1974 can be found in "Capital Expenditures by Business for Air, Water, and Solid Waste Pollution Abatement,

1974 and Planned 1975," SURVEY OF CURRENT BUSINESS, July 1975 pp. 15-19.

Source: U.S. Department of Commerce, Bureau of Economic Analysis.
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Table IV-18.—State cost estimates for industrial pollution control

(millions of dollars)

BAT Treatment Level:

Delaware 100

Georgia 300

Kansas 158

Minnesota 700

Mississippi 422

New York 1.000

North Carolina 353

Tennessee 1,567

Texas 3,315

BPT Treatment Level:

Illinois 1.200

Indiana 1.136

Michigan 1.200

Nebraska 243

Ohio 386

Virginia 100

Wisconsin 324

Source: Environmental Protection Agency.

Despite these difficulties, the State estimates do appear to be con-

siderably lower than both the CEQ estimate and even the BPT-level treatment

estimate of the National Commission. One possible explanation for this

difference is that estimates of the type developed by the National Commis-

sion generally assume industrywide, end-of-pipe treatment as specified in

the EPA effluent guideline development documents. In practice, many plants

may be able to avoid installation of expensive treatment facilities by

employing more efficient water usage, by instituting process changes, or

by land application of wastes where land is available. Another possible

explanation is that in many States a large part of the required facilities

are already in place. The State estimates, which are generally based on

surveys and other techniques that use local information, would detect these

factors whereas national, industrywide estimates would not.

An integrated picture of the economic effect of water pollution control

is difficult to draw. For example, the Council on Environmental Quality, the

Department of Commerce, and the McGraw-Hill Publications Company prepare

annual estimates of pollution abatement costs. These estimates differ

because of the different cost definitions used. CEQ and EPA estimates
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relate primarily to Federal legislation and to State and local regulations

enacted to comply with the Federal laws. Another difference is that while

CEQ estimates do not include costs of meeting State and local standards

when they are more stringent than the Federal standards, the estimates

by the Department of Commerce and McGraw-Hill usually include these addi-

tional costs. A further discrepancy stems from the definition of what

is or is not a pollution control expenditure. As mentioned above, CEQ

and EPA estimates are based primarily on the costs of installing, main-

taining, and operating an end-of-pipe device that has no function other

than pollution abatement. The Department of Commerce and McGraw-Hill often

include pollution abatement costs for controls that are integrated in

the production process.

Municipal Control Costs

The 1976 Needs Survey of municipal construction costs, conducted by

EPA and the States, provides the most recent estimate of needs for the

categories of municipal facilities construction (Table IV-19). The total

estimates from this survey are considerably lower than the estimates of

the 1974 Needs Survey and estimates provided by the National Commission

on Water Quality, particularly for the costs of correcting combined sewer

overflow and the control of storm-water runoff (Table IV-19). This lower

estimate results from the availability of more comprehensive facility plan-

ning information and the application of uniform design conditions and re-

porting criteria. It is also interesting to note that in the construction

grants for treatment facilities that have been awarded to date there are

lower estimates for the secondary treatment and interceptor sewer cate-

gories.

The Council on Environmental Quality did not estimate actual needs

for municipal construction costs but instead projected future Federal

obligations under the municipal grants program. By using this method, the

Council estimated that the total capital investment would be $45.9 billion

for all categories over the next 10 years.

As mentioned earlier, nonpoint sources are dealt with in areawide

planning programs. The Federal role in water quality management planning

consists of providing grant funds for development of plans and for review-

ing the plans to ensure that they conform to the requirements of Section

208. A total of $216 million in grants had been awarded in fiscal year

1976 (Table IV-20).

Costs of controlling nonpoint sources are especially difficult to

estimate. In their water quality reports to Congress, only a few States

were able to provide statewide estimates for nonpoint source categories,

mine drainage, and erosion control.

Pennsylvania, Kansas, and Illinois estimated costs for controlling

mine drainage. These estimates ranged from $1 billion for Pennsylvania

to $22 million for Kansas.
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Table IV-19. —Cost estimates for municipal facilities construction8

(billions of January 1976 dollars)

Category

1976 needs survey

EPA State

1974 needs survey

EPA State

NCWQC

I. Secondary treatment 12.96 13.20

II. More advanced treatment 21.28 22.05

required by water quality

standards

I I I A. Correction of sewer 3.02 3.77

inf iItration/inflow

17.81

22.24

7.42

17.81

28.78

7.53

11.88

27.28

7.59

1MB.

Major sewer rehabilitation

5.49

5.73

10.25

10.25

10.45

IV A.

Col lector sewers

16.98

17.79

24.58

34.50

14.30

IV B.

Interceptor sewers

17.92

18.53

25.27

28.11

14.85

V.

Correction of combined

sewer overflow

18.26

19.34

43.51

43.62

87.56

Total (l-V)

95.90

100.42

151.08

170.57

173.91

VI.

Control of stormwater

54.13

57.25

329.00

329.00

174.47

Total

150.04

157.67

480.08

499.57

348.38

Totals may not sum due to rounding

National Commission on Water Quality

Source: Environmental Protection Agency.

Table IV-20.—Total Section 208 grants awarded nationally

Mill ions of dollars

No. of awards

Areawide:

FY 74

FY 75

FY 76

$ 13

150

12

11

138

27

States:

FY 76

41

49

Total

$ 216

225
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Summary

This section has presented a brief overview of water pollution and its

control. Obtaining a national picture of water quality is difficult be-

cause it must be drawn from fragmentary data. At present, the Nation does

not have a comprehensive national environmental monitoring program. Al-

though there is much monitoring, the fragmentation, significant gaps,

and data of varying quality impede the evaluation of pollution control.

Incipient problems are difficult to indentify and the relationships between

pollutants in the environment and health and welfare are hard to determine.

A comprehensive view of environmental quality requires three distinct

but related types of monitoring. First, ambient monitoring measures the

quality and characteristics of water. This kind of monitoring is particu-

larly important because it can be used to set baselines and to indicate

trends by which the success of regulations can be measured. It also permits

the monitoring of environmental quality and the anticipation of emerging

problems. Second, source monitoring measures the effluents entering the

environment from both natural and manmade sources. This kind of monitoring

seeks to determine the different sources of pollutants and to enforce

compliance with discharge regulations. Third, monitoring the effects of

pollution measures indicate how pollution affects human beings, animals,

plants, and manufacturing materials. Effects monitoring is crucial in

assessing the costs and benefits of controlling or not controlling pollut-

ants at different levels.

Although monitoring is done on a large scale in this country, the

choice of the different types of data to be collected and the handling of

information at different stages is not coordinated. The present system con-

sists of diverse programs conducted by many agencies at different levels of

government.

This section has pieced together a national perspective on water qual-

ity. The first part (national patterns), focused on ambient monitoring

data and the second dealt with sources of water pollution. Unfortunately,

information is insufficient to understand these problems on a national

basis. Because data on environmental effects is even more limited, no

national assessment of effects has been made. Despite these shortcomings,

many environmental problems are known. However, good monitoring informa-

tion is a prerequisite for making good public policy choices, reducing

controversy, and providing a basis for efficient evaluation of enforced

standards.

The third part, which focused on the control of water pollution,

suffers from a similar lack of information — especially on the economic

effects of regulation. These effects have become the source of debate,

because the economy has had severe problems during much of the 1970's.

Inflation, unemployment, and scarcities, especially energy shortages, have

affected all. These problems have focused attention on the economic

effects of environmental programs as they affect jobs, prices, and energy
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demands. However, present environmental law does not always demand that

economics be taken into account. The issues at the core of environmental

policy are those of determining acceptable risk, cost, and benefit associated

with environmental regulations. To this end, accurate and reliable informa-

tion forms the basis by which choice is made, and by which a national asses-

sment is possible.
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Legal and Institutional Aspects of Water Management

Water Laws of the Nation

Availability of water has been the major influence determining where

civilization developed. Early settlements occurred where water was avail-

able in its natural state. Today, however, control and conveyance of

water has permitted development of areas that sometimes are hundreds

of miles from where the water exists in its natural state. The conveyance

of water over long distances for various beneficial purposes has been

particularly important in arid regions. The arid Southwest has the most

extensive water control and distribution facilities to be found anywhere

in the Nation.

Water resource laws can originate from several sources, such as Federal

and State constitutions and Acts of Congress and State legislatures inter-

preted by the courts and issued by various Federal and State agencies

in the form of administrative laws. Conflicts between government agencies,

particularly between Federal and State agencies, over water rights matters

are serious. These conflicts have been well documented, so no purpose

would be served by restating them here. However, there is a continuing

need to better define the roles of all government agencies to provide

procedures for resolving water rights conflicts that affect management

decisions. Reconciling private, State, Federal-reserved, and Indian water

rights with public use of water resources is a key consideration in

many of the Nation's water problems.

In the United States, there are two general doctrines in water law —

the appropriation and the riparian (Figures IV-51 and IV-52). The law of

appropriation, which is generally associated with the West, was intended

to and did stimulate settlement by encouraging an economic use of water

resources. The basic tenets of the appropriation system are: (1) a water

right can be acquired by the party diverting the water from the water

course and applying it to a "beneficial" use and (2) in accordance with

the date of acquisition, an earlier acquired water right will have priority

over other, later acquired water rights. Water in excess of that needed

to satisfy existing rights is viewed as unappropriated water, available

for appropriation by diversion and application to another beneficial use.

The process of appropriation can continue until all water in a stream is

subject to rights of use through withdrawals. However, competition for

instream and offstream uses has lead to a careful review of whether the

appropriation doctrine recognizes all water uses.

Generally, in the East, the law of riparian rights entitles adjacent

(riparian) landowners to reasonable use of streamflow in competition with

those who divert the stream for economic uses. As concerns over water

quality and quantity increase, several eastern States are reviewing or

have already adopted some parts of the appropriation law. In cases of

unreasonable water diversions or uses, either the uses have been enjoined

or the riparian owners have been compensated for the interference with

their rights. The major thrust of the riparian law has been to protect

private rather than public rights.
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* Riparian only applies to lakes: Washington

* * Riparian with permit system: Delaware

Appropriation Doctrine | [Combination Appropriation/' Riparian Doctrine JHH Riparian with Permit System

Riparian

Figure IV-51: The Nation's surface water laws

The Nation's ground water laws
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Treaties and Compacts

Water resource treaties and compacts provide direction for the use

of water from some international and interstate streams. The geographic

location of the major agreements and the amount of minimum flow requirements

and allocations of the waters are presented in Figure IV-53. Most of these

have been taken years of negotiation and compromise before agreement was

reached.

As shown in Table IV-21, the United States has six treaties with

Canada and three with Mexico that establish respective rights and respon-

sibilities to waters flowing in streams crossing international boundaries.

Similarly, as shown in Table IV-22, the States have negotiated 33 interstate

compacts on flow of streams crossing State boundaries.

Water laws, interstate compacts, and international treaties have been

established to provide a basis for settling conflicts in water management.

These institutional arrangements must be updated from time to time to ad just

to changing demands on the water resources.

Significant environmental and economic benefits could be realized

from adopting improved institutional procedures for government agencies to

cooperate in managing water resource systems that are competing for available

water supplies. These should include procedures for resolving operational

conflicts and for promoting a more unified operation. In some areas, this

more efficient use of water resources would reduce the need for developing

new facilities.
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Table IV-21. — International water treaties of the United States

Treaty reference

Minimum flow requirements

Allocation

©

©

©

Great Lakes and Missouri Regions

(4 and 10)

Canadian Boundary Waters Treaty,

1909, 36 Stat. 2448.

United States and Canada; (4 and

1001).

Great Lakes Region (4)

Niagara River Water Diversion

Treaty, 1950, 1 U.S.T. 695

(TI' 2130).

United States and Canada.

SourIs-Red-Ralny Region (9)

Lake of the Woods Convention

1925, 44 Stat. 2108.

United States and Canada.

SourIs-Red-Ralny Region (9)

Rainy Lake Convention

1938, 54 Stat. 1800.

United States and Canada.

No Mlnln

No Minimum.

No Minimum.

Lake Ontario EL 248.0 and

3200 cfs out of Chicago

5100 cfs In at Albany

Minimum 100,000 cfs over the

falIs 8AM-10PM AprlI 1 to

September 15; 100,000 cfs over

the falls 8AM-8PM September 16

to October 31: 50,000 cfs over

the falls at any ti..

Regulates levels of Lake of the

Woods between EL 1056 and

1061.25.

By Commission - Kettle Fall

Dam, International Falls Dam

20,000 cfs N.Y.

Niagara River 36,000 cfs Ontario above

fal Is

St. Mary River 500 cfs or 75Jt - Canada

Milk River 500 cfs or 75% - U.S.

Great Lakes—Level Control

Lake St. Francis—Level Control, Water

Qua IIty.

St. Lawrence—Level Control and

Regulation of Discharge

Lake Memphremagog - Level Control

St. Croix River Basin

Rainy River - Water Quality.

Niagara Falls and RTver

All waters above the minimum flows

over the falls may be diverted for

power production 50% to each country.

When level of the lake rises above

EL 1061 or below EL 1056 discharge

from lake beco.s subject to

board control.

No Interbasln transfers permitted

without agree.nt.

By Commission.
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Table IV-21.—International water treaties of the United States (continued)

S

Treaty reference"

Minimum flow requirements

Allocation

©

©

©

Rio Grande Region (13)

Rio Grande Convention0 1.2,

30 Stat. 2903.

United States and Mexico.

Rio Grande Convention, 1933,

00 Stat. 1221.

United States and Mexico.

Rio Grande, Colorado, and Tijuana

Treaty, 1900 T.S. 990 09 Stat.

12190 (1303 and 1002).

Lower Colorado Region (10)

Rio Grande at Juarez

(From 1302 to 1303)

0m0 ac-ft/yr at Juarez

Jan

Feb

Mar

Apr

May

Jun

0

100.

0000

12000

12,00

12m0

Jul

Aug

Sep

Oct

Nov

Dec

0010

030

3,20

1m.

00

0

FIood controI,

Rio Grande below Ft. Quitman,

Texas

From Mex

to

1303

DelIvery from

Mexico to U.S.

minimum of

300000 ac-ft/yr.

Regardless of the amount delivered,

U.S. may use a11 water bet.en Juarez

and Ft. Quitman.

No specific allocation of flow.

00J of the unallocated flow of the Rio

Grande to each' country. Other rivers

In the basin are allocated by per-

centage of flow.

Colorado River at Border

From 1002 Delivery from U.S.

to to Mexico of minimum

Mex of 1.0m0 ac-ft/yr;

max_um of 1,,0m0

ac-ft/yr.

No allocation other than the deliveries

as noted.
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Table IV-21.—International water treaties of the United States (continued)

Minimum flow requirements

Treaty reference

Al location

0

Pacific Northwest Region (17)

Columbia River Basin Cooperative

Developm.t Treaty, 19., TI'

5638 (15 U.S.T. 1555).

United States and Canada.

Alaska Region (19)

Yukon River Agree.nt, 1871

United States and Canada.

Minimum of 2,500 cfs In the

Kootenay River at the border

(Montana) (after 2020 AO)

Mica CK (Canada)—3,000 cfs

Arrow Lake (Canada)—5,000 cfs

Duncan Lake (Canada)—1,000 cfs.

From Canada to 19

Navigation - Exceptional

because of restriction to

other uses.

AI Iocates storage and hydroeIectrIc

power develop.nt. Forbids diversions

except for consumptive use, except

from the Kootenay River.

Provides Canada with a guarantee to the

use of the Yukon River for access to

the sea and prohibits construction or

actions restricting traffic on the

Yukon River (diversions).
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Table IV-22. — Interstate compacts on water resources of

the United States

Compact reference3

Minimum flow requirements

Allocation

fcij New England Region (1)

Connecticut River Flood Control

Compact, 1951, 64 Stat. 45.

CT, MA, NH, VT.

[C2l Merrimack River Flood Control

Compact, 1957, 71 Stat. 18.

MA, NH.

Flood contro I.

Flood contro I.

Provides for flood control dams In

Massachusetts, Vermont, and New

Hampshire, provides for apportion.nt

of tax losses due to Federal acquisi-

tion of lands for these dams among the

States of Massachusetts, Vermont, New

Hampshire, and Connecticut.

Provides for construction of certain

dams and reservoirs, for an apportion-

.nt If tax and other revenue losses

result from U.S. acquisition of land

for this purpose, and a procedure

whereby other dams may be built by the

United States or the States.

C3

New England Interstate Water

Pollution Control Compact,

1947, 61 Stat. 682.

CT, ME, MA, NH, Rl, VT.

New York Harbor (Tri-State)

Interstate Sanitation Compact,

1935, 49 Stat. 932.

NJ, NY, CT.

Water qualIty.

Water qua Iity.

Provides for the study and control of

pollution of Interstate and tidal

waters In the States of Connecticut,

Maine, Massachusetts, New Hampshire,

Rhode Island, and Vermont.

Provides for the regulation and control

of water pollution and sewage treat-

.nt and discharge in designated areas

of Connecticut, New Jersey, and New

York.

^C5) Tha.s River Flood Control Compact,

1957, 72 Stat. 364.

MA, CT.

Flood contro I.

Agrees to the construction by the United

States of certain dams and reservoirs

for flood control in Connecticut and

Massachusetts.
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PART V

SYNOPSES OF THE WATER

RESOURCES REGIONS
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VOLUME 2, PART V

Introduction

This last part of Volume 2 summarizes the 21 regional assessment

reports that were developed by the regional sponsors (listed in Volume

I - Summary). These regional reports were developed during the Specific

Problem Analysis phase of the assessment process. In Volume 4, the full-

length regional reports present socioeconomic, environmental, and water

information, discuss functional and location-specific water problems, and

provide State-regional recommendations on planning, research, data collec-

tion, and institutional needs.

The first sections of each summary contain brief statements about the

total area, major river systems, and overall water supply in the region.

Next follows a synopsis of the major water-related problems and issues

and the general conclusions and recommendations. These topics are dis-

cussed in detail in Volume 4.

The section of each summary entitled National and State-Regional

Futures compares the State-Regional Future (SRF) and National Future (NF),

developed by State-regional and Federal entities, respectively. Despite

several attempts to arrive at reconciled figures, wide differences still

separate NF and SRF information because of discrepancies in assumptions,

goals, and objectives. The State-regional alternative information should

be considered in any evaluation of the water resources situation in the

21 water resources regions.

Geographic problem areas identified by each regional sponsor are

shown on the corresponding region map and problem matrix. The problem

matrix shows water quantity, water quality, related land, and other issues

as tabulated by State-regional representatives for each geographic problem

area and by Federal representatives for entire subregions. The nature

and magnitude of problems perceived from the regional viewpoint are often

at variance with those of the Federal perspective.

Estimates of total area are based on acreages listed in Volume 3,

Appendix I. These represent the total area of subarea approximations

of the hydrologic subregions comprising each Water Resources region.

Because the boundaries of subareas follow political delineations, there

will be slight discrepancies between the "subarea" acreages listed in

this part and "subregion" drainage areas in Volume 3, Appendix II.
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2 | SYNOPSES OF THE WATER RESOURCES REGIONS

The regional reports in Volume 4 were developed from technical mem-

oranda prepared by State and regional study participants under contrac-

tual arrangement with the Water Resources Council. The four technical

memoranda developed during the Specific Problem Analysis phase include:

Technical Memorandum 1, problem identification made by regional, State,

local, and Federal agencies; Technical Memorandum 2, State-regional resource

goals and policies, related future needs, and the identification of severe

water and related land resource problems; Technical Memorandum 3, the

effects of not resolving resource problems, and the programs available

to help resolve selected resource problems; and Technical Memorandum 4,

recommendations to resolve the region's resource problems and a summary

of the three previous technical memoranda.

Since the regional study groups did not generalize their informa-

tion for the national-level use, the technical memoranda more accurately

depict the current and projected water problems and developments.
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VOLUME 2, PART V I 3

New England Region (1)
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NEW ENGLAND REGION (1)

PROBLEM MATRIX

Problem area

No. on map

Subregion 1Q1

Area

Subregion 1£2

Area

Subregion 10,3

Area

Subregion 105

Area Q

Subregion 104

Area

Subregion 106

Area O

Name

Problem issues

0= Identified by Federal Agency X= Identified by

Representative State-Regional Representative

Water quantity

Northern Maine

St. John River Basin

St. Croix and Maine Eastern Coastal

Penobscot River Basin

Maine Central Coastal

Kennebec River Basin

Androscoggin River Basin

Saco-Merrimack

Presumpscot River and Casco Bay

Saco and Maine Southern Coastal

New Hampshire Coastal

Merrimack River Basin

Massachusetts-Rhode Island Coastal

Massachusetts Coastal

Narragansett Bay

Blackstone River Basin

Pawtuxet River Basin

Pawcatuck River Basin

Connecticut River

Connecticut River Basin and Conn. Central Coastal

Housatonic-Thames

Connecticut Western Coastal

Housatonic River Basin

Thames River Basin and Conn. Eastern Coastal . . .

Long Island Sound

Richelieu

Lake Champlain Basin

Lake Memphremagog-St. Francis River Basin

Water quality

Related lands

If

UiS

If

5 3
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6 | SYNOPSES OF THE WATER RESOURCES REGIONS

New England Region (1)

Total Area and Major River Systems

The New England Region has over 44 million acres, slightly over 2

percent of the total area of the conterminous United States. The region's

abundant water resources, 30,000 miles of streams, more than 5,000 lakes,

and 6,000 miles of coastline, include New England's largest single basin,

that of the Connecticut River. Most of the New England Region rivers

flow in a generally southerly or southeasterly direction toward Long

Island Sound or the Atlantic Ocean. Exceptions are the Saint John River

and the Lake Champlain and Lake Memphremagog drainages.

Water Supply Situation

Overall, the region appears to have adequate water and related land

resources to provide for future generations. However, because continuous

settlement in urbanized areas has placed quantitative and qualitative

stress on local resources, scarcity due to maldistribution of water and

poor water quality does occur at the local level. The potential for

severe water supply shortages is substantial, especially if water sources

are not protected and managed wisely.

Industry is the largest consumptive water user.

Water-related Problems

New England faces problems of water pollution, local flooding, insuffi-

cient water supplies, energy facility siting, dredging effects, inadequate

water-based recreation opportunities, and conflicts over use of water

and related lands. The severity of most problems intensifies near met-

ropolitan areas, especially since many urban areas are located at points

where surface-water flows cannot assimilate accumulated waste products

from upstream. Discrepant distribution of water within the region arises

from specific major issues including proposed interbasin diversions from

the Connecticut River Basin to Boston, land-use controls, and oil and

gas reserves development on George's Bank. The primary challenges facing

the New England Region in the near future are distribution of enough

high quality water to provide for domestic, industrial, and agricultural

needs, and the proper allocation of land for economic growth and maintenance

of the environment.

The 22 geographic problem areas identified by the New England River

Basins Commission are shown on the New England Region map and in the

problem matrix. The problem matrix shows water quantity, water quality,

related land, and other issues as tabulated by State-regional represen-

tatives for each of the geographic problem areas and by Federal repre-

sentatives for entire subregions.
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VOLUME 2, PART V

Conclusions and Recommendations

The New England regional sponsor proposes a set of objectives designed

to achieve an overall strategy to resolve resource issues and suggests

ways to implement them. In Volume 4, detailed recommendations are given

for problems of water quality, water supplies, flooding and wetlands

destruction, erosion and sedimentation, low streamflows and fluctuating

lake levels, inadequate water-oriented recreation, energy facility siting,

and coastal petroleum development and transportation. These recommenda-

tions incorporate three approaches: data collection and research; planning

studies; and legal, institutional, and policy changes.

National and State-Regional Futures

Table V-l compares the National Future (NF) and State-Regional Fu-

ture (SRF) estimates of streamflows and water use in the New England

Region. For withdrawal and consumption estimates it was necessary to

adopt the National Future information as New England's State-Regional

Future. This use should not imply full review and acceptance of National

Future information; instead, it reflects the lack of State information

on a subregional basis. State data collection programs are addressing

the "information gap" revealed in some of the resource categories. As

it becomes available, more precise information will be incorporated into

the continuing water assessment and basin planning programs. However,

the subregions are not now appropriate geographic units for most State

resource programs.

Values for streamflow at the outflow point in Table V-l represent the

estimated streamflow of the region in an average year under present and

future conditions of consumptive use, imports, exports, and reservoir

evaporation. The slight difference between SRF and NF is attributed

to differing population estimates.

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:3

0
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



8 | SYNOPSES OF THE WATER RESOURCES REGIONS

Table V-1. — Socioeconomic and volumetric data summary:

the New England Region

"1975

ii

198*

2000

Category

NF

SRFa

NF

SRFa

NF

SRFa

SOCIOECONOMIC DATA (1000)

Total population

TotaI empIoyment

12,492

5,460

12,380

5,460

13,613

6,204

13,442

6,204

15,313

7,209

14,965

7,209

VOLUMETRIC DATA (mgd)

-Base conditions-

Total streamflow

Streamflow at outflow

point(s)

Fresh-water withdrawals

AgricuIture

Steam electric

Manufacturing

Domestic

Commercial

Minerals

Public lands

Fish hatcheries

Other

Fresh-water consumption

AgricuIture

Steam electric

Manufacturing

Domestic

Commerc i a I

Minerals

Public lands

Fish hatcheries

Other

Ground-water withdrawals

Evaporation

Instream approximation

Fish and wiId Ii fe

78,661

NE 78,661

NE 78,661

78,180 77,870 78,014

NE

77,598

NE

NE

5,098

5,098

3,939

3,939

3,230

3,230

53

53

60

60

65

65

1,263

1,263

1,069

1,069

375

375

2,170

2,170

1,022

1,022

781

781

1,122

1,122

1,223

1,223

1,356

1,356

361

361

393

393

442

442

90

90

115

115

153

153

2

2

2

2

3

3

37

37

55

55

55

55

0

0

0

0

0

C

481

481

647

647

1,063

1,063

43

43

48

48

52

52

21

21

18

18

167

167

192

192

332

332

567

567

164

164

179

179

196

196

48

48

52

52

58

58

11

11

16

16

20

2C

2

2

2

2

3

3

0

0

0

0

0

C

0

0

0

0

0

C

635

664

NE

NE

NE

NE

0

0

0

0

0

0

69,001 69,001 69,001 69,001 69,001 69,001

NE - Not estimated.

a The New England River Basins Commission adopted the National Future as New

England's State-Regional Future for withdrawals and consumption because of the

lack of State information on a subregion basis.
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Mid-Atlantic Region (2)
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10 I SYNOPSES OF THE WATER RESOURCES REGIONS

MID-ATLANTIC REGION

Problem Area

I Region No.

101

u—Subregion No.
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VOLUME 2, PART V | 11

MID-ATLANTIC REGION (2)

PROBLEM MATRIX

Problem issues

0= Identified by Federal Agency X= Identified by

Representative State-Regional Representative

No. on map

Name

Water quantity

Water quality

Related 1

inds

Fresh surface

Ground

Marine and

estuarine

Surface/depth

Fresh surface

Ground

Marine and

estuarine

Surface/depth

Flooding

Drain'e

Erosion and

sedimentation

Dredge and fill

Water related

use conflicts

Other

Subregion 201

Upper Hudson

O

O

O

O

O

O

O

Area

X

X

X

X

X

X

Hudson River above Albany, N Y

X

X

o

Hudson River Basin — Remainder

X

X

X

X

X

X

X

Subregion 202

Lower Hudson Long Island-North New Jersey

o

O

0

O

O

O

0

0

0

O

O

Area %jf

X

X

X

X

X

X

X

X

X

New York City and Westchester Co

X

X

X

X

X

X

X

X

X

X

Passaic & Raritan Rivers & No. New Jersey Streams

X

X

X

X

X

X

X

X

o

X

X

X

X

X

X

X

X

Subregion 203

Delaware

0

O

o

0

O

o

o

0

0

o

0

O

Area %9

©

X

X

X

X

X

X

X

Delaware River above Trenton, N.J

X

X

X

X

X

X

X

X

©

Schuylkill River above Pottstown Pa

X

X

X

X

X

X

©

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Subregion 204

Susquehanna

o

O

O

0

O

o

0

0

o

0

0

Area M#

0

X

X

X

X

X

X

X

W. Branch, Susquehanna Riv. above Williamsport, Pa

X

X

X

X

X

X

X

X

X

X

©

Susquehanna River above Harrisburg, Pa

X

X

X

X

X

X

X

X

X

X

X

X

X

Subregion 206

Potomac

0

0

o

0

o

0

o

0

0

o

0

Area SjJ

Potomac River above Hancock, Md

X

X

X

X

X

Shenandoah River above Millville. W.Va

X

X

X

X

w

Potomac River Basin — Remainder

X

X

X

X

X

X

X

X

Subregion 205

Upper and Lower Chesapeake

0

o

0

0

0

0

0

0

0

0

0

o

Area ^9

0

Patuxent River & Western Shore of Chesapeake Bay

X

X

X

X

X

X

X

X

X

Delmarva Peninsula & Eastern Shore of Chesapeake Bay . .

X

X

X

X

X

X

X

X

X

X

X

X

X

X

York River Basin, Va

X

X

X

X

X

X

X

James River above Scottsville, Va

X

X

X

James River above Hopewell, Va

X

X

X

X

X

X

James River Basin — Remainder

X

X

X

X

X

X

X

X
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12 I SYNOPSES OF THE WATER RESOURCES REGIONS

Mid-Atlantic Region (2)

Total Area and Major River Systems

The Mid-Atlantic Region covers over 66 million acres. Rivers in

the northern half of the region flow generally southward to the ocean; the

southern rivers flow in an easterly direction. The Hudson and the Delaware

Rivers flow to the Atlantic Ocean directly; the Susquehanna, Potomac, Rappa-

hannock, York, and James Rivers empty into the Chesapeake Bay. The harbors

and waterways of the region are an integral part of the Nation's trans-

portation system.

Water Supply Situation

The natural supply of water exceeds both present and anticipated de-

mands, but distribution and quality are problems. Water supply shortages

are becoming severe in certain areas throughout the region, especially

in headwater sub-basins, bays, estuaries, and lower tidal reaches of rivers.

These supply problems will worsen as the population increases and as saline

intrusion limits the use of ground water.

Manufacturing and steam electric plants now withdraw the greatest

amounts of water from streams and ground water.

Water-related Problems

The Mid-Atlantic Region is the oldest, the most developed, and the

most densely populated region in the Nation. Therefore, its water problems

have probably the most diverse, complex, and unique conflict of demands,

institutional arrangements, and feasibility of solutions.

The most severe and widespread problems involve local water supply;

salt-water intrusion; flooding of urban and developed lands and encroach-

ments on flood plains; erosion and the effects of sedimentation on water

courses, reservoirs, navigation channels, and wetlands; disposal of exca-

vated and dredged materials and sewage sludge; and conflicts in water

use among urban, industrial, conservation, and recreation uses.

The 27 geographic problem areas identified by the North Atlantic

Division Corps of Engineers are shown on the Mid-Atlantic Region map

and in the problem matrix. The problem matrix shows water quantity, water

quality, related land, and other issues as tabulated by State-regional

representatives for each of the geographic problem areas and by Federal

representatives for entire subregions.
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VOLUME 2, PART V | 13

Conclusions and Recommendations

The Mid-Atlantic regional assessment indicates that the Federal Gov-

ernment should act as a unifying force and should provide cost-sharing

programs. No new Level B studies are recommended. Data collection and re-

search should expand to include flow requirements and instream needs.

Analyses of existing institutional arrangements are recommended.

National and State-Regional Futures

Table V-2 compares the National Future (NF) and State-Regional Future

(SRF) estimates of streamflows and water use in the Mid-Atlantic Region.

The differences in information are relevant to future planning since

they affect estimates of water supplies, withdrawals, consumption, and in-

stream uses. The NF makes no projections for current downstream water

rights; the SRF assumes no changes in these matters. Differences in NF

and SRF withdrawal projections result from the different population esti-

mates adopted by the States of New York, New Jersey, Virginia, and Penn-

sylvania and from varying rates of per capita needs. Estimates of water

needs for various manufacturing industries and for steam electric generation

also differ. The larger SRF projections for irrigation withdrawals stem

from the Pennsylvania projections for its portions of subregions 203,

204, and 206.

Whether the NF or SRF projections materialize depends on: the resolu-

tion of national policy, which will affect the economy, technological

development, and public desires in energy development; implementation

of environmental programs; and related matters. During the projected period,

all views of the future must be considered and adapted as policy is

resolved and as decisions and future plans are made concerning water

and related problems. The gross amount of water available on a regionwide

level is much greater than either the NF or the SRF pro jections of withdrawal

would require. In some cases, decisions on use will be made locally,

e.g., in the category of irrigation. In other cases such as needs of

energy production, decisions on use will depend on national and inter-

national events, on production and use of fossil and nuclear fuels, and

on the alternative and still experimental means of fuel and energy pro-

duction that presented problems of uncertainty in the early projections

for the assessment.
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SYNOPSES OF THE WATER RESOURCES REGIONS

Table V-2. — Socioeconomic and volumetric data summary:

the Mid-Atlantic Region

Category

"1975"

1985

2000

SOCIOECONOMIC DATA (1000)

NF

SRF

NF

SRF

NF

SRF

Total population

39,612

38,933

43,873

42,265

49,939

46,709

Total employment

17,097

17,108

19,730

19,730

23,307

23,307

VOLUMETRIC DATA (mgd)

-Base conditions-

Total streamflow

81,001

NE

81,001

NE

81,001

NE

Streamflow at outflow

point(s)

79,190

78,984

78,529

NE

77,453

NE

Fresh-water withdrawals

18,300

18,909

15,857

17,032

13,873

16,122

AgricuIture

333

529

435

779

552

1,025

Steam electric

7,463

7,872

7,130

7,734

4,657

5,947

Manufacturing

5,416

5,918

2,526

3,245

1,942

2,869

Domest i c

3,954

4,155

4,467

4,740

5,168

5,598

CommerciaI

650

a

726

a

826

a

MineraIs

459

421

548

516

700

663

Public lands

4

14

4

18

7

20

Fish hatcheries

21

NE

21

NE

21

NE

Other

0

0

0

0

0

:

Fresh-water consumption

1,843

1,994

2,472

2,791

3,548

4,164

AgricuIture

264

439

338

658

425

864

Steam electric

103

78

224

162

644

489

Manufacturing

607

678

934

1,073

1,361

1,773

Domestic

705

742

790

826

896

947

Commerc i a I

91

a

101

a

114

a

Minerals

70

52

82

65

102

32

Public lands

3

5

3

7

6

5

Fish hatcheries

0

NE

0

NE

0

NE

Other

0

0

0

0

0

0

Ground-water withdrawals

2,661

2,811

NE

2,891

NE

3,011

Evaporation

0

0

0

0

0

C

Instream approximation

Fish and wiId Ii fe

68,840 68,840 68,840 68,840 68,840 68,840

NE - Not estimated.

a SRF domestic water use includes commercial and institutional requirements.
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South Atlantic-Gulf Region (3)
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SOUTH ATLANTIC-GULF REGION (3)

PROBLEM MATRIX

Problem area

Problem issues

0= Identified by Federal Agency

Representative

X= Identified by

State Regional Representativi

No. on map

Name

Water quantity

5 S

Water quality

Related lands

Ifl

i £

s 5

Subregion 301

Area

Subregion 302

Area O

Subregion 309

Area

Roanoke Cape Fear

Cape Fear - North Central, North Carolina

Chowan-Lower Roanoke Pasquotank

Central North Carolina Coast

Pee Dee Edisto

Catawba Broad Saluda

Southeast South Carolina Coast

Savannah St. Marys

St. Johns Suwannee

Southeast S.C. Coast, Ga. Coastal Plain & No. Fla. . .

St. Johns-Suwanee/Southern Florida/Apalachicola/

Alabama-Choctawatchee

Florida Coast

Apalachicola

Apalachicola-Chattahoochie-Flint

Alabama-Choctawatchee

Mobil Tombigbee

Black Warrior Cahaba

Alabama Choctawatchee

Coosa in Georgia

Mobil Tombigbee

Tombigbee

Mobile-Lower Tombigbee

Pascagoula Pearl

Upper Pearl

Mississippi Coast

Pascagoula
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South Atlantic-Gulf Region (3)

Total Area and Major River Systems

The South Atlantic-Gulf Region encompasses a total area of over 173 mil-

lion acres. The region contains 24 major river basins including the Roanoke,

the Cape Fear, the Savannah, the Suwannee, the Tombigbee, and the Pearl and

many minor coastal river systems.

Water Supply Situation

The South Atlantic-Gulf Region has ample surface and ground water

to provide for an expanding economy. Generally good quality ground water

that can be developed in coastal plain areas is abundant. Water resources,

however, are not always well located for the needs, and local water

shortages already occur in highly developed upstream areas.

Steam electric plants currently make the largest water withdrawals; the

paper and pulp industry also makes large water demands.

Water-related Problems

Major problems with water and related land resources result from growth

and related water demands in areas where water is limited. Stream head-

waters and industrialized areas are particularly affected. In other

areas, overpumping of ground water has led to salt-water intrusion, another

threat to usable water supply. In addition to water quantity limitations,

excessive pollutants are reaching the streams and cof.stal waters, and,

in some areas, threatening ground-water resources. Floodplain management

and flood control structures are needed in many areas of the region.

Protection of beach areas and associated waters from erosion and water

quality degradation is a major concern, especially in Florida. There

are conflicts over the dredging and filling of wetlands, along with other

water and related land-use issues. Along interstate streams numerous

management problems occur regarding interbasin and interstate transfers

of water. The region contains many environmentally sensitive areas that

deserve consideration.

The 15 geographic problem areas identified by the Southeast Basins

Inter-Agency Committee are shown on the South Atlantic-Gulf Region map

and in the problem matrix. The problem matrix shows water quantity, water

quality, related land, and other issues as tabulated by State-regional

representatives for each of the geographic problem areas and by Federal

representatives for entire subregions.
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Conclusions and Recommendations

In the South Atlantic-Gulf Region, the Federal Government should as-

sist in the resolution of problems of regional or national significance

by supplying technical and financial support for programs such as construc-

tion of navigation systems, USDA Type IV Cooperative Studies, and data

and research supplements. Five geographic areas are listed as poten-

tial Level B study areas; additional planning studies are recommended

for 10 areas. An expansion of data collection and research is needed in

21 separate subject areas including streamflows, ground-water aquifiers,

and water withdrawals and consumptive use. Fourteen institutional problems

and the levels of government responsible for their resolution are given in

Volume 4.

National and State-Regional Futures

Table V-3 compares the National Future (NF) and State-Regional Future

(SRF) estimates of streamflows and water needs in the South Atlantic-

Gulf Region. The totals for flows reflect total outflows from the nine

subregions of the region.

The difference between SRF and NF information reflects discrepancies

in assumptions, goals, and objectives at the regional and State level

versus those at the national level. An assumption at the regional level

is that water withdrawals will tend to increase at a fairly high rate

because water will be abundant as a result of proper planning and management.

NF values, on the contrary, assume a large reuse of water by 2000. Differences

in manufacturing water use estimates reflect the SRF assumption that no

major changes will take place in the reuse of water. NF values show

manufacturing plants reusing significant amounts of water by 2000, thus

reducing the total manufacturing withdrawals. Some SRF information on

manufacturing water use from central systems could not be separated for

tabular analysis. SRF values indicate a significant expansion of central

public water systems to serve outlying areas and a larger percentage

being served by these systems in the future than the NF values show.
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Table V-3. —Socioeconomic and volumetric data summary:

the South Atlantic-Gulf Region

"1975"

1985

2000

Category

NF

SRF

NF

SRF

NF

SRF

SOCIOECONOMIC DATA (1000)

Total population

Total employment

25,423

26,164

10,518

29,334

12,282

30,736

12,682

34,680

14,727

36,761

15,542

10,345

VOLUMETRIC DATA (mgd)

-Base conditions-

Total streamflow

232,538

NE

232,538

NE

232,538

NE

Streamflow at outflow

point(s)

228,010 228,036 225,766 227,960 222,485 227,443

Fresh-water withdrawals

24,510

26,461

25,457

29,256

28,340

34,777

Agriculture

3,598

5,262

4,174

6,123

4,711

6,955

Steam electric

12,768

13,262

12,912

12,930

13,952

13,937

Manufacturing

4,103

3,824

3,377

5,061

3,318

7,194

Domestic

2,288

3,016

2,801

3,701

3,486

4,714

Commercial

553

a

632

a

769

a

Minerals

1,178

1,069

1,538

1,409

2,077

1,939

Public lands

5

2e

6

3o

10

3?

Fish hatcheries

17

17

17

Other

0

NE

0

NE

0

NE

Fresh-water consumption

4,867

6,062

6,772

7,760

10,053

10,272

Agriculture

2,886

4,210

3,350

4,904

3,799

5,586

Steam electric

153

156

722

721

1,857

1,856

Manufacturing

611

735

1,203

972

2,532

1,381

Domestic

880

786

1,079

934

1,345

1,139

Commerc i a 1

118

a

138

a

161

a

Minerals

214

165

274

215

349

291

Public lands

5

]e

6

]i

10

'?

Fish hatcheries

0

0

0

Other

0

NE

0

NE

0

NE

Ground-water withdrawals

5,449

7,037

NE

8,711

NE

10,688

Evaporation

0

0

0

0

0

0

Instream approximation

Fish and wiIdlife 188,655

577c 188,655

648c 188,655

648"

NE - Not estimated.

a

b

c

SRF domestic water use includes commercial and institutional requirements.

SRF public lands water use includes fish hatcheries requirements.

SRF lists legal requirements only; data were developed by specific river basins.
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Great Lakes Region (4)
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GREAT LAKES REGION (4)

PROBLEM MATRIX

No. on map

Subregion 401

Area

Subregion 4Q2

Area

Subregion 403

Area %p

Subregion 404

Area

Subregion 405

~ $

Subregion 406

Area

Subregion 407

Area

Subregion 40ji

Area

Problem area

Name

Problem issues

0= Identified by Federal Agency X= Identified by

Representative State-Regional Representative

Water quantity

sic

Water quality

5S

Related lands

n

I Si

S3

Lake Superior

Superior Slope Complex

St. Louis River Basin/Duluth Superior Area

Apostle Islands, Bad River, Montreal River Complex . .

Mich.'s Upper Pen. Lake Superior & Lake Huron Drain.

NW Lake Michigan

Fox-Wolf River Basin

Northwest Shore of Lake Michigan

Sheboygan Green Bay Complex

SW Lake Michigan

Southeast Wisconsin Complex

Chicago-Indiana Complex

Eastern Lake Michigan

St. Joseph River Basin

Kalamazoo-Black-Macatawa-Paw River Basins

Grand River Basin

Northern Lower Peninsula

Lake Huron

Saginaw River Basin

Saginaw Bay-Thumb Complex

St. Clair-Western Lake Erie

Detroit Metropolitan Area

Huron-Raisin Complex

Maumee River Basin

Ohio Lake Plains

Eastern Lake Erie

Cleveland-Akron Metro Area

Grand Ashtabula-Conneaut River Basins

Erie-Chautauqua Complex

Erie-Niagra Region

Lake Erie Basin

Lake Ontario

Genesee River Basin

Great Finger Lakes-Oswego River Basin

Lake Ontario Lake Plains

Black River-St. Lawrence ComplexG
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Great Lakes Region (4)

Total Area and Major River Systems

The Great Lakes Region, about 4 percent of the total area of the

48 contiguous United States, contains over 85 million acres. Waters from Lake

Superior, Lake Michigan, and the Georgian Bay all drain into Lake Huron, which

discharges water to Lake Erie through the St. Clair River, Lake St. Clair,

and the Detroit River. Lake Erie, in turn, drains through the Niagara River

to Lake Ontario, whose outlet is the head of the St. Lawrence River. Most

of the water withdrawn from the Great Lakes hydrologic system comes directly

from the lakes, which all together are the world's largest surface body of

fresh water. An important navigation system is formed by the lakes and their

connecting waterways and channels.

Water Supply Situation

While the overall water supply in the region is abundant, there are

shortterm problems with ground-water depletion in localized areas, espec-

ially in Illinois, and with severe droughts in inland portions of Michigan,

Minnesota, and Wisconsin. Additionally, competition for use of the available

supply for drinking water and waste discharges results in misallocation

and increased costs for treatment of the resource.

The largest amount of water withdrawn goes to cool steam electric

generating plants; manufacturing sectors consume the largest percentage

of water.

Water-related Problems

The major water resource difficulties include water quality, ero-

sion and sedimentation, flooding and land-use conflicts, and localized

water supply and instream flow problems. Water quality concerns, which

are especially prevalent in and near highly urbanized areas, include toxic

materials, eutrophication, and esthetic problems. Lake Erie has the most

critical pollution problem. Flooding and erosion have resulted in signi-

ficant economic damages and have caused concern about flood-plain and

coastal land use. Erosion and sedimentation have lowered the potential

for agricultural production, have impaired water quality, and have reduced

the esthetic and environmental attributes of streams and rivers throughout

the basin. Power production, navigation, and environmental disruptions

occur periodically during times of low lake levels.

The 28 geographic problem areas identified by the Great Lakes Basin

Commission are shown on the Great Lakes Region map and in the problem

matrix. The problem matrix shows water quantity, water quality, related

land, and other issues as tabulated by State-regional representatives for

each of the geographic problem areas and by Federal representatives for

entire subregions.
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Conclusions and Recommendations

The Great Lakes Region recommends that the Federal Government co-

ordinate and fund resource programs to ensure a unified approach to water

resource problems. Special studies are prescribed for three areas of in-

vestigation: (l)the cumulative effects of human and natural activities on

the GreatLak.es; (2) the effects of national and regional energy demands on

the lakes; and (3) the relationships between the Great Lakes Region and

outside influences. The research and data needs identified include tracing

bioactive pollutants of the Great Lakes, soils and land-use surveys,

and toxic substances and waste management research. Recommendations for

institutional arrangements regarding such issues as flood-plain management,

mineral resources, recreation and natural areas, agriculture, forestry,

water quality, and land resources are discussed.

National and State-Regional Futures

Table V-4 presents the National Future (NF) estimates of streamflows

and water needs in the Great Lakes Region.

The Great Lakes Basin Commission adopted the position that the na-

tionally generated National Future values describing socioeconomic changes,

volumetric data for withdrawal and consumptive use, and water supply

information would be acceptable as the State-Regional Future values for

the Great Lakes Region. For those categories where NF values were not

available, information was taken from the Great Lakes Basin Framework Study.

The use of the National Future information does not imply full review

and acceptance; rather it reflects the lack of State information on a

subregion basis.
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Table V-4. — Socioeconomic and volumetric data summary:

the Great Lakes Region

Category

"1975"

1985

2000

SOCIOECONOMIC DATA (1000)

NF

SRFa

NF

SRFd

NF

SRF3

Total population

30,391

30,391

32,855

32,

,855

36,351

36,351

Total employment

12,796

12,796

14,446

14.

,446

16,583

16,583

VOLUMETRIC DATA (mgd)

-Base conditions-

Total streamflow

75,281

NE

75,281

NE

75,281

NE

Streamflow at outflow

point(s)

72,710

72,710

71,981

NE

70,588

NE

Fresh-water withdrawals

42,813

42,813

32,666

32

,666

25,623

25,623

Agriculture

230

230

296

296

369

369

Steam electric

24,362

24,362

22,689

22

,689

16,061

16,061

Manufacturing

13,220

13,220

4,106

4

,106

2,821

2,821

Domestic

3,267

3,267

3,614

3

,614

4,077

4,077

Commercia1

1,010

1,010

1,091

1;

,091

1,206

1,206

MineraIs

696

696

831

831

1,044

1,044

Public lands

6

6

13

13

17

17

Fish hatcheries

22

22

26

26

28

2E

Other

0

0

0

0

0

0

Fresh-water consumption

2,598

2,598

3,300

3

,300

4,693

4,693

Agriculture

199

199

254

254

319

319

Steam electric

175

175

497

497

1,384

1,384

Manufacturing

1,474

1,474

1,719

1.

,719

2,059

2,059

Domestic

476

476

519

519

563

563

Commerc i a 1

113

113

123

123

140

140

Minerals

155

155

175

175

211

211

Public lands

6

6

13

13

17

17

Fish hatcheries

0

0

0

0

0

C

Other

0

0

0

0

0

:

Ground-water withdrawals

1,215

1,215

NE

NE

NE

NE

Evaporation

0

0

0

0

0

0

Instream approximation

Fish and wiId Ii fe

63,951 63,951 63,951 63,951 63,951 63,951

NE - Not estimated.

The Great Lakes Basin Commission accepted the National Future as the State-

Regional Future for use in the national assessment because of the lack of

State data on a subregion basis.
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Ohio Region (5)
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SYNOPSES OF THE WATER RESOURCES REGIONS
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OHIO REGION (5)

PROBLEM MATRIX

Problem area

Problem issues

0= Identified by Federal Agency

Representative

Identified by

State-Regional Representative

No. on map

Name

Water quantity

Water quality

Related lands

aj u

■ Si

S3

Subregion 50J

Area

i 5m

8

Subregion 502

Area

Subregion 50,3

Area

Subregion 504

Area

$

Subregion 505

Area

Subregion 506

Area O

Subregion 507

Area

Ohio Headwaters

Allegheny River Basin

Monongahela River Basin

Upper Ohio-Big Sandy

Mahoning River Basin

Upper Ohio River Main Stem

Big Sandy Guyandotte River Basins

Middle Ohio River Main Stem

Muskingum- Scioto- Ma irni

Muskingum River Basin

Scioto River Basin

Great Miami River Basin

Kanawha

New River Basin

Kanawha River Main Stem

Kentucky Licking-Green Ohio

Licking River Basin

Kentucky River Basin

Lower Ohio River Main Stem

Tradewater River Basin

Green River Basin

Wabash

Wabash River Basin

Cumberland

Cumberland River Basin

Ohio River Basin: Regionwide Mine Drainage

Ohio Region: Non-Point Source Pollution . . .

Ohio Region: Energy

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:3

0
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



30 | SYNOPSES OF THE WATER RESOURCES REGIONS

Ohio Region (5)

Total Area and Major River Systems

The Ohio Region embraces a total area of over 102 million acres. The Ohio

River, the region's primary river, is formed by the confluence of the

Allegheny and the Monongahela Rivers at Pittsburgh and is joined by major

downstream tributaries. It flows in a southwesterly direction and joins the

Mississippi River at Cairo, Illinois. The Ohio River is a key element

of the Nation's inland waterways system.

Water Supply Situation

Overall, the basin has an excellent potential for water supply that

should enable its residents to overcome any supply problems. Ground water

is a valuable regional resource, but in many areas it has not been developed

to its water supply potential. The Ohio Region contains vast amounts of

bituminous coal, about 70 percent of the national reserves. The relatively

abundant water supplies provide a great potential for increased energy-

related development within the region. Water withdrawals for mining of

fuels are projected to increase from less than one percent of the total

withdrawals in "l975" to about 2 percent in 2000.

Surface-and ground-water withdrawals have many uses, principally for

steam electric generation, followed by manufacturing.

Water-related Problems

The major concern facing the region is the water quality, which is

severely affected in metropolitan areas and downstream from these areas.

Problems from acid mine drainage are the most significant, but industrial

wastes, domestic sewage, and agricultural runoff are serious concerns as

well. Improved management practices must correct erosion and sedimentation,

flooding, land-use conflicts, instream flow inadequacies, and local supply

problems. Floods throughout the basin, particularly in urban areas,

cause much industrial, residential, and transportational damages annually.

Agricultural flood damage is also substantial in the basin. Institutional

and physical management decisions must resolve conflicts among various

interests such as navigation, recreation, and industries.

The 21 geographic problem areas identified by the Ohio River Basin

Commission are shown on the Ohio Region map and in the problem matrix.

The problem matrix shows water quantity, water quality, related land,

and other issues as tabulated by State-regional representatives for each

of the geographic problem areas and by Federal representatives for entire

subregions.
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Conclusions and Recommendations

A major role of the Federal Government in water-resources management

within the Ohio Region is to help resolve problems of water pollution,

especially those resulting from acid mine drainage, and to resolve prob-

lems of flooding through cost-sharing programs and coordination efforts.

A regional plan for the basin has already been developed, but specific

areas should be investigated. Data and research are needed for: fresh-

water management in the Allegheny Basin; the effects of hydrogen sulfide

on fish; recreation; and inventory and classification of fisheries.

The region's most severe water resources problem has been pollution of

streams and lakes by high-acid drainage waters from abandoned mines and

heavy sediment loads from active mines or recently mined areas. The

Ohio River Basin Commission recommended a Federal program to abate pol-

lution from these abandoned mines, and the State members of the commission

worked closely with the Congress in developing legislation to meet this

need. Their efforts successfully culminated in the passage of the Surface

Mining Control and Reclamation Act of 1977 (Public Law 95-87). This Act

strengthened the requirements for pollution abatement from active mines

that empty directly into surface waters. Today, assuming successful im-

plementation of the Act of 1977, the significant remaining problem to

be addressed at the Commission level is ground-water pollution from mines.

Analysis of this problem is currently underway.

National and State-Regional Futures

Table V-5 presents the National Future (NF) estimates of stream-

flows and water use in the Ohio Region. The Ohio Region has adopted

the National Future as its State-Regional Future for these water data

categories. Therefore, the NF and SRF values for withdrawals, consumption,

and streamflow estimates are in agreement for the Ohio Region. The Ohio

River Basin Commission decided to accept the National Future values for

use in the national assessment, not because there was agreement with

the numbers themselves, but because they could not be separated into

any meaningful disaggregation for use at the regional level.
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Table V-5.—Socioeconomic and volumetric data summary:

the Ohio Region

"1975" 1-985 2000

Category

NF SRFa NF SRFa NF SRFa

SOCIOECONOMIC DATA (1000)

Total population 21,158 21,158 22,722 22,722 24,791 24,791

Total employment 8,313 8,313 9,429 9,429 10,838 10,838

VOLUMETRIC DATA (mgd)

-Base conditions-

Tota1 streamf1ow

180,111

NE

180,111

NE

180,111

NE

Streamflow at outflow

poi nt(s)

178,000

178,000

176,937

NE

174,674

NE

Fresh-water withdrawals

34,934

34,934

27,838

27,838

16,925

16,925

Agr icu1ture

160

160

195

195

230

230

Steam e1ectr i c

21,022

21,022

21,008

21,008

10,574

10,574

Manufacturi ng

10,881

10,881

3,323

3,323

2,341

2,341

Domest i c

1,842

1,842

2,068

2,068

2,343

2,343

Commerc i a 1

495

495

529

529

571

571

Mi nera1s

493

493

662

662

808

808

Pub lie 1ands

5

5

8

8

12

12

Fish hatcheries

36

36

45

45

46

46

Other

0

0

0

0

0

0

Fresh-water consumption

1,798

1,798

2,527

2,527

4,332

4,332

Agriculture

150

150

180

180

213

213

Steam electric

324

324

656

656

1,692

1,692

Manufacturing

817

817

1,095

1,095

1,757

1,757

Domestic

349

349

389

389

424

424

Commerci a 1

62

62

67

67

74

74

Mi nera1s

91

91

132

132

160

160

Pub 1ic lands

5

5

8

8

12

12

Fish hatcheries

0

0

0

0

0

0

Other

0

0

0

0

0

C

Ground-water withdrawals

1,843

1,843

NE

NE

NE

NE

Evaporation

0

0

0

0

0

0

Instream approximation

Fish and wiIdli fe

160,520

160,520

160,520

160,520

160,520

160,520

NE - Not estimated.

a The Ohio River Basin Commission accepted the National Future as the State-

Regional Future for use in the national assessment because of the lack of

regional data on a subregion basis.
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Tennessee Region (6)
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SYNOPSES OF THE WATER RESOURCES REGIONS
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TENNESSEE REGION (6)

PROBLEM MATRIX

Problem issues

0= Identified by Federal Agency X= Identified by

Representative State Regional Representative

No. on map

Name

Water quantity

SI

5 8

Water quality

03 *-

5 $

Related lands

i!

It

1

la

Subregion 601

Area

Subregion 602

Area

8

Upper Tennessee

Clinch Powell

Holston

Grench Broad

Little Tennessee Hiwassee

Emory

Chattanooga

Lower Tennessee

Buffalo

Locks at Pickwick and Kentucky Dams

—1
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Tennessee Region (6)

Total Area and Major River Systems

The Tennessee Region covers an area of over 27 million acres. Seven

large and numerous small rivers feed the Tennessee River as it makes its

U-shaped course through the region. Parts of seven States are drained—

more than half of Tennessee and smaller portions of Alabama, Georgia,

Kentucky, Mississippi, North Carolina, and Virginia.

Water Supply Situation

The Tennessee Region has ample land and water resources to provide

for an expanding economy with a quality environment; the overall water

supply situation is excellent. Problems with streamflows in the region

are due generally to conflicts in use rather than to quantity of streamflows.

The major portion of water withdrawals is used by steam electric plants.

Water-related Problems

The most severe problems are with water quality, flooding, erosion and

sedimentation, land and water use conflicts, local water supply, and navi-

gational lock capacity. Water and land problems are generally more severe

in the eastern upstream areas and near Chattanooga at the center of

the region. Water pollution is acute at the manufacturing centers and

in upstream areas where paper and pulp plants are located. Flooding is

a problem throughout the region, but is most severe in the East where

the rugged terrain limits the amount of developable land and encourages

building in the flood plain. Water supply shortages are very localized

and generally limited to areas near the basin rim. Occasional shortages

occur farther downstream because of conflicts in water use among recreation,

hydropower generation, and industrial water supply users.

The eight geographic problem areas identified by the Tennessee Valley

Authority are shown on the Tennessee Region map and in the problem matrix.

The problem matrix shows water quantity, water quality, related land, and

other issues as tabulated by State-regional representatives for each of

the geographic problem areas and by Federal representatives for entire

subregions.
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Conclusions and Recommendations

Several Level B studies are proposed for various portions of the

Tennessee Region. Planning studies and programs are also necessary to

prevent increases in flood damages, to change selected stretches of rivers

to wild and scenic status, and to reclaim lands degraded by mining activ-

ities. Endangered species, point sources of pollution, and navigation

are currently under study and may need further attention. Research is

needed to determine the effects of reservoir releases on fish and aquatic

life and to develop means of aquatic weed control.

National and State-Regional Futures

Table V-6 compares the National Future (NF) and State-Regional Future

(SRF) estimates of streamflows and water use in the Tennessee Region.

Both views of the future need to be considered in decisions and future

plans for water-related problems. The amount of water required to meet

the SRF projected manufacturing demands is much greater than that required

in theNF projections. The NF assumed future high rates of recirculation

as a conservation and cost-minimization measure. The SRF assumed that

there would be little pressure to conserve because of the region's abun-

dance of water, except in those headwater areas where the recirculation

rates are already very high. Differences in irrigation water are high,

but irrigation uses an insignificant portion of the region's water, and

any effect on the region's resource will be very localized.
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Table V-6.—Socioeconomic and volumetric data summary:

the Tennessee Region

"1975" 1985 2000

Category

NF SRF NF SRF NF SRF

SOCIOECONOMIC DATA (1000)

Total population 3,565 3,565 4,034 4,034 4,615 4,615

Total employment 1,359 1,359 1,617 1,617 1,943 1,943

VOLUMETRIC DATA (mgd)

-Base conditions-

Total streamflow

41,113

NE

41,113

NE

41,113

NE

Streamflow at outflow

point(s)

40,800

40,800

40,466

NE

40,008

NE

Fresh-water withdrawals

7,412

7,292

7,131

8,858

6,013

8,893

Agr iculture

41

41

50

55

58

72

Steam electric

4,799

4,799

5,738

5,738

4,581

4,581

Manufactur i ng

2,093

1,973

765

2,487

671

3,537

Domest i c

263

263

319

319

383

383

Commerc i a 1

90

90

102

102

116

116

Mi nera1s

110

1 10

140

140

186

186

Public lands

1

1

2

2

3

3

Fish hatcheries

15

15

15

15

15

15

Other

0

0

0

0

0

0

Fresh-water consumption

313

304

647

555

1,105

818

Agriculture

38

41

46

54

54

71

Steam electric

42

42

231

231

417

417

Manufactur i ng

147

135

266

166

514

210

Domestic

59

59

69

69

76

76

Commercial

11

11

12

12

14

14

Minerals

15

15

21

21

27

27

Public lands

1

1

2

2

3

3

Fish hatcheries

0

0

0

0

0

0

Other

0

0

0

0

0

0

Ground-water withdrawals

271

271

NE

277

NE

277

Evaporation

0

0

0

0

0

0

Instream approximation

Fi sh and wi1d1i fe

38,480

38,480

38,480

38,480

38,480

38,480

Navigation

16,100

16,720

16,100

17,754

16,100

18,102

NE - Not estimated.
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Upper Mississippi Region (7)
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UPPER MISSISSIPPI REGION (7)

No. on map

Subregion 7CJ1

Area

Subregion 7Q2

Area

Subregion 703

Area

Subregion 704

Area

Subregion 705

Area

PROBLFM MATRIX

Problem area

Name

Problem issues

0= Identified by Federal Agency

Representative

Water quantity

il

Mississippi Headquarters

Mississippi River Headwaters, Minnesota

Minneapolis - St. Paul S.M.S.A., Minnesota

Upper Minnesota River Basin, Minn, and S. Dak

Lower Minnesota River Basin, Minnesota

Clearwater River Basin, Minnesota

Crow River Basin, Minnesota

Black- Root-Chippewa-Wisconsin

Upper Miss. River Mainstem, III., Iowa, Minn. & Wise.

Lower Wisconsin - LaCross River Basin, Wisconsin . .

Central Wisconsin River Basin, Wisconsin

Upper Wisconsin River Basin, Wisconsin

Upper Chippewa River Basin, Wisconsin

Lower Chippewa River Basin, Wisconsin

Black, Buffalo, and Trempealeau River Basins, Wis. . .

Rock-Mississippi Des Moines

Middle Mississippi River Mainstem, III., Iowa & Mo. . .

Lower Rock River Basin, Illinois

Kishwaukee River Basin, Illinois

Pecatonica River Basin, Illinois & Wisconsin

Upper Rock River Basin, Illinois & Wisconsin

Upper Cedar River Basin, Iowa and Minnesota

Middle Cedar River Basin, Iowa

Lower Iowa — Cedar Rivers, Iowa

Middle Iowa River, Iowa

Skunk River Basin, Iowa

Middle Des Moines River, Iowa

Upper Des Moines River Basin, Iowa & Minnesota . . .

Salt-Sny Illinois

Sangamon River Basin, Illinois

Lower Illinois River & Tributaries, Illinois

Middle Illinois River & Tributaries, Illinois

Upper Illinois River & Tributaries, Illinois

Kankakee River Basin, Illinois & Indiana

Fox River Basin, Illinois & Wisconsin

Fabius River Basin, Missouri

Salt River Basin, Missouri

Lower Upper Mississippi

St. Louis S.M.S.A., Illinois & Missouri

Lower Mississippi River Basin, Illinois & Missouri . . .

Big Muddy River and Tributaries, Illinois

Kaskaskia River Basin, Illinois

X= Identified by

State-Regional Representative

Water quality

t.

Related lands

S 2

i- o

8 9!
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Upper Mississippi Region (7)

Total Area and Major River Systems

The Upper Mississippi Region includes the drainage area of the Miss-

issippi River above its confluence with the Ohio River and encompasses over

115 million acres. Many rivers flow through the region in a general north-

south direction, and the Mississippi River bisects the area. Tributaries

of the Mississippi drain most of Minnesota, Wisconsin, Illinois, and Iowa;

a significant portion of Missouri; and small areas in Indiana, Michigan,

and South Dakota. The Upper Mississippi River is a key element in the

Nation's inland waterway system. Large amounts of ground water are stored

within much of the region.

Water Supply Situation

The regional gross water supply situation is excellent, and land and

water resources are ample to provide for an expanding economy with a

quality environment.

Water is withdrawn from the streams and ground for many uses; the

largest amount is used as cooling water for steam electric plants.

Water-related Problems

The most severe concerns are water quality, erosion and sedimentation,

flooding, land-use conflicts, local water supply, instream flow inade-

quacies, drainage, and navigation and dredging. Water quality problems

and erosion and sedimentation tend to be more severe in the downstream

portions of the region. Water quality is often a major concern in metropolitan

areas, while serious water supply shortages occur in some rural places.

During drought periods, locally high withdrawal and consumptive use create

supply and instream flow problems.

The 37 geographic problem areas identified by the Upper Mississippi

River Basin Commission are shown on the Upper Mississippi Region map

and in the problem matrix. The problem matrix shows water quantity, water

quality, related land, and other issues as tabulated by State-regional

representatives for each of the geographic problem areas and by Federal

representatives for entire subregions.
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Conclusions and Recommendations

Conclusions and recommendations include needs for: planning studies;

modified and/or further research and data collection; and changes in

institutional arrangements, water policies, and water-oriented programs.

These approaches are to be applied to water quality, water supply, fish

and wildlife, recreation, preservation of environmental quality, flood

damage reduction and watershed protection, and other multifaceted needs.

In the Upper Mississippi Region, the Federal Government role should be

to emphasize coordination and funding of water resources efforts.

National and State-Regional Futures

Table V-7 compares the National Future (NF) and State-Regional Future

(SRF) estimates of streamf lows and water needs in the Upper Mississippi Re-

gion.

NF and SRF estimates of total withdrawals show close similarity. Two

internal discrepancies exist, however, in the agriculture and domestic

categories. The SRF projections for irrigation water requirements are

consistently larger than those of the NF, while SRF projections for domestic

use are smaller than the corresponding NF figures. SRF and NF have

excellent agreement on consumptive use values for "1975." The total

estimates become more discrepant in future years. SRF irrigation and

domestic use projections again vary quite markedly from the NF values.

Both views of the future must be considered for decisions and future

plans concerning water-related problems. The amount of water required

to meet the SRF projected irrigation needs is much greater than that

required by the NF projections. Local decisions will be made on irriga-

tion development; its impact on the water supplies will be local. On

a regionwide basis, the amounts of water involved in irrigation in ei-

ther case are only a small percentage of available water.
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Table V-7.—Socioeconomic and volumetric data summary:

the Upper Mississippi Region

Category

"1975" 1985 2000

NF SRF NF SRF NF SRF

SOCIOECONOMIC DATA (1000)

Total population 13,387 13,228 14,408 14,096 15,822 15,716

Total employment 5,615 5,615 6,325 6,325 7,202 7,202

VOLUMETRIC DATA (mgd)

-Base conditions-

Tota1 streamf1ow

135,057

NE

135,057

NE

135,057

NE

Streamflow at outflow

point(s)

121,000

117,279

113,867

NE

111,234

NE

Fresh-water withdrawals

12,401

12,352

10,386

10,380

7,910

7,905

Agr iculture

422

497

566

899

691

1,027

Steam electric

7,644

7,644

6,347

6,347

3,537

3,537

Manufacturing

2,030

2,283

886

974

728

795

Domest i c

1,450

1,073

1,609

1,182

1,808

1,400

Commercial

515

515

552

552

603

603

Minerals

333

333

417

417

533

533

Public lands

2

2

3

3

4

4

Fish hatcheries

5

5

6

6

6

6

Other

0

0

0

0

0

0

Fresh-water consumption

1,145

1,153

1,604

1,821

2,688

2,908

Agr iculture

383

441

513

779

627

888

Steam electric

129

129

352

352

1,079

1,079

Manufactur i ng

240

259

309

338

506

552

Domestic

282

213

302

224

324

237

Commerc i a 1

63

63

67

67

74

74

Mi nera1s

46

46

58

58

74

74

Pub 1ic lands

2

2

3

3

4

4

Fish hatcheries

0

0

0

0

0

0

Other

0

0

0

0

0

0

Ground-water withdrawals

2,366

2,127

NE

1,698

NE

1,718

Evaporation

43

2,468

45

2,468

46

2,468

Instream approximation

Fish and wiIdlife

110,750

110,750

110,750

110,750

110,750

110,750

NE - Not estimated.
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Lower Mississippi Region (!
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LOWER MISSISSIPPI REGION (8)

PROBLEM MATRIX

Problem area

Proble

1 Agency

■n issues

0= Identified by F

Representative

?dera

X= Identified by

State-Regional Representative

Name

Water quantity

Water quality

Related lands

Fresh surface

Ground

Marine and

estuarine

Surface/depth

Fresh surface

Ground

Marine and

estuarine

Surface/depth

Flooding

Drain'e

Erosion and

Dredge and fill

Subsidence

Water related

Other

Hatchie-MississippiSt. Francis

0

0

0

0

Above St. John's Bayou

X

X

X

St. John's Bayou & New Madrid Floodway

X

X

X

X

X

X

X

X

X

X

Mud Lake

X

X

Obion and Forked Deer Rivers

X

X

X

X

Wolf-Losahatchie Basin

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

t X

>

X

Big Creek, Arkansas

X

X

X

X

X

X

X

X

X

X

L'Anguille River

X

X

X

X

X

X

X

X

Yazoo-Mississippi-Ouachita

0

o

0

0

0

X

X

( X

X

X

>

X

X

X

X

X

X

X

Yazoo River

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Monroe West Monroe, Louisiana

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Sicily Island

X

X

X

X

X

Losto Lake to Jonesville

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Homechitto River — Bayou Pierre

X

X

X

Mississippi-Delta

o

O

O

0

0

0

o

New Orleans Baton Rouge

X

X

X

X

X

X

X

X

Atchafalaya Basin Floodway ....

X

X

X

Gulf Intracoastal Waterway

X

X

X

X

Mermentau River Basin

X

X

X

Bayou Teche-Vermillion River Basin

X

X

X

X

X

Grand Isle and Vicinity

X

X

X

Lake Charles and Vicinity

X

X

X
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Lower Mississippi Region (8)

Total Area and Major River Systems

The total area of the Lower Mississippi Region is over 67 million acres

which include portions of Missouri, Tennessee, Kentucky, Arkansas, Mis-

sissippi, and Louisiana. The Mississippi River and the Gulf Intracoastal

Waterway are nationally important navigation systems.

Water Supply Situation

In general, water supplies are adequate and most water supply problems

stem more from resource distribution than from availability. The region

has vast ground-water reserves and it benefits from the tremendous inflow

from the Upper Mississippi and its tributaries. Localized shortages occur

because of lack of access to drainage arteries and/or poor or insufficient

ground-water sources.

The largest portion of water withdrawals is for irrigation.

Water-related Problems

The major needs and problems are concerned with water supplies for

municipal, industrial, thermoelectric power generation, energy production,

and irrigation uses and with developments for navigation, flood control,

land treatment and management, fish and wildlife habitat, and water-oriented

outdoor recreation. The maintenance and improvement of the existing navi-

gation system in the Lower Mississippi Region is important on both regional

and national levels. As far as the region itself is concerned, however,

flood control on the Mississippi River and tributaries is the most severe

and urgent problem. Approximately half of the entire area within the

Lower Mississippi Region is subject to flooding. Most of the flood-prone

lands are used for crop production and pasture. Meeting the increased

future need for food will require continued and accelerated planning for

flood control and other resource development measures to ameliorate the

major agricultural losses from flooding.

The 41 geographic problem areas identified by the Mississippi River

Commission Corps of Engineers are shown on the Lower Mississippi Region

map and in the problem matrix. The problem matrix shows water quantity,

water quality, related land, and other issues as tabulated by State-

regional representatives for each of the geographic problem areas and

by Federal representatives for entire subregions.

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:3

0
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



VOLUME 2, PART V

Conclusions and Recommendations

It is recommended that the State of Mississippi statewide Level B study

be funded. Other studies needed are listed under Level C-type general

investigations and special studies. Data collection and research are

needed to correct deficiencies in several important subject areas. Specific

needs for institutional and policy changes are outlined, and the Federal

role is described. Included in the Lower Mississippi Regional Report is

a tabulation of preauthorization, postauthorization, and special authority

studies that must be finished so that projects can be approved and construc-

ted.

National and State-Regional Futures

Table V-8 compares the National Future (NF) and State-Regional Future

(SRF) estimates of streamflows and water use in the Lower Mississippi

Region.

In a few functional use categories such as steam electric and agricul-

ture, there is excellent agreement between NF and SRF withdrawal and

consumptive use figures. The category showing the largest discrepancy

is manufacturing. Since manufacturing is one of the largest water users

in the region, the discrepancy is quite significant. NF values for manu-

facturing water use were developed by the U.S. Bureau of Domestic Commerce

(BDC) based on surveys of major manufacturing concerns throughout the

Nation. The survey data were checked against aggregated totals published

by the Bureau of the Census of the U.S. Department of Commerce. SRF

values were taken from the Lower Mississippi Region Comprehensive Study,

a recently completed interagency study which based its water use estimates

on water use surveys, personal interviews, and published data. The meth-

odology used by the NF and SRF to develop current manufacturing water

use was very similar. On the other hand, the BDC assumed extremely high

recirculation rates for future years, which accounts for the large dif-

ferences between SRF and NF manufacturing use in 1985 and 2000.

Other categories of water use in which significant discrepancies exist

include minerals, domestic, and other functional uses. Differences in

data sources and methodology generally account for the differences in

minerals and domestic water use. With manufacturing water use, it was

not possible to resolve these discrepancies. In the other functional

uses, the SRF values include a large water usage for fish and wildlife

and commercial fishing. There is a significant documented use of water

in these categories which the NF information does not recognize.
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Table V-8.—Socioeconomic and volumetric data summary:

the Lower Mississippi Region

"1975" 1985 2000

Category

NF SRF NF SRF NF SRF

SOCIOECONOMIC DATA (1000)

Total population 6,417 6,536 6,767 7,094 7,142 8,156

Total employment 2,285 2,330 2,553 2,572 2,863 3,043

VOLUMETRIC DATA (mgd)

-Base conditions-

Total streamflow

455,390

NE

455,390

NE

455,390

NE

Streamflow at outflow

point(s)

433,000

433,000

417,457

NE

411,308

NE

Fresh-water withdrawals

14,567

19,330

17,453

28,530

24,841

44,387

Agriculture

4,624

4,889

4,613

5,011

4,507

5,316

Steam electric

4,175

4,175

9,313

9,313

16,687

16,687

Manufactur ing

4,163

5,498

1,634

8,888

1,365

16,102

Domestic

655

800

721

900

790

1,185

Commerc i a I

150

a

159

a

170

a

189b

249b

332b

Minerals

799

1,010

1,318

'

Public Lands

1

NE

3

NE

4

NE

Fish hatcheries

<1

NE

<1

NE

<1

NE

Other

0

3,119°

0

4,169c

0

4,765c

Fresh-water consumption

4,027

8,304

4,554

9,476

5,511

1 1,820

Agr icuIture

3,109

3,531

3,258

3,632

3,335

3,877

Steam electric

54

54

118

118

291

291

Manufacturing

314

997

552

1,672

1,067

3,047

Domestic

294

366

319

416

344

499

Commercial

49

a

51

a

54

a

131b

MineraIs

206

48 b

i

253

56b

416

L

Public lands

1

NE

3

NE

4

NE

Fish hatcheries

0

NE

0

NE

0

NE

Other

0

3,308c

0

3,582°

0

3,957c

Ground-water withdrawals

4,838

6,413

NE

7,616

NE

9,123

Evaporation

0

0

0

0

0

0

Instream approximation

Fish and wiIdlife

359,033

NE

359,033

NE

359,033

NE

NE - Not estimated.

^ SRF domestic water use includes commercial and institutional requirements.

A portion of SRF minerals water use includes saline water.

c SRF other water use includes fish and wildlife and commercial fishing requirements,
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Souris-Red-Rainy Region (9)
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SOURIS-RED-RAINY REGION (9)

PROBLEM MATRIX

Problem area

Problem issues

0= Identified b

Representa

y Federal

tive

Agency X= Identified by

State-Regional Representa

tive

No. on map

Name

Water quantity

Water quality

Related lands

Fresh surface

Surface/depth

F resh surface

Surface/depth

Erosion and

sedimentation

Dredge and fill

Water related

use conflicts

Marine and

estuarine

Marine and

estuarine

Ground

Ground

Flooding

Drain'e

Other

Subregion 901

Souns-Red-Rainy

o

O

O

0

0

0

Area

X

X

X

X

©

X

X

X

X

X

X

X

X

0

Lake Metigoshe. North Dakota

X

X

X

X

X

X

X

X

Q

X

X

X

X

X

X

o

X

X

X

X

X

X

X

X

©

Sheyenne River Basin, North Dakota

X

X

X

X

X

X

X

0

Wild Rice River Basin, N. Dak. and S. Dak

X

X

X

X

X

X

Q

Bois de Sioux - Mustinka River Basin

X

X

X

X

X

X

X

0

Red River Main Stem, Minnesota and North Dakota

X

X

X

X

X

X

X

X

©

Lower Sheyenne, Maple and Rush River Basins, N. Dak. ..

X

X

X

X

X

X

X

X

X

0

X

X

X

X

X

X

X

X

©

X

X

X

X

X

©

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

©

X

X

X

X

X

X

X

X

X

©

X

X

X

X

X

X

X

X

X

©

X

X

X

X

X

X

X

X

X

©

X

X

X

X

X

X

X

©

X

X

X

X

©

X

X

X

X

X

X

X

©

X

X

X

X

X

©

X

X

X

X

X

X

X

©

North Branch of the Wild Rice-Marsh River, Minn

X

X

X

X

X

X

X

©

South Brjnch of the Buffalo River, Minnesota

X

X

X

X

X

X

X

©

X

X

X

©

X

X

X

X

©

X

X

X

X

X

B.W.C.A. - Voyageur Nat'l Park & Perimeter, Minn

X

X

X

X

X

X

Little Fork _ Big Fork River Basins, Minnesota

X

X

X
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Souris-Red-Rainy Region (9)

Total Area and Major River Systems

The Souris-Red-Rainy Region encompasses about 35 million acres in the

drainage areas of the three rivers. Flowing northward, the Souris-Red-Rainy

Rivers eventually empty into Canada's Hudson Bay.

Water Supply Situation

In most of the Minnesota portion of the region, the abundant water

resources are generally more than sufficient to meet needs. In the more

western portions of the region, however, water resources can be quite lim-

ited during drought periods.

Manufacturing and irrigation account for the largest amounts of water

withdrawals.

Water-related Problems

The Souris-Red-Rainy Region contains an array of water and related land

resources problems and issues. Some of these, such as flooding, drought,

wetness, wind and water erosion, and loss of waterfowl habitat, are long-

standing problems. Others, including a shortage of water-based recreation

opportunities, pollution of streams and ground water, lake eutrophication,

and inadequate municipal and industrial water supplies, have been recog-

nized only recently as being serious. Conflicts occur among competing

users of water and related land resources.

The 29 geographic problem areas identified by the Upper Mississippi

River Basin Commission are shown on the Souris-Red-Rainy Region map and

in the problem matrix. The problem matrix shows water quantity, water

quality, related land, and other issues as tabulated by State-regional

representatives for each of the geographic problem areas and by Federal

representatives for entire subregions.

Conclusions and Recommendations

Conclusions and recommendations regarding the need for planning studies

are presented in the Souris-Red-Rainy Regional Report along with an in-

dication of the governmental level with primary responsibility to imple-

ment these projects. Data collection and research deficiencies in num-

erous areas should be corrected. Specific suggestions for institutional

and policy changes are discussed. In the Souris-Red-Rainy Region, the

Federal Government should provide coordination and funding for water re-

sources efforts.
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National and State-Regional Futures

Table V-9 compares the National Future (NF) and State-Regional Future

(SRF) estimates of streamf lows and water use in the Souris-Red-Rainy Region.

NF and SRF total withdrawals and consumption for "1975" and 1985 agree

closely. In the year 2000, SRF total estimates are significantly larger

than those of the NF because of larger SRF projections for irrigation

water requirements.

The National Future and the State-Regional Future should both be con-

sidered in making decisions and future plans concerning water-related

problems. Decisions on irrigation development will be made locally;

its impact on the water supplies will be local. Over the region as a

whole, the amounts of water involved in irrigation in either case are

only a small percentage of available water.
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Table V-9. — Socioeconomic and volumetric data summary:

the Souris-Red-Rainy Region

Category

"1975"

1985

2000

NF

SRF

NF

SRF

NF

SRF

SOCIOECONOMIC DATA

Total population

Total employment

(1000)

649

649

241

625

244

625

595

246

595

246

241

244

VOLUMETRIC DATA (mgd)

-Base conditions-

Total streamflow

6,122

NE

6,122

NE

6,122

Uz

Streamflow

point(s)

at outflow

6,010 6,010 5,974

NE

6,314

NE

Fresh-water withdrawals

Agriculture

Steam electric

Manufacturing

Domestic

Commercial

Minerals

Public lands

Fish hatcheries

Other

Fresh-water consumption

Agriculture

Steam electric

Manufacturing

Domestic

Commerc i a I

Minerals

Public lands

Fish hatcheries

Other

Ground-water withdrawals

Evaporation

Instream approximation

Fish and wiId Ii fe

336

330

329

364

587

980

72

66

177

212

471

865

82

82

23

23

0

0

102

102

44

44

31

3C

53

53

56

56

56

56

15

15

15

15

14

14

8

8

9

9

10

10

1

1

2

2

2

2

3

3

3

3

3

3

0

0

0

0

0

C

112

108

204

231

446

753

63

58

149

176

387

694

1

1

0

0

0

0

13

14

19

19

23

23

25

25

25

25

25

25

6

6

6

6

6

5

3

3

3

3

3

3

1

1

2

2

2

2

0

0

0

0

0

0

0

0

0

0

0

0

86

374

NE

142

NE

374

16

40

18

55

19

97

3,673 3,673 3,673 3,673 3,673 3,673

NE - Not estimated.
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Missouri Region (10)
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MISSOURI REGION (10)

PROBLEM MATRIX

Problem area

O Identified by Federal Agency X= Identified by

Problem issues

Representative State Regional Representative

Name

Water quantity

Water quality

Related lands

Fresh surface

Surface/depth

Fresh surface

Surface/depth

Erosion and

sedimentation

Dredge and fill

Water related

— I

Marine and

Marine and

Ground

Ground

Flooding

Drain'e

Other

Subregion 1001

Missouri-Milk-Saskatchewan

O

0

O

O

O

Subregion 1002

Missouri_Marias

O

O

O

0

Subregion 1003

Missouri-Musselshell

0

o

0

0

o

Subregion 1004

Yellowstone

0

o

0

0

0

0

Subregion 1005

Area O

Western Dakotas

0

0

0

0

O

0

0

o

Bad River Basin

X

X

X

X

X

X

X

White River - Medicine Creek Basins

X

X

X

X

X

X

X

Subregion 1006

Area ©

Eastern Dakotas

o

0

0

o

0

0

o

Big Sioux River Basin

X

X

X

X

X

X

X

X

Subregion 1007

Area O

North and South Platte

0

0

o

0

0

0

0

o

Middle North Platte River Basin

X

X

X

X

X

X

X

X

Nebraska Panhandle .

X

X

X

X

Subregion 1008

Niobrara-Platte-Loup

0

0

o

0

o

0

Subregion 1009

Middle Missouri

o

0

o

0

0

o

O

0

0

Subregion 1010

Area ©

Kansas

o

o

0

o

0

o

O

0

0

0

Upper Republican River Basin

X

X

X

X

X

X

X

Big and Little Blue River Basins

X

X

X

X

X

X

X

X

X

Subregion 1011

Area O

Lower Missouri

o

0

0

o

O

0

0

Tri-Cities Area, Missouri

X

X

X

X

©

Lake of the Ozarks, Missouri

X

X

X

X

X

Ogallala Ground Water Area

X

X

X
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Missouri Region (10)

Total Area and Major River Systems

The Missouri Region contains one-sixth of the total area of the 48 con-

tiguous States, over 327 million acres. There are few natural lakes;

most of the region's available water areas are found at manmade reservoirs.

Six large reservoirs on the Missouri River mainstem generate most of the

region's hydropower, provide flood protection and recreation water, maintain

adequate flows for an 8-month navigation season and for water quality and

water supply needs. They are also intended to divert water northeast-

ward and eastward for irrigation as well as for municipal and industrial

needs. Other tributary manmade reservoirs provide additional storage

capacity and most of the water surface for water-oriented recreation as

well as for fish and wildlife propagation and preservation.

Water Supply Situation

Increased competition for available water supplies indicates the need

to examine current and projected water uses to ensure efficiencies and

an equitable distribution of available supplies. Many locations throughout

the region have water shortages during periods of low streamflow. Seven

States in the region are considered to have water-short areas.

A great portion of the water consumed in the region is used for ir-

rigation. This situation will probably continue since the number of acres

of land under irrigation has been increasing steadily and is expected

to continue to grow.

The Northern Great Plains of the Missouri Region contain large re-

serves of low-sulphur coal which probably will supply a significant portion

of the country's energy in the future. Withdrawals for mining of fuels

will increase from 144 mgd in "1975" to 236 mgd in 2000.

Water-related Problems

There are numerous water and related land area problems throughout

the region. Because Indian and Federal reserved water rights have not

been quantified, the uncertainty makes it difficult and sometimes impossible

to plan for using and managing the available water supplies in large areas

of the region. The projected estimates of future water use indicate that,

during extended drought periods, sufficient water to maintain navigation

flows may not be available. The western streams are particularly susceptible

to fluctuating streamflows since they are fed only by spring snowmelt and

runoff from erratic rainfall. At times the only streamflow comes from re-

servoir releases or irrigation return flows. Sheet, gully, and streambank

erosion cause the loss of valuable soils and lands at many locations,

making silt the worst pollutant throughout the region. Some communities
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suffer periodic flooding, and many suffer periodic water shortages. Non-

point source pollution will continue to impair water quality.

The 10 geographic problem areas identified by the Missouri River Basin

Commission are shown on the Missouri Region map and in the problem matrix.

The problem matrix shows water quantity, water quality, related land, and

other issues as tabulated by State-regional representatives for each of the

geographic problem areas and by Federal representatives for entire sub-

regions.

Conclusions and Recommendations

Conclusions and recommendations regarding the Federal role are dis-

cussed in the Missouri Regional Report. The Federal Government should con-

tinue to provide funding and should initiate and coordinate studies on

several specific questions relating to problems in the Missouri Region.

National and State-Regional Futures

Table V-10 compares the National Future (NF) and State-Regional Fu-

ture (SRF) estimates of streamflows and water use in the Missouri Region.

The SRF values were developed by the 10 States and the 10 Federal

agencies represented on the Missouri River Basin Commission (MRBC) to

reflect the needs and objectives of management, conservation, and de-

velopment of the water and related land resources in the region.

The amounts of water needed to meet the SRF projected irrigation and

manufacturing requirements for the year 2000 are greater than those required

by the NF projections. The amounts of water included in offstream de-

velopments are significant throughout the region. These amounts could

seriously affect the instream flows needed for power generation at the

Federal hydroelectric projects, the Missouri River navigation project,

riverine recreation, fish and wildlife, and water quality.

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:3

0
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



62

SYNOPSES OF THE WATER RESOURCES REGIONS

Table V-10.—Socioeconomic and volumetric data summary:

the Missouri Region

Category

"1975"

1985

2000

SOCIOECONOMIC DATA (1000)

NF

SRF

NF

SRF

NF

SRF

Total population

8,832

9,066

9,298

10,046

10,044

11,762

Total employment

3,695

3,936

4,084

5,061

4,573

5,759

VOLUMETRIC DATA (mgd)

-Base conditions-

Tota1 streamf1ow

57,012

NE

57,012

NE

57,012

NE

Streamf1ow at outf1ow

point(s)

44,100

44,193

37,428

41,341

35,880

37,956

Fresh-water withdrawals

38,016

34,434

48,037

43,227

44,359

48,216

Agr iculture

32,086

28,461

39,935

34,231

36,894

39,325

Steam electric

3,540

3,540

5,834

5,834

4,938

4,938

Manufacturing

669

650

315

910

292

1,166

Domestic

961

1,264

1,045

1,666

1,161

2,055

Commerc i a 1

285

a

306

a

336

a

Minerals

269

313

356

340

424

418

Pub 1ic lands

159

159

198

198

266

266

Fish hatcheries

47

47

48

48

48

48

Other

0

0

0

0

0

C

Fresh-water consumption

15,469

15,832

19,206

20,327

19,913

25,740

Agriculture

14,664

14,750

18,156

18,741

18,265

23,342

Steam electric

68

68

239

239

637

637

Manufacturing

136

205

122

337

202

527

Domest i c

262

537

280

695

302

831

Commercial

69

a

72

a

78

a

MineraIs

111

113

139

117

163

137

Public lands

159

159

198

198

266

266

Fish hatcheries

0

0

0

0

0

0

Other

0

0

0

0

0

0

Ground-water withdrawals

10,407

4,196

NE

5,941

NE

8,371

Evaporation

4,924

2,621

5,324

2,621

5,595

2,621

Instream approximation

Fi sh and wiIdIi fe

33,958

NE 33,958

NE 33,958

NE

NE - Not estimated.

a SRF domestic water use includes commercial and institutional requirements.
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Arkansas-White-Red Region (11)
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ARKANSAS-WHITE-RED REGION (11)

PROBLEM MATRIX

Problem area

P'oble

Agency

m iss

X=

0= Identified by Federa

Representative

dentified by

No. on map

Name

Water quantity

Water quality

State-Regional Representative

Related lands

Fresh surface

Marine and

estuarine

Surface/depth

Fresh surface

Marine and

estuarine

Surface/depth

Erosion and

sedimentation

Dredge and fill

Water related

use conflicts

Ground

Ground

Flooding

Drain'e

Other

Subregion 1101

Upper White

O

Area ©

Ozarks Area, Arkansas

X

X

X

X

X

o

X

X

X

Springfield Area Missouri .

X

X

X

X

X

X

X

Subregion 1102

Upper Arkansas

O

0

O

Area O

High Plains Ogallala Formation

X

o

Arkansas Drainage above Pueblo Colorado

X

X

X

X

X

X

Arkansas Drainage Pueblo to Kansas Border.. .

X

X

X

X

X

X

Subregion 1103

Arkansas-Cimarron

O

O

0

O

O

O

Area O

0

High Plains Ogallala Formation

X

Oklahoma

X

X

X

X

X

X

Subregion 1104

Lower Arkansas

O

o

O

0

O

Area ©

Ozarks Areas, Benton & Washington Counties, Arkansas . .

X

X

X

X

X

X

X

X

X

X

X

X

Joplin Area, Missouri

X

X

X

X

©

Oklahoma . . .

X

X

X

X

X

X

X

X

Subregion 1105

Canadian

O

O

0

O

Area ^9

9

High Plains Ogallala Formation

X

X

X

X

X

X

X

X

X

Oklahoma

X

X

X

X

X

X

X

X

©

Texas Statewide: Flooding

X

X

X

X

Small Cities & Rural Communities, Texas

X

X

X

X

Subregion 1106

Red-Washita

o

o

Area O

High Plains Ogallala Formation

X

©

Oklahoma

X

X

X

X

X

©

Small Cities and Rural Communities, Texas

X

X

X

X

X

X

X

X

Subregion 1107

Red Sulphur

0

o

Area %M

0

Arkansas Statewide

X

X

X

©

Red River Area, Louisiana

X

X

X

X

X

X

X

©

Oklahoma

X

X

X

X

X

X

X

X

Texas Statewide: Flooding

X

X

X

X

Small Cities and Rural Communities, Texas

X

X

X

X
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Arkansas-White-Red Region (11)

Total Area and Major River Systems

The Arkansas-White-Red Region has over 156 million acres. The three

rivers drain all of Oklahoma and parts of Colorado, Kansas, Missouri,

Arkansas, New Mexico, Texas, and Louisiana. The Arkansas and White Rivers

discharge waters into the Mississippi River, and the Red River flows

into the Atchafalaya River.

Water Supply Situation

The overall water supply outlook is one of cautious optimism, although

much water-resource development will be needed to keep pace with growing

needs under the prevailing rigorous conditions of water supply and under

the criteria for maintaining wholesome environmental conditions. The quan-

tity of water available in the western and central portions is inadequate

for many requirements.

Irrigation accounts for the largest portion of water withdrawals and

consumptive use.

Water-related Problems

The High Plains and central portion have water supply problems that

will require cities and industries to change their patterns of water

use to meet pollution discharge restrictions and to satisfy supply needs

economically. In addition to water quantity limitations, water quality,

erosion and sedimentation, flooding, and Indian water rights also are of

concern. The large irrigation water requirement often accentuates these

problems by creating low streamflows and ground-water depletions.

The 17 geographic problem areas identified by the Arkansas-White-Red

Basins Inter-Agency Committee are shown on the Arkansas-White-Red Region

map and in the problem matrix. The problem matrix shows water quantity,

water quality, related land, and other issues as tabulated by State-

regional representatives for each of the geographic problem areas and

by Federal representatives for entire subregions.

Conclusions and Recommendations

In the Arkansas-White-Red Region, the role of the Federal Government

should be to provide assistance only if local and State authorities determine

that they have no other solutions. Further Level B studies are not

recommended at this time. Additional data collection and research are

needed to supply information on ground- and surface-water considerations.

To permit better use of water, various compacts between States are proposed.

The States make separate conclusions and recommendations.
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National and State-Regional Futures

Table V-ll compares the National Future (NF) and State-Regional Future

(SRF) estimates of streamflows and water needs in the Arkansas-White-Red

Region.

The State-Regional Future values have been developed to reflect records

and estimates of the eight States of the region. The records from the

States of Colorado, Kansas, Oklahoma, New Mexico, and Texas are pertinent

to the administration of water rights under the Doctrine of Prior Appro-

priation.

Accordingly, the SRF values on withdrawals and consumptive use in

these five States must be considered. In a number of cases, SRF values

for irrigation consumptive use and withdrawals differ substantially from

NF values. Although the region's problems are, for the most part, identified

in both futures, the severity of some problems appears greater in the

SRF estimates.

SRF estimates of manufacturing and steam electric water withdrawals

and consumption are consistently larger than the corresponding NF figures.

The NF values show a greater proportion of water use in the minerals

category than do those of regional sources.
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Table V-11.—Socioeconomic and volumetric data summary:

the Arkansas-White-Red Region

Category

"1975"

1985

NF

SRF

NF

SRF

2000

NF

SRF

SOCIOECONOMIC DATA (1000)

Total population

Total employment

6,846

2,670

7,350

1,565*

7,268

2,987

8,321

1,966*

7,815

3,369

9,819

2,53Ca

VOLUMETRIC DATA (mgd)

-Base conditions-

Total streamflow

Streamflow at outflow

point(s)

65,207

NE 65,207

62,600 62,605 56,192

NE 65,207

NE 55,896

NE

NE

Fresh-water withdrawals

12,868

13

,551

13

,799

16

,434

13

,337

22,622

Agriculture

10,195

9

,827

10

,721

11

,737

10

,055

16,056

Steam electric

498

1,

,297

1

,026

2

,032

1

,012

3,233

Manufacturing

713

956

476

989

480

1,268

Domestic

735

1.

,06g

807

1

'32i

894

^,6Al

Commercial

210

221

238

Minerals

448

200

469

142

571

206

Public lands

26

30

33

32

39

36

Fish hatcheries

43

NE

46

NE

48

NE

Other

0

180

0

177

0

178

Fresh-water consumption

8,064

9

,433

8

,769

11

,611

8

,887

16,405

Agr iculture

7,263

8,

,379

7

,706

10.

,221

7

,404

14,422

Steam electric

89

126

237

285

457

577

Manufacturing

165

347

232

407

360

562

Domestic

279

46o

305

591

b

331

7,S

Commerc i a 1

69

72

78

b

Minera Is

173

70

184

67

218

9C

Public lands

26

27

33

30

39

34

Fish hatcheries

0

NE

0

NE

0

NE

Other

0

17

0

10

0

10

Ground-water withdrawals

8,846

6,

,968

NE

NE

NE

NE

Evaporation

2,615

10,

, 179c

2

,910

11

,330c

3

,111

12,388c

Instream approximation

Fish and wiId Iife

46,169

NE 46,169

NE 46,169

NE

NE- Not estimated.

a Total includes only subregions 1101, 1102, 1105, 1106, and 1107. Data were not

available for subregions 1103 and 1104.

SRF domestic water use includes commercial and institutional requirements.

c Total does not include subregion 1102 for which data were not available.
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Texas-Gulf Region (12)
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TEXAS-GULF REGION (12)

PROBLEM MATRIX

Problem area

0=

Represent!

)v Fc

tive

dera

Problem i

X= Idem

ified by

esentative

No. on map

Name

Water quantity

Water quality

Related lands

Fresh surface

Surface/depth

Fresh surface

Surface/depth

Erosion and

sedimentation

Dredge and fill

Water related

use conflicts

Ground

Marine and

estuarine

Ground

Marine and

estuarine

Flooding

Drain'e

Subsidence

Other

Subregion 1201

SabineNeches

O

O

O

O

Area O

s

Beaumont-Port Arthur Metropolitan Area, Texas ....

X

X

X

X

X

o

X

X

X

X

X

X

X

Subregion 1202

Trinity Galveston Bay

0

O

O

O

O

o

0

O

Area

Upper Trinity River Basin, Texas

X

X

Q

0

Dallas-Fort Worth (Trinity River & Tributaries), Tex.

X

X

o

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Subregion 1203

Brazos

O

O

0

Area

Haskell and Jones Counties, Texas

X

X

o

Brazos Basin above Possum Kingdom Reservoir, Tex.

X

X

X

0

X

X

o

Texas High Plains, Texas

X

Subregion 1204

Colorado (Texasl

O

O

O

Area

Jackson County and Vicinity, Texas

X

X

X

X

0

X

X

X

X

©

Curry, Roosevelt, & Lea Counties, New Mexico

X

X

X

X

X

Subregion 1205

Nueces-Texas Coastal

O

O

0

Area

Carrizo Aquifer (Winter Garden Area), Texas

X

X

X

©

Edwards (Balcones Fault Zone) Aquifer, Texas

X

X

X

X

X

o

Corpus Christi Metropolitan Area, Texas

X

X

X

X

X

X

X

Regionwide in

Texas Gulf

Area ©

X

X

X

X

X

X

X

X

Regionwide in

Texas

Area O

Small Cities & Rural Communities, Texas

X

X

X

X

X

o

Texas, Statewide: Flood Problems & Hurricanes ....

X

X

X

X

L
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Texas-Gulf Region (12)

Total Area and Major River Systems

The Texas-Gulf Region includes a total of almost 114 million acres.

Virtually all of the region lies within Texas, although small portions

of Louisiana and New Mexico are included. Much of the region consists

of the drainage areas of the Sabine, Neches, Trinity, San Jacinto, Brazos,

Colorado, Lavaca, Guadalupe, San Antonio, and Nueces Rivers and their

associated coastal basins. These rivers drain in a general northwest-

southeast course to the Gulf of Mexico. The ports in the Texas-Gulf

Region are among the busiest in the Nation.

Water Supply Situation

Historically, ground water has supplied an appreciable percentage of

total water. Because pumpage exceeds natural recharge in most aquifers,

however, the region will increasingly depend on surface-water supplies.

In many areas, especially in the western portion of the region, water

supply will become critical.

The largest amount of water withdrawals is for irrigated agriculture.

Water-related Problems

In much of the Texas-Gulf Region there is little excess storage capacity

in surface-water reservoirs to meet water demands during drought. Coupled

with declining ground-water resources, this could result in serious supply

shortages. In addition to supply limitations, there are problems of water

quality, flooding, drainage, erosion and sedimentation, inadequate water-

oriented recreation opportunities, and land subsidence and fault activation.

Estuarine management is needed to ensure sufficient fresh-water inflows at

appropriate geographic locations. Similarly, water-resources management

must ensure proper distribution of supply.

The 20 geographic problem areas identified by the Texas Department of

Water Resources are shown on the Texas-Gulf Region map and in the

problem matrix. The problem matrix shows water quantity, water quality,

related land, and other issues as tabulated by State-regional representa-

tives for each of the geographic problem areas and by Federal representa-

tives for entire subregions.
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Conclusions and Recommendations

In the Texas-Gulf Region, the Federal Government should assist in the

resolution of problems having regional or national significance and should

formulate a national water policy that preserves the sovereignity of States

with regard to water laws. The Texas Water Plan, currently being updated,

remains the official guide to State policy. It seeks to reach a mutually

responsible relationship between Federal and State water agencies. Fund-

ing is deemed necessary for water resource projects and research and

technology development programs.

National and State-Regional Futures

Table V-12 compares the National Future (NF) and State-Regional Future

(SRF) estimates of streamflows and water use in the Texas-Gulf Region.

In "1975," total NF withdrawals exceed total SRF withdrawals by 6,415

mgd, primarily because of differences in water withdrawals for irrigation,

manufacturing, and mining. Total NF consumption exceeds total SRF con-

sumption by 3,098 mgd for "1975." The differences in irrigation seem to

account for most of the total consumption discrepancy between the SRF

and the NF.

Significant differences also appear in the percentages of withdrawals

consumed for domestic, steam electric power generation, and irrigation

uses. For each of these uses, the percentage of withdrawals consumed

is significantly lower for the NF information. On the whole, the SRF

values indicate about 78 percent of the withdrawals are consumed, while

the NF values indicate about 67 percent.

Total SRF withdrawals projected for the year 2000 exceed total NF with-

drawals by 2,000 mgd, due primarily to differences in domestic, manufactur-

ing, mining, and irrigation withdrawal pro jections. Total SRF consumption

exceeds total NF consumption by 1,961 mgd, primarily because of differences

in domestic, manufacturing, mining, and irrigation uses.

On the whole, SRF values for consumptive use as a share of withdrawal for

2000 is about 74 percent, while the NF figures indicate approximately

70 percent. Consumptive use as a percentage share of withdrawal for

major users are as follows:

1. NF domestic consumptive use remains at about 34 percent

during the period "1975" to 2000, while SRF consumptive

use remains about 56 percent during the same period.
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2. NF consumptive use for manufacturing increases from

30 percent in "l975" to 78 percent by the year 2000,

while SRF data increase from 33 percent to 47 percent

during the same period.

3. NF consumptive use for agriculture remains at about

82 percent from "1975" to 2000, while SRF consumptive

use for agriculture remains at about 90 percent.

Consequently, although both SRF and NF values indicate an increase in

water use efficiency among manufacturing industries, the NF figures indicate

a much greater increase. There does not appear to be much change in the

SRF and NF ratios for domestic and agricultural uses.

The SRF streamflow is 26,368 mgd. The NF streamflow is comparable at

28,270 mgd. Basically, SRF and NF used the same methodology to analyze

the flow characteristics at the farthest downstream gaging station(s) in

each subregion and to compute the ungaged runoff below the farthest down-

stream gaging station(s) in order to derive the streamflow. However, the

SRF and NF analyses were performed independently of each other. Conse-

quently, the difference between the SRF and NF streamflow figures is most

probably due to inconsistency in the selection of the periods of record

for the streamflow information.
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Table V-12. —Socioeconomic and volumetric data summary:

the Texas-Gulf Region

Category

"1975" 1985 2000

NF SRF NF SRF NF SRF

SOCIOECONOMIC DATA (1000)

Total population 9,911 10,233 11,162 12,470 12,907 15,990

Total employment 4,109 4,022 4,827 5,180 5,767 6,769

VOLUMETRIC DATA (mgd)

-Base conditions-

Total streamflow

33,951

NE

33,951

NE

33,951

NE

Streamflow at outflow

poi nt(s)

28,270

26,368

23,554

22,097

23,135

18,152

Fresh-water withdrawals

16,925

10,510

15,932

13,212

14,991

16,991

AgricuIture

11,718

7,397

9,530

8,230

7,655

9,499

Steam electric

724

296

1,000

712

1,713

1,508

Manufactur i ng

1,932

1,177

2,559

1,466

2,444

2,273

Domestic

1,207

1,427

1,380

2,556

1,621

3,379

CommerciaI

283

a

317

a

300

a

Minerals

1,044

194

1,133

234

1,245

284

Public lands

<1

19

2

14

2

15

Fish hatcheries

17

NE

11

NE

11

NE

Other

0

<1

0

<1

0

33

Fresh-water consumption

11,259

8,161

10,227

10,005

10,529

12,490

Agr icuIture

9,527

6,726

7,794

7,487

6,328

8,558

Steam electric

99

149

270

357

991

752

Manufacturing

571

387

1,003

551

1,917

1,073

Domestic

413

794

467

1,485

541

1,936

Commercial

94

a

103

a

1 18

a

Minerals

555

100

588

119

632

146

Public lands

<1

NE

2

NE

2

NE

Fish hatcheries

0

NE

0

NE

0

NE

Other

0

5

0

6

0

24

Ground-water withdrawals

7,222

7,172

NE

4,961

NE

3,398

Evaporation

1,705

1,743

1,875

1,964

1,992

1,972

Instream approximation

Fish and wiIdlife

22,917

NE

22,917

NE

22,917

NE

NE - Not estimated.

SRF domestic water use includes commercial and institutional requirements.
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Rio Grande Region (13)
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105°

100°

RIO GRANDE REGION

SCALE 1:6,900.000

0 100 200MILES

•••• Area Included in Rio Grande Region for 1975 Assessment

I

Problem Area

Region No.
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RIO GRANDE REGION (13)

PROBLEM MATRIX

Problem i

No. on map

Name

Problem issues

0= Identified by Federal Agency

Representative

X= Identified by

State Regional Representative

Water quantity

Water quality

Related lands

S3

| i]

S 9*

3 5

Subregion 130J

Area

Subregion 1302

Area O

Subregion 1303

Area

Subregion 1304

Area

s

1304

8

Subregion 1305

Area O

Regionwide in

Texas

Area

s

Rio Grande Headwaters

San Luis Valley Closed Basin

Hinsdale, Rio Grande, & Mineral Counties

Del Norte, Colorado, to Colo. N. Mex. State Line . .

Middle Rio Grande

Rio Grande Basin, New Mexico

Albuquerque, Carlsbad, Las Cruces, Roswell and

Santa Fe, New Mexico

Espanola Valley & Rio Grande West Side Tributaries

El Paso Area

Roswell Artesian Basin, Sunshine Valley, Estancia

Basin, Carrizozo, Nutt-Hockett Area, and Mimbres

Underground Basin

Rio Grande Pecos

Trans Pecos Region, Texas

Rio Grande Canyon, Texas

Upper Pecos

Rio Grande Basin, New Mexico

Albuquerque, Carlsbad, Las Cruces, Roswell and

Santa Fe, New Mexico

Roswell Artesian Basin, Sunshine Valley, Estancia

Basin, Corrizozo, Nutt Hockett Area, and Mimbres

Underground Basin

Pecos River downstream from Santa Rosa, N. Mex. .

Lower Rio Grande

Lower Rio Grande Valley

Small Cities & Rural Communities, Texas

Texas Statewide: Flood Problems & Hurricanes ...
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Rio Grande Region (13)

Total Area and Major River Systems

The Rio Grande Region, in the southwest corner of the United States,

totals almost 88 million acres. The Rio Grande River flows south-southeast-

erly to the Gulf of Mexico; its waters are regulated by various treaties

and compacts between the United States and Mexico and among Colorado,

New Mexico, and Texas. Closed basins are important in the region's

hydrology.

Water Supply Situation

Groundwater, an important segment of the water supply, will be under

additional stress from increasing population. There is no surplus water for

new or expanding current uses. The existing supply is completely appropriated

by current demands.

Irrigation is the major water consumer. There will be shifts from irri-

gation to other uses in the future, but irrigation is still projected to

remain the largest consumptive use.

Water-related Problems

Shortages in meeting current needs make conservation a necessity.

Ground water depletions and salinity problems caused from reuse of water

in the basin are anticipated. Dissolved and suspended solids are major

pollutants degrading water quality. Other problems involve erosion and

sedimentation, flooding, unsatisfactory domestic water supplies (under

the l974 Safe Drinking Water Act), and needs for more water-based recreation

opportunities.

The 14 geographic problem areas identified by the Rio Grande Coordinat-

ing Committee are shown on the Rio Grande Region map and in the problem

matrix. The problem matrix shows water quantity, water quality, related

land, and other issues as tabulated by State-regional representatives for

each of the geographic problem areas and by Federal representatives for

entire subregions.

Conclusions and Recommendations

General conclusions and recommendations are made regarding the need for

storage and regulating works to amend water supply shortages and the need

for a comprehensive water quality program to relieve salinity problems.

No Level B studies are recommended. The Rio Grande supports a land-

development program emphasizing environmental concerns. Specific con-

clusions and recommendations are made by Colorado, New Mexico, and Texas.
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National and State-Regional Futures

Table V-13 compares the National Future (NF) and State-Regional Future

(SRF) estimates of streamflows and water use in the Rio Grande Region.

Comparisons of the State-Regional Future (SRF) with the National Future

(NF) illustrate that some functional use categories differ significantly

because sources of data, as well as assumptions and criteria used in

compiling the data, were different. In some cases the trends or magni-

tudes of the data reveal that there are potential problems relating to

growth, recession, or magnitude of water requirements, even though there

are differences in the basic estimates from the two sources.
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Table V-13. — Socioeconomic and volumetric data summary:

the Rio Grande Region

Category

"1975"

1985

2000

NF

SRF

NF

SRF

NF SRF

SOCIOECONOMIC DATA

Total population

Total employment

(1000)

1,695

599

1,868

620

1,780

659

2,678

792

1,875 3,630

732 1,017

VOLUMETRIC DATA (mgd)

-Base conditions-

Total streamflow

Streamflow at outflow

point(s)

4,813

NE

1,230 1,228

4,813

424

NE

NE

4,813

707

Instream approximation

Fi sh and wild Ii fe

NE

NE

Fresh-water withdrawals

6,321

6

,031

6

,204

6

,794

5

,633

v.

,198

Agriculture

5,722

5.

,540

5

,537

5

,999

4

,917

6

,049

Steam electric

34

24

16

30

10

76

Manufacturing

19

24

42

31

32

42

Domest i c

265

345

287

566

312

801

Commercial

62

a

65

a

68

5.

Minera Is

190

44

221

86

255

133

Public lands

22

11

27

14

28

14

Fish hatcheries

7

NE

9

NE

11

NE

Other

0

43

0

68

0

53

Fresh-water consumption

4,240

3

,863

4

,320

4

,406

4

,016

5

,119

Agriculture

3,924

3

,569

3

,959

3

,890

3

,614

4

,358

Steam electric

18

18

9

23

5

62

Manufacturing

5

10

15

13

24

2G

Domestic

138

195

150

352

163

505

Commercial

30

a

31

a

32

a

MineraIs

103

24

129

52

150

86

Public lands

22

12

27

16

28

16

Fish hatcheries

0

NE

0

NE

0

NE

Other

0

35

0

60

0

72

Ground-water withdrawals

2,335

1

,722

NE

1

,621

NE

1

,538

Evaporation

730

606

764

623

785

616

!,287

NE

2,287

NE

2,287

NE

NE - Not estimated.

a SRF domestic water use includes commercial and institutional requirements.
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Upper Colorado Region (14)
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UPPER COLORADO REGION (14)

PROBLEM MATRIX

Problem area

Problem issues

0= Identified by Federal Agency X= Identified by

Representative State Regional Representative

No. on map

Name

Water quantity

Water quality

Related lands

SE

I!

Subregion 1401

Area ^P

Subregion 1402

Area O

Subregion 1403

Area

s

Green-White- yampa

Green River, Wyoming

yampa-White River — Colorado, Wyoming

Uinta Basin, Price, San Rafael, Utah

Colorado-Gunnison

Colorado, Gunnison, Dolores - Colorado

Colorado-San Juan

San Juan River - Colorado, New Mexico .

Canyon Lands, Utah

\
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Upper Colorado Region (14)

Total Area and Major River Systems

The Upper Colorado Region contains almost 66 million acres (102,920

square miles) in Arizona, Colorado, New Mexico, Utah, and Wyoming.1 The

Colorado River and its tributaries are the life blood of the region. The

allocation and use of water in the region are governed by various interstate

and international treaties and compacts. A number of reservoirs have been

constructed to regulate the erratic streamflows, to provide water for irri-

gation, municipal, industrial, and other uses, and to meet compact com-

mitments to the Lower Colorado Region.

Water Supply Situation

The Colorado River is one of the most highly controlled rivers in the

world. Demands on it extend into several other regions (besides the Upper

Colorado) and into Mexico. Even though the overall water supply appears

sufficient to satisfy projected depletions in the Upper Colorado Region

until the year 2000, the comparison of water supply and demand on a regionwide

basis is oversimplified and misleading. Water is not uniformly available

throughout the Upper Colorado Region, and on many tributaries there is

little opportunity to regulate any unused supply. In other parts of the

region, such as southeastern Utah, water from the mainstream of the river

will have to be conveyed long distances to points of need. The Colorado

River rapidly is approaching the point at which it will be unable to supply

the demands placed on it. In the future, it is certain that the region

will face severe water shortages that will affect resource development plans

currently being developed.

Agriculture accounts for the largest functional use of water withdraw-

als and consumption. Exports from the Upper Colorado Region also signifi-

cantly deplete the Colorado River supply. Reservoir evaporation is another

important water use that depletes streamflow.

Large amounts of bituminous coal, oil shale, tar sands, and uranium are

located in all five States of the Upper Colorado Region. Water withdrawals

for mineral fuels are projected to increase from 68 mgd in "197 5" to 171

mgd in 2000. Since many of the resources are located on public lands, the

utilization of the fuel reserves depends largely on Federal leasing and

development policies.

The value 102,920 squares miles is for counties that approximate the Upper

Colorado Region. As shown in the region map, the hydrologic boundaries of the

region consist of 113,330 square miles.
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Water-related Problems

The water supply in the Upper Colorado is not sufficient to meet pro jec-

ted needs and terms of the Colorado River Compact. Other supply-related

problems revolve around the need for improved domestic water sources

and increased water requirements for mineral extraction and processing

and for agricultural purposes. Excess salinity and sedimentation are two

water quality concerns that must be solved. Conflicts exist among various

water consumers, such as domestic, industrial, and agricultural users.

The six geographic problem areas identified by the Upper Colorado as-

sessment staff are shown on the Upper Colorado Region map and in the

problem matrix. The problem matrix shows water quantity, water quality,

related land, and other issues as tabulated by State-regional representa-

tives for each of the geographic problem areas and by Federal representatives

for entire subregions.

Conclusions and Recommendations

The role of the Federal Government in the resolution of particular

problems in the Upper Colorado, such as excess salinity and erosion,

is described in the Upper Colorado Regional Report. No Level B studies

are recommended and no special data and research needs are identified.

The uncertainty over Indian water rights is a major institutional concern

that must be resolved.

National and State-Regional Futures

Table V-14 compares the National Future (NF) and State-Regional Future

(SRF) estimates of streamflows and water use in the Upper Colorado Region.

Because the NF values do not recognize the increased use of domestic

water to satisfy the large population increase since 1970, the estimate

for present domestic plus commercial use is about 25 mgd less than the

SRF. The SRF projects a 55 percent population increase between "1975"

and 2000 while the NF projects only a 7 percent increase. The need for

domestic water will be determined by the population growth. If the population

increases as projected in the SRF, the need for domestic water supplies

will almost double to 201 mgd by 2000.
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The water required to meet the SRF projected mineral fuels extraction

and processing and steam electric generation needs is generally much greater

than that shown by the NF projections. The NF did not project any

significant development of mineral fuels in this region. The decisions

on use of water for these purposes will depend largely upon a national

policy on energy use and conservation that is still to be formulated and

adopted. If domestic energy production is encouraged through control of

oil and natural gas imports, market place pricing, and production incen-

tives, the mineral fuels of the region will probably be utilized. Under

these circumstances, the SRF estimates of water consumption for oil shale

processing, coal gasification, and steam electric generation should be

equalled or exceeded by 2000.

Consumptive use for agriculture in "l975" is 12 percent less for the SRF

than the NF. The SRF values are those generally accepted by the States

of the Upper Colorado River Basin and reflect their best judgment of

average depletions under the present level of development in the river

system.

Projections of future agricultural consumption are larger for the NF

than for the SRF. The NF projects a full supply for all irrigated land

(1,627 thousand acres) by 2000. On the other hand, the SRF indicates

that only about 60 percent of the water-short lands will be fully supplied

since there appears to be no practical way to fully supply some of these

lands. The NF projection of new irrigated lands is based on the region's

meeting a share of the Nation's projected needs for food and fiber. SRF

projections are based on presently authorized projects. The National

Future estimates for public lands and fish and wildlife needs for instream

flows further help to explain water supply problems in the region.
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Table V-14.—Socioeconomic and volumetric data summary:

the Upper Colorado Region

"1975" ]985 2000

Category

NF SRF NF SRF NF SRF

SOCIOECONOMIC DATA (1000)

Total population 344 431 357 523 368 670

Total employment 128 168 140 205 150 280

VOLUMETRIC DATA (mgd)

-Base conditions-

Total streamflow

12,440

NE

12,440

NE

12,440

NE

Streamflow at outflow

point(s)

10,000

10,077

9,232

8,875

8,901

8,153

Fresh-water withdrawals

6,869

7,949

7,841

9,505

7,519

8,795

Agr icu1ture

6,427

7,639

7,254

8,809

6,706

7,580

Steam electric

103

53

157

172

201

248

Manufactur i ng

4

<1

2

<1

2

<1

Domestic

70

105

76

159

83

201

Commercia1

10

a

10

a

11

a

Mi nera1s

132

120

195

304

355

698

Public lands

103

32

120

61

127

68

Fish hatcheries

20

NE

27

NE

34

NE

Other

0

NE

0

NE

0

NE

Fresh-water consumption

2,440

2,118

3,018

2,890

3,232

3,419

Agriculture

2,221

1,956

2,688

2,479

2,775

2,668

Steam electric

39

50

106

164

151

241

Manufacturing

2

<1

1

<1

2

<1

Domestic

25

39

27

58

29

74

Commerc i a 1

3

a

4

a

4

a

Minerals

47

45

72

137

144

376

Public lands

103

27

120

52

127

60

Fish hatcheries

0

NE

0

NE

0

NE

Other

0

NE

0

NE

0

NE

Ground-water withdrawals

126

105

NE

105

NE

105

Exports

805

635

985

866

1,095

1,059

Evaporation

711

662

721

860

728

860

Instream approximation

Fish and wildlife

7,947

0

7,947

0

7,947

0

Treaties and compacts

6,700

6,698

6,700

6,698

6,700

6,698

NE - Not estimated.

SRF domestic water use includes commercial and institutional requirements.
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Lower Colorado Region (15)
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LOWER COLORADO REGION (15)

PROBLEM MATRIX

Problem area

Problem issues

0= Identified by Federal Agency

Representative

X= Identified by

State-Regional Representative

No. on map

Name

Water quantity

si

Water quality

Related lands

le

5 o

Regionwide

Aeag

Subregion 1501

Area O

Subregion 1502

Area

Subregion 150J3

Area

Lower Colorado River

Lower Colorado River

Little Colorado

McKinley County, New Mexico

Apache and Navajo Counties, Arizona

Lower Colorado Main Stem

Coconino County, Arizona

Las Vegas Valley, Nevada

Lower Colorado River Valley, Arizona & Nevada

Gila

Catron, Grant, Hidalgo Counties, New Mexico . .

Greenlee and Graham Counties, Arizona

Cochise County, Arizona

Maricopa County, Arizona

Pima-Pinal Counties, Arizona

X X

X X

X X

0 o

X

X X

X X

O 0

X X

X X

X

X X

X X

X

X

X X

X X

o

X X

X X

X X

0

X

X X

X X

X X
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Lower Colorado Region (15)

Total Area and Major River Systems

The Lower Colorado Region encompasses a total area of over 99 million

acres. It includes several closed basins in Arizona, western New Mexico,

southern Nevada, southwestern Utah, and some areas in Arizona and New Mexico

that drain into Mexico. Except for a portion in southern Calif ornia, the

region is hydrologically defined by the drainage area of the Colorado River

below Lee Ferry, Arizona. The Lower Colorado River Basin receives an annual

apportionment of Colorado River water as established by the Colorado River

Compact.

Water Supply Situation

The Colorado River System is one of the most controlled, overburdened,

and oversubscribed river systems in the Nation. Over half of the West

is largely dependent on Colorado River water. In spite of the river's

meager supply, a greater percentage of its water is exported than is exported

from any other major river system in the United States. Current water

uses are exceeding available renewable supplies. Overdraft of the ground-

water supply in central Arizona and southern Nevada is currently making

up the difference.

Water withdrawals are used mainly for irrigation. Almost half of the

irrigated acres in the region depend entirely on dwindling ground-water

supplies. Exports from the Lower Colorado Region also significantly deplete

the Colorado River's water supply.

Water-related Problems

The average annual water supply of the Colorado River is inadequate to

meet compact apportionments and treaty entitlements. Present available

surf ace-and ground-water supplies are insufficient to meet present uses,

and aquifers are being overdrafted. As ground-water levels drop, problems

of increased pumping costs, land subsidence, and earth fissures become more

prevalent. A major water quality concern stems from high levels of dissolved

mineral salts. The Lower Colorado also has flooding and erosion and sedi-

mentation.

The 12 geographic problem areas identified by the Lower Colorado As-

sessment Staff are shown on the Lower Colorado Region map and in the

problem matrix. The problem matrix shows water quantity, water quality,

related land, and other issues as tabulated by State-regional representa-

tives for each of the geographic problem areas and by Federal representatives

for entire subregions.
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Conclusions and Recommendations

The Federal role in providing cooperative analysis and aid in the reso-

lution of high priority problems should be continued in the Lower Colorado

Region. Specific conclusions and recommendations are made regarding needed

solutions to various regional problems, such as ground-water considerations.

No Level B studies are identified. Research is needed to develop more

complete and accurate modeling of the surface- and ground-water system.

National and State-Regional Futures

Table V-15 compares the National Future (NF) and State-Regional Future

(SRF) estimates of streamf lows and water needs in the Lower Colorado Region.

The total withdrawal requirements of the SRF and NF for 1985 are in close

agreement. SRF withdrawal values for the year 2000 are 13 percent higher

than the NF values. Even with similar total withdrawal values, significant

internal differences exist.

The SRF projections of domestic and manufacturing requirements for

withdrawal and consumption are consistently higher than the NF; the SRF

reflect higher populations and a slightly higher per capita consumption.

The SRF and NF differ significantly on water requirements for the

minerals industry. The SRF water requirements came from a survey of the

mining companies to collect data for the Arizona State Water Plan. About

97 percent of the water for the region's minerals industry is used in

Arizona. The basic difference is the degree of recycling assumed in the

two projections. In the region, water for mining is generally in short

supply and expensive. The water is recycled several times during ore

processing before finally being conveyed to lined evaporative disposal

ponds. Except for sand and gravel operations, little water is returned

to streams or ground-water aquifers. It is not now nor will it be acceptable

to return the waste water from mining activities to streams or ground-water

aquifers as implied in the NF projections.

The NF consumptive use coefficient is based on optimum crop growth with

50 percent drought probability. The SRF consumptive use coefficient is

lower than the NF. The SRF coefficient is based on an average year and

somewhat less than optimum crop growth. These differences apply to the

withdrawal requirements as well. The SRF assumes a slightly higher irri-

gation efficiency.
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The "1975" SRF water withdrawal and consumptive use figures for steam

electric power generation are smaller than the NF values by 18 and 16

percent, respectively. The 1985 SRF withdrawal requirements are ll percent

higher than those of the NF. The SRF projections assume that nearly all steam

electric plants in the region will continue to use wet cooling towers

and to recycle the water. In most of the plants little, if any, water

is returned to the stream system. Water quality standards encourage this

practice. In the year 2000, the SRF projections of both withdrawal

and consumptive use are considerably higher than the NF. The NF assumes

that after 1985 new steam electric plants will use dry cooling towers.

The SRF projection does not assume that there will be a significant use

of dry cooling towers by this date, because of the efficiency loss and

high cost.
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Table V-15. — Socioeconomic and volumetric data summary:

the Lower Colorado Region

"1975'

ii

1985

2000

Category

NF

SRF

NF

SRF

NF

SRF

SOCIOECONOMIC DATA (1000)

Total population

Total employment

2,412

940

2,683

1,031

2,915

1,165

3,740

3,629

5,071

2,044

1,491

1,466

VOLUMETRIC DATA (mgd)

-Base conditions-

Total streamflow 6,170

NE

6,170

NE

6,170

NE

Streamflow at outflow

poi nt(s)

Fresh-water withdrawals

Agriculture

Steam eIectr i c

Manufactur ing

Domest i c

Commerc i a I

Minerals

Public lands

Fish hatcheries

Other

Fresh-water consumption

Agriculture

Steam electric

Manufacturing

Domestic

Commercial

Minerals

Public lands

Fish hatcheries

Other

Ground-water withdrawals

Exports

Evaporation

Instream approximation

Fish and wildlife 6,864

1,550 1,340a -1,433 1,340a -1,544

1,340c

8,917

7

,962

8

,528

8

,522

7

,857

8,882

8,036

6

,955

7

,351

6

,838

6

,403

6,635

68

56

150

167

154

267

89

124

92

192

138

247

423

58g

520

87g

658

1,110

75

92

114

b

184

156

252

281

311

436

20

23

49

57

56

65

22

NE

22

NE

23

NE

0

68

0

108

0

122

4,595

4

,891

4

,754

5

,268

4

,708

5,556

4,073

4

,229

4

,014

4

,161

3

,780

4,062

63

53

134

162

126

250

55

63

54

94

104

123

199

3,£

245

440

310

544

35

43

D

54

b

151

142

217

262

280

412

19

23

47

56

54

65

0

NE

0

NE

0

NE

0

64

0

93

0

100

5,008

4

,324

NE

2

,447

NE

3,609

4,498

4

,465

4

,129

3

,929

4

,032

3,929

1,202

1

,230

1

,222

1

,232

1

,236

1,240

6,864

0 6,864

NE - Not estimated.

a

b

SRF streamflow is the minimum flow required by the Mexican Water Treaty.

SRF domestic water use includes commercial and institutional requirements.
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Great Basin Region (16)
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SCALE 1:5.300.000

200 MILES
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GREAT BASIN REGION (16)

PROBLEM MATRIX

Problem area

0= Identified by Federal Agency X- Identified by

Representative State-Regional

Problem issues

Representative

No. on map

Name

Water quantity

Water quality

Related lands

Fresh surface

■£

&

Fresh surface

Surface/depth

Erosion and

sedimentation

Dredge and fill

Water related

use conflicts

?

Marine and

estuarine

!

Marine and

estuarine

Flooding

Drain'e

o

O

1

Other

a

to

o

Subregion 1601

Bear-Great Salt Lake

O

0

O

O

O

O

Area O

X

X

X

X

X

X

Q

X

X

©

X

X

X

X

X

O

X

X

X

X

Subregion 1602

Sevier Lake

O

o

0

O

O

0

Area O

X

X

X

X

X

X

Subregion 160,3

Humboldt Tonopah Desert

O

o

0

O

o

Area

X

X

X

X

V

X

X

X

X

O

X

X

X

X

X

X

X

X

Subregion 1604

Central Lahonton

O

O

0

0

Area O

0

X

X

X

X

X

X

X

X

X

X

X

X

X
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Great Basin Region (16)

Total Area and Major River Systems

The Great Basin Region encompasses about 89 million acres in Utah,

Nevada, and Idaho. Most of the streamflow in the region originates in

the high mountains at its eastern and western edges. The region is part

of a hydrologically closed basin, so all of the rivers and streams eventually

end in terminal lakes or sinks where evaporation creates high salinities.

Water Supply Situation

The available water supply in the region is not sufficient to meet

needs in many areas. Streamflows vary seasonally and diminish drastically

in late summer; therefore, surface-water resources are poorly distributed

in time and location. Ground water supports most developments located

away from the base of the mountains, but recharge rates are low, and

stores are depleted in central parts of the region.

Irrigation is by far the largest functional use of withdrawals from

surface- and ground-water sources.

Water-related Problems

The scarcity of water in the region generates competition for its

use and for land that is located near a water supply source. In several

areas, lack of water is impeding further economic development, and urban-

ization of agricultural lands is causing conflicts. The region's ample

land resources cannot be used to the fullest extent for agricultural

purposes because water availability is limited. Water quality varies from

excellent in mountain headwater streams to poor in lower stream reaches

and terminal lakes. Principal pollutants are salts, sediment, excess nutri-

ents, and heat. Flooding is a serious and widespread problem. Other important

water-related issues concern institutional and financial arrangements.

The 10 geographic problem areas identified by the Nevada and Utah State

Divisions of Water Resources are shown on the Great Basin Region map and

in the problem matrix. The problem matrix shows water quantity, water

quality, related land, and other issues as tabulated by State-regional

representatives for each of the geographic problem areas and by Federal

representatives for entire subregions.

Conclusions and Recommendations

In the Great Basin Region, the Federal Government should aid in solving

water matters only when the States are unable to effect remedies. Ten

specific conclusions, emphasizing the importance of local entities in

water resources management, are listed in the Great Basin Regional Report.

No additional Level B studies are needed.
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National and State-Regional Futures

Table V-16 compares the National Future (NF) and State-Regional Future

(SRF) estimates of streamflows and water needs in the Great Basin Region.

The NF estimate for total water withdrawals is 75 percent of the SRF

estimate in "1975." The NF projections call for a declining total water

withdrawal for 1985 and 2000, whereas SRF projections call for a small

increase in total water withdrawals. For the year 2000, the SRF estimates

are about 58 percent larger than those of the NF. A portion of the NF

projected decrease in total water withdrawals is due to expected reduc-

tions of agricultural withdrawals by about 16 percent between "1975" and

2000. The comparable figures for the SRF calls for only a 2 percent

reduction.

Total NF water consumption estimates are consistently less than the SRF

estimates for the next 25 years. NF agricultural consumption estimates

alone are less than the SRF figures by 16 percent in "1975" and by 21 per-

cent in 2000. The SRF estimates are double those of the NF for the con-

sumption of water for steam electric purposes in "1975." However, values

for the year 2000 show a complete reversal of anticipated needs, as NF

estimates for steam electric purposes are double those of the SRF. Despite

these large differences, the amount of water involved in this use is

small compared to other uses. Much of the difference between NF and

SRF water requirements is attributable to the exclusion of marshland water

use from the NF estimates. According to the SRF, there is a considerable

amount of water use for managed and unmanaged marshlands between the

last gaging station on the major streams and the terminal lakes. The

most drastic difference in the SRF and NF figures concerns ground-water

withdrawals; whereas the NF estimates 1,424 mgd for "1975, " the SRF estimates

only 20 mgd.
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Table V-16. — Socioeconomic and volumetric data summary:

the Great Basin Region

"1975

i

1985

2000

Category

NF

SRF

NF

SRF

NF

SRF

SOCIOECONOMIC DATA (1000)

Total population

Total employment

1,262

517

1,374

550

1,464

626

1,781

756

1,739

767

2,446

1,058

VOLUMETRIC DATA (mgd)

-Base conditions-

Total streamflow 5,750

Streamflow at outflow

point(s)

Fresh-water withdrawals

AgricuIture

Steam electric

Manufacturing

Domestic

Commerc i a I

Minerals

Public lands

Fish hatcheries

Other

Fresh-water consumption

Agriculture

Steam electric

Manufacturing

Domestic

Commercial

Minerals

Public lands

Fish hatcheries

Other

Ground-water withdrawals

Evaporation

Instream approximation

Fish and wildlife 3,389

NE

5,750

2,562 2,562 2,057

NE

NE

5,750

1,858

'IE

'JE

7,991

10

,683

7

,316

10

,813

7

,258

1 1,49C

7,002

1

,063

6

,154

6

,946

5

,861

6,93'

33

8

65

12

82

22

112

89

93

148

98

327

340

38

348

a

399

45

452

475

55

613

a

a

145

187

206

285

273

371

319

363

351

400

411

467

2

2

3

3

3

3

0

2

,623

0

2

,567

0

2,756

3,779

6

,805

3

,765

7

,088

4

,036

7,368

3,258

3

,857

3

,116

4

,029

3

,232

4,087

3

6

42

10

52

2C

24

25

42

51

77

135

130

155

a

151

19

202

a

178

22

273

a

17

28

61

44

105

64

99

319

361

351

398

411

464

0

0

0

0

0

0

0

2

,340

0

2

,293

0

2,290

1,424

20

NE

24

NE

2:

327

2

,469

331

2

,411

333

2,336

3,389

3,389

NE - Not estimated.

a SRF domestic water use includes commercial and institutional requirements.
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Pacific Northwest Region (17)
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PACIFIC NORTHWEST REGION (17)

Problem issues

X= Identified by

State-Regional Representative

No. on map

Water quality

Related lands

SB

>- o

9 SI

53

Subregion 1701

Subregion 1702

Area O

Subregion 1703

and 1704

Area %J

Subregion 1705

Area ©

Subregion 1706

Area ©

Subregion 1 707

PROBLEM MATRIX

Problem area

0= Identified by Federal Agency

Representative

Name

Water quantity

S3

Clark Fork-Kootenai

Upper/Middle Columbia

Columbia River

Upper Central Snake

Lower Snake

Snake River

Coast-Lower Columbia

Oregon Coast

Puget Sound

Puget Sound

Oregon Closed Basin
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Pacific Northwest Region (17)

Total Area and Major River Systems

The Pacific Northwest Region occupies over 173 million acres in the

northwestern portion of the United States. The region's major rivers are

the Columbia and the Snake. The Puget Sound area is a unique resource of

great significance to the region.

Water Supply Situation

The region as a whole has an abundant supply of water on an average

annual basis. The supply, however, is not equally distributed throughout

the year or throughout the region. In some areas, the maldistribution

of surface supplies is compensated for by the presence of ground-water

supplies. In many areas, however, particularly east of the Cascade Range,

the lack of surface- and ground-water supplies causes seasonal shortages

of water, particularly for irrigation. This causes conflicts between

competing instream and offstream uses.

Irrigation is the principal offstream use of water while fisheries,

recreation, hydroelectric power, and navigation are the principal instream

uses.

Water-related Problems

During the summer, the need for irrigation conflicts with the need for

sufficient streamflows to maintain high water quality for the salmon

fishery. Additional reservoirs can be constructed only in areas of prime

wildlife habitat or of high scenic value. Many water quality problems

have been remedied already; major remaining difficulties are enrichment

of streamflow, sedimentation, and estuarine pollution. Major land-use

conflicts occur between development and conservation uses. The legal

status of water flowing through Federal reserved lands and Indian reserva-

tions is unclear.

The four geographic problem areas identified by the Pacific North-

west River Basins Commission are shown on the Pacific-Northwest Region

map and in the problem matrix. The problem matrix shows water quantity,

water quality, related land, and other issues as tabulated by State-regional

representatives for each of the geographic problem areas and by Federal

representatives for entire subregions.
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Conclusions and Recommendations

In the Pacific Northwest, it is recommended that the Federal Government

continue to discharge its statutory responsibilities, but concede leader-

ship in water resource matters to the states of the Pacific Northwest

River Basins Commission. The Commission, as necessary, should coordinate

the efforts of the Federal and State agencies. Because current studies

address the problem areas identified, no new Level Bstudies are proposed.

Data collection and research should be expanded in the Oregon coastal area,

the Puget Sound area, the Snake River, and the Columbia River. New institu-

tional arrangements are needed to improve cooperation among various govern-

mental levels dealing with water issues.

National and State-Regional Futures

Table V-17 compares the National Future (NF) and State-Regional Future

(SRF) estimates of streamflows and water needs in the Pacific Northwest

Region. Only limited SRF information comparable to NF information is

available, so no real comparison between the two is possible.
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Table V-17.— Socioeconomic and volumetric data summary:

the Pacific Northwest Region

Category

"1975"

1985

2000

SOCIOECONOMIC DATA (1000)

NF

SRF

NF

SRF

NF

SRF

Total population

6,703

6,783

6,991

8,089

7,589

9,780

Total employment

2,642

2,440

2,958

2,931

3,345

3,607

VOLUMETRIC DATA (mgd)

-Base conditions-

Total streamflow

266,556

NE

266,556

NE

266,556

NE

Streamflow at outflow

point(s)

255,270

239,570

251,905

NE

251,291

NE

Fresh-water withdrawals

37,495

37,495

38,098

NE

33,852

NE

Agricu1ture

33,253

33,253

34,725

NE

30,063

NE

Steam electric

260

260

203

NE

580

NE

Manufacture ng

2,324

2,324

1,321

NE

1,132

NE

Domestic

804

804

863

NE

957

NE

Commerc i a 1

274

274

282

NE

307

NE

MineraIs

118

118

141

NE

167

NE

Public lands

190

190

262

NE

332

NE

Fish hatcheries

272

272

301

NE

314

NE

Other

0

0

0

NE

0

NE

Fresh-water consumption

11,913

11,913

14,610

NE

15,196

NE

Agriculture

11,098

11,098

13,448

NE

13,315

NE

Steam electric

13

13

104

NE

344

NE

Manufacturing

329

329

501

NE

880

NE

Domest i c

210

210

220

NE

238

NE

Commercia 1

55

55

56

NE

60

NE

Minerals

18

18

19

NE

27

NE

Public lands

190

190

262

NE

332

NE

Fish hatcheries

0

0

0

NE

0

NE

Other

0

0

0

NE

0

NE

Ground-water withdrawals

7,348

7,348

NE

NE

NE

NE

Evaporation

2,014

1,915

2,055

1,915

2,083

1,915

Instream approximation

Fi sh and wiId Ii fe

214,004 214,004 214,004 214,004 214,004 214,0C4

NE - Not estimated.
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California Region (18)
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CALIFORNIA REGION (18)

PROBLEM MATRIX

Problem area

No. on map

Subregion 1801

Area O

Subregion 1802

Area \M

Subregion 1803

Area O

Subregion 1804

Area

s

Subregion 1805

Area O

Subregion 1806

Area

Subregion 1807

Name

Klamath-North Coastal

Trinity and Eel River Basins

Sacramento-Lahontan

Sacramento Valley

Lake Tahoe (Designated 208 Area)

Sacramento - San Joaquin Delta

San Joaquin-Tulare

San Joaquin Valley

San Francisco Bay

Santa Clara County

San Francisco Bay

Central California Coast

Salinas, Pajaro, and Carmel Valleys

Southern California

Santa Ana River Basin

Colorado River - Salinity Impact on California

Coastal Lagoons

Salton Sea

Santa Clara River Basin (Designated 208 Area)

Lahontan-South

Problem issues

0= Identified by Federal Agency

Representative

X= Identified by

State-Regional Representative

Water quantity

0

0

X

X

0

0

X

X

0

0

X

1,

()

X

X

X

It

Water quality

Related lands

n a

E E

mJi

LU
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California Region (18)

Total Area and Major River Systems

The California Region encompasses about 105 million acres with 1,050

miles of coastline. Two important, intensively developed rivers are the

Sacramento and the San Joaquin which drain California's central valley

and flow to the delta at San Francisco Bay. Other significant rivers

in the northern coastal area, such as the Klamath and the Eel, are not

as extensively utilized.

Water Supply Situation

Water supplies are poorly distributed in place and time with respect to

need. Water surplus areas are in the northern part of the region, while

areas of primary water demand are in the central and southern portions.

Similarly, the largest irrigation demand occurs in late summer, while

peak supply occurs in the winter. Reservoir storage and extensive conveyance

facilities have been developed to permit effective use of surface water.

Ground water has also been widely developed.

Fresh-water withdrawals go mainly to irrigation.

Water-related Problems

One of the region's major concerns is the discrepant distribution of

water supplies. The quality of most of the water in the region is superior

to the average quality of waters in the Nation, but it ranges from extremely

high quality in alpine lakes to low quality along the southern coast and

in the lower parts of closed basins. Erosion and sedimentation, flooding,

shortages of ground water, and needs for recreation water surface area

and drainage are problems faced by various areas in the region. Other

major issues include allocation of limited inland waters for powerplant

cooling, water rights, waste-water reclamation, and environmental protec-

tion.

The 13 geographic problem areas identified by the California Depart-

ment of Water Resources are shown on the California Region map and

in the problem matrix. The problem matrix shows water quantity, water

quality, related land, and other issues as tabulated by State-regional

representatives for each of the geographic problem areas and by Federal

representatives for entire subregions.
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Conclusions and Recommendations

Recommendations on the Federal role, planning, data and research, and

institutional matters focus on specific activities, such as legislation,

funding, and studies that the Congress and Federal agencies should emphasize.

National and State-Regional Futures

Table V-18 compares the National Future (NF) and State-Regional Future

(SRF) estimates of streamflows and water needs in the California Region.

The NF estimates for total fresh-water withdrawals are 3 percent over

the SRF estimates for "1975." Both the NF and SRF projections call for

an increase in fresh-water withdrawals. For the year 2000, the SRF estimate

is about 10 percent larger than that of the NF. Between "1975" and 2000,

NF withdrawals for agriculture are expected to remain about the same.

The comparable figures for the SRF call for a 14 percent increase.

The consumption situation is different. For "1975," the NF estimate

exceeds that of SRF by 24 percent and for the year 2000, by 15 percent.

Agricultural consumption estimates follow the trend set by total consump-

tion. NF pro jections exceed SRF pro jections by 31 percent in "1975" and by

22 percent in the year 2000. Both forecast increases in domestic, com-

mercial, and institutional consumption. However, SRF estimates are larger

by 17 percent in "1975" and 32 percent in the year 2000.
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Table V-18. -Socioeconomic and volumetric data summary:

the California Region

Category

"1975

"

1985

2000

NF

SRF

NF

SRF

NF

SRF

SOCIOECONOMIC DATA

Total population

Total employment

(1000)

21,160

8,828

21,168

23,703

10,226

24,422

10,604

27,093

12,080

29,344

8,894

13,093

VOLUMETRIC DATA (mgd)

-Base conditions-

TotaI streamfIow

71,819

NE

71,819

NE

71,819

NE

Streamflow at outflow

poi nt(s)

47,375 47,320 43,508

NE 41,546

NE

Fresh-water withdrawals

39,636

38,351

40

,549

41,792

41

,265

45,468

Agriculture

34,709

29,955

34

,981

32,290

34

,900

34,282

Steam electric

42

2,492

158

2,581

367

2,732

Manufacturing

796

859

830

897

828

890

Domestic

3,014

3,986

3

,395

4,885

3

,890

6,383

Commercial

374

a

414

a

470

a

Minerals

297

NE

359

NE

375

NE

Public lands

363

NE

371

NE

394

NE

Fish hatcheries

41

NEK

41

NEk

41

NE

Other

0

1,059°

0

1,139°

0

1,181b

Fresh-water consumption

26,641

21,544

27

,932

23,629

29

,699

25,849

Agriculture

24,380

18,675

25

,252

20,223

26

,447

21,638

Steam electric

25

48

101

147

242

302

Manufacturing

257

206

375

296

567

446

Domest i c

1,279

1,673

1

,436

1,955

1

,641

2,421

Commercial

155

a

174

a

198

a

Minerals

183

NE

225

NE

213

NE

Pub 1ic lands

362

NE

369

NE

391

NE

Fish hatcheries

0

NEh

0

NE

0

NEK

Other

0

942°

0

1,008°

0

1,042D

Ground-water withdrawals

19,160

12,510

NE

NE

NE

NE

Evaporation

669

1,122

679

1,186

686

1,186

Instream approximation

Fi sh and wiId Ii fe

32,607 32,607 32,607 32,607 32,607 32,607

NE - Not estimated.

a

b

SRF domestic water use includes commercial and institutional requirements.

SRF other water use includes recreation and wildlife.
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Alaska Region (19)
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ALASKA REGION (19)

PROBLEM MATRIX

Problem area

Proble

n issues

0= Identified by Federal Agency

Representative

X= Identified by

No. on map

Name

Water quantity

Water quality

State Regional Representative

Related lands

Fresh surface

Surface/depth

F resh surface

Surface/depth

Erosion and

sedimentation

Dredge and fill

Water related

use conflicts

■D

||

a, -

E S

Marine and

estuarine

punoj9

Ground

Flooding

&

c

Subregion 19Q1

Area

Alaska

Arctic

Kotzebue Sound

Norcen Sound

Upper Yukon - Canada

Upper Yukon

Central Yukon

Tanana

Koyukuk

Lower Yukon

Kuskokwim Bay

Bristol Bay

Aleutian

KodiakShelikof

Cook Inlet

Gulf of Alaska

Southeast
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Alaska Region (19)

Total Area and Major River Systems

The Alaska Region accounts for one-sixth of the total area of the United

States or over 375 million acres. Except for the Yukon and Porcupine,

all major streams in the region originate in Alaska. The Alsek, Taku,

and Stikine streams also have their headwaters in Canada. All of the

rivers and streams flow into either the Arctic Ocean, the Bering Sea, or

the Pacific Ocean.

Water Supply Situation

The apparent availability of water in Alaska, with its myriad lakes and

streams, is deceiving to the uninformed. In some places, an adequate

source of water for year-round use frequently may be difficult to obtain.

A combination of effects of geology and climate produces results often

unanticipated by persons with temperate and tropical climate experience.

Alaska has surface-water resources estimated at roughly one-third

of the Nation's fresh-water supply, but they are scattered over an area

equal to one-sixth of the Nation's total land area. When viewed as a

statewide total amount of water, supplies substantially exceed demands.

A great deal of the available water in Alaska occurs in southern coastal

and southeastern areas; for the vast majority of Alaska land areas, water

is in the form of snow or ice most of the year.

Manufacturing accounts for the largest use of water withdrawals. Coal

mines, refineries, and petrochemical plants have significant water require-

ments.

Water-related Problems

A major concern of the region is the lack of safe water sources for

remote villages. Another is the need for legislation to clarify the allo-

cation of water for instream uses, which often are overlooked in the

competition for water supply. Recently, energy development has had a

major effect on land and water resources in Alaska. The potential for

environmental disruptions from oil, gas, and coal development is tremendous.

In many areas with semiarid conditions or extended cold periods, frequent

water shortages may limit the energy development possible in these loca-

tions. Numerous places in Alaska have flooding. Harbors, maintenance facili-

ties, and well marked channels are needed for Alaska's commercial and

recreation boating activities. There are potentially serious water con-

flicts between forestry and fishery interests.
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The 16 geographic problem areas identified by the Alaska Water Study

Committee are shown on the Alaska Region map and in the problem matrix.

The problem matrix shows water quantity, water quality, related land,

and other issues as tabulated by State-regional representatives for each

of the geographic problem areas and by Federal representatives for entire

subregions.

Conclusions and Recommendations

Conclusions and recommendations are made regarding Federal-State-local

roles, planning, data and research, and institutional arrangements for

remote village water supplies, instream water, energy, water availability,

flooding, and navigation and ports. A program such as the Water Resources

Council's comprehensive coordinated joint planning program should be es-

tablished in Alaska. No new Level B studies are proposed. However,

data and planning efforts should give priority to water development for

municipal and industrial water supplies, port development, hydroelectric

power, and enhancement of natural flow for fish and wildlife.

National and State-Regional Futures

Table V-19 compares the National Future (NF) and State-Regional Future

(SRF) estimates of streamflows and water needs in the Alaska Region.

SRF estimates of total withdrawals are greater than the corresponding

NF estimates for "1975," 1985, and 2000. No information about fish hatchery

water withdrawals is available on the national level. On the other hand,

State sources indicate fish hatchery withdrawals are comparable to those

of domestic plus commercial use. If these significant fish hatchery

withdrawals are excluded from the SRF total withdrawal figures, the SRF

andNF totals become less discrepant. By the year 2000, remaining differences

are accounted for largely by the SRF projected increases in agriculture,

steam electric, and manufacturing water uses. NF values indicate a decrease

or no change in these functional use categories between "1975" and 2000.

Because no estimates of water consumption were developed by the SRF, no

meaningful comparisons between SRF and NF consumptive use can be made.

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:3

0
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



122 | SYNOPSES OF THE WATER RESOURCES REGIONS

Table V-19.—Socioeconomic and volumetric data summary:

the Alaska Region

Category

1975'

NF

SRF

1985

2000

NF

SRF

NF

SRF

SOCIOECONOMIC DATA (1000)

Total population

Total employment

307

409

361

606

438

992

135

186

164

267

205

426

VOLUMETRIC DATA (mgd)

-Base conditions-

Total streamflow 905,058

NE 905,058

Streamflow at outflow

point(s)

Fresh-water withdrawals

Agriculture

Steam electric

Manufacturing

Domestic

Commercial

Minerals

Public lands

Fish hatcheries

Other

Fresh-water consumption

Agriculture

Steam electric

Manufacturing

Domestic

Commerc i a I

Minerals

Public lands

Fish hatcheries

Other

Ground-water withdrawals

Evaporation

905,000 816,000 904,851

305

4

36

134

84

7

30

10

0

0

58

3

0

26

6

1

12

10

0

0

44

0

Instream approximation

Fish and wiIdlife 859,000

345

433

5

4

34

20

88

93

7§

105

9

61

192

NE

10

85c

0

0

0

NE

207

NE

3

NE

2

NE

41

NE

8

NE

2

NE

141

NE

10

NE

0

NE

0

NE

NE

NE

0

NE

859,000

NE 905,058

NE

NE

904,599

NE

711

745

1,243a

76

5

304

41

11

81

125

86

149

107

137

177

b

10

b

230

476

361

NE

20

NE

132c

0

171c

0

0

:

NE

459

•JE

NE

4

NE

NE

5

NE

NE

68

NE

NE

10

NE

NE

2

NE

NE

350

NE

NE

20

NE

NE

0

NE

NE

0

NE

NE

NE

NE

NE

0

NE

NE

859,000

NE

NE - Not estimated.

b

c

SRF considered two levels of development. Data are presented for high level

development. Total withdrawals are estimated at 1,071 mgd for low level

development.

SRF domestic water use includes commercial and institutional requirements.

SRF estimates based on average maximum water requirements (10 cubic feet per

second or 6.5 mgd).
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Hawaii Region (20)
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HAWAII REGION (20)

X= Identified by

State-Regional Representative

Related lands

SE

PROBLEM MATRIX

Problem area

Problem issues

0= Identified by Federal Agency

Representative

No. on map

Name

Water quantity

Water quality

Subregion 2001

Subregion 2002

Subregion 2003

Subregion 2004

Hawaii County

Maui County

Honolulu County

Kauai County
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Hawaii Region (20)

Total Area and Major River Systems

The Hawaiian Archipelago contains 132 islands, shoals, and reefs, which

equal about four million acres within the State of Hawaii. There are more

than 200 perennial and temporary streams, but no large watersheds comparable

to mainland stream systems.

Water Supply Situation

Rainfall in Hawaii is ample to supply the present and foreseeable future

water requirements of all the major islands. Any supply problems are

due to inequalities in the distribution of rainfall rather than to insuf-

ficient quantities. Surface water diverted from streams represents the

major source of water; streams are perennial and abundant where rainfall

is plentiful and well distributed through the year and where the ground

is not extremely porous. Groundwater occurs as basal water, dike-impounded

water, and as perched water; pumping from these supplies is currently

within safe limits. Hawaii's unique combination of geology and rainfall

makes it difficult to apply normal water-soil relationships.

Irrigation is the largest user of water withdrawals.

Water-related Problems

Except for the island of Oahu, all islands have sufficient water sup-

plies to meet demands until the year 2000. Many water systems, however,

rely on surface-water supplies that sometimes have undesirable taste,

odor, and turbidity. Other water systems obtain supplies from aquifers

that are sometimes in potential danger of contamination. Flood damage

in Hawaii has been extensive, making flood forecasting an important en-

deavor. Degradation of environmental quality due to siltation, sewage,

chemical and thermal pollution, and conflicting land use that threatens

endangered species are major concerns. With increasing demands for water,

the question over whether to develop or to preserve fresh-water habitat

becomes more pressing.

No geographic problem areas were identified by the Hawaii Department of

Land and Natural Resources. The problem matrix shows water quantity,

water quality, related land, and other issues as tabulated by Federal

representatives for the entire subregions.
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Conclusions and Recommendations

Conclusions and recommendations for the Hawaii Region are made regard-

ing water supply, water quality, floods, environmental degradation, and

endangered species. No new Level B Studies are recommended (a Level B

Study for Hawaii was completed in 1977). Most water-related problems

and opportunities are being addressed by ongoing programs, e.g., the coastal

zone management plan, the areawide waste treatment plan, and ongoing

urban studies. Gaps in Hawaii's data program include the lack of raw

data and the lack of adequate data storage, retrieval, dissemination,

and analysis capabilities; these gaps are particularly significant in

the data areas of environmental and land and water use.

National and State-Regional Futures

Table V-20 compares the National Future (NF) and State-Regional Future

(SRF) estimates of streamflows and water needs in the Hawaii Region.

The State-Regional Future was extracted from the Hawaii Water Resources

Regional Plan, but because the plan did not include 1985 as a time period,

totals were not available for that year. The plan projected figures for

water withdrawals for the year 2000; these can be compared with the National

Future. No projections are available for consumptive water use.

One of the main differences between the NF and the SRF is the population

growth. NF projections show lower growth for the region than the SRF (38

percent), while the study team for the economic analysis of the regional

plan, which consisted of State and county planners, predicts population

to increase by 57 percent between "1975" and 2000.

What is not shown in the tables is the effect of the visitor industry.

In "1975" visitors averaged 60,000 per day in the region. In the year 2000

it is estimated that this total will substantially increase. The effect

of the visitor industry is demonstrated in the volumetric requirements

for domestic water, which accounts for the great differences in the total

withdrawals.

A major goal of the region is to encourage more agricultural develop-

ment. This is reflected in the difference between the NF and SRF irrigation

withdrawals projected for the year 2000.

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:3

0
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



128 | SYNOPSES OF THE WATER RESOURCES REGIONS

Table V-20. —Socioeconomic and volumetric data summary:

the Hawaii Region

"1975" 1985 2000

Category

NF SRF NF SRF NF SRF

SOCIOECONOMIC DATA (1000)

Total population 787 865 911 1,058 1,085 1,355

Total employment 365 347 431 451 519 599

VOLUMETRIC DATA (mgd)

-Base conditions-

Total streamflow

7,352

NE

7,352

NE

7,352

NE

Streamflow at outflow

poi nt(s)

6,747

NE

6,716

NE

6,686

NE

Fresh-water withdrawals

1,879

1,516

1,619

NE

1,349

2,129

Agr iculture

1,449

948

1,229

NE

954

1,354

Steam electric

0

0

0

NE

0

0

Manufactur ing

252

321

181

NE

139

24'

Domestic

148

226

172

NE

209

43:

Commercial

29

a

36

NE

46

i

Mi nera1s

1

1

1

NE

1

NE

Pub 1ic lands

0

0

0

NE

0

D

Fish hatcheries

0

0

0

NE

0

:

Other

0

20

0

NE

0

?:

Fresh-water consumption

605

NE

636

NE

666

NE

Agr iculture

476

NE

484

NE

476

NE

Steam electric

0

NE

0

NE

0

NE

Manufacturing

74

NE

88

NE

112

NE

Domestic

44

NE

52

NE

63

NE

Commercial

11

NE

12

NE

15

NE

Minerals

0

NE

0

NE

0

NE

Pub 1ic lands

0

NE

0

NE

0

NE

Fish hatcheries

0

NE

0

NE

0

NE

Other

0

NE

0

NE

0

NE

Ground-water withdrawals

790

882

NE

NE

NE

NE

Evaporation

1

NE

1

NE

1

NE

Instream approximation

Fish and wildlife

4,590

NE

4,590

NE

4,590

NE

NE - Not estimated.

SRF domestic water use includes commercial and institutional requirements.
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Caribbean Region (21)
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18
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CARIBBEAN REGION (21)

PROBLEM MATRIX

Problem area

Problem issues

Identified by Federal Agency

Representative

X= Identified by

State Regional Representative

No. on map

Name

Water quantity

Water quality

Related lands

™ Si

53

Subregion 210J

Area

Subregion 2102

Area

Puerto Rico

Puerto Rico

San Juan Area, Puerto Rico

Barceloneta Area, Puerto Rico

South Coast Area, Puerto Rico

Islandwide Puerto Rico: Flooding

Islandwide Puerto Rico: Waterborne Pathogens . ,

Islandwide P.R.: Sedimentations Eutrophication

Virgin Islands

Virgin Islands

St. Croix, Virgin Islands

St. Thomas, Virgin Islands

St. John, Virgin Islands
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Caribbean Region (21)

Total Area and Major River Systems

Puerto Rico, the larger of the two subregions of the Caribbean Region,

has a territory of slightly more than 2 million acres. The U.S. Virgin

Islands consist of a total area of about 85,000 acres. Most of the rivers

in Puerto Rico are short in length, and none are very large in size or

flow. The largest river, the Rio Grande de Loiza, has a drainage area of

only 310 square miles. Streamflow in the Virgin Islands is ephemeral,

and stream channels respond quickly to rainfall due to the extremely

steep topography and tiny watershed areas.

Water Supply Situation

Because of the lack of islandwide distribution systems in Puerto Rico,

water supplies, which are ample overall cannot fulfill the needs of heavy

demand areas. If managed wisely, Puerto Rico's water resources are suffi-

cient to support significantly increased levels of population and economic

activity. The Virgin Islands, however, have very limited water supplies.

Water sources include raw and desalinated sea water, rainwater collection,

waste-water recycling, and water Imported by barges. The distribution

facilities are very poor in this subregion, and the desalination plants

often break down.

Irrigation accounts for the largest use of water withdrawals.

Water-related Problems

In Puerto Rico, institutional problems are the most severe impedi-

ment to resolution of water and related land-resource issues. Water quality

is another major concern since surface waters are used as waste depositories

and for domestic and agricultural needs. Both subregions have flooding and

erosion and sedimentation. In the Virgin Islands, the most crucial water

resource problems are related to the poor condition of the water supply

and distribution system.

The 11 geographic problem areas identified by the Puerto Rico Depart-

ment of Natural Resources are shown on the Caribbean Region map and in

the problem matrix. The problem matrix shows water quantity, water quality,

related land, and other issues as tabulated by State-regional representa-

tives for each of the geographic problem areas and by Federal representa-

tives for entire subregions.
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Conclusions and Recommendations

Because the Federal role in water programs Is well developed already in

the Caribbean, a significant enlargement of this role seems inappropriate.

A Level B study has been proposed for Puerto Rico; no Level B studies are

recommended for the Virgin Islands. In Puerto Rico, data collection and

research are needed in various fields, especially in the inefficient

management of irrigation water. The primary research needs in the Virgin

Islands are for water conservation methods, aquifer development and manage-

ment, and water recycling.

National and State-Regional Futures

Table V-21 compares the National Future (NF) and State-Regional Future

(SRF) estimates of streamflows and water needs in the Caribbean Region.

National Future estimates of total withdrawals and consumption in

"l975" are greater than those of the State-Regional Future. By the year

2000, this situation will be reversed, with the SRF exceeding NF projec-

tions. Differences between NF and SRF values are significant in the agri-

cultural and domestic use categories. Both show good agreement on commercial

and minerals withdrawal and consumption.

^ US. GOVERNMENT PRINTING OFFICE : 1980 O—309-151
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Table V-21. —Socioeconomic and volumetric data summary:

the Caribbean Region

"1975

i

1985

2000

Category

NF

SRF

NF

SRF

NF SRF

SOCIOECONOMIC DATA (1000)

Total population

Tota1 emp1oyment

3,052

809

3,052

809

3,614

1,010

3,614

1,010

4,234 4,234

1,190 1,190

VOLUMETRIC DATA (mgd)

-Base conditions-

Total streamflow

Streamflow at outflow

point(s)

Fresh-water withdrawals

Agriculture

Steam electric

Manufacturing

Domestic

Commerc i a I

Minera Is

Public lands

Fish hatcheries

Other

Fresh-water consumption

Agriculture

Steam electric

Manufacturing

Domestic

Commercial

Minera Is

Public lands

Fish hatcheries

Other

Ground-water withdrawals

Evaporation

Instream approximation

Fish and wiId Ii fe

5,181 NE 5,181

4,851 667 4,807

NE

NE

5,181

4,881

NE

'.E

907

725

963

901

890

1,086

521

239

498

229

330

232

0

0

0

0

0

:

0

101

0

124

0

133

311

311

376

461

454

618

44

44

52

52

60

C

31

30

37

35

45

--

0

0

0

0

0

"

0

0

0

0

0

:

0

0

0

0

0

:

343

299

374

368

300

427

281

147

297

154

206

163

0

0

0

0

0

0

0

25

0

31

0

3:

49

114

61

167

75

212

9

9

11

11

13

13

4

4

5

5

6

6

0

0

0

0

0

c
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A

Authorization

The United States Water Resources Council

was established by the

Water Resources Planning Act of 1965,

(Public Law 89-80).

The purpose of the Council is to encourage the

conservation, development, and utilization

of water and related land resources

on a comprehensive and coordinated basis

by the Federal government.

States, localities, and private enterprises

with the cooperation of all

affected Federal agencies.

States, local government, individual

corporations, business enterprises,'

and others concerned.
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GLOSSARY AND CONVERSION TABLE

Definitions of terms as used in the

Second National Water Assessment

1975$ — most monetary figures are shown in 1975 dollars; source infor-

mation was often supplied in 1967 dollars and a factor of 1.533 ap-

plied to obtain 1975$.

"1975" — base year for assessment information; represents assumed

average conditions, not actual data, so is shown with quotation

marks.

1985—10-year date from base year "1975" for which water supply,

water use, and other assessment information is projected.

2000 — 25-year date from base year "1975" for which water supply,

water use, and other assessment information is projected.

annual—average daily value for the year.

aquifer —underground formation that contains sufficient saturated

permeable material to yield significant quantities of water to wells

and springs.

assessed streamflow —see streamflow-related terms.

assessment geographic divisions

1. region —one of the 21 hydrologic regions as designated by the U.S.

Water Resources Council; 18 are within the conterminous United

States, plus Alaska, Hawaii, and the Caribbean.

2. assessment subregion (ASR) — one of the 106 hydrologic subdivi-

sions of a region; once called aggregated subregion; shortened to

subregion for this report.

3. assessment subarea (ASA) —one of the 106 county approxima-

tions of the assessment subregions; once called aggregated

subarea; shortened to subarea for this report.

base conditions —typical or average conditions of fresh-water use;

used to compare "1975" base year conditions with projections for

1985 and 2000.

best available technology (BAT) —best available technology

economically achievable for industrial discharges; 1983 goal of the

Federal Water Pollution Control Act Amendments of 1972 (Public

Law 92-500).

best practicable technology (BPD—best practicable control

technology currently available for industrial discharges; 1977 goal of

the Federal Water Pollution Control Act Amendments of 1972 (Public

Law 92-500).

bgd — billion gallons per day.

biochemical oxygen demand (BOD)—a measure of oxygen

required for the oxidation of organic matter in water.

consumption —portion of surface or ground water withdrawn for off-

stream uses that is lost by evapotranspiration or by incorporation

into a manufactured product.

conterminous U.S. —(also called contiguous U.S.) the 48 States with

common boundaries; water resources regions 1-18.

critical month —month in which fish and wildlife instream flow needs

are least likely to be met under present or future base conditions.

cropland —land used for agriculture but not in permanent pasture,

native hayland, rangeland, or woodland.

current streamflow —see streamflow-related terms.

dry conditions —present and future water conditions for a moderate

drought that occurs on the average one year in five.

earnings —sum of income accruing from wage and salary, proprietor's

income, and other labor income.

evaporation —see net evaporation.

evapotranspiration —water loss through evaporation (from soil and

surface water bodies) and transpiration (from plants).

exceedance — see "streamflow exceedance" given under streamflow-

related terms.

exports —artificial transfers of fresh water from one region or

subregion to another, e.g., by pipes or canals.

frequency analysis —method used to determine "streamflow ex-

ceedance" given under streamflow-related terms.

functional water use —category of offstream use, e.g., domestic

commercial, manufacturing, agriculture, steam electric generation

minerals industry.

future streamflow— \ now called

future modified flow (FMF)— f assessed streamflow.

gcd — gallons per capita per day.

ground-water overdraft —portion of ground-water withdrawals that

exceed recharge; sometimes called ground-water mining.

imports —artificial transfers of fresh water to one region or subregion

from another, e.g., by pipes or canals.

instream flow approximations —estimates of monthly flow suffi-

cient to support aquatic life and outdoor recreation; estimated at the

outflow point.

instream use —uses of water in the stream channel, e.g. fish and

other aquatic life, recreation, navigation, hydroelectric production.

mgd—million gallons per day.

modified central case (MCO —now called National Future.

monthly—a set of average daily values for each month of the year.

NASQAN —National Stream Quality Accounting Network; a data-

collection program established by the U.S. Geological Survey to ob-

tain long-term consistent regional and nationwide overviews of the

quality of streams.

natural flow depletion —see streamflow-related terms.

natural modified flow (NMF) —now called total streamflow.

natural outflow—see streamflow-related terms.

National Future (NF) — estimates of present and future conditions by

the participating Federal agencies; National Future estimates form a

nationally consistent information base, which is not necessarily a na-

tionally accepted future; see also State-Regional Future.

net evaporation —the difference between rainfall and evaporation;

limited to evaporation from manmade reservoirs that have more than

5,000 acre-feet capacity and from farm and stock ponds; zero is used

when rainfall exceeds evaporation.
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9t exports -

the difference between the water artificially

transferred to and from a region or subregion

is calculated as a net import or export.

»t imports'

BERS —a collection of current socioeconomic information and

demographic and economic projections; the 1972 OBERS Series E

projections are the primary base for information used in the second

assessment; OBERS is a Water Resources Council publication com-

bining information from the Department of Commerce (Bureau of

Economic Analysis) and the Department of Agriculture (Economics,

Statistics, and Cooperative Service).

ffstream use —water withdrawn from a source for functional uses

such as irrigation, municipal water supply, steam electric generation,

etc.

utf low point —see streamflow-related terms.

iverdraft — see groundwater overdraft.

resent modified flow (PMR —now called current streamflow.

ublic lands —includes only Bureau of Land Management (BLM)

lands, national forests, and national parks.

eg ion —see assessment geographic divisions.

alinity - a condition in which the water contains more than 1,000

milligrams of dissolved solids per liter, regardless of the nature of the

mineral in solution.

■ ta te-Regional Future ISRF) — estimates of present and future condi-

tions provided by participating River Basin Commissions, State

agencies, and other regional sponsors; see also National Future.

STORET (storage and retrieval) —a computerized water quality data

system managed by the Environmental Protection Agency.

treamflow-related terms

outflow point

a. above outflow point —describes depletion (consumption and

evaporation) and water transfer (export and import) information.

Information described as "above the outflow point" is the value

for the given region or subregion, plus the sum of values for all

upstream regions or subregions.

b. at outflow point - the sum of outflows from all of the major

streams and rivers draining the area, measured at the

downstream boundary of the region or subregion.

I. streamflow

a. streamflow - statistically derived estimate of surface fresh-

water discharge rates at the outflow point of the subregions,

with adjustments made where actual stream gage locations are

not near the outflow point.

b. current streamflow —average flow for "1975" derived from

historical data; data includes effects of consumption, water

transfers, evaporation, and ground-water overdraft.

c. assessed streamflow —a computed flow that includes effects

of consumption, water transfers, and evaporation from man-

made reservoirs, but not ground-water overdraft.

3. streamflow as supply

a. current streamflow supply — the "1975" streamflow if con-

sumption were eliminated, but ground-water overdraft flows

were continued.

b. assessed total streamflow —streamflow that would be

available if consumption were eliminated, if "1975" water

transfer and reservoir practices were continued, but if ground-

water overdrawing were discontinued.

c. natural outflow (natural available streamflow) — estimate of

streamflow without artificial manmade constraints.

4. streamflow depletion

a. current streamflow depletion — estimated loss to "1975" cur-

rent streamflow supply from consumption.

b. assessed streamflow depletion—estimated loss to assessed

total streamflow from consumption, increases in net exports,

and increases in net evaporation.

c. natural flow depletion —estimated loss to natural outflows

(natural available streamflow) from all offstream demands (con-

sumption, evaporation, and net exports).

5. streamflow exceedance - a statistical estimate of flow probabili-

ty based on a 100-year period; a 5-percent exceedance flow will be

exceeded only in five of the 100 years, which represents a very high

streamflow condition.

6. surplus streamflow —portion of streamflow at region or

subregion outflow point after all offstream and instream uses have

been met; value does not include covenants and agreement for

maintaining flows at downstream points.

subarea — see "assessment subarea" given under assessment

geographic divisions.

subregion —see "assessment subregion" given under assessment

geographic divisions.

surplus streamflow-see streamflow-related terms.

suspended solids —small particles of solid materials that contribute

to turbidity and resist separation by conventional means.

total streamflow —see "assessed total streamflow" given under

streamflow-related terms.

total suspended solids (TSS) — a measure of suspended solids used

to evaluate water quality.

water adequacy -capability of a river system to meet both offstream

and instream uses without overdraft of ground-water sources.

water transfers —see imports, exports.

withdrawal—water taken from a surface- or ground-water source for

offstream use.

CONVERSION TABLE FOR

WATER-MEASUREMENT TERMS

QUANTITY

1 acre-foot = 325,851 gallons

= 43,560 cubic feet

1 million gallons = 3.07 acre-feet

1 cubic foot = 7.48 gallons

FLOW

1 million gallons per day (mgd) = 694.4 gallons per minute

= 1.55 cubic feet per second

= 1,120 acre-feet per year

1 billion gallons per day (bgd) = 1.12 million acre-feet per year

1 cubic foot per second = 1.98 acre-feet per day
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VOLUME 3: ANALYTICAL DATA SUMMARY

INTRODUCTION

Contents of this Volume

This volume contains baseline and projected information developed for the Second National Water

Assessment under the direction of the U.S. Water Resources Council. It includes national and regional

information for social, economic, environmental, water supply, and water use. Information for

subregions is contained in the five appendixes to this volume.

Background of the Assessment

The Water Resources Planning Act of 1965 (Public Law 89-80) directs the U.S. Water Resources Coun-

cil to maintain a continuing study of the Nation's water and related land resources and to prepare

periodic assessments to determine the adequacy of these resources to meet present and future water

requirements. In 1968, the Water Resources Council reported the results of its initial assessment. The

Second National Water Assessment, published a decade later, provides a comprehensive, nationally

consistent information base for the water resources of the United States.
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2 | VOLUME 3: ANALYTICAL DATA SUMMARY

Organization of the Assessment Report

The final report of the Second National Water Assessment consists of four separate volumes, which

can assist Federal, State, local, and other program managers, the Administration, and the Congress in

establishing and implementing water resources policies and programs.

Volume 1, Summary, gives an overview of the Nation's water supply, water use, and critical water pro-

blems for "1975," 1985, and 2000 and summarizes significant concerns.

Volume 2, Water Quantity, Quality, and Related Land Considerations, consists of one publication with

five parts:

Part I, Introduction, outlines the origin of the Second National Water Assessment, states its purpose and scope, explains the

numerous documents that are part of the assessment, and identifies the individuals and agencies that contributed to the

assessment.

Part II, Water-Management Problem Profiles, identifies the 10 general water-problem issues and their implications and poten-

tial consequences.

Part III, Water Uses, focuses on the national perspectives regarding existing ("1975") and projected (1985 and 2000) re-

quirements for water to meet offstream, instream, and flow-management needs. State-regional and Federal perspectives are

compared.

Part IV, Water Supply and Water Quality Considerations, analyzes the adequacy of fresh-water supplies (ground and surface)

to meet existing and future requirements. It contains a national water budget; quantifies surface- and ground-water supplies,

reservoir storage, and transfers of water within and between subregions; describes regional requirements and compares them

to supplies; evaluates water-quality conditions; and discusses the legal and institutional aspects of water allocation.

Part V, Synopses of the Water Resources Regions, covers existing conditions and future requirements for each of the 21

water resources regions. Within each regional synopsis is a discussion of functional and location-specific water-related prob-

lems; regional recommendations regarding planning, research, data, and institutional aspects of solving regional water-related

problems; a problem-issue matrix; and a comparative-analysis table.

Volume 3, Analytical Data, consists of six separately published parts—a summary volume and five

appendixes. The summary volume describes the methods and procedures used to collect, analyze, and

describe the data used in the assessment and also contains the summary tables of national and

regional totals extracted from Appendixes I and II. The five separately published appendixes contain

data for the regions and subregions as explained below.

Appendix I, Social, Economic, and Environmental Data, contains the socioeconomic baseline (" 1975") and growth projec-

tions (1985 and 2000) on which the water-supply and water-use projections are based. This appendix presents two sets of

data. One set, the National Future, represents the Federal viewpoint; the other set, the State-Regional Future, represents the

regional sponsor and/or State viewpoint. Appendix 1 contains the following tables:

Table 1-1

Population, Employment, and Income

I-2

Earnings by Major Sectors

1-3

Surface Area and Land Use _ 1975

1-4

Cropland and Irrigated Farmland

1-6

Sheet Erosion by Source

1-6

Flood Damages by Land Use

1-7

Recreation Requirements and Wilderness Areas

1-8

Electric Power Generation by Fuel Source

1-9

Steam Electric Generating Plants

1-10

Water Quality Indicators

1-11

Commercial Navigation
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U.S.Water resources

Council.

The nation's

water resources.1975

-2000. x Analytical

data summary

VOLUME 3: ANALYTICAL DATA SUMMARY

IV-2

IV-3

IV-4

IV-5

al Water Supply and Use Analysis, contains baseline water-supply data and baseline and projected water-

ter-consumption data used for the assessment. Also included are a water-adequacy analysis, a natural-

a critical-month analysis. Appendix II contains the following tables:

Annual Water Supply Data - "1975"

Annual Imports, Exports, and Net Evaporation

Annual Instream Flow Uses

Annual Water Requirements for Offstream Uses — base conditions

Annual Water Adequacy Analysis — base conditions

Natural Water Supply Analysis

Summary of Monthly and Annual Water Adequacy — base conditions

Summary of Monthly and Annual Water Adequacy — dry conditions

Water Requirements for Energy — base conditions

•nthly Water Supply and Use Analysis, contains monthly details of the water-supply, water-withdrawal,

iption data contained in Appendix II and includes an analysis of monthly water adequacy. Appendix III

wing tables:

Monthly Water Supply Data - "1975"

Monthly Imports, Exports, and Net Evaporation

Monthly Instream Flow Uses

Monthly Water Requirements for Offstream Uses — base conditions

Monthly Water Adequacy Analysis — base conditions

y Conditions Water Supply and Use Analysis, contains all annual and monthly information relating to dry

.is. An exception to this is Table 11-7 (Appendix II), which contains summary monthly information for both

ditions. The dry conditions analysis describes present and future conditions for a moderate drought condi-

on the average one year in five. Appendix IV contains the following tables:

Annual Water Requirements for Offstream Uses — dry conditions

Annual Water Adequacy Analysis — dry conditions

Monthly Water Requirements for Offstream Uses — dry conditions

Monthly Water Adequacy Analysis — dry conditions

Water Requirements for Energy — dry conditions

Appendix V, Streamflow Conditions, gives detailed background information on the derivation of the baseline streamflow

information for each subregion. Streamflow values from Appendix V are also displayed in Appendix II, Table II-l. A

description of streamflow gages used, correction factors applied, periods of record, and extreme flows of record are given.

Also included is the State-Regional Future estimate of average streamflow. An example for subregion 101 is included as

Figure 1.

Volume 4, Water Resources Regional Reports, consists of separately published reports for each of

the 21 regions. Synopses of these reports are given in Volume 2, Part V.
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VOLUME 3: ANALYTICAL DATA SUMMARY

Location-ASR 101

Gages Used-Selected Statistics

1

1

OTbCRS::

GAGE NUMBER

01-011.*

01-0590

01-C>65

01-03<>5

GAGE NAME

ST. JOHN RIVER

AT

ANDRO5COGGIN R.

NEAR

KENNEBEC RIVER

PENOBSCOT RIVER

AT WEST

ENFIELD, MAINE

—

AT

FT. KENT, MAINE

AUBURN, MAINE

BINGHAM, MAINE

PERIOD OF

RECORD

1927-1977

1930-1977

1908-1977

1903-1977

—

DRAINAGE AREA

CSQ. Ml.)

5,690

3,257

2,71*

6,600

6,5*5

AVERAGE FLOW

6,210

3,950

2,86*

II,300

7.6U0

7,380

MAXIMUM 1-MONTH

'>'•, 100

363

21,100

1,130

32,600

••6,100

W3

MINIMUM 1-MONTH

(MGD)

mi

1,160

RATIO USED

TO COMPUTE ASR

1.37

1.00

i.u

1.00

—

OUTFLOW'

"01-0100, 01-0170, 01-0180, 01-0200, 01-0215, 01-5225, 01-0365, 01-0380, 01-0180, 01-0190

Figure 1. Sample for Subregion 101 — Appendix V, "Streamflow Conditions"
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VOLUME 3: ANALYTICAL DATA SUMMARY

150,000

^ 125,000

100.000

7WJ00

50,000

2&000

Annual & Monthly Streamf low

ASR 101

LEGEND

J 5* EXCEEDANCE

MEDIAN

95* EXCEEDANCE

rr

B

bb-

B

D J F M A M J J A S

MONTH Of THE YEAR

ANNUAL

ASSESSMENT SUBREGION (ASR) 10 1

STATE-REGIONAL FUTURE (SRF) AND NATIONAL FUTURE (NF) OUTFLOWS (MGD)

MEAN

VALUES -

SRF

NF

OCTOBER

22200

22200

NOVEMBER

32600

32800

DECEMBER

36100

36100

JANUARY

25300

25300

FEBRUARY

24300

24300

MARCH

34300

34300

APRIL

98200

98200

MAY

89200

89200

JUNE

33700

33700

JULY

20400

20400

AUGUST

18800

18800

SEPTEMBER

19400

19400

NF ANNUAL

_

37900

SRF ANNUAL

37900

—

5%

50%

80%

9 5%

42400

18200

1 1600

7690

67800

25700

15300

9310

75200

29100

17500

10700

42300

22400

15400

1 1000

47100

21200

14200

9820

70300

30700

21 100

14900

151000

90500

64600

47800

153000

60800

56400

39600

60100

30600

21400

15400

35200

18700

13600

10200

36300

16400

1 1500

8530

39300

15900

10300

6980

52500

38100

31000

24700

CRITICAL PERIOD ANALYSIS 1903-1977

EXTREME RUNOFF VOLUMES

EXPRESSED AS AVERAGE FLOWS FOR THE PERIOD INDICATED (MGD)

1-MO

6-MO

18-MO

30-MO

54-MO

168000

79300

61600

55500

50000

46600

5730

8540

22000

25100

29300

32700

FOOTNOTE:

MAX I MUM

MINI MUM

TREND: INSIGNIFICANT

VALUES ROUNDED TO THREE SIGNIFICANT FIGURES

90-MO

:igure 1. Sample for Subregion 101 — Appendix V, "Streamflow Conditions"

continued)
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VOLUME 3: ANALYTICAL DATA SUMMARY

ASSUMPTIONS

AND

METHODOLOGY

Scope of the Assessment Information

The Second National Water Assessment and its information base constitute a major step in the iden-

tification and definition of water-resources problems by the many State, regional, and Federal in-

stitutions involved. However, much of the information in this assessment is general and broad in

scope; thus, its application should be viewed in that context, particularly in the area of water quality.

Further, the information reflects areas of deficiencies in availability and reliability of data. For these

reasons, State, regional, and Federal planners should view the information as indicative, but not the

only source to be considered. When policy decisions are to be made, the effects at State, regional, and

local levels should be considered.

In a national study it is difficult to reflect completely the regional variations within the national ag-

gregation. For example, several regional reviewers did not agree with the national projections made

for their regions. These disagreements can be largely attributed either to different assumptions by the

regional reviewers or to lack of representation of the national information at the regional level.

Therefore, any regional or State resources-management planning effort should consider the State-

regional reports developed during phase II and summarized in Volume 4 as well as the nationally con-

sistent data base and other information presented in this assessment.

Additional years of information and experience show that considerable change has occurred since the

first assessment was prepared in 1968. The population has not grown at the rate anticipated, and the

projections of future water requirements for this second assessment are considerably lower than

those made for the first assessment. Also, greater awareness of environmental values, water quality,

ground-water overdraft, limitations of available water supplies, and energy concerns are having a

dramatic effect on water-resources management. Conservation, reuse, recycling, and weather

modification are considerations toward making better use of, or expanding, available supplies.
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Methodology and Assumptions

The second assessment was conducted in three phases, as seen in Figure 2.

Phase I: Nationwide Analysis — The U.S. Water Resources Council member agencies researched,

analyzed, and prepared estimates of current and projected water requirements and problems and the

implications of the estimates for the future. The Nationwide Analysis utilized a nationally consist-

ent set of estimates of supplies and current and future water requirements for scenarios for "1975,"

1985, and 2000. These estimates were based on the following assumptions:

• The national population will grow at slightly less than 1 percent per year and will reach zero

growth early in the next century. For the year 2000, this assumes 268 million people.

• The Gross National Product will increase at about 4 percent per year, doubling by the year 2000.

• The water quality goals of the Water Pollution Control Act Amendments of 1972 (Public Law

92-500) will be largely achieved by 1985.

• The attainment of goals for water quality and the higher cost for water will improve water use

efficiency.

• Agricultural production and marketing will reflect recent (1971-1973) trends in per capita con-

sumption and export levels.

• Fish and wildlife and recreation needs will continue as they have in the past 10 years.

• Increased levels of flood-plain regulations will reduce dependence on structural measures for

flood control.

Phase II: Specific Problem Analysis — Regional sponsors, one for each of the 21 water resources

regions, surveyed and analyzed State and regional viewpoints about (1) current and future water

problems, (2) conflicts that may arise in meeting State and regional objectives, and (3) problems and

conflicts needing resolution.

State-Regional Futures were prepared by regional study teams. Detailed discussions of the assump-

tions and methodologies used in the State-Regional Futures analyses are provided in technical memos

prepared by the study teams. The general framework for each regional study was as follows:

• A problem identification survey based on regional views on population growth, economic activ-

ity, and environmental concerns was conducted.

• Problem issues and areas were selected for further evaluation.

• Information was developed to describe the severity of problem issues within selected problem

areas.

Phase III: National Problem Analysis — The Water Resources Council conducted this final phase in

three steps: (1) an evaluation of phases I and II; (2) an analysis that identified and evaluated the

Nation's most serious water resources problems; and (3) the preparation of this final report, entitled

The Nation's Water Resources — 1975-2000.

From the findings of the Nationwide Analysis and the Specific Problem Analysis, the Council iden-

tified and evaluated the Nation's most serious water resources problems. Where major differences

between the Nationwide Analysis and the Specific Problem Analysis appeared, every effort was made

to reconcile the differences. If the differences could not be satisfactorily resolved, the differences are

cited appropriately in the assessment report.
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HASE 1: NATIONWIDE

ANALySIS

WASHINGTON.

/

DC

\

FEDERAL AGENCy

DATA

J

/

NATIONAL FUTURE DATA

(Federal Viewpoint)

\

\

FINAL REPORT

\

REGIONAL OFFICE -

THE NATION'S WATER

RESOURCES - 1975 2000

PHASE 3: NATIONAL

PROBLEM

ANALySIS

HASE 2: SPEC

IFIC PROBLEM

;/

ANALySIS

Volumes 1 4

STATE/REGIONAL

V

REGIONAL STUDy

FUTURE DATA

TEAM DATA

(Stale and Regional

STATE AND LOCAL

DATA

Viewpoint)

igure 2. Information Flow for the Second National Water Assessment

Data Sources and Federal Agency Responsibilities

The lead Federal agency for an assigned task assembled pertinent information, considered the assess-

ment assumptions, developed methodologies to determine present and future conditions, and made

the necessary computations and analyses.

There were extremely wide variations in (1) the type of information that was available, (2) the number

and scope of assumptions that could or should be applied, and (3) the availability and the applicabil-

ity of accepted or possible methodologies. It would be impractical to assemble and describe fully

these procedures in a report; appropriate information is available from the Federal agencies as in-

dicated on the following page.
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Federal Agency Responsibilities for Data

Appendix I — Social, Economic, and Environmental Data

Table 1-1

I-2

I-3

U

I-5

I-6

I-7

I-8

I-9

MO

population, employment, and per capita income

earnings by major sectors

surface area and land use

cropland and irrigated farmland

sheet erosion by source

flood damages by land use

recreation requirements

designated wilderness areas

electric power generation by fuel source

steam electric generating plants

DOC (Bureau of Economic Analysis)

DOC (Bureau of Economic Analysis)

USDA (Soil Conservation Service)

USDA (Soil Conservation Service)

USDA (Economics, Statistics and Cooperatives Service)

USDA (Soil Conservation Service)

COE & USDA (Soil Conservation Service)

USDI (Heritage, Conservation, and Recreation Service)

USDI (Fish and Wildlife Service)

DOE (Federal Energy Regulatory Commission)

DOE (Federal Energy Regulatory Commission)

DOE (Federal Energy Regulatory Commission)

DOC (Industry and Trade Administration,

Office of Business Policy Analysis)

EPA & WRC

EPA Et WRC

COE

USDI (U.S. Geological Survey) & WRC

WRC

COE

USDI (U.S. Geological Survey)

WRC

USDI (Bureau of Reclamation)

USDI (U.S. Geological Survey) & WRC

USDA (Soil Conservation Service) & WRC

USDI (Fish and Wildlife Service)

COE

WRC

USDA (Soil Conservation Service)

DOE (Federal Energy Regulatory Commission)

DOC (Industry and Trade Administration,

Office of Business Policy Analysis)

USDI (U.S. Geological Survey) Er WRC

USDA (Soil Conservation Service)

WRC

USDI (Bureau of Mines)

USDI (Bureau of Land Management)

USDA (Forest Service)

USDI (National Park Service)

USDI (Fish and Wildlife Service)

DOE (Federal Energy Regulatory Commission)

DOC (Industry and Trade Administration,

Office of Business Policy Analysis)

1-11

residual heat discharged from steam

electric generating plants

heat discharged by manufacturing plants

biochemical oxygen demand (BOD)

total suspended solids (TSS)

commercial navigation

Appendix II — Annual Water Supply and Use Analysis

Table 11-1 mean streamflow

streamflow frequency analysis

existing surface storage

normal pool surface area, ground-water

storage and withdrawals

ground-water overdraft

II-2 water imports and exports

net evaporation - reservoirs

net evaporation - farm/stock ponds

II 3 instream flow - fish and wildlife

instream flow - navigation

instream flow - treaties and compacts

II-4 withdrawals and consumption for:

agriculture

steam electric

manufacturing

domestic - central

domestic - noncentral

commercial

minerals

public lands - BLM lands

public lands - national forests

public lands - national parks

fish hatcheries

total saline (withdrawals only)

Explanation of Agency Abbreviations

COE Department of the Army, Corps of Engineers

DOC Department of Commerce

DOE Department of Energy

EPA Environmental Protection Agency

USDA U.S. Department of Agriculture

USDI U.S. Department of the Interior

WRC Water Resources Council
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HYDROLOGIC DATA

COLLECTION

UNITS

igure 3. Water Resources Regions
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Used for the Second National

Water Assessment

Used for other planning

programs

Figure 4. Hierarchy of Hydrologic Units
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Hydrologic Data Collection Units

The hierarchical structure of geographic units used to collect and organize hydrologic data is shown

in Figure 4. Four basic units are used: regions, subregions, accounting units, and cataloging units.

Regions

The first level of classification divides the Nation into 21 major geographic areas — 18 in the conter-

minous United States and one each for Alaska, Hawaii, and the Caribbean (see Figure 3). All water

resources regional boundaries are hydrologic (based on surface topography) except where discon-

tinued at international boundaries. These hydrologic areas contain either the drainage area of a

major river, such as the Missouri Region; or the combined drainage areas of a series of rivers, such as

the South Atlantic-Gulf Region, which includes a number of rivers draining directly into the Atlantic

Ocean or the Gulf of Mexico. The U.S. Water Resources Council designated these water resources

regional boundaries in July 1970.

Subregions

The second level of classification divides the regions into 222 planning subregions. A planning

subregion includes that area drained by a river system, a reach of a river and its tributaries in that

reach, a closed basin(s), or a group of streams forming a coastal drainage area. All planning

subregional boundaries are hydrologic except where discontinued at international boundaries. These

planning subregions were designated by the U.S. Water Resources Council in July 1970, were

reorganized in 1974, and are delineated on Hydrologic Unit Maps for each of the States. The maps

were published in 1974 by the U.S. Geological Survey in cooperation with the U.S. Water Resources

Council.

To simplify analysis of information for the Second National Water Assessment, the U.S. Water

Resources Council reclassified the 222 planning subregions into 106 assessment subregions. These

assessment subregions are groupings (larger drainage areas) of the planning subregions. The

boundaries and names of the assessment subregions are shown in Figure 5 and the drainage patterns

in Figure 6. Please note that the 106 assessment subregions are exclusive to the Second National

Water Assessment; in this report the term "subregion" always refers to the 106 assessment

subregions. Socioeconomic data collected for the assessment subregions was based on groupings of

counties to approximate the subregion boundaries. These groupings, called assessment subareas, are

shown in Figure 7. Maps showing the boundaries of the assessment subregions and the assessment

subareas are available from the Water Resources Council.

Accounting Units

Although not used in the Second National Water Assessment, the U.S. Geological Survey uses the ac-

counting units for designing and managing the National Water Data Network. They are a further

refinement (subdivision) of the water resources regions based on size and unique hydrologic condi-

tions. There are 352 hydrologic accounting units that nest within or are equivalent to the planning

subregions. A map showing the accounting units can be obtained from the U.S. Geological Survey,

417 National Center, Reston, Virginia 22092.

Cataloging Units

The cataloging unit is the foundation for the hierarchy of hydrologic units. It is a geographic area

representing part or all of a surface drainage basin, a combination of drainage basins, or a distinct

hydrologic feature. These units subdivide the planning subregions and accounting units into smaller

areas (approximately 2,100 in the Nation) that are used by the U.S. Geological Survey in cataloging

water-data acquisition activities for its "Catalog of Information on Water Data." For further infor-

mation on these units, contact the U.S. Geological Survey at the above address.
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G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:3

0
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



VOLUME 3: ANALYTICAL DATA SUMMARY | 16

ID

o

i £ ™ 15 f >.

•^"E^ Sog = oog|

:= U .2 S» o -

« O -5 O 5 - O m v P h.

•s »

.3 •< "iSx* gcf >

a

X

•- cm r) ^ ifl to r» •-csco^iocpr^ •— r- t

ooooooo S S © © S 9 Q Q ©i

.g

c

o

01

■ K

i? g I i

(0

8 «5

,q| I If £81

o

= 3

a c

o s

5> S J 2 -3

| £ JI § g

CO

s

o

r- cm co •- •-CNimsiocprvoomO'- .- cm ro 3 ix> io r» cm co 3 in r- mni ib •- cm co r- cm ro r- c m n s

§g g o SQCseSSSs*-"- ooooooo ooooo © o © © o ggg ggg ggg©

goo g ooooooooooo r- r- r- r- cm cm cm cm cm co ro ro ro ro ifl OS u5 332 3

o o

o 5 © o o o

o o o o

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:3

0
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



16 I VOLUME 3: ANALYTICAL DATA SUMMARY

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:3

0
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



Q

-j

>

O

E

v

z

v

M

UJ

5

I)

-i

5

>

c,

v

5

2

3

V)

fcosi .

I —tOSl —/ 101 (t0»l

v (l0»l

03IX3W

JO -

jino

{ion-

108 —

, 2ou

I0U

/sou

(ton — ton

(joioi .

1101—< |800l —iOOl .

(6001 —{ (woi

(9001 — 9001—•{

(lOOl — cooi-

Wi — COi— tOi — lOi

!t0 - 10

£09

JOS —In

V1

IKI0

<C00

llO0

XUO/VU.3N SNOioauans

ISII NOI93U

OOVMO1O0 M3M01

<»u NOI93U

oovhoios u3d<in

NISV8 30VNIVMQ OOVU0103

nil NOID3U

03b 31IH/W SVSNVXdV

1011 NOI03U

lunossiw

III N0I03U

Iddl0SI0SIrt 83M01

lil NOI93U

Iddl00I00IH d3ddfl

■9) NOI03U

33SS3NN31

191 NOI03U

WHO

NISVS 30VNIVMQ IddlSSISSIW

SNISVS

30VNIVHQ HOrvW

*homi3n SNOioauans

(rati

O0IX3W JO jino—90fl —toti-<

/•Oil—COi 1

NV330 3IJI3Vd—SOil — tOil—<

NV330 3HOVd'AV8 03SONVBJ NVS — t08l

NV330 31 JOVd. AV8 OOSONVdJ NVS —1081

NV330 3IJI0Vd/AV8 OOSONVMd NVS — »08l

V3S ONIH38/VXSV1V JO JinO<NV30O 3U.UV — 1061

(SOU

108 - Wll -jtOll - tOll

108- 10L1

•on'cos rzoar iMi snisvb assois

(lOil

NV30O OUOVd'ONnOS 130nd — 90i 1

iOil SNISVS 03S013

toe - ion - 90ii

osixsn jo jins — »oti

03ix3w jo jino - toti

03IX3W JO jino - toti

03ix3H jo jino - lot i

OOIX3W 30 jino— 90t I

(tOtl — lOtl

(tori

tosi — ton—/

(C001

OOIX3W - tO0l—.(

i081 SNISVS O3SO10

NV3DO DIJOVd — 1081

NV330 31 JOVd — 9081

NV330 DIJIOVd —9081

NV330 31 JOVd — »00Z

NV330 3Ml3Vd — tOOZ

NV330 31 JOVd — tOOt

NV330 31 JOVd — lOOt

NV330 OUNVUV — tOlt

NV330 OUNVUV — lOlt

(ion

(101

ouovd Hinos viNMOjnvo

SNOI93H

UUNOI03M

03d 31IHM SVSNVXdV

oovuoioo u3ddr

I0II NOI03U

OOVdOlOO H3/W01

li 11 NOI03U

1S3MH1MON 3IJI3Vd

(til NOI03U

if li NOI03U

30NVHO Olb

(♦II NOI03U

I91INOI03U

N1SV8 1V3UO

1811 NCH93U

I61INOI93U

VXSV1V

lOtl NOI03U

jino svx3i

IIVMVH

Utl NOI03U

NV388IUV3

xdo/vusN SNOioauans

SOi - 1101— < (8001- iOOl .

NV330 3I1NVHVIAV8 3XV3dVS3H3 - Wt

NV330 OUNVUV/AV8 3XV3dVS3H3 - 90t

NV330 3I1NV11VIAV8 3XV3dVS3H3 — 90t

03IX3W JO JinO'NV330 OUNVUV - WE

(6001— { !»O0l

v (9001- S001— <

I'oioi

NV330 3I1NVHV — tOt — lot

OOIX3W JO JinS/NV330 OUNVUV - 90C

108 - 0Oi— Wi— tOi— tOi — lOi

odix3w jo jino - cob - toe - loe

vavNvo - 901

NV330 3I1NV11V - 0OI

NV330 OliNVIiV - Wl

NV330 OUNVUV - COI

NV330 3I1NV11V - to I

NV330 3I1NV11V - 101

NV330 3HNV11V - COt

NV330 OUNVUV - lot

NV330 3IJ.NV1.IV — tOt

NV330 3IJ.NVHV - tOt

03IX3W JO jino - 60t

03IX3H JO jino - 90t

oolxsw jo jino - ioc

03IX3W jo jino - 90C

NV0IH3IH 3XV1 — »>

NV9IH3IW 3XV1 — t0»

NV9IH0IW 3XV1 —10»

jiO0

108—0OS—<900 (W0

(tos—(COS

v (lO0

uotdjdns 3xvi — io»

nob.. sxvi — so»

OiaViNO 3XV1 — 80f

3IU3 3XV1 — i0»

3IU3 3XV1 — 90»

SO0 — t09 — 109

(lOOl - cooi —tooi

SNOI03H

jino 3UNV11V Hinos

VOVNV3 - IOC

lil NCM03U

kMISSISSIN dSddfl

IddlSSIS0Irt H3AA01

ANivd 03u smnos

III N0I03U

0NV1ON3 M3N

OUNVUV aiw

ICI NOI03U

S3XV1 iVSMO

1011 NOI03U

Itl NOI03U

in NOI03U

191 NOI03U

OIHO

191 NOI03U

181 NOI93U

161 NOI03U

330S3NN31

wnossin

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:3

0
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



18 | VOLUME 3: ANALYTICAL DATA SUMMARY

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:3

0
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



VOLUME 3: ANALYTICAL DATA SUMMARY

19

NATIONAL SUMMARY

OF ANALYTICAL DATA

Abbreviations Used in Volume 3 Tables

iC — acres

(GR.— agriculture, agricultural

kTLANT. -Atlantic

BASE) —base conditions

IGD —billion gallons per day

IIL GAL —billion gallons

IOD —biochemical oxygen demand

!LS.BSN- closed basin (terminal lakes)

>EPLETN-depletion

>EV. LAND-developed land

DRY) —dry conditions

;LECT.-electric

!VAP. — evaporation

ISH HATCH.-Federal fish hatcheries

iEN. —generation

iRND WTR-ground water

jT.LKS-Great Lakes

i.W.—ground water

IATCH.-hatcheries

IYDRO. UNIT —hydrologic unit; refers to a region

or subregion

FA — instream flow approximation

M HYDRO. UNIT —within the region or subregion

(hydrologic unit)

BS. —pounds

IAN UFACT. — manufacturing

rl AX. —maximum

MFG — manufacturing

MGD —million gallons per day

MISC. — miscellaneous

N/A —not available; note that if information is not

available for one subregion, the regional and

national totals will usually be N/A

N/C — not calculated; usually due to dividing by zero

NAT. FLOW DEPLETN-natural flow depletion

NAT. FORESTS-National Forests

NAT. PARKS-National Parks

NF —National Future; see glossary

NO.—number

OUTFLW PT.- outflow point

OVRDRFT-overdraft

PRIM.METALS-primary metals

SIC —Standard Industrial Classification coding system

for manufacturing and other industries; see Figure 8

SRF — State-Regional Future; see glossary

STRMFLW-streamflow

TOT.-total

TRANSPORT, -transportation

TRIL GAL —trillion gallons

TSS—total suspended solids

WITHDRAW-withdrawal

WITHIN HYDRO.UNIT-within the region or sub-

region (hydrologic unit)

YR-year
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TABLE 1-1 POPULATION. EMPLOYMENT. AND INCOME

(REGIONS 1-21) NATIONAL SUMMARY

TOTAL POPULATION POPULATION CHANGE POPULATION DENSITY

THOUSANDS PERCENT PER SO Ml OF LAND AREA

REGION "1975" 1985 2000 1975-1985 1975-2000 "1975" 1985 2000

NEW ENGLAND

1

NF

12492

12380

SRF

MID-ATLANTIC

2

NF

39612

38933

SRF

SOUTH ATLANTIC-GULF

3

NF

25423

26164

SRF

GREAT LAKES

4

NF

30391

SRF

OHIO

5

NF

SRF

21 158

TENNESSEE

6

NF

3565

SRF

UPPER Ml SSISS1PP1

7

NF

SRF

13387

13228

LOWER MISSISSIPPI

8

NF

64 17

6536

SRF

SOURIS-RED-RAINY

I

NF

SRF

649

MISSOURI

10

NF

8832

9066

SRF

ARKANSAS-WH1TE-RED

1 1

NF

6846

SRF

7350

TEXAS-GULF

12

NF

SRF

99 1 1

10233

RIO GRANDE

13

NF

SRF

1695

1868

UPPER COLORADO

u

NF

SRF

344

43 1

LOWER COLORADO

15

NF

SRF

24 12

2683

GREAT BASIN

16

NF

SRF

1262

1374

PACIFIC NDRTHWEST

17

Nf

SRF

6703

6763

CALIFORNIA

1 B

NF

SRF

21 160

2 1 166

ALASKA

19

NF

SRF

307

409

HAWA11

20

NF

787

865

SRF

CARIBBEAN

21

NF

SRF

3052

13613

13442

15313

14985

9%

43873

42265

49939

46709

1 I%

9%

29334

30736

34680

36761

15%

1 7%

32655

36351

ex

22722

24791

7%

4034

4615

I3%

14408

14098

15622

15716

ex

7%

6767

7094

7142

6156

5%

9%

625

595

-4%

9298

10046

10044

1 1762

5%

11%

7268

832 1

7615

9619

6%

13%

1 1 162

12470

12907

1 5990

I3%

2 2%

1780

2678

'8-5

3630

5%

43%

357

523

368

4%

6 70

21%

2915

3740

3629

50 7 1

2 ix

39X

1464

1739

2446

I6%

SO%

178 1

699 1

8089

7 589

9760

I9%

23703

24422

27093

29344

12%

1 5%

36 1

606

438

18%

46%

992

• 11

1058

1085

1355

16%

22%

3614

4234

18%

2 3%

192

209

235

2 I%

190

206

230

26%

395

438

496

20%

388

422

466

36X

98

1 13

133

4 1*

102

1 19

143

20%

233

252

279

#■

"

"

"

17%

133

143

156

■

2 9%

86

97

1 ' 1

"

■

"

"

1B%

76

62

90

19%

75

80

89

1 I%

64

67

71

25%

67

73

84

-ex

12

12

11

■

"

"

"

14%

17

'8

20

30%

IB

20

23

M%

28

30

3 2

34%

3 1

35

41

30%

57

64

'4

5 6%

59

72

92

1 I%

12

13

14

94%

1 4

20

27

7%

3

3

4

5 5%

4

5

5 0%

16

i 9

24

8 9%

17

24

3 3

38%

1

• 1

13

76%

10

12

17

13%

25

26

28

44%

■

30

17

28%

1 30

146

167

39%

13 1

152

•8.'

4 3%

1

1

'

143%

"

"

2

38%

123

142

170

5 7%

131

160

205

3 9%

859

1018

1192

874

1035

1212

NATIONAL TOTAL NF 212259 233169 262307 10% 24% 72 79 88

REGIONS 1-16 SRF 213980 239939 277173 12% 30% " 61 93

NATIONAL TOTAL NF 216405 236055 268064 10% 24% 61 67 76

REGIONS 1-21 SRF 216286 245217 283754 12% 30% " 69 80
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VOLUME 3: ANALYTICAL DATA SUMMARY

(REGIONS 1-21]

TABLE 1-2 EARNINGS By MAJOR SECTORS

NATIONAL SUMMARy

TOTAL EARNINGS

MILL IONS ( 1975$)

REGION

CHANGE IN TOTAL

PERCENT

EARN 1NGS

MANUFACTURING EARNINGS

MILL IONS | 1975$)

1975-1985

1975-2000

-1975-

1985

2000

45%

141%

18558

24538

35403

N/A

N/A

N/A

45%

14 3%

52526

71293

105598

5 2%

5 5%

168%

25954

26464

38949

39105

64366

64720

17 8%

4 2%

131%

62855

85076

128510

44%

13 7%

32025

44877

69436

6 5%

17 5%

4519

6927

11560

4 2%

26%

133%

130%

16481

20327

26084

40235

43477

28387

4 2%

132%

159%

5158

5301

7680

6230

12579

14043

54%

27%

67%

227

319

466

39%

126%

6791

9643

15521

4 2%

Hi a

134%

5425

8057

N/A

13334

N.'A

N/A

N/A

4 9%

6 6%

158%

223%

9569

9706

14373

16173

23759

29875

39%

64%

125%

156%

567

535

854

B72

1408

1566

36%

6 6%

1 16%

220%

77

113

166

98

l i i

202

56%

181%

244%

1539

1706

2450

2669

4254

78%

5855

63%

69%

169%

238%

787

1089

1 142

1791

1829

3673

4 1%

129%

N/A

6814

9383

14125

n.'a

N/A

N/A

N/A

45%

48%

14 2%

161%

25141

24983

35251

35644

53916

67120

4 7%

B9%

153%

357%

144

N/A

207

N/A

330

N.'A

NEW ENGLAND

MID-ATLANTIC

SOUTH ATLANTIC-GULF

GREAT LAKES

OHIO

TENNESSEE

UPPER MISSISSIPPI

LOWER MISSISSIPPI

SOURIS-RED-RAINy

MISSOURI

ARKANSAS-WHITE-RED

TEXAS-GULF

RIO GRANDE

UPPER COLORADO

LOWER COLORADO

GREAT BASIN

PACIFIC NDRTHWEST

CALIFORNIA

ALASKA

HAWAI I

CARIBBEAN

5

6

7

8

•

10

NF

SRF

Nl

SRF

SHF

NF

SHF

NF

SRF

NF

SRF

NF

SRF

NF

SHF

NF

SRF

NF

SHF

NF

SRF

NF

SRF

NF

SRF

SHF

NF

SRF

NF

SRF

NF

SRF

NF

SRF

63560

53125

104684

108230

167825

94992

12673

85300

71279

23884

24837

26985

N/A

45824

43804

6349

5766

1332

1606

1 1267

12687

599 1

7030

30918

N/A

1 15392

1 15189

2152

3097

159742

167451

92981

90104

33888

38298

38285

N/A

153447

126102

281453

300548

151971

163774

55441

64426

63159

N/A

68385

73697

8826

8860

1816

2856

17554

22572

9137

11908

43610

N/A

167271

171021

3164

5855

1 16193

141543

14276

14785

2874

5139

31614

43627

16123

23771

70840

N/A

279441

300561

5453

14 142

NATIONAL TOTAL

REGIONS I- I 8

NATIONAL TOTAL

REGIONS 1-21

SRF

NF

SRF

1043398

N/A

45%

142%

276835

387009

594507

N- A

N/A

N/A

N/A

N/A
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VOLUME 3: ANALYTICAL DATA SUMMARY

23

(REGIONS 1-21)

TABLE 1-2 EARNINGS By MAJOR SECTORS (CONTINUED)

NATIONAL SUMMARy

AGRICULTURE EARNINGS

MILLIONS (1975S)

MINING EARNINGS

MILLIONS (I975$)

OTHER EARNINGS

MILL IONS ( 1975S)

REGION

"1975"

1985

2000

"1975"

1985

2000

"1975"

1985

2000

NEW ENGLAND

1

NF

SRF

726

722

422

835

51 1

59

76

100

44217

N/A

66663

1 17109

440

N/A

N/A

MID-ATLANTIC

2

NF

SRF

1938

1935

2256

396

447

560

167771

249413

431723

SOUTH ATLANTIC-GULF

3

NF

SRF

4583

4628

5001

5504

5984

444

449

543

534

709

711

73903

76742

115622

122611

210674

229153

4575

GREAT LAKES

4

NF

SRF

2044

1980

2255

573

661

797

102553

150923

257423

OHIO

5

NF

SRF

2494

2433

2600

2466

2623

3367

57987

664 1 1

149587

TENNESSEE

6

NF

SRF

439

423

484

198

228

311

7717

12337

23008

UPPER MISSISSIPPI

7

NF

SRF

4646

5294

4636

5264

5461

6149

4 14

428

459

478

585

609

41759

45230

61780

55975

105690

113539

LOWER MISSISSIPPI

8

NF

SRF

2309

1715

2266

1688

2670

2013

737

843

846

980

1001

15680

17090

23079

27532

39212

47369

731

SOUR 1S-RED-HA1 Ny

8

NF

SRF

5 14

500

583

6

6

6

1695

2269

3487

M1SSOUR1

10

NF

SRF

4366

4376

5159

4 16

491

597

29372

42412

71 185

ARKANSAS-WH 1 TE-RED

1 1

NF

SRF

1937

1868

N/A

2139

N/A

801

N/A

828

879

N/A

16602

27512

46607

N/A

N/A

N/A

N/A

N/A

TEXAS-GULF

12

NF

SRF

1738

1682

1690

1934

2201

1355

1324

1485

1550

1856

1698

33142

50817

54205

90844

107769

1769

31092

RIO GRANDE

13

NF

SRF

538

468

549

653

794

151

208

155

282

163

364

5093

4555

7268

12052

12059

595

7111

UPPER COLORADO

Id

NF

SRF

154

157

160

172

200

219

146

164

206

976

955

1163

1381

1877

2262

3742

190

498

LOWER COLORADO

15

NF

SRF

450

456

447

531

543

448

449

574

575

772

774

8830

10074

14083

18851

26057

36855

477

GREAT BASIN

16

NF

SRF

187

256

187

383

224

183

189

219

278

536

4634

5498

7S89

9361

13792

18930

632

373

PACIFIC NDRTHWEST

1 7

NF

SRF

1453

1427

1647

IS0

167

N/A

198

22501

N/A

32633

54670

N/A

N/A

N/A

N/A

N/A

N/A

N/A

CALIFORNIA

IB

NF

SRF

3456

3536

3447

3794

4055

4912

483

494

522

556

578

672

66312

66176

128051

131027

220692

237857

ALASKA

19

NF

SRF

28

34

44

55

66

138

1925

N/A

2837

4941

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

HAWA11

20

NF

SRF

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

CARIBBEAN

21

NF

SRF

302

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

NATIONAL TOTAL

REGIONS 1-16

NATIONAL TOTAL

REGIONS 1-21

NF

SRF

NF

SRF

33992

N/A

33698

N/A

39392

N/A

9446

N/A

1876874

N/A
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VOLUME 3: ANALYTICAL DATA SUMMARY | 26

(REGIONS 1-21)

TABLE 1-3 SURFACE AREA AND LAND USE - 197 5

PAGE 25

NATIONAL SUMMARY

SURFACE AREA

1.000 ACRES

LAND

1 . 000

USE

ACRES

REGION

TOTAL

WATER

LAND

CROPLAND

PASTURE

+RANGE

FOREST.

WOODLAND

OTHER

AGR

URBAN

OTHER

NEW ENGLAND

1

NF

44162

2458

4 1704

41666

2769

957

32562

617

2705

2074

SRF

MID-ATLANTIC

2

NF

SRF

66139

1977

64 162

1 1666

4939

35466

2059

44 16

5592

SOUTH ATLANTIC-GULF

3

NF

173630

6607

166623

164956

25259

15344

105334

4293

4747

1 1846

SRF

GREAT LAKES

4

NF

SRF

85871

2526

83345

24907

3358

39152

4776

4333

6617

OHIO

5

NF

SRF

102436

943

101493

32677

13995

43143

301 1

33S1

5116

TENNESSEE

a

NF

SRF

27290

675

26615

4431

3532

14404

908

966

2672

UPPER MISSISSIPPI

7

NF

SRF

1 15631

2687

112944

113466

64062

1 1644

24473

3643

2151

5698

9971

LOWER MISSISSIPPI

8

NF

67292

2783

64509

6247 1

20409

22136

9928

27099

3628

995

2350

SRF

2408

SOUR 1S-RED-RA1 NY

9

NF

SRF

3502 1

1232

33789

33695

20791

3376

6631

661

70

925

2040

MISSOURI

10

NF

327133

3399

323734

105660

161774

29937

4006

1397

20980

SRF

ARKANSAS-WH1TE-RED

11

NF

SRF

156163

1855

154308

154226

44460

66559

33545

2244

1636

N/A

5844

42053

TEXAS-GULF

12

NF

SRF

113726

2692

111034

111291

25021

N/A

56632

20176

2160

2465

N/A

2560

RIO GRANDE

13

NF

SRF

67764

542

67222

86935

2869

2216

63190

15046

611

396

N/A

5106

UPPER COLORADO

14

NF

65846

558

65290

6552 1

I9S1

N/A

35369

1 788 1

4IS

47

N/A

9827

SRF

LOWER COLORADO

I5

NF

SRF

99103

456

9864 7

1465

52243

26749

2732

621

608

14617

GREAT BASIN

16

NF

89161

1760

87421

91799

2623

3285

61269

12251

267

376

10633

SRF

PACIFIC NDRTHWEST

1 7

NF

173366

2329

171037

19159

51006

8504 1

1269

1055

13465

SRF

CALIFORNIA

II

NF

SRF

105497

1607

103890

103151

10885

N/A

26021

43227

1216

3326

2645

17211

ALASKA

19

NF

375304

12787

362517

375000

21

20

238186

58635

29

00

65578

SRF

N/A

HAWA11

20

NF

4126

31

4095

4240

321

72O

1774

67

21

149

1 164

SRF

CARIBBEAN

21

NF

2283

10

2273

2235

S14

880

565

49

126

67

139

SRF

NATIONAL TOTAL NF 1935253 37266 1897987 421326 645138 612339 38760 34661

REGIONS 1-18 SRF - - 1098410 N/A - - - N/A

NATIONAL TOTAL NF 2316986 50114 2266652 422162 884932 673313 36905 34998

REGIONS 1-21 SRF - - 2279885 N/A - N/A
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26 VOLUME 3: ANALYTICAL DATA SUMMARY

(REGIONS 1-21)

TABLE 1-4 CROPLAND AND IRRIGATEO FARMLAND

NATIONAL SUMMARy

TOTAL CROPLAND

1 .000 ACRES

CHANGE IN CROPLAND

PERCENT

CROPLAND HARVESTED

1.000 ACRES

REGION

-1975"

1985

2000

1975-1985 1975-

-2000

"1975"

1985

2000

NEW ENGLAND

1

NF

SRF

2769

2691

2694

2579

ix

-7%

1663

2020

1897

MID-ATLANTIC

2

N>

Mi*

1 1688

1 1590

11 179

-1%

-4%

9171

10902

10534

SOUTH ATLANTIC-GULF

J

NF

SHI,

25259

25747

27515

2»

9%

17478

18908

18306

23666

GREAT LAKES

4

NF

24907

25357

25385

2*

.'X

18700

21056

24034

SHI

OHIO

5

NF

SHF

32677

32977

33020

<l\

< I%

24602

30260

30998

TENNESSEE

6

NF

SHF

443 1

4384

4443

- 1%

< IX

2484

2566

3190

UPPER MISSISSIPPI

7

NF

SHf

64062

64310

64667

< IX

IX

54398

62316

61825

LOWER MISSISSIPPI

a

NF

20409

22136

21919

24293

22538

25143

7%

10%

10%

18223

16223

20464

16120

19188

SRF

I4%

18017

SOURIS-RED-RAINy

I

NF

20791

20875

20946

<1«

IX

13614

16973

16263

SHF

MISSOURI

10

NF

105660

105271

105050

<1l%

-1%

73266

77246

82639

ARKANSAS-WHITE-RED

'I

SHF

44480

42053

44642

45051

<1%

1%

27793

N/A

34340

N/A

37364

N/A

SHF

N/A

N/A

N *

N/A

TEXAS-GULF

12

NF

SRF

25021

24936

N/A

24585

N/A

<1»

-2%

13942

17444

20026

21354

17942

24774

N/A

N/A

N A

R10 GRANDE

13

NF

SRF

2669

2216

2609

2611

-.'X

N A

-2%

2376

2216

2114

2087

N/A

N/A

N/A

N/A

N/A

UPPER COLORADO

1 4

NF

SHF

1951

2102

N/A

2104

N/A

S%

N A

ax

N/A

1322

1902

1980

N/A

N. ' A

N A

N/A

LOWER COLORADO

15

NF

SHF

1485

1444

1 193

-3%

-6%

1227

1 199

1258

GREAT BASIN

16

NF

SRF

2623

3285

2834

3266

2800

3297

ex

%

1781

2194

21 19

< '%

< 1%

PACIFIC NDRTHWEST

17

NF

SRF

19159

19066

18927

<1%

-1%

12037

12357

13231

CALIFORNIA

16

NF

SRF

10885

10633

10355

N/A

-2%

-5%

6979

9243

8947

N/A

N/A

N A

N/A

N/A

N- A

N A

ALASKA

19

NF

SHF

2 1

20

35

37

N/A

(J x

N A

76%

N A

17

25

2 b

S A

N/A

N A

N/A

HAWAI 1

20

NF

SHF

12 i

320

• 2 0

<1%

< I%

32l

320

320

CARIBBEAN

2 1

NF

III

4 ', ]

199

-12%

-2 2%

353

304

i5e

SHF

NATIONAL TOTAL

REGIONS 1—18

NF

SHF

421326

N/A

423609

N/A

425348

1%

N/A

1%

N/A

303274

N/A

346108

N/A

360112

N/A

N/A

NATIONAL TOTAL

REGIONS 1-21

NF

422162

N/A

4244 17

N/A

426104

1%

1%

303985

N/A

346757

N/A

360713

N/A

SHF

N/A

N/A

N A
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VOLUME 3: ANALYTICAL DATA SUMMARY

27

(REGIONS 1-21)

TABLE I-4 CROPLAND AND IRRIGATED FARMLAND (CONTINUED)

NATIONAL SUMMARy

IRRIGATED FARMLAND

1.000 ACRES

FOREST CLEARED + DRAINED

1.000 ACRES

PASTURE DRAINED

1.000 ACRES

REGION

"1975"

1985

2000

1975-1985 1975-

-2000

1975-1985 1975-

-2000

NEW ENGLAND

1

NF

SRF

43

48

57

0

0

0

0

MID-ATLANTIC

2

NF

SRF

264

362

418

476

563

0

0

0

77

297

SOUTH ATLANTIC-GULF

3

NF

SRF

2035

2371

2563

3020

3040

3644

123

1948

330

777

GREAT LAKES

4

NF

SRF

164

243

334

252

730

122

384

OHIO

5

NF

SRF

57

76

102

138

218

201

684

TENNESSEE

6

NF

SRF

15

5

19

10

23

0

103

55

130

10

UPPER MISSISSIPPI

7

NF

SRF

204

244

307

523

434

638

249

586

461

1069

LOWER MISSISSIPPI

8

NF

SRF

1988

2481

2508

2632

2662

603

N/A

1429

N.'A

352

832

2817

N/A

N/A

SOUR 1 S-RED-RA 1 Ny

9

NF

SRF

36

106

31 1

454

106

250

90

212

MISSOURI

10

NF

SRF

9895

1 1464

10957

14287

1 1505

17402

71

179

179

459

ARKANSAS-WH1TE-RED

I 1

NF

SRF

4785

5380

N/A

5545

81

N/A

191

333

787

5722

N/A

N/A

N/A

N/A

TEXAS-GULF

12

NF

SRF

4770

5297

4 188

5920

3440

8129

0

0

40

40

RIO GRANDE

13

NF

SRF

1984

2178

1870

2377

1885

2708

0

0

0

0

UPPER COLORADO

14

NF

SRF

1385

1513

1668

1627

0

0

0

0

1497

1831

LOWER COLORADO

15

NF

SRF

1283

1 183

1353

1127

0

0

0

0

1327

136 1

GREAT BASIN

16

NF

SRF

1739

2208

1513

2211

1621

2219

0

0

0

0

PACIFIC NDRTHWEST

17

NF

SRF

6166

7490

7424

6684

7759

9718

0

0

o

0

CALIFORNIA

18

NF

SRF

8729

8995

9342

9806

10079

10452

0

0

0

0

ALASKA

19

NF

SRF

4

N/A

4

N.'A

4

0

0

N/A

0

0

N/A

N/A

N/A

N/A

HAWA11

20

NF

SRF

142

147

150

0

0

0

0

CARIBBEAN

2 1

NF

SRF

70

73

78

0

0

0

N/A

0

N/A

N/A

N/A

NATIONAL TOTAL

REGIONS 1-18

NF

SRF

45302

51676

49802

52207

N/A

1621

N/A

5634

N/A

2183

5471

N/A

N/A

N/A

NATIONAL TOTAL

REGIONS 1-21

NF

SRF

45518

N/A

49826

N/A

52439

N/A

1621

N/A

5634

2163

N/A

5471

N/A

N/A
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29

(REGIONS 1-21)

TABLE 1-5 SHEET EROSION By SOURCE

NATIONAL SUbMARy

SHEET EROSION

CROPLAND HARVESTED

TONS'ACRE/yEAR

CHANGE IN EROSION

SHEET EROSION

FROM

FROM CROPLAND HARVESTED

FROM FOREST-RANGE LANDS

PERCENT

TONS/ACRE/yEAR

REGION

"1975'

1985

2000

1975-

-1985 1975-

-2000

-1975"

NEW ENGLAND

1

NF

7

3

2

-57%

N/A

-66%

SRF

N/A

N/A

MID-ATLANTIC

2

NF

SRF

14

6

3

-5 7%

-79%

.5

N/A

N/A

SOUTH ATLANTIC-GULF

3

NF

SRF

IB

7

6

~6I%

-6 7%

3

GREAT LAKES

4

NF

SRF

5

2

N/A

2

-60%

N/A

-60%

2

OHIO

5

nr

9

8

4

N/A

3

-56%

N/A

-6 7%

-63%

.4

SRF

TENNESSEE

6

NF

SRF

19

5

4

-74%

-7 9%

-3

UPPER MISSISSIPPI

7

NF

10

S

3

-50%

N/A

-70%

.e

SRF

N/A

LOWER MISSISSIPPI

8

NF

SRF

23

12

8

-48%

N/A

-74%

3

N/A

N/A

N/A

N/A

N/A

SOUR 1S-RED-RA1 Ny

9

NF

SRI

2

1

1

-50%

-50%

6

N/A

N/A

M1S SOUR 1

10

NF

SRI

7

4

N/A

3

-4 3%

-5 7%

1.5

N/A

ARKANSAS-WH1TE-RED

11

NF

SRF

6

3

2

-50%

-67%

i 0

N A

N/A

TEXAS-GULF

12

NF

SRF

7

5

3

-29%

N/A

-5 7%

.7

N A

RIO GRANDE

13

NF

2

3

3

5 0%

50%

9

SRF

N/A

N/A

UPPER COLORADO

14

NF

SHF

2

3

3

50%

N/A

50%

2 6

N/A

LOWER COLORADO

15

NF

SHF

2

N/A

1

-50%

N/A

-50%

2 0

GREAT BASIN

18

NF

2

2

2

0%

N/A

0%

4 1

SRF

N 'A

PACIF IC NDRTHWEST

17

NF

2

4

N/A

4

100%

100%

1;2

SRF

N/A

CAL1FORN1 A

18

NF

1

1

1

0*

0*

2.6

SRF

Ni A

N/A

ALASKA

I8

NF

SRF

N/A

N/A

N/A

N/A

N/A

N/A

HAWA11

20

NF

SHF

N/A

N A

N A

N/A

N/A

N/A

CARIBBEAN

21

NF

SRF

N 'A

H> A

N/A

N/A

N/A

N/A

NATIONAL TOTAL

REGIONS 1-18

N>

9

4

N/A

3

-56%

N/A

-6 7%

9

SHl

NATIONAL TOTAL

REGIONS 1-21

Nl

N/A

N/A

N/A

N A

N/A

N/A

SRF
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TABLE 1-6 FLOOD DAMAGES BY LAND USE

(REGIONS 1-21) NATIONAL SUMMARY

TOTAL FLOOD DAMAGES CHANGE IN TOTAL CHANGE IN URBAN CHANGE IN AGR

THOUSANDS (1975$) PERCENT PERCENT PERCENT

REGION

"1975"

1985

2000

1975-65

1975-2000

1975-85

1975-2000

1975-85

1975-2000

NEW ENGLAND

1

NF

92035

121060

153435

c»

67%

34%

65%

-4%

3%

SRF

8 7864

H2392

142060

28%

62%

N/A

N/A

N/A

N/A

MID-ATLANTIC

2

NF

183464

212909

298204

16%

61%

2 2%

7 6%

-8%

-2%

SRF

"

■

■

■

"

"

"

■

SOUTH ATLANTIC-GULF

3

NF

464102

527585

657657

9%

36%

2 1%

• 1%

-4%

/%

SRF

"

"

"

"

■

"

"

GREAT LAKES

4

NF

105039

125121

145689

19%

39%

2 2%

4 1%

-4%

22%

SRF

105074

120476

145463

15%

38%

"

N/A

N/A

OHIO

5

NF

186065

20131 1

232243

8%

25%

16%

38%

2%

9%

SRF

"

"

■

"

"

TENNESSEE

6

NF

7 17 12

76491

92871

7%

3 0%

16%

47%

-8%

-2%

SRF

"

"

"

■

"

UPPER MISSISSIPPI

1

NF

235128

258427

302470

10%

2 9%

1 1%

2 3%

5%

21%

SRF

■

"

"

"

"

"

"

LOWER MISSISSIPPI

I

NF

399113

419973

469234

s%

18%

16%

4 1%

<»l

7%

SRF

373618

457928

553045

2 3%

4 8%

36%

94%

16%

2 7%

SOUR 1S-RED-RA1 NY

9

NF

39323

41494

46634

6%

19%

8%

16%

2%

10%

SRF

"

■

"

■

■

"

"

"

M1SSOUR1

10

NF

350245

357597

413447

2%

16%

13%

36%

-4%

am

SRF

350133

357473

413297

"

N/A

N/A

N/A

N/A

ARKANSAS-WHITE-RED

1 ,

NF

234454

249 111

302673

6%

29%

3 0%

69%

-7%

-1%

SRF

■

"

"

"

"

TEXAS-GULF

12

NF

275891

262433

301804

2%

9%

-6%

<1%

1%

6%

SRF

■

■

"

"

"

■

"

■

RIO GRANDE

13

NF

66554

66979

71558

1%

8%

10%

28%

-3%

<1»

SRF

"

"

"

"

"

"

■

UPPER COLORADO

14

NF

5468

6394

7846

17%

43%

19%

54%

9%

27%

SRF

"

■

"

■

"

■

"

"

LOWER COLORADO

IS

NF

122135

137038

158000

12%

29%

1 5%

41%

2%

1%

SRF

"

"

"

"

■

"

GREAT BASIN

16

NF

9995

1 1334

13679

13%

37%

19%

S1t

%

8%

19%

SRF

■

■

"

"

"

PACIFIC NDRTHWEST

1 7

NF

126058

134021

156127

n

25%

1 7%

45%

-4%

6%

SRF

■

"

"

CALIFORNIA

t0

NF

416905

433270

462078

4%

16%

4%

6%

1%

14%

SRF

"

■

"

"

"

"

"

"

"

ALASKA

19

NF

12692

3236

4671

-75%

-63%

-76%

-64%

0%

0%

SRF

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

HAWA11

20

NF

97 12

10 164

1 1274

5%

16%

13%

33%

-5%

-5%

SRF

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

CARIBBEAN

21

NF

2705

3265

4359

21%

81%

3 3%

102%

11%

2 5%

SRF

NATIONAL TOTAL

NF

3403726

3662546

4305651

8%

26%

15%

3 8%

-2%

7%

REGIONS 1-18

SRF

3374203

3687066

4377731

9%

30%

N/A

N/A

N/A

N/A

NATIONAL TOTAL

NF

3428835

3679233

4325955

7%

26%

14%

37%

-2%

7%

REGIONS 1-2 1

SRF

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:3

0
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le
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TABLE 1-6 FLOOD DAMAGES By LAND USE (CONTINUED]

NATIONAL SUMMARy

URBAN FLOOD DAMAGES

THOUSANDS (1975$)

AGRICULTURE FLOOD DAMAGES

THOUSANDS (1975$)

OTHER FLOOD DAMAGES

THOUSANDS (1975$)

77079

N/A

130166

1 10148

76975

59847

19883

69823

62676

75460

51923

N/A

3669 1

49725

12090

1291

56193

3488

41983

259376

12558

N/A

5366

N/A

103382

N/A

158356

133169

98066

69117

23134

77092

72697

102666

58833

N/A

50268

46754

13259

1536

64671

4150

48979

268598

3077

N/A

6050

N/A

127555

N/A

229327

177099

1114 11

82366

29317

85845

88303

146642

70408

N/A

85356

49873

15443

1985

76981

5268

61075

275203

4469

N.'A

7120

N/A

2700

N/A

26469

263746

19819

N/A

66260

35055

108210

254745

246450

222692

N/A

145795

176167

43639

2945

36056

3554

66749

101163

14

N'A

4333

N/A

2587

N/A

26226

254302

19075

N/A

67705

32260

1 13936

255976

285270

29830

213998

N/A

134914

177498

42257

3220

36769

3640

64404

102169

1 4

N/A

4098

N.'A

12256

N/A

24627

I 10206

6245

N/A

40156

16774

57295

61690

51666

15091

N/A

26327

140114

9980

N/A

44469

21097

67397

91300

69992

23092

N/A

36904

199277

10062

N/A

55855

29285

66073

108326

92855

75630

N/A

84766

107724

N/A

N/A

49988

63909

92877

49999

56183

64407

10825

1 1463

12562

1252

1636

2129

27866

33598

40626

2953

3344

4177

17326

20638

26342

56366

62485

91582

120

N/A

145

188

N/A

N/A

13

16

22

N/A

N/A

N/A

•> 13

685

1044

(REGIONS t-21)

REGION

NEW ENGLAND t

MID-ATLANTIC 2

SOUTH ATLANTIC-GULF 3

GREAT LAKES 4

OHIO S

TENNESSEE 6

UPPER MISSISSIPPI 7

LOWER MISSISSIPPI a

SOUR IS-HED-RAI Ny 9

MI S SOUR I 10

ARKANSAS-WHITE-RED 11

TEXAS-GULF 12

RIO GRANDE 13

UPPER COLORADO 14

LOWER COLORADO 15

GREAT BASIN 16

PACIFIC NDRTHWEST 17

CALIFORNIA 16

ALASKA 19

HAWAII 20

CARIBBEAN 21

NF

SRF

NF

SRF

NF

SRF

NF

SRF

NF

SRF

NF

SRF

NF

SRF

NF

SRF

NF

SRF

NF

SRF

SRF

NF

SRF

NF

SRF

NF

SRF

NF

SRF

NF

SRF

NF

SRF

2768

N/A

27973

281281

24198

N/A

94202

34269

130552

272605

313548

31831

235315

N/A

144440

187524

43553

3734

38391

4234

70710

1 15293

14

N.'A

NATIONAL TOTAL

REGIONS 1-18

NATIONAL TOTAL

REGIONS 1-21

I 128788

N/A

114 7454

N/A

1298351

N/A

1561597

N/A

1306464 1574687

N/A N/A

1626778 1602766

N/A N/A

1634575

N/A

1742891

N/A

1608512 1748851

N/A N/A

646160

N/A

646806

N/A

763411 1001163

N/A N/A

764257 1002417

N/A N/A
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VOLUME 3: ANALYTICAL DATA SUMMARY

(REGIONS 1-21)

TABLE 1-7 RECREATION REQUIREMENTS AND WILDERNESS AREAS

NATIONAL SUMMARY

TOTAL WATER-RELATED

1.000 ACTIVITY OCCASIONS

WATER-DEPENDENT

1.000 ACTIVITY OCCASIONS

WATER-ENHANCED

1.000 ACTIVITY OCCASIONS

REGION

"1975-

1985

2000

-1975-

1985

2000

"1975"

1985

2000

NEW ENGLAND

I

NF

SRF

105440

118737

139397

69750

77864

91032

35690

40853

46365

MID-ATLANTIC

2

NF

SRF

332953

377597

445163

217923

246575

289290

1 15030

131022

155693

SOUTH ATLANTIC-GULF

3

NF

SRF

218447

N/A

260373

N/A

320421

N/A

160522

N/A

191978

N/A

235100

N/A

57925

N/A

68395

N/A

65321

N/A

GREAT LAKES

4

NF

326927

366175

433653

220377

247 105

294980

106550

119070

138673

SRF

OHIO

5

NF

SRF

200986

223847

256355

142092

158320

162610

58876

65527

75545

TENNESSEE

e

NF

30541

N/A

35808

N/A

43249

N/A

22504

29460

26402

44520

31916

74620

6037

N/A

9406

N/A

1 1333

N/A

SRF

UPPER MISSISSIPPI

7

NF

SRF

144981

509062

164956

612505

167784

772179

97346

461467

111957

559506

126423

710618

47615

52999

61361

LOWER MISSISSIPPI

e

NF

55187

N/A

60057

N/A

66922

N/A

40715

N/A

44280

N/A

49368

N/A

14472

N/A

15777

N/A

17554

N/A

SRF

SOUR I S-RED-RA I NY

9

NF

7027

7007

7072

4720

4710

4765

2307

2297

2307

SRF

MISSOURI

10

NF

SRF

94698

103232

180894

1 16012

217900

61946

88062

67499

99842

772 14

116993

32750

69834

35733

61252

40798

157716

100907

ARKANSAS-WHITE-RED

11

NF

SRF

62516

66243

78008

44521

46566

55619

17997

19875

22189

TEXAS-GULF

12

NF

SRF

84922

99087

120940

62575

73056

89236

22347

26029

31704

RIO GRANDE

13

NF

SRF

16635

16230

20374

10710

1 1 723

13056

5925

6507

73 18

UPPER COLORADO

14

NF

3569

N/A

3653

N/A

4257

N/A

2187

N/A

2346

N/A

2568

N/A

1402

N/A

IS07

N/A

1689

N/A

SRF

LOWER COLORADO

15

NF

SRF

25198

31561

41651

15353

19242

25380

9845

12339

16271

GREAT BASIN

ia

NF

13203

19386

15877

26146

19944

43402

6045

1 1441

9874

16610

12160

25614

5156

7945

6203

1 1536

7784

1 7788

SRF

PACIFIC NDRTHWEST

17

NF

SRF

70059

75728

87072

42664

461 16

53084

27375

29812

33988

CAL1FORN1 A

I0

NF

SRF

221163

307400

256946

404900

310661

613100

134750

219000

156576

288400

169529

437000

864 13

86400

100370

116500

121332

176100

ALASKA

19

NF

SRF

3206

N/A

3908

N/A

5033

N/A

1953

N/A

2360

N/A

3066

N/A

1253

N/A

1528

N/A

1067

N/A

HAWA11

20

NF

24146

27406

29806

33632

38833

16231

20766

22345

25609

29283

5917

6640

7261

8023

9550

SRF

CAR 1BBEAN

21

NF

SRF

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

NATIONAL TOTAL NF 2014434 2287334 2703155 1356720 1544013 1623730 655714 743321 87942S

REGIONS 1-18 SRF N/A N/A N/A N/A N/A N/A N/A N/A N/A

NATIONAL TOTAL NF N/A N/A N/A N/A N/A N/A N/A N/A N/A

REGIONS 1-21 SRF ........
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(REGIONS 1-21)

TABLE

I-7. RECREATION REQUIREMENTS AND

WILDERNESS AREAS

(CONTINUEDI

NATIONAL SUMMARy

WATER

SURFACE AREA NEEDS

1.000 ACRES

DEV

LAND AREA NEEDS DESIGNATED

1.000 ACRES NUMBER

WILDERNESS AREAS

1.000 ACRES

REGION

"1975"

1985

2000

"1975"

1985

2000

"1975"

"1975'

NEW ENGLAND

i

NF

SRF

560.0

681 .0

1437.0

929.0

2333.0

19 2

32 2

22 5

413

28 4

52 1

5

39

43

519 0

MID-ATLANTIC

2

NF

SRF

1679 0

2106 0

2702 0

63 4

74. 1

98 3

5

110

SOUTH ATLANTIC-GULF

3

NF

SRF

958 0

N/A

1206.0

N/A

1685 0

N/A

33 3

413

53 9

19

529

N/A

N/A

N/A

N/A

GREAT LAKES

4

NF

SRF

1284 0

1604.0

1888 0

42 5

56 3

70_6

8

912

OHIO

5

NF

SRF

981 0

1129.0

1404.0

29_9

34 9

42 8

3

35

TENNESSEE

e

NF

SRF

0 0

22 0

0 0

410

45 0

194 0

3 9

N/A

4 9

6 5

5

32

N/A

N/A

UPPER MISSISSIPPI

7

NF

SRF

509.0

585 0

783_0

23 1

27 0

33. 1

1

4

LOWER MISSISSIPPI

8

NF

SRF

182 0

163 0

226 0

398.0

292.0

616.0

9.3

10.0

11.7

227 0

4

19

101 .6

151 .7

N/A

SOUR 1S-RED-RA1 Ny

9

NF

SRF

0 0

0.0

0.0

1 9

1 9

1 9

3

12

M1SSOUR1

10

NF

SRF

6 0

10 0

22 0

11.5

13 1

16 0

15

2216

ARKANSAS-WH1TE-RED

1 1

NF

SRF

250 0

300.0

362 0

8 1

9 5

11.4

5

70

TEXAS-GULF

12

NF

SRF

539 0

876 0

901 0

11.7

14 2

18 3

0

0

RIO GRANDE

13

NF

SRF

129.0

142 0

160 0

3 4

3 6

4 4

9

366

UPPER COLORADO

14

NF

SRF

0 0

N/A

0 0

N/A

0 0

N/A

N/A

4

4

N/A

4

N/A

9

1350

LOWER COLORADO

15

NF

SRF

94 0

128 0

185.0

6 2

B 0

11.1

12

1056

GREAT BASIN

16

NF

SRF

1.0

2 0

16.0

5 0

30 0

2 7

8 2

3 4

14. 1

4 6

26 4

1

85

10 0

PACIFIC NDRTHWEST

17

NF

SRF

98 0

138 0

464 0

232 0

556.0

10 3

10 4

11.9

12 0

15 1

15 2

27

5192

424.0

CALIFORNIA

18

NF

SRF

606 0

2367 0

977 0

3429 0

1244.0

5707.0

35 6

17. 1

43 3

29 1

54 5

59 7

27

2324

ALASKA

19

NF

SRF

0 0

N/A

0 0

N/A

0 0

N/A

6

N/A

8

1 2

8

77

N/A

N/A

N/A

HAWA11

20

NF

SRF

°..°

0 0

0 0

0 0

4

1 4

1 4

1

19

4 0

0

CAR 1BBEAN

21

NF

SRF

N/A

N/A

N/A

N/A

N/A

N/A

0

0

NATIONAL TOTAL

REGIONS 1-18

NF

SRF

8056 0

N/A

9814.0

N/A

12639 0

N/A

316 6

380 5

481 2

N/A

153

14331

N/A

N/A

N/A

NATIONAL TOTAL

REGIONS 1-21

NF

SRF

N/A

N/A

N/A

N/A

N/A

N/A

162

14427

N/A
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PAGE 34 TABLE 1-8 ELECTRIC POWER GENERATION BY FUEL SOURCE

(REGIONS 1-21) NATIONAL SUMMARY

TOTAL GENERATION

GIGAWATT HOURS

CHANGE IN TOTAL

PERCENT

GEN

NUCLEAR

PORTION OF

PERCENT

TOTAL

REGION

-1975- 1985

2000

1975-1985 1975-2000

"1975"

1985

2000

NEW ENGLAND

1

NF

SRF

666 19

125883

294620

•M

8 6%

342%

340%

30%

57%

68%

67003

MID-ATLANTIC

2

NF

SRF

200336

405863

902534

103%

351%

19%

52%

2/%

SOUTH ATLANTIC-GULF

3

NF

SRF

237703

675164

1773352

1773906

164%

646%

13%

49%

57%

GREAT LAKES

4

NF

SRF

206643

N/A

374064

N/A

641646

71%

303%

N/A

17%

5>%

7 5%

N/A

N/A

OHIO

5

NF

304458

505594

1056700

66%

247%

0%

IS%

50%

SRF

TENNESSEE

0

NF

66135

163374

262684

140%

286%

4%

67%

7 3%

SRF

UPPER MISSISSIPPI

7

NF

SRF

113951

249813

666729

1 19%

465%

22%

49%

7 6%

LOWER MISSISSIPPI

8

NF

SRF

5361 1

120854

366073

125%

580%

0%

33%

60%

SOUR 1S-RED-RA1 NY

9

NF

SRF

956

352

0

-63%

-100%

0%

OS

0%

MISSOURI

10

NF

SRF

75235

166691

N/A

446618

146%

498%

•%

19%

50%

N/A

ARKANSAS-WHITE-RED

11

NF

SRF

72616

N/A

165039

N/A

404432

N/A

127%

N/A

455%

N/A

7%

27%

73%

TEXAS-GULF

12

NF

SRF

123994

131668

274679

312997

624516

639346

122%

136%

565%

386%

0%

21%

75%

RIO GRANDE

13

NF

SRF

10773

12328

5354

20074

26794

40321

-50%

63%

149%

0%

0%

07%

227%

UPPER COLORADO

14

NF

SRF

23664

56204

59275

90568

104550

144%

260%

350%

0%

0%

IS%

23215

155%

LOWER COLORADO

15

NF

SRF

32649

64618

102878

99%

215%

0%

11%

41%

GREAT BASIN

ia

NF

3537

2649

24751

5143

124491

10797

600%

61%

3420%

279%

0%

56%

92%

SRF

PACIFIC NORTHWEST

17

NF

SRF

136234

169111

408621

37%

198%

2%

24%

56%

CALIFORNIA

ig

NF

SRF

120801

122692

227032

343787

B8%

8 5%

165%

160%

n

37%

64%

ALASKA

10

NF

SRF

1427

3300

3298

6100

15423

36500

131%

66%

961%

1006%

0%

0%

0%

HAWAI1

20

NF

SRF

5167

10301

25873

99%

401%

0%

0%

0%

CARIBBEAN

21

NF

SRF

9937

30662

93574

2 11%

842%

0%

33%

82%

NATIONAL TOTAL

REGIONS 1-16

NF

1656715

N/A

3616280

N/A

8939243

N/A

106%

N/A

361%

N/A

9%

38%

O5%

SRF

NATIONAL TOTAL

REGIONS 1-21

NF

SRF

1873246

N/A

366074 1

N/A

9074113

N/A

106%

384%

9%

3»%

O5%

N/A

N/A
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1-21 )

TABLE 1-8. ELECTRIC POWER GENERATION BY FUEL SOURCE (CONTINUED)

PAGE 35

NATIONAL SUMMARY

FOSSIL

GIGAWATT HOURS

NUCLEAR

GIGAWATT HOURS

CONVENTIONAL HYDROPOWER

GIGAWATT HOURS

REGION

-197S-

1965

2000

-1975-

1985

2000

-1975-

1985

2000

NEW ENGLAND

1

NF

SRF

44198

51630

69900

2024 1

72250

201710

2162

2003

3010

MID-ATLANTIC

2

NF

SftF

157809

190995

246745

37258

210625

649598

5269

4063

4191

SOUTH ATLANTIC-GULF

3

NF

189757

326565

747660

30344

331477

1010231

17602

15102

15461

SRF

GREAT LAKES

4

NF

SRF

147857

155765

186116

35135

197635

635044

25651

20684

20684

OHIO

s

NF

SRF

299003

424369

521651

0

75361

527353

5455

5844

7698

TENNESSEE

6

NF

SRF

46041

38847

56705

2722

109101

190553

19372

15428

15426

UPPER MISSISSIPPI

7

NF

SRF

87625

125906

156084

24679

122255

509195

1»27

1450

I480

LOWER MISSISSIPPI

■

NF

SRF

53363

80349

72468

0

40140

293220

446

S65

sas

SOURIS-RED-RAINY

9

NF

SRF

I5O

352

0

0

0

0

0

0

0

MISSOURI

10

NF

SRF

49935

137914

208709

5918

347 1 1

225643

19384

14066

14066

ARKANSAS-WH1TE-flED

11

NF

SRF

60877

115400

101570

4678

43610

298900

7061

5629

5982

TEXAS-GULF

12

NF

SRF

122873

215690

205160

0

56186

616420

1121

023

916

RIO GRANDE

UPPER COLORADO

13

14

NF

10638

22545

5110

56677

3190

73855

0

0

0

0

23360

13490

1c5

1319

»24

1327

»24

SRF

NF

3223

SRF

LOWER COLORADO

IS

NF

SRF

23762

46294

51460

0

7438

42556

8887

9086

8842

GREAT BASIN

ia

NF

SRF

3063

9764

9464

0

14460

1 14500

454

527

527

PACIFIC NORTHWEST

17

NF

6292

9732

17613

3310

44907

235145

126236

134472

155683

SRF

CALIFORNIA

II

NF

SRF

78693

1 14712

91704

6070

83775

219929

38036

28545

32154

ALASKA

19

NF

SRF

ma

2073

7053

0

0

0

311

1225

6370

HAWA11

20

NF

5167

10301

25673

0

0

0

0

0

0

SRF

CARIBBEAN

21

NF

SRF

9937

20613

35266

0

10249

56288

0

0

0

NATIONAL TOTAL NF 1405505 2110313 2642316 170753 1446111 5807047 280061 259858 289860

REGIONS 1-16 SRF ---------

NATIONAL TOTAL NF 1421725 2143300 2910526 170753 1456360 5885335 260372 261061 296250

REGIONS 1-21 SRF ---------
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TABLE 1-9 STEAM-ELECTRIC GENERATING PLANTS

(REGIONS 1-21|

NUCLEAR GENERATING PLANTS FOSSIL GENERATING PLANTS PORTION OF STEAM GENERATION

NUMBER NUMBER USING ONCE-THRU COOLING

NEW ENGLAND

1

6

a

13

35

28

24

8 7%

95%

24%

MID-ATLANTIC

5

1 7

36

62

72

52

8 2V

58%

22%

SOUTH ATLANTIC-GULF

3

5

23

42

86

10 1

1 1 1

m

3 1%

13%

GREAT LAKES

9

20

38

76

7 1

66

9 3%

4 6%

1 3%

OHIO

5

0

6

26

103

108

97

5 9%

34%

7%

TENNESSEE

1

7

9

9

a

•

8 5%

3 3%

15%

UPPER MISSISSIPPI

7

7

14

35

7 1

73

70

54%

20%

2%

LOWER MISSISSIPPI

9

0

3

7

36

36

29

7 8%

69%

50%

SOUR 1S-RED-RA1 NY

9

0

0

0

3

3

0

6 3%

64%

0%

M1SSOUR1

10

2

»

13

52

60

59

N/A

N/A

N/A

ARKANSAS-WHITE-RED

1 1

1

3

0

55

62

46

3%

3%

1%

TEXAS-GULF

1 s

0

4

13

68

78

70

2 7%

1 5%

9%

RIO GRANDE

,3

0

0

2

13

12

9

N/A

N/A

N/A

UPPER COLORADO

1 4

0

0

1

10

13

14

i%

<1s

0%

LOWER COLORADO

is

o

1

2

18

30

14

0%

0%

0%

GREAT BASIN

18

0

2

4

5

7

e

8%

OS

0%

PACIFIC NDRTHWEST

1 7

2

5

10

4

5

6

N/A

N/A

N/A

CALIFORNIA

"

3

7

10

35

32

25

I4S

7 3%

5 3%

ALASKA

19

0

0

0

4

12

sn

18%

49»

HAWA 1 1

20

0

0

0

5

5

e

100%

100%

100%

CARIBBEAN

21

0

1

4

6

9

12

100%

2 0%

NATIONAL TOTAL 4 1 124 269 765 790 707 N/A N/A N/A

REGIONS 1-16

NATIONAL TOTAL 41 125 273 780 912 739 N/A N/A N/A

REGIONS 1-21
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(REGIONS 1-21)

TABLE 1-10 WATER QUALITy INDICATORS

NATIONAL SUMMARy

RESIDUAL HEAT DISCHARGED FROM STEAM-ELECTRIC GENERATING PLANTS

TOTAL

RESIDUAL HEAT DISCHARGED

TRILLION BTU/yEAR

RESIDUAL HEAT DISCHARGED

TO FRESH WATER

TRILL ION BTU/yEAR

RESIDUAL HEAT DISCHARGED

TO SALINE WATER

TRILLION BTU/yEAR

REGION

"1975"

1985

2000

"1975"

1985

2000

"1975"

1985

2000

NEW ENGLAND

1

2

3

486

1362

91 1

2782

4412

1978

87

321

73

295

527

9

158

472

273

608

281

668

1078

425

981

757

MID-ATLANTIC

5894

SOUTH ATLANTIC-GULF

1488

1 1341

57 1

594

GREAT LAKES

4

5

6

1299

1949

2417

3230

5403

6704

1616

985

927

953

874

266

628

361

0

0

0

0

0

0

0

0

0

OHIO

TENNESSEE

309

984

212

204

UPPER MISSISSIPPI

LOWER MISSISSIPPI

SOUR 1 S-RED-RA 1 Ny

7

B

9

834

1728

117

4370

366

284

97

0

0

0

371

9

2376

0

206

406

2

667

0

15

67

0

404

0

3

6

0

M1SSOUR1

10

1 1

12

435

1 166

2804

2587

5332

190

13

13

291

27

15

200

12

0

0

0

ARKANSAS-WHITE-RED

462

843

1055

1813

0

0

0

TEXAS-GULF

25

156

189

403

RIO GRANDE

UPPER COLORADO

LOWER COLORADO

13

14

81

38

367

381

175

556

61 1

0

2

0

0

2

0

0

0

0

0

0

0

0

0

0

0

0

15

155

174

GREAT BASIN

PACIFIC NDRTHWEST

CAL1FORN1 A

16

17

24

163

606

1855

2062

1

0

2

0

0

2

0

0

0

0

66

556

370

1330

23

0

0

0

603

421

18

364

970

ALASKA

HAWA11

CARIBBEAN

19

20

21

9

36

17

46

163

606

2

1

1

3

29

2

17

70

0

0

0

0

0

0

ss

128

75

207

60

108

98

NATIONAL TOTAL

REGIONS 1-18

10923

23987

56274

3923

4017

2635

1699

3419

4361

NATIONAL TOTAL

REGIONS 1-21

1 1043

24261

57091

3925

4018

2636

1791

3584

4602

(REGIONS 1-21)

TABLE 1-10 WATER QUALITy INDICATORS (CONTINUED)

NATIONAL SUMMARy

DISCHARGES OF

HEAT.

BOD. AND

TSS TO WATER - "1975"

HEAT

Bl

OCHEMICAL

OXyGEN DEMAND (BOD)

TOTAL SUSPENDED

sol id:

5 (TSS)

DISCHARGED

TOTAL IF UNDER

DISCHARGED BAT-

MILLION LBS/yR MILLION LBS/yR

TOTAL

DISCHARGED

MILL ION LBS/yR M

IF Ul

B A

<DER

T •

LBS/yR

By MFG PLANTS

REGION

TRILL ION BTU/yR

ILLION

NEW ENGLAND

1

2

3

126

412

225

710

127

325

268

7355

22661

5077

12436

28581

MID-ATLANTIC

1900

1346

SOUTH ATLANTIC-OULF

30118

GREAT LAKES

4

5

6

630

566

118

1 173

262

836

244

46998

157162

50605

26013

152206

41159

OHIO

1502

TENNESSEE

469

UPPER MISSISSIPPI

LOWER MISSISSIPPI

SOUR 1S-RED-RA1 Ny

7

8

9

66

1539

1067

182764

176427

287

5

947

6 i 1

34

184549

183094

54

3680

3557

M1SSOUR1

10

12

22

1935

500

635

1742

717481

64714

28279

328357

79098

25622

ARKANSAS-WH1TE-RED

TEXAS-GULF

21

277

98

37 1

RIO GRANDE

UPPER COLORADO

LOWER COLORADO

13

14

15

17

39

14

21975

5702

127633

25785

<l

725

717

131321

119700

1

135

72

GREAT BASIN

PACIFIC NDRTHWEST

CALIFORNIA

16

17

16

3

1 15

43

43

20

92698

115563

104612

6854

76366

88445

950

1999

456

698

ALASKA

HAWA11

CARIBBEAN

11

20

21

7

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N A

N A

N/A

N/A

NATIONAL TOTAL

REGIONS 1-18

3046

16803

7664

2102633

1385112

NATIONAL TOTAL

REGIONS 1-21

N 4

N A

N/A

N/A

N A

BEST AVAILABLE TECHNOLOGy SEE EXPLANATORy NDTES
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TABLE 1-11 COMMERCIAL NAVIGATION

(REGIONS 1-21) NATIONAL SUMMARY

MISSISSIPPI AND GULF INTRACOASTAL WATERWAYS

COMMODITY

ORIGINS

(MlLLION

TONS)

PETROLEUM

COAL

STEEL

SAND

LOGS

TOTAL

CHANGES

IN T0TAL

AND

AND

IRON +

GRAVEL

AND

CHEM-

COMMOO1TY

COMMOO

TY MOVED

REGION

PROOUCTS

COKE

IRON ORE

STONE

GRAINS

LUMBER

ICALS

SHELLS

OTHER

MOVED

FROM

- 1975"

1

"1975"

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

1985

■■

"

■

"

-

■

-

"

2000

■

■

■

■

3

"1975"

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

-

-

1985

■

■

■

"

-

*

"

2000

"

■

■

■

■

3

"1975"

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

-

-

1985

■■

■

'•

■

■

2000

"

"

"

"

■

"

■

■

4

-1975-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A.

N/A-

N/A-

N/A-

-

-

1985

"

■

■

2000

"

"

"

"

"

"

■

"

"

■

5

- 1975"

1 1

90

2

13

2

<1

3

0

6

120

-

1985

12

112

3

15

2

<1

5

0

9

159

31

2000

I5

156

3

18

4

<l

8

0

13

219

9 1

- 'V

6

"1975"

<1

3

<1

2

<1

<1

<1

0

i

7

-

1985

<1

4

<1

2

<l

<1

i

0

1

0

2

2000

<1

2 1

1

2

<1

<1

1

0

2

30

23

329%

7

-1975"

6

18

<1

■1

21

<1

<1

0

1 1

63

-

-

1985

8

57

<1

5

26

< i

< 1

0

15

1 10

47

7 5%

2000

10

67

<1

7

34

<1

3

0

23

14 1

78

1»2S

8

-1975"

93

11

2

2

2

<1

16

30

155

-

-

1985

108

5

3

2

2

<1

25

11

35

190

35

2000

135

6

3

3

3

<1

43

1 3

52

260

105

6 SI

9

"1975"

0

0

0

0

0

0

0

0

0

0

-

-

1985

"

■

•'

•'

■

'■

■

2000

"

"

"

■

"

"

"

"

10

"1975"

0

< 1

<1

<1

<1

0

<1

0

<1

2

-

-

1985

0

< 1

< 1

< i

< 1

0

< 1

0

< 1

2

0

0%

2000

0

<1

<1

<1

1

0

<1

0

2

2

0

0%

11

"1975"

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

-

-

1985

"

■

"

■

■

"

"

2000

■

"

■

■

■

"

"

■

12

-1975"

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

-

-

1005

■

■

"

■

2000

"

"

"

■

"

"

"

13

"1975"

<1

<1

<1

0

<1

0

<1

0

<1

1

-

-

i0as

<1

< 1

<1

0

<l

0

<1

0

1

i

0

01

2000

<1

<1

<1

0

<1

0

1

0

1

2

•

10 0%

14

"1975"

0

0

0

0

0

0

0

0

0

0

-

1985

■

"

"

"

"

■■

"

"

"

2000

■

■

"

■

■

"

■

"

I5

"1975"

0

0

0

0

0

0

0

0

0

1985

■

■

"

'•

■

'■

"

"

2000

■1

■

'1

"

■

■

■

1«

-1975"

0

0

0

0

0

0

0

0

0

-

-

1985

"

■

"

■

'■

"

2000

"

"

"

"

"

"

17

- 1975"

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

-

-

1985

"

■

"

2000

"

"

ia

"1975"

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

-

1985

•

■

■

■

■

■■

2000

"

"

■

"

■

10

-1975-

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

-

1985

-

"

■

■

-

•

-

-

-

2000

"

"

■

■

20

"1975"

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

-

-

1985

1■

-

*

-

■

"

2000

"

"

"

"

"

"

21

"1975"

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

-

1985

■

*

"

"

"

■1

■

■

2000

NAT ION

"1975"

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

(1-1BI

1985

"

■

"

*

■

■

2000

"

"

"

"

"

■

DATA WERE LIMITED TO THE MISSISSIPPI RIVER AND GULF INTRACOASTAL WATERWAY SYSTEM

SUFFICIENT COMMOOITY DATA AND ASSOCIATED PROJECTION FACTORS FOR OTHER WATERWAY SYSTEMS WERE NDT AVAILABLE BY SUBREGION

REGIONAL TOTALS INCOMPLETE DATA NDT SUPPLIED FOR SOME SUBREGIONS
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(REGIONS 1-21)

TABLE 1-11. COMMERCIAL NAVIGATION (CONTINUED)

MISSISSIPPI AND GULF INTRACOASTAL WATERWAyS

NATIONAL SUMMARy

COMMODITy

FLOWS PAST

(MILLION

SELECTED

TONS)

LOCATIONS

PETROLEUM

COAL

STEEL

SAND

LOGS

AND

LUMBER

TOTAL

CHANGES IN TOT/

AND

AND

IRON +

GRAVEL

STONE

CHEM-

ICALS

COMMODITy

FLOW

COMMODITy FLO)

REGION

PROOUCTS

COKE

IRON ORE

GRAINS

SHELLS

OTHER

FROM "1975-

1

"1975"

1985

2000

N/A

N/A

N/A

N/A

N.'A

N/A

N/A

N/A

N/A

N/A

-

"

2

-1975-

1985

2000

N/A

N/A

N/A

N.'A

N/A

N/A

N/A

N/A

N/A

N.'A

~

"

3

"1975"

1985

2000

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

"

"

4

"1975"

1985

2000

N/A■

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

-

-

5

"1975"

1985

2000

12

10

29

33

2

3

3

1

1

2

3

3

6

<1

<1

<1

6

9

16

0

9

12

19

44

14

18

0

72

28

6 4%

120%

<1

97

53

6

"1975"

1985

2000

2

2

7

<1

c 1

< 1

1

1

3

0

0

0

1

2

6

0

0

2

14

17

40

8

< 1

3

5

3

26

21%

166%

3

21

1

<1

7

"1975"

1985

2000

37

43

55

6

41

47

3

3

<1

<1

22

26

<l

<1

<1

10

16

28

<1

<1

< 1

IS

94

149

199

19

30

55

105

59%

4

< 1

36

1 12%

8

"1975"

61

1

2

2

1

2

2

2

3

3

2

2

2

<1

<1

<1

13

20

34

2

2

2

4

6

8

67

106

142

1985

2000

71

89

19

55

22%

6 3%

9

"1975"

1985

2000

0

0

0

0

0

0

0

0

0

0

-

-

10

"1975"

1985

2000

<l

< 1

<1

0

1

0

0

0

< 1

1

0

1

1

1

2

3

<1

<1

<1

<1

<1

0

0

1

1

0

0

1

2

50%

100%

< 1

1

4

11

"1975"

1985

2000

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

-

-

12

"1975"

1985

2000

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N/A-

N.'A-

N/A-

-

-

13

-1975"

1985

2000

4

5

7

<1

< 1

<1

<1

<l

<1

< 1

< 1

0

<1

1

0

0

<1

5

6

<1

<1

< 1

<1

0

0

1

0

1

1

6

1

4

20%

80%

14

-1975"

0

0

0

0

0

0

0

0

0

0

~

-

1985

2000

15

"1975"

1985

2000

0

0

0

0

0

0

0

0

0

0

"

-

16

-1975"

1985

2000

0

0

0

0

0

0

0

0

0

0

~

-

1 7

"1975"

1985

2000

N/A

N.'A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

~

-

18

"1975"

1985

2000

N.'A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N.'A

N.'A

-

-

19

"1975"

1985

2000

N/A

N.'A

N/A

N/A

N.'A

N.'A

N/A

N/A

N/A

N/A

"

"

20

-1975"

1985

2000

N/A

N/A

N.'A

N.'A

N/A

N/A

N/A

N/A

N/A

N/A

"

"

2 1

"1975"

1985

2000

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

~

~

NATION

( 1-H)

"1975-

N/A

N/A

N/A

N.'A

N ■ A

N/A

N/A

N/A

N/A

N/A

"

-

1985

2000

DATA WERE LIMITED TO THE MISSISSIPPI RIVER AND GULF INTRACOASTAL WATERWAy SySTEM

SUFFICIENT COMMODITy DATA AND ASSOCIATED PROJECTION FACTORS FOR OTHER WATERWAy SySTEMS WERE NDT AVAILABLE By SUBREGION

REGIONAL TOTALS INCOMPLETE DATA NDT SUPPLIED FOR SOME SUBREGIONS
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VOLUME 3: ANALYTICAL DATA SUMMARY

(REGIONS 1-21)

TABLE 11-1.

ANNUAL

WATER SUPPLy DATA -

-1975-

NATIONAL

SUMMARy

SURFACE WATER

RESOURCES

GROUND WATER

RESOURCES

ANNUAL

STREAMFLOW FREOUENCY ANALySIS

EXISTING

SURFACE

STORAGE

STORAGE

WITHDRAWALS

PERCENTAGE EXCEEDANCE

NDRMAL SURFACE

STORAGE AREA

IHII GAL II 1000 AC)

TOTAL AVAILABLE

STORAGE STORAGE

(TRIL GALHTRIL GAL)

TOTAL

(MGD)

OVRORFT

(MGO)

MEAN

5% 50% 60%

IMGD) i Willi IW.DI

95%

STORAGE

(B1L GAL)

REGION

I Will I

(MGD)

i

.'HIM"

107700

115100

356600

77440

62730

61230

164140

46290

46430

121620

6310

4722

6271

13362

4 12

N/A

N/A

635

2661

5449

3

32

79190

77630

7853

142

1 161

4 14

226010

219290

19799

1766

N/A

4460

J39

72710

176000

40600

103690

71670

176000

40600

57260

141000

35900

44925

4199

3292

182

681

466

N/A

1399

26 1

383

1215

27

0

0

254000

105000

31400

14096

5161

3600

1843

27 1

57900

7724

N/A

530

121000

169000

121000

91600

85300

7574

6398

2429

4231

2034

469

4636

2243

2366

0

433000

757000

433008

262000

202000

542

2598

703

1272

4836

4 '2

6010

1 1400

5620

3360

1610

1430

18

172

B6

0

44100

62600

26270

74300

120700

62430

43200

59100

22920

29900

37400

12266

17600

36466

22761

17612

27161

9853

7660

2067

1515

1 116

445

10407

6646

7222

2557

21560

664

2603

499

1434

5457

5576

6305

930

1230

4370

585

270

7020

1360

156

3900

1230

44 10

2534

3326

19982

173

318

251

16033

1054

1674

2335

126

65"

10000

15600

10000

3691

78

N/A

0

1550

1660

1550

23491

57 1

5006

2415

2562

4663

2353

1646

213333

1173

1366

21257

144 16

1239

17639

12697

130

944

1377

171

1424

59 i

255270

344720

254270

179866

1260

180

82

7346

627

47375

67391

44337

29767

19506

413

327

19160

2197

19

20

21

905000

6747

4851

1030000

698000

6316

4460

795000

4910

3300

705000

3624

1620

283

267

13

92

12

1

N/A

N/A

1122

44

C

0

13

10333

17

7

N/A

16

790

254

7130

132

N/A

NATION

(1-16)

1233357

1956944

1210685

669362

675315

224179

146397

1 1774

N-A

N/A

61240

20669

NATION

(1-21)

2149955

3004407

2119843

1692592

1385759

224612

146769

11793

N/A

N/A

62328

20902
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TABLE I I-2 ANNUAL IMPORTS. EXPORTS. AND NET EVAPORATION

(REGIONS 1-21) NATIONAL SUMMARY

(MILLION GALLONS PER DAY)

NET EVAPORATION

IMPORTS

EXPORTS

RESERVOIRS

FARM/STOCK

PONDS

REGION

"1975"

1985

2000

-1975-

1985

2000

-1975"

1985

2000

- 1975"

1985

2000

1

179

251

319

179

251

319

0

0

0

0

0

0

2

2070

2070

2070

1591

1591

1591

0

0

0

0

0

0

3

125

125

125

131

131

131

0

0

0

0

0

0

4

19

19

19

0

0

0

0

0

0

0

0

0

5

0

0

0

o

0

0

0

0

0

o

0

0

0

0

0

0

0

0

0

0

0

0

0

0

7

2064

2064

2064

0

0

0

37

37

37

6

s

9

6

0

0

0

o

0

0

0

0

0

0

0

0

0

58

641

0

0

0

11

11

11

5

7

p

10

411

5S1

1106

0

116

1243

3954

3954

3954

970

1370

164 1

1 1

158

207

230

30

30

30

1898

1898

1898

717

10 12

1213

12

401

401

401

371

371

371

1289

1289

1209

416

566

703

13

234

199

199

0

0

0

853

663

653

77

111

132

t i

0

0

0

805

985

1095

6B8

see

6ee

23

33

40

35

45

136

4498

4129

4032

1153

1153

1153

49

69

63

ie

103

179

253

2

2

2

3 1 7

317

317

10

14

16

1 7

47

47

47

0

0

0

1915

I9IS

19IS

99

140

168

IB

10426

1 1932

13130

5988

7863

9249

646

646

646

23

33

40

19

0

o

0

0

0

0

0

0

0

0

0

20

0

0

0

0

0

0

i

1

i

0

0

0

21

0

0

0

0

0

0

0

0

0

0

0

0

tATION

16272

16146

20740

13595

1547 1

18063

12561

12561

12561

2395

3363

4053

1-16)

1ATION

16272

16146

20740

13595

1547 1

18063

12562

12562

12562

2395

3363

4053

(1-21 I

TABLE 11-3. ANNUAL INSTREAM FLOW USES

(REGIONS 1-21) NATIONAL SUMMARY

(MILLION GALLONS

AND WlLDLIFE (IFA)•

PER DAY)

F ISH

NAVIGATION-

TREATIES

AND COMPACTS

REGION

"1975"

1985

2000

"1975-

1985

2000

"1975"

1965

2000

NEW ENGLAND

1

69001

6900 1

6900 1

N/A

N/A

N/A

0

0

0

MID-ATLANTIC

2

66840

68640

68840

N/A

N/A

N/A

1131

113 1

113 1

SOUTH ATLANTIC-GULF

3

188655

166655

166655

N/A

N/A

N/A

0

0

0

GREAT LAKES

4

63951

63951

63951

N/A

N/A

N/A

0

0

0

OHIO

5

160520

160520

160520

410

530

64S

0

0

0

TENNESSEE

6

38460

38460

36460

16100

16 100

16100

0

0

0

UPPER MISSISSIPPI

7

110750

110750

1 10750

34680

34680

34680

0

0

0

LOWER MISSISSIPPI

9

359033

359033

359033

1 19500

1 19500

119500

0

0

0

SOUR 1 S-RED-RA 1 NY

9

3673

3673

3673

0

0

0

0

0

0

M1 SSOUR 1

10

33958

33958

33958

25640

25840

25840

0

0

0

ARKANSAS-WH1TE-RED

11

46169

46169

46169

N/A

N/A

N/A

0

0

0

TEXAS-GULF

12

22917

22917

22917

N/A

N/A

N/A

0

0

0

RIO GRANDE

13

228 7

2287

2267

N/A

N/A

N/A

0

0

0

UPPER COLORADO

14

794 7

794 7

7947

0

0

0

6700

6700

6700

LOWER COLORADO

15

6864

6864

6864

0

0

0

1340

1340

1340

GREAT BASIN

16

3389

3389

3369

0

0

0

0

0

0

PACIFIC NDRTHWEST

1 7

214004

214004

214004

N/A

N/A

N/A

0

0

0

CALIFORNIA

18

32607

32607

32607

N/A

N/A

N/A

0

0

0

ALASKA

19

859000

659000

659000

N/A

N/A

0

N/A

0

0

0

HAWA11

20

4590

4590

4590

0

0

0

0

0

CARIBBEAN

2 1

3706

3706

3706

0

0

0

0

0

0

NATIONAL TOTAL 1035221 1035221 1035221 N/A N/A N/A 2471 2471 2471

REGIONS 1-16

NATIONAL TOTAL 1902517 1902517 1902517 N/A N/A N/A 2471 2471 2471

REGIONS 1-21

■ (IFA) INSTREAM FLOW APPROXIMATIONS AS DEFINED IN EXPLANATORY NDTES FOR USE ONLY IN SECOND NATIONAL WATER ASSESSMENT

■ NAVIGATION INSTREAM FLOW DATA WERE LIMITED TO THE MISSISSIPPI RIVER AND GULF INTRACOASTAL WATERWAY SYSTEM
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VOLUME 3: ANALYTICAL DATA SUMMARY

(REGIONS 1-21)

TABLE 11-4 ANNUAL WATER REQUIREMENTS FOR OFFSTREAM USES

8ASE CONDITIONS

NAT IONAL SUMMARy

TOTAL WITHDRAWALS

(MILLION GALLONS PER DAy)

TOTAL CONSUMPTION

AGRICULTURE

IRRI GAT I ON

LIVESTOCK

STEAM ELECT

MANUFACT

PRIM METALS

CHEMICALS

PAPER

FOOD

PETROLEUM

TRANSPORT

TEXTILES

ALL OTHER

DOMESTIC

CENTRAL

NDNCENTRAL

COMMERCIAL

MINERALS

NDNMETALS

FUELS

METALS

PUBLIC LANDS

BLM LANDS

NAT FORESTS

NAT PARKS

FISH HATCH

MISC OTHER

160855

158743

1912

66916

51222

17571

13456

6436

2579

2526

1333

561

4754

23256

21 164

2092

5530

7055

3666

2552

817

1239

1050

177

12

627

168485

166252

2233

94858

23687

5714

5719

5995

M66

1499

595

266

2413

26303

23983

2320

6048

6832

4560

3219

1053

1466

I 130

318

17

698

156397

153846

2551

79492

19869

3451

5231

5376

1169

1225

479

212

2526

30318

27918

2400

6732

11328

8123

3844

1381

1737

1231

483

2 3

724

0

66303

66391

1912

14 19

6059

1951

13-6

1056

366

551

161

66

568

6268

4976

1292

1 109

2198

543

1359

284

1236

1050

177

9

95053

92820

2233

4082

8903

2305

2208

2020

525

662

249

94

840

7073

5685

1406

1216

2777

666

1668

403

1 461

1 130

319

12

95057

92506

2551

10541

14699

2732

4089

4256

792

976

366

145

1343

6074

6636

1436

1369

3609

102 I

2875

513

1731

1231

483

17

TOTAL (BASE]

FRESHWATER

338500

330375

306397

TOT SALINE

FRESH (BASE)

+ SAL I NE

59737

398237

91236

421611

1 18815

425212

(REGIONS 1-18)

CONTIGUOUS U S

AGRICULTURE

IRRIGATION

LIVESTOCK

STEAM ELECT

MANUFACT

PRIM METALS

CHEMICALS

PAPER

FOOO

PETROLEUM

TRANSPORT

TEXTILES

ALL OTHER

DOMESTIC

CENTRAL

NDNCENTRAL

COMMERC I AL

MINERALS

NDNMETALS

FUELS

METALS

PUBLIC LANDS

BLM LANDS

NAT FORESTS

NAT.PARKS

FISH HATCH

MISC OTHER

156681

156776

1905

88880

50836

17571

13454

8314

2333

2522

1333

561

4748

22713

2064 1

2072

5450

6993

3851

2540

802

1229

1050

166754

164532

2222

94838

23413

5714

5715

5909

1312

1492

595

266

2410

25850

23358

2292

595 1

6602

4517

3066

999

1456

1 130

309

17

155108

152572

2536

79461

19444

3451

5226

5298

1037

1218

479

212

2523

29518

27156

2362

6616

10605

6069

3502

1234

1717

123 I

463

23

7 24

67543

85638

1905

14.9

5959

1951

1314

1034

318

548

161

66

567

6169

4889

12B0

1088

2180

539

1348

293

1226

1050

167

8

94269

92047

2222

4060

6774

2305

2205

1983

442

858

249

94

838

6952

5562

1390

I 191

2631

661

1568

382

1451

1 130

309

12

0

0

94371

91635

2536

10536

14519

2732

4085

4194

686

970

366

145

134 1

7926

8512

14-4

1339

3253

1015

1767

471

1711

1231

463

TOTAL (BASE)

FRESHWATER

335409

TOT SALINE

FRESH (BASE)

+ SALINE

57417

392626

327360

303413

66853

414213

112470

415883

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:3

0
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



VOLUME 3: ANALYTICAL DATA SUMMARY

43

TABLE 11-4.

ANNUAL WATER REQUIREMENTS FOR OFFSTREA

BASE CONDITIONS

(MILLION GALLONS PER DAy)

TOTAL WITHDRAWALS

TOTAL CONSUMPTION

NEW ENGLAND REGION

AGRICULTURE

IRR I GAT I ON

LIVESTOCK

STEAM ELECT

MANUFACT.

PRIM METALS

CHEMICALS

PAPER

FOOD

PETROLEUM

TRANSPORT

TEXTILES

ALL OTHER

DOMESTIC

CENTRAL

NDNCENTRAL

COMMERCIAL

MINERALS

NDNMETALS

FUELS

METALS

PUBLIC LANDS

BLM LANDS

NAT FORESTS

NAT PARKS

FISH HATCH

MISC OTHER

53

35

18

1263

2170

132

109

982

56

ia

341

45

509

1 122

1011

1 1 1

67

0

1022

36

66

520

30

B

97

1223

1097

126

1 15

1 12

0

3

85

46

19

375

781

20

ss

395

23

5

61

5

217

1356

1222

134

153

149

0

3

0

3

0

55

0

43

25

18

'92

4

15

66

9

3

26

2

47

164

98

68

1 I

I 1

0

48

29

19

18

332

8

27

158

1 1

4

37

179

103

76

16

16

0

<1

52

33

19

20

20

0

TOTAL (BASE)

FRESHWATER

3939

3230

TOT SAL I NE

FRESH (BASE)

+ SALINE

14604

18543

10161

13391

MID-ATLANTIC REGION

AGRICULTURE

IRRIGATION

L I VESTOCK

STEAM ELECT

MANUFACT.

PRIM METALS

CHEMICALS

PAPER

FOOD

PETROLEUM

TRANSPORT

TEXTILES

ALL OTHER

DOMESTIC

CENTRAL

NDNCENTRAL

COMMERCIAL

MINERALS

NDNMETALS

FUELS

METALS

PUBLIC LANDS

BLM LANDS

NAT FORESTS

NAT PARKS

FISH HATCH

MISC OTHER

333

285

7463

5416

1 124

1850

745

271

562

67

37

760

3954

3627

327

459

424

21

435

366

69

7130

2526

616

666

4 60

1 72

228

46

17

30 I

4467

4095

372

548

5 14

19

15

552

481

71

4857

1942

385

568

389

130

137

32

12

309

5166

4756

410

826

700

662

22

16

7

0

264

198

68

103

607

173

179

76

45

7 1

6

3

54

705

505

200

70

56

12

2

338

269

224

934

239

301

146

61

67

15

5

80

790

565

225

82

69

1 1

2

3

0

2

I

0

0

425

354

71

644

1361

288

429

305

78

109

24

7

121

698

850

246

102

68

TOTAL (BASE)

FRESHWATER

18300

13673

TOT SALINE

FRESH |BASE)

+ SALINE

19825

37925

26206

40061
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VOLUME 3: ANALYTICAL DATA SUMMARY

TABLE I 1-4

ANNUAL WATER REQUIREMENTS FOR OFFSTREAM USES

BASE CONDITIONS

TOTAL WITHDRAWALS

(MILLION GALLONS PER DAy)

TOTAL CONSUMPTION

SOUTH ATLANTIC-GULF REGION

AGRICULTURE

IRRIGATION

LIVESTOCK

STEAM ELECT

MANUFACT

PRIM METALS

CHEMICALS

PAPER

FOOD

PETROLEUM

TRANSPORT

TEXTILES

ALL OTHER

DOMESTIC

CENTRAL

NDNCENTRAL

COMMERCIAL

MINERALS

NONMETALS

FUELS

METALS

PUBLIC LANDS

BLM LANDS

NAT FORESTS

NAT PARKS

FISH HATCH.

MISC OTHER

3598

3464

134

12768

4103

270

870

2111

142

2B

19

427

236

2288

1931

357

1 176

1 105

68

4174

4008

166

3377

189

668

1974

99

32

14

200

201

280 1

2369

432

632

1538

1446

B5

7

471 I

4509

202

3318

145

7«e

1675

9 I

25

34

157

243

3466

3005

461

2077

1983

66

10

0

2666

2752

134

153

6''

51

'85

262

15

12

4

50

52

880

857

223

ua

214

158

1

5

0

5

0

3350

3184

166

722

1203

73

317

614

28

15

17

68

7 1

1079

816

263

274

207

66

1

3799

3597

202

1857

2532

115

569

1492

59

2a

26

107

124

1345

1057

288

349

284

64

10

c

10

0

TOTAL (BASE1

FRESHWATER

25457

26340

TOT SALINE

FRESH (BASE)

+ SALINE

14976

40433

20239

48579

GREAT LAKES REGION

AGRICULTURE

IRRIGATION

LIVESTOCK

STEAM ELECT

MANUFACT

PRIM METALS

CHEMICALS

PAPER

FOOD

PETROLEUM

TRANSPORT

TEXTILES

ALL OTHER

DOMESTIC

CENTRAL

NDNCENTRAL

COMMERCIAL

MINERALS

NDNMETALS

FUELS

METALS

PUBLIC LANDS

BLM LANDS

NAT FORESTS

NAT PARKS

230

145

85

24362

13220

7545

1939

982

354

687

857

0

1056

3267

2946

321

696

451

23 1

6

296

21 1

85

4106

2212

425

534

153

14 1

273

0

368

3614

3264

350

563

16

250

13

0

13

0

26

0

369

282

87

16061

2821

1282

335

427

1 16

95

204

0

362

4077

3717

360

1206

1044

734

21

289

1 7

199

1 14

85

175

1474

1030

71

143

38

51

80

0

61

476

280

198

155

62

8

85

254

169

B5

497

1719

1069

131

213

48

56

i 1 1

0

91

519

308

21 1

175

74

10

91

3 19

232

87

1384

2059

1017

255

334

66

74

155

0

156

563

349

214

21 1

99

n

17

0

FISH HATCH

MISC OTHER

13

0

13

0

TOTAL (BASE)

FRESHWATER

42813

32666

25623

TOT SALINE

FRESH (BASE)

+ SALINE

0

42813

0

32666

0

25623
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ANNUAL WATER REQUIREMENTS FOR OFFSTREAM USES

BASE CONDITIONS

(MILLION GALLONS PER DAY)

TOTAL WITHDRAWALS

TOTAL CONSUMPT ION

- 1975"

1985

2000

- 1975"

1985

2000

OHIO REGION

REGION 5

AGO 1 CULTURE

160

196

230

IS0

160

213

IRRIGATION

47

68

91

37

53

74

L 1 VESTOCK

113

127

139

1 13

127

139

STEAM ELECT

21022

21008

10574

3»2

666

1692

MANUFACT

10BB1

3323

2341

617

1095

17S7

PRIM. METALS

0 346

1833

1050

467

607

834

CHEM1 CAL S

3261

745

593

166

215

464

PAPER

2»2

151

133

23

46

10 1

FOOD

124

71

56

1 7

24

34

PETROLEUM

1 1 4

52

46

23

27

36

TRANSPORT

69

75

70

2 1

32

55

TEXTILES

7

4

3

1

1

2

ALL OTHER

716

392

366

97

143

229

DOMESTIC

1642

2068

2343

346

389

424

CENTRAL

IS61

1751

2013

1 75

198

227

NDNCENTRAL

261

317

330

174

193

197

COMMERC1AL

496

529

S71

62

67

74

MINERALS

493

662

608

91

132

160

NONMETALS

308

372

471

34

50

64

FUELS

183

288

334

57

62

96

UETALS

2

2

3

<1

<1

<1

PUBLIC LANDS

5

6

12

5

6

12

BLM LANDS

0

0

0

0

0

0

NAT FORESTS

5

8

12

5

8

12

NAT PARKS

0

0

0

0

0

0

F ISH HATCH.

36

46

46

0

0

0

MISC OTHER

0

0

0

0

0

0

TOTAL (BASE)

FRESHWATER

34934

27636

16925

1706

2527

4332

TOT SAL 1NE

0

0

0

FRESH (BASE)

+ SAL 1 NE

34934

27838

16925

TENNESSEE REGION

REGION 6

AGRICULTURE

41

50

58

38

46

54

IRRIGATION

1 4

18

2 1

11

14

1 7

L1VESTOCK

27

32

37

27

32

37

STEAM ELECT

4799

5738

4561

42

231

417

MANUFACT

2093

765

671

147

266

514

PRIM METALS

77

43

33

12

16

25

CHEMICALS

1520

398

336

61

145

262

PAPER

361

268

»26

41

85

198

FOOD

19

10

0

1

2

5

PETROLEUM

0

0

0

0

0

0

TRANSPORT

0

0

0

0

0

0

TEXT 1LES

3 1

2 1

19

8

11

14

ALL OTHER

65

27

29

4

7

12

DOMESTIC

263

316

363

59

69

76

CENTRAL

210

259

323

26

32

39

NDNCENTRAL

53

60

60

33

37

37

COMMERCIAL

90

102

116

11

12

14

MINERALS

110

140

166

15

21

27

NDMMETALS

66

108

144

1 2

15

20

FUELS

6

14

2 1

1

3

4

METALS

16

18

21

2

3

3

PUBLIC LANDS

i

2

3

1

2

3

BLM LANDS

0

0

0

0

0

0

NAT FORESTS

1

2

3

1

2

3

NAT PARKS

0

0

0

0

0

0

FISH HATCH

15

15

I5

0

0

0

MISC OTHER

0

0

0

0

o

'

TOTAL (BASE)

7131

647

1105

FRESHWATER

7412

6013

313

TOT. SALINE

0

0

0

FRESH (BASE)

+ SAL 1 NE

74 12

7131

6013
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VOLUME 3: ANALYTICAL DATA SUMMARY

TABLE I 1-4

ANNUAL WATFR REQUIREMENTS FOR OFFSTREAM USES

BASE CONDITIONS

(MILLION GALLONS PER DAy)

TOTAL WITHDRAWALS

TOTAL CONSUMPTION

UPPER MISSISSIPPI REGION

AGRICULTURE

IRRIGATION

LIVESTOCK

422

192

230

STEAM ELECT

7644

MANUFACT

PRIM METALS

CHEMICALS

PAPER

FOOD

2030

315

384

348

506

PETROLEUM

TRANSPORT

TEXTILES

ALL OTHER

50

26

0

40 1

DOMESTIC

CENTRAL

NDNCENTRAL

1450

1280

170

COMMERCIAL

515

MINERALS

NDHMETALS

FUELS

METALS

333

268

20

45

PUBLIC LANDS

BLM LANDS

NAT FORESTS

NAT PARKS

2

0

2

0

FISH HATCH

5

MISC OTHER

0

TOTAL (BASE)

FRESHWATER

12401

566

283

283

866

135

143

140

234

36

23

0

175

1609

1440

169

4 1 7

334

691

387

304

3537

726

95

13l

104

169

33

22

0

174

1808

1653

155

533

427

46

56

383

153

230

129

240

41

54

20

62

18

5

0

40

282

178

104

46

35

4

7

2

0

2

0

513

230

283

38

81

19

9

0

60

302

200

102

58

45

6

7

3

0

3

0

627

323

304

506

7S

99

80

1 18

324

231

93

10366

7910

TOT SAL I NE

FRESH (BASE)

+ SALINE

0

10366

0

7910

LOWER MISSISSIPPI REGION

AGRICULTURE

IRRIGATION

LIVESTOCK

STEAM ELECT

MANUFACT

PRIM METALS

CHEMICALS

PAPER

FOOD

PETROLEUM

TRANSPORT

TEXTILES

ALL OTHER

DOMESTIC

CENTRAL

NDNCENTRAL

COMMERCIAL

MINERALS

NDNMETALS

FUELS

METALS

PUBLIC LANDS

BLM LANDS

NAT FORESTS

NAT PARKS

FISH HATCH

MISC OTHER

4624

4560

4175

4163

535

2251

517

209

44 I

3

13

194

855

595

60

4613

4559

9313

1634

101

734

403

104

220

10

72 i

857

159

1010

157

84 I

12

3

0

3

1l

4507

4444

63

16687

1365

58

635

381

71

150

3

1 1

56

790

729

61

1318

242

1085

3109

3085

44

54

314

29

14 1

46

17

66

1

1

13

294

255

39

206

36

167

3

325B

3204

54

1 16

552

36

264

I 19

29

80

1

4

19

319

279

40

253

36

212

3

3

0

3

0

0

0

3335

3272

63

504

304

52

1 19

344

307

37

4'6

1 1 4

299

TOTAL (BASE)

FRESHWATER

14567

17453

24841

TOT SALINE

FRESH (BASE)

+ SALINE

1253

15820

1590

19043

10181

35022
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TABLE 11-4.

ANNUAL WATER REQUIREMENTS FOR OFFSTREAM USES

BASE CONDITIONS

(MILLION GALLONS PER DAy)

TOTAL WITHDRAWALS

TOTAL CONSUMPTION

SOUR IS-RED-RAI Ny REGION

AGRICULTURE

IRRIGATION

LIVESTOCK

STEAM ELECT

MANUFACT

PRIM.METALS

CHEMICALS

PAPER

FOOD

PETROLEUM

TRANSPORT

TEXTILES

ALL OTHER

DOMESTIC

CENTRAL

NDNCENTRAL

COMMERCIAL

MINERALS

NDNMETALS

FUELS

METALS

PUBLIC LANDS

BLM LANDS

NAT FORESTS

NAT PARKS

FISH HATCH

MISC OTHER

72

46

26

102

0

0

66

15

0

0

177

144

33

0

0

33

10

0

0

0

1

56

44

12

471

434

37

31

0

0

22

56

47

63

37

26

13

0

0

9

4

0

0

0

0

25

17

8

149

116

33

19

0

0

13

5

0

0

0

1

25

18

7

387

350

37

23

0

0

17

5

0

0

0

1

25

19

6

TOTAL (BASE)

FRESHWATER

TOT SALINE

FRESH (BASE)

+ SALINE

0

329

0

587

MISSOURI REGION

REG I ON 10

AGRICULTURE

IRRIGATION

LIVESTOCK

STEAM ELECT

MANUFACT

PRIM METALS

CHEMICALS

PAPER

FOOD

PETROLEUM

TRANSPORT

TEXTILES

ALL OTHER

DOMESTIC

CENTRAL

NDNCENTRAL

COMMERCIAL

MINERALS

NDNMETALS

FUELS

METALS

PUBLIC LANDS

BLM LANDS

NAT FORESTS

NAT PARKS

F I SH HATCH

M I SC OTHER

32066

31636

450

669

89

188

187

91

981

872

89

269

91

1 44

34

159

107

50

39935

39376

559

5834

315

23

83

3

1 13

36

e

0

49

1045

959

356

I 16

198

42

198

12 1

75

2

48

0

36894

36236

858

4938

292

I 4

88

5

92

29

9

0

55

116 1

1083

78

424

143

236

45

zee

140

123

3

14664

14214

450

136

a

66

0

23

20

3

0

262

207

55

1 1 I

10

96

5

'59

107

50

2

18156

17597

559

122

10

35

1

36

19

4

0

17

260

227

53

139

12

122

5

198

121

75

2

18285

17607

856

302

256

76

163

14

142

7

266

140

123

3

o

0

TOTAL |BASE 1

FRESHWATER

TOT SALINE

FRESH (BASE I

■ SAL INE

48037

0

48037
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TABLE I 1-4

ANNUAL WATER REQUIREMENTS FOR OFFSTREAM USES

BASE CONDITIONS

(MILLION GALLONS PER DAY)

TOTAL WITHDRAWALS

TOTAL CONSUMPTION

"1975"

1985

2000

"1975"

1985

2000

ARKANSAS-WHITE-RED REGION

REGI0N 11

AGRICULTURE

10195

10721

10055

7263

7706

7404

IRRIGATION

9980

10463

9776

7046

7468

7125

LIVESTOCK

215

238

279

215

23B

279

STEAM ELECT

498

1026

10 12

0I

237

457

MANUFACT

7 1 3

476

460

165

232

360

PRIM METALS

137

04

6?

18

29

49

CHEMICALS

162

94

102

43

63

8 1

PAPER

200

125

1 10

30

50

86

FOOD

54

28

25

7

9

15

PETROLEUM

74

75

94

44

5 1

75

TRANSPORT

0

0

0

0

0

0

TEXT 1LES

1

2

5

1

1

3

ALL OTHER

8 5

68

62

2?

29

51

DOMESTIC

735

807

894

279

305

33 1

CENTRAL

667

737

830

236

262

293

NDNCENTRAL

68

70

64

43

43

38

COMMERCIAL

2 1 0

221

238

69

72

78

MINERALS

446

469

571

173

184

2 18

NDNMETALS

222

209

289

52

46

'3

FUELS

172

190

185

1 14

128

130

METALS

54

70

97

7

10

'5

PUBLIC LANDS

26

33

39

26

33

39

BLM LANDS

20

2 1

2 1

20

2 1

2 ■

NAT FORESTS

a

12

■ 8

6

12

18

NAT PARKS

0

0

0

0

0

0

F1SH HATCH

43

46

46

0

0

0

MISC OTHER

0

o

0

D

0

0

TOTAL (BASE)

FRESHWATER

12868

13799

13337

8064

8769

88 6?

TOT SALINE

0

0

0

FRESH (BASE)

+ SALINE

12868

13799

13337

TEXAS-GULF REGION

REGION 12

AGRICULTURE

11718

9530

7655

9527

7704

6328

IRRIGATION

1 1538

9333

7427

9347

7 597

6100

LIVESTOCK

180

197

228

180

197

228

STEAM ELECT

724

1000

1713

99

270

99 1

MANUFACT

1932

2559

2444

571

1003

1917

PRIM METALS

588

242

162

60

• 9

'29

CHEMICALS

586

1490

1446

27 1

549

1 151

PAPER

245

200

2 18

38

79

174

FOOD

66

55

54

11

21

38

PETROLEUM

312

498

479

1 70

224

382

TRANSPORT

69

24

15

8

9

12

TEXTILES

0

0

0

0

0

0

ALL OTHER

46

52

68

15

22

3 I

DOMESTIC

1207

1380

1621

413

467

541

CENTRAL

1152

1320

1565

3 79

431

508

NDNCENTRAL

ss

60

56

34

36

33

COMMERCIAL

203

317

300

94

103

116

MINERALS

1044

1133

1245

555

566

632

NDNMETALS

187

198

2 7 5

20

20

29

FUELS

837

902

930

532

564

598

METALS

20

33

40

3

4

5

PUBLIC LANDS

< 1

2

2

<i

2

2

BLM LANDS

< 1

< i

< 1

<1

< 1

< 1

NAT FORESTS

<1

?

2

<'

2

2

NAT PARKS

0

0

0

0

0

0

F 1 SH HATCH

1 7

1 i

11

0

0

3

MISC OTHER

0

0

0

0

0

0

TOTAL (BASE)

FRESHWATER

16925

15932

14991

1 1259

10227

10529

TOT . SAL 1 NE

9163

4950

10371

FRESH (BASE)

+ SALINE

26088

20862

25362
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TABLE 11-4

ANNUAL WATER REQUIREMENTS FOR OFFSTREA

BASE CONDITIONS

(MILLION GALLONS PER DAy)

TOTAL WITHDRAWALS

TOTAL CONSUMPTION

RIO GRANDE REGION

REGION 13

AGRICULTURE

IRRIGATION

LIVESTOCK

STEAM ELECT

MANUFACT

PRIM METALS

CHEMICALS

PAPER

FOOD

PETROLEUM

TRANSPORT.

TEXTILES

ALL OTHER

DOMESTIC

CENTRAL

NDNCENTRAL

COMMERCIAL

MINERALS

NDNMETALS

FUELS

METALS

PUBLIC LANDS

BLM LANDS

NAT FORESTS

NAT PARKS

FISH HATCH

MISC OTHER

5722

5664

285

254

1 I

190

26

153

9

5537

5498

39

42

6

31

0

0

0

0

0

5

287

276

221

46

151

24

27

25

<l

2

312

301

255

64

147

26

26

3924

3866

38

0

0

0

0

0

0

4

138

132

<

103

14

66

3

22

22

3959

3920

39

15

2

10

0

0

0

0

0

3

150

144

e

129

29

90

10

27

25

<1

2

0

0

3614

3570

24

3

17

0

0

0

0

0

163

156

5

150

43

66

19

28

26

<l

2

0

0

TOTAL (BASE)

FRESHWATER

6204

TOT SALINE

FRESH (BASE)

+ SALINE

0

6204

UPPER COLORADO REGION

REGION 14

AGRICULTURE

IRRIGATION

LIVESTOCK

STEAM ELECT.

MANUFACT

PRIM METALS

CHEMICALS

PAPER

FOOD

PETROLEUM

TRANSPORT

TEXTILES

ALL OTHER

DOMESTIC

CENTRAL

NDNCENTRAL

6427

6400

J7

7254

7223

31

7 6

73

3

10

195

120

1 10

7

3

27

0

6706

6672

34

355

127

171

57

127

1 13

2221

2194

27

25

22

3

6

38

3

103

9B

3

2

0

0

26B8

2857

31

0

0

0

0

0

0

0

1

27

24

72

10

56

6

120

1 10

7

3

2775

2741

34

29

27

2

COMMERCIAL

MINERALS

NONMETALS

FUELS

METALS

PUBLIC LANDS

BLM LANDS

NAT FORESTS

NAT PARKS

FISH HATCH

MISC OTHER

132

45

103

98

144

20

1 1 1

13

127

1 13

TOTAL (BASE)

FRESHWATER

6669

764 1

75 I

TOT SALINE

FRESH |BASE|

+ SALINE

0

6669

0

7841

0

7519
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TABLE I 1-4

ANNUAL WATER REQUIREMENTS FOR OFF STREAM USES

BASE CONDITIONS

(MILLION GALLONS PER DAy)

TOTAL WITHDRAWALS

TOTAL CONSUMPTION

LOWER COLORADO REGION

REGION 15

AGRICULTURE

IRRI GAT I ON

LIVESTOCK

STEAM ELECT

MANUFACT

PRIM METALS

CHEMICALS

PAPER

FOOD

PETROLEUM

TRANSPORT

TEXTILES

ALL OTHER

DOMESTIC

CENTRAL

NDNCENTRAL

COMMERCIAL

MINERALS

NDNMETALS

FUELS

METALS

PUBLIC LANDS

BLM LANDS

NAT FORESTS

NAT PARKS

FISH HATCH

MISC OTHER

8036

7989

6 9

13

e

15

19

I

10

0

23

423

4 16

7

164

27

I5O

20

22

0

-3ii

7299

S3

92

8

7

18

10

1

6

0

40

520

512

8

92

252

40

a

206

49

30

15

6403

6343

«0

136

6

13

26

6

0

'

0

•6

656

649

9

3 1 1

53

•

250

66

34

17

s

23

0

4073

4026

47

4014

3982

52

54

3

5

e

4

o

6

0

245

240

S

30

15

2

3780

3720

104

t

9

22

6

0

5

0

57

310

3C4

e

54

260

44

5

231

54

34

17

3

TOTAL (BASE)

FRESHWATER

8528

7857

TOT SALINE

FRESH (BASE)

■ SALINE

0

8528

0

7857

GREAT BASIN REGION

REGION is

AGRICULTURE

IRRIGATION

LIVESTOCK

STEAM ELECT

MANUFACT

PRIM METALS

CHEMICALS

PAPER

FOOD

PETROLEUM

TRANSPORT

TEXTILES

ALL OTHER

DOMESTIC

CENTRAL

NDNCENTRAL

COMMERCIAL

MINERALS

NDNMETALS

FUELS

METALS

PUBLIC LANDS

BLM LANDS

NAT FORESTS

NAT PARKS

7002

6989

33

1 12

75

0

10

340

333

319

310

6154

6120

34

93

85

5

0

9

7

0

0

7

399

391

8

45

206

36

1

161

351

330

21

0

5661

5825

36

98

6B

5

0

8

7

0

0

10

475

468

7

273

58

1

1 14

4 1 I

377

34

0

3256

3225

33

24

12

2

0

3

4

0

0

3

130

126

4

28

3

319

310

9

0

31 16

3082

34

26

3

0

5

151

146

351

330

21

0

3232

3198

36

7 7

54

4

0

6

6

0

0

7

178

174

4

64

12

4 • l

377

34

0

FISH HATCH

MISC OTHER

TOTAL (BASE)

FRESHWATER

7991

7316

7258

TOT SALINE

FRESH (BASE)

+ SALINE

0

7991

0

7316

0

7258
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TABLE II-4

ANNUAL WATER REQUIREMENTS FOR OFFSTREAM USES

BASE CONDITIONS

(MILLION GALLONS PER DAy)

TOTAL WITHDRAWALS

TOTAL CONSUMPTION

PACIFIC 0NRTHWEST REGION

REGION 17

AGRICULTURE

IRRIGATION

LIVESTOCK

STEAM ELECT

MANUFACT

PRIM METALS

CHEMICALS

PAPER

FOOD

PETROLEUM

TRANSPORT.

TEXTILES

ALL OTHER

DOMESTIC

CENTRAL

NDNCENTRAL

COMMERCI AL

MINERALS

NDNMETALS

FUELS

METALS

PUBLIC LANDS

BLM LANDS

NAT FORESTS

NAT.PARKS

FISH HATCH

MISC OTHER

33253

33181

72

260

2324

261

260

1326

t 12

1 1

0

0

334

804

720

84

1 18

57

190

156

33

34725

34639

66

203

1321

B9

73

668

68

12

0

0

211

B63

776

87

14 1

75

262

163

98

30063

29981

102

580

1 132

55

85

739

56

15

0

0

202

957

874

63

167

91

6

70

332

185

164

3

1 1098

11026

72

13

329

20

30

197

11

6

0

0

85

210

157

S3

18

8

2

8

190

156

33

13448

13362

66

501

29

42

3 12

19

a

0

0

91

220

168

19

9

2

8

262

163

98

13315

13213

102

49

566

41

13

0

0

146

238

188

50

332

185

164

314

TOTAL (BASE)

FRESHWATER

33852

TOT SALINE

FRESH (BASE)

+ SALINE

10852

44504

CALIFORNIA REGION

REGION 18

AGRICULTURE

IRRIGATION

L IVESTOCK

STEAM ELECT

MANUFACT

PRIM METALS

CHEMICALS

PAPER

FOOD

PETROLEUM

TRANSPORT

TEXTILES

ALL OTHER

DOMESTIC

CENTRAL

NONCENTRAL

COMMERCIAL

MINERALS

NDNMETALS

FUELS

METALS

34709

3461 1

51

I 70

189

123

25

0

204

3014

2958

56

34981

34663

830

32

69

2 12

146

147

24

0

200

3395

3338

57

34900

34764

136

828

32

82

228

122

100

22

0

242

3890

3839

5I

375

IS1

21 I

7

394

355

35

24380

24262

98

25

257

13

21

60

41

57

1279

1246

33

183

13

169

362

320

25252

25134

I 16

375

18

37

10 1

59

64

8

1436

1403

1 74

225

14

210

369

330

26447

26311

136

567

24

61

178

164 1

16 11

213

19

192

2

41285

PUBLIC LANDS

BLM LANDS

NAT FORESTS

NAT PARKS

FISH HATCH

MISC OTHER

363

320

3 7 1

330

38

391

355

TOTAL (BASE)

FRESHWATER

39836

40549

TOT SALINE

FRESH (BASE)

+ SALINE

14569

54205

22090

62639

24858

65923
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TABLE M-4

ANNUAL WATER REQUIREMENTS FOR OFFSTREAM USES

BASE CONDITIONS

(MILLION GALLONS PER DAy|

TOTAL WITHDRAWALS

TOTAL CONSUMPTION

ALASKA REGION

REGION 19

AGRICULTURE

IRRIGATION

LIVESTOCK

STEAM ELECT

MANUFACT

PRIM METALS

CHEMICALS

PAPER

FOOD

PETROLEUM

TRANSPORT

TEXTILES

ALL OTHER

DOMESTIC

CENTRAL

NDNCENTRAL

COMMERCIAL

MINERALS

NDNMETALS

FUELS

METALS

PUBLIC LANDS

BLM LANDS

NAT FORESTS

NAT PARKS

FISH HATCH

MISC OTHER

134

0

84

80

3

12

0

10

9 3

0

0

■■

2

105

101

133

54

10

0

0

5

:e

o

i

o

o

2

137

132

5

10

476

7

34?

127

2 0

0

20

0

26

0

2

24

0

0

0

0

c

6

-.

2

12

0

10

0

10

0

0

0

3

:«

41

o

3

37

0

0

0

0

14 1

0

120

21

10

0

10

0

62

0

10

7

3

2

350

0

308

42

20

0

20

0

TOTAL (BASE)

FRESHWATER

745

TOT. SALINE

FRESH (BASE I

+ SALINE

57

362

420

1 165

HAWAII REG I ON

REGION 20

AGRICULTURE

IRRI GAT I ON

LIVESTOCK

STEAM ELECT

MANUFACT

PRIM METALS

CHEMICALS

PAPER

FOOD

1449

1447

246

S

1229

1226

3

172

I 72

'J 5 4

9 5 1

3

1 II

0

0

0

132

6

0

0

,0*

.TIM

<1

4'6

474

2

74

0

0

0

70

484

481

3

88

C

0

0

83

52

52

<1

476

4'3

3

1 i2

0

C

0

106

1619

1349

PETROLEUM

TRANSPORT

TEXTILES

ALL OTHER

DOMESTIC

CENTRAL

NDNCENTRAL

COMMERCIAL

MINERALS

NDNMETALS

FUELS

METALS

PUBLIC LANDS

BLM LANDS

NAT FORESTS

NAT PARKS

FISH HATCH

MISC OTHER

148

148

63

63

TOTAL (BASE I

FRESHWATER

1879

TOT SALINE

FRESH (BASE)

+ SALINE

1 139

3018

2005

3624

.if. 17

4966
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ANNUAL WATER REQUIREMENTS FOR OFFSTREAM USES

BASE CONDITIONS

(MILLION GALLONS PER DAy)

TOTAL WITHDRAWALS

TOTAL CONSUMPTION

CARIBBEAN REGION

REGION 21

AGRICULTURE

IRRIGATION

LIVESTOCK

STEAM ELECT

MANUFACT

PRIM METALS

CHEMICALS

PAPER

FOOD

PETROLEUM

TRANSPORT

TEXTILES

ALL OTHER

DOMESTIC

CENTRAL

NDNCENTRAL

COMMERCIAL

MINERALS

NDNMETALS

FUELS

METALS

PUBLIC LANDS

BLM LANDS

NAT.FORESTS

NAT PARKS

FISH HATCH

MISC OTHER

31 1

295

498

49(1

8

o

0

0

o

0

0

0

0

0

376

352

24

37

37

0

0

330

319

I 1

0

0

0

0

0

0

0

0

0

454

421

33

46

46

0

o

281

2 76

5

0

0

0

0

0

0

0

0

o

2g

3 9

10

297

289

206

195

0

0

0

0

J

o

0

0

0

75

56

19

TOTAL (BASE)

FRESHWATER

907

963

690

TOT SALINE

FRESH (BASE)

+ SAL INE

1 124

2031

2337

3300

2288

3178
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VOLUME 3: ANALYTICAL DATA SUMMARY

(REGIONS 1-21)

TABLE 11-5

ANNUAL

WATER ADEQUACy ANALySIS

NATIONAL

SUMMARy

BASE

COND 1 T 1ONS

INSTREAM

(0i)- (02]

INSTREAM USE

(03) (04|

CONSUMPTION

(05)

NET

OFFSTREAM (MILLION GALLONS PER

(061 (07)- (08|-

EXPORTS (EXPORTS - IMPORTS)

DAy )

(09)

(10) (11)

EVAPORATION

1 12)

NET

OFFSTREAM

F ISH +

WILDLIFE

(MGD)

NAVIGA-

TION

(MGD)

ABOVE WITHIN

INFLOW HyDRO

POINTS UNIT

ABOVE

WlTHIN

CHANGE

OF (05+06)

INCREASE

OF (05+06)

FROM 1975

ABOVE

WITHIN

CHANGE

OF (09+10)

FROM 1975

USE

INFLOW

HyDRO

INFLOW

HyDRO

(03+04

+08+11|

REGIOf

i

POINTS

UNIT

FROM 1975

POINTS

UNIT

1

"1975"

1985

2000

69001

69001

69001

N/A

N/A

N/A

0

0

0

48 1

647

1063

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

46 1

647

0

0

1063

2

-1975"

1985

2000

66840

Hi a

N/A

0

0

0

1643

2472

3546

0

0

0

-479

-479

-479

0

0

0

0

0

0

0

0

0

0

0

1843

2472

3548

68840

68840

N/A

0

0

0

3

"1975"

1985

2000

186655

188855

166855

N/A

N/A

N/A

0

4667

6772

10053

0

0

0

6

6

6

0

0

0

0

0

0

0

0

0

0

0

0

0

0

4667

6772

10053

0

0

0

4

-1975"

1985

2000

63951

63951

63951

N/A

N/A

N/A

0

2598

0

0

0

-19

0

0

0

0

0

0

0

0

0

0

0

2598

3300

4693

0

0

3300

4693

-19

-11

0

0

0

0

5

-1975"

1985

2000

160520

160520

160520

410

3 1"J

647

1 105

1798

2527

4332

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2111

3174

5437

530

645

0

0

0

0

0

0

6

"1975"

38480

38460

38460

16100

16100

16100

0

313

647

1 105

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

3 '3

1985

2000

0

0

0

0

64'

1105

7

-1975-

1985

2000

110750

110750

110750

34880

34880

34880

15469

19206

19913

1 145

1604

2688

-4 1 1

-2064

-2064

-2064

0

-22

548

0

4924

5324

43

45

0

16614

21212

23823

-433

0

402

674

137

548

5595

46

a

"1975"

1985

2000

359033

359033

359033

1 19500

1 19500

119500

26769

32753

36925

4027

4554

551 1

-2603

-2674

-2 12 7

0

0

-7t

0

7562

6279

6752

0

0

0

30816

36004

44062

0

0

0

697

1 170

476

476

0

9

"1975"

1985

2000

3673

3673

3673

0

0

0

0

0

0

1 12

204

446

0

0

0

0

0

0

0

0

0

0

0

16

18

19

0

2

3

1 12

206

449

-58

-58

-84 1

-64 1

10

"1975"

1985

2000

33958

33956

33958

25840

25840

25640

0

0

0

15469

0

0

0

-4 1 1

-433

0

-22

54B

0

0

0

0

4924

5324

5595

0

4 00

67 1

15469

19806

21132

19206

19913

0

137

548

1 1

"1975"

46169

46169

46169

N/A

N/A

N/A

0

0

8064

8769

6687

0

0

-128

-177

-200

0

-49

0

0

0

0

0

0

2615

2910

3111

0

6064

906-4

9383

1985

2000

0

0

-72

295

496

12

"1975"

1985

2000

22917

22917

22917

N/A

0

0

0

11259

10227

10529

0

0

0

-30

-30

-30

0

0

0

0

0

0

0

0

0

1705

0

1 1259

10397

10616

N/A

N/A

1875

1992

170

287

13

"1975"

1985

2000

2287

2287

2287

N/A

0

0

4240

4320

4016

0

0

0

-234

-199

-199

0

35

35

0

35

35

0

0

0

730

764

785

0

34

4240

4389

4106

N/A

N/A

0

55

14

"1975"

1985

2000

7947

7947

7947

0

0

0

0

0

0

2440

3018

3232

0

0

805

0

180

290

0

0

0

0

711

0

2440

3208

3539

0

98 5

1095

1B0

290

721

728

10

17

15

"1975"

1985

2000

6664

6664

6664

0

0

0

2440

3018

3232

4595

805

985

1095

4463

4084

3898

0

0

0

0

711

1202

0

30

51

7035

4754

4708

-199

-2 7 7

721

728

1222

1236

7802

799 1

16

"1975-

1985

2000

3389

3389

3369

0

0

0

0

3779

3785

4036

-101

-177

-2 5 1

0

0

0

0

0

0

0

327

0

4

6

3779

3769

40*2

0

0

-76

331

333

0

-150

17

"1975"

1985

2000

214004

214004

214004

N/A

0

1 1913

14610

15198

0

0

0

-47

0

0

0

0

0

0

0

0

2014

2055

2063

0

1 1913

14651

15265

N/A

N< A

0

0

-4 7

-47

4 1

0

69

18

"1975"

1985

2000

32607

32607

32607

N/A

N/A

N/A

0

2664 1

27932

29899

0

0

0

-4436

-4069

-368 1

0

0

0

0

0

669

679

686

0

266*1

283 1 1

30273

0

0

369

557

369

557

•o

17

19

"1975"

1985

2000

859000

859000

859000

N/A

N/A

N/A

0

0

0

58

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

55

207

459

207

459

0

o

0

o

20

"1975"

1985

2000

4590

4590

4590

0

0

0

0

0

0

60S

616

0

0

0

0

0

0

0

0

0

0

0

1

1

1

0

6C5

63 6

66*

0

0

c

666

0

0

0

21

- 1975"

1985

2000

3706

3706

3706

0

0

.14 3

374

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

343

c

0

0

0

0

374

0

3 D0

a

? ■:■ .-,

NATION

11-18)

"1975"

1985

2000

1035221

1035221

1035221

N A

0

0

0

105584

119328

133855

0

0

-2677

-2677

-2677

0

0

0

0

0

0

0

0

0

14956

15944

16614

0

105584

120316

135313

N A

988

1856

N/A

0

■ (01) INSTREAM FLOW APPROXIMATIONS AS DEFINED IN EXPLANATORy NDTES FOR USE ONLy IN SECOND NATIONAL WATER ASSESSMENT

• (07) CHANGES IN NET EXPORTS ARE NEGATIVE WHEN THERE IS AN INCREASE IN IMPORTS OR A DECREASE IN EXPORTS.

• (08) ONLy POSITIVE VALUES OF (07} ARE CONSIDERED OFFSTREAM USES NEGATIVE VALUES OF (07) ARE TREATED AS ZERO
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( '31

CURRENT

STRMFLW

AT

OUTFLW PT

(MGD)

( '<)•

"1975"

CONSUMP-

TION

(03+04)

(MGD)

I 15)

CURRENT

STRMFLW

SUPPLy

( 13+14 )

(MGD)

( 16)

GRND WTR

OVERDRAFT

ABOVE

OUTFLW PT

(MGD)

(17)-

ASSESSED

TOTAL

STRMFLW

( 15-16)

(MGD)

WATER ADEQUACy INDICATORS

(20) (21) (22|- 123)

ASSESSED OFFSTREAM INSTREAM

SURPLUS CURRENT USE USE

STRMFLW STRMFLW TO TOTAL TO TOTAL

(19-181 DEPLETION STRMFLW STRMFLW

(MGD) (12).'(15) (12).'(17) (18)7(17)

(24)

TOTAL

USE

TO TOTAL

STRMFLW

(22+23)

32

0

0

339

0

0

0

0

2557

0

0

6426

0

0

0

0

0

2557

0

0

5457

0

0

5576

0

0

857

0

0

0

0

0

2415

0

o

591

0

0

62 7

0

o

2197

69001

6900 1

69001

66640

66640

66640

168855

166855

168855

63951

63951

63951

160520

160520

160520

36460

36460

38480

I 10750

1 10750

1 10750

359033

359033

359033

3673

3673

3673

33956

33956

33956

46169

46169

46169

22917

22917

22917

2267

2287

2287

7947

7947

7947

6664

6664

6664

3369

3369

3369

214004

214004

214004

32607

32607

32607

859000

859000

859000

4590

4590

4590

3706

3706

3706

76160

76014

77598

79156

78529

77453

227671

225766

222485

72663

71981

70568

178000

176937

174674

40600

40466

40006

116443

113667

111234

424574

417457

411306

6010

5974

6314

41543

37426

35680

57143

56192

55898

22692

23554

23135

573

424

707

10000

9232

6901

-685

-1433

-1544

1971

2057

1858

254643

251905

251291

45178

43508

41546

905000

904851

904599

6747

6716

4636

4607

4661

9179

9013

8597

10316

9869

6613

39016

37111

33630

6732

8030

6637

17460

16417

14154

2320

1966

1528

7693

3117

464

85541

58424

52275

2337

2301

264 1

7585

3470

1922

10974

10023

9727

-225

637

2 IB

-1714

-1663

-1560

2053

1285

954

-7729

-8297

-8408

-14 18

-1332

-1531

40639

37901

37287

12571

10901

8939

46000

45851

45599

2157

2126

2098

1 132

110 1

1 175

2%

3%

2%

3%

2%

3%

2 7%

34%

3 7%

12%

14%

14%

3 3%

31%

3 2%

88%

91%

8 5%

20%

26%

28%

1 14%

126%

130%

66%

66%

7 0%

37%

39%

4 2%

<l%

<1%

<l%

6 5%

8 5%

8 5%

61%

61%

8 1%

8 5%

8 5%

8 5%

8 9%

8 9%

8 9%

94%

94%

94%

62%

82%

8 2%

7 9%

7 9%

7 9%

60%

60%

60%

60%

60%

60%

7 1%

7 1%

7 1%

6 6%

6 8%

68%

4 8%

4 8%

4 8%

64%

64%

64%

111%

111%

111%

5 9%

59%

5 9%

80%

80%

8 0%

45%

4 5%

45%

9 5%

9 5%

9 5%

62%

62%

6 2%

7 2%

7 2%

72%

8 9%

8 9%

8 9%

8 7%

8 8%

8 9%

8 3%

84%

8 5%

88%

8 9%

9 1%

90%

91%

92%

9 5%

98%

9 7%

94%

98%

100%

8 6%

8 7%

89%

62%

63%

6 7%

8 7%

9 4%

9 7%

63%

85%

85%

101%

9 9%

100%

136%

139%

133%

84%

20889

0

1035221

1035221

1035221

1212466

1197736

1162739

177247

162515

147516

9%

10%

7 9%

7 9%

79%

(REGIONS 1-21)

TABLE 11-5 ANNUAL WATER ADEQUACy ANALySIS (CONTINUED]

BASE CONDITIONS

NATIONAL SUMMARy

STREAMFLOW AS SUPPLy

INSTREAM FLOW

(18) (19)-

MAXIMUM ASSESSED

INSTREAM STRMFLW

USE (01 AT

OR 02) OUTFLW PT

(MGD) (MGD)

1 "1975"

1985

2000

2 "1975"

1985

2000

3 "1975"

1985

2000

4 "1975"

1985

2000

5 "1975"

1985

2000

6 "1975"

1985

2000

7 "1975"

1985

2000

8 -1975"

1985

2000

9 "1975"

1985

2000

10 -1975-

1985

2000

11 "1975"

1985

2000

12 "1975"

1985

2000

13 "1975"

1985

2000

14 "1975"

1985

2000

15 "1975"

1985

2000

18 -1975"

1985

2000

17 -1975-

1985

2000

18 "1975"

1985

2000

19 "1975"

1985

2000

20 "1975"

1985

2000

21 "1975"

1985

2000

90%

9 2%

225%

237%

24 1%

125%

125%

129%

64%

85%

66%

8 2%

8 4%

8 7%

9 5%

9 5%

9 5%

70%

71%

7 1%

7 9%

7 9%

78%

NATION

(1-161

1975"

1985

2000

8 7%

8B%

8 9%

(14) "1975" BASE-CONDITIONS CONSUMPTION IS ADDED TO STREAMFLOW TO DETERMINE AVAILABLE FRESHWATER SUPPLy

(17).(19) TOTAL STREAMFLOW AND ASSESSED STREAMFLOW EXCLUDE CONTRIBUTIONS FROM GROUND-WATER OVERDRAFT

(19) = (17) - (03) - (04) _ (07) - (11|

(22) ALSO CALLED ASSESSED STREAMFLOW DEPLETION
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VOLUME 3: ANALYTICAL DATA SUMMARY

(REGIONS 1-21)

TABLE II-6 NATURAL WATER SUPPLy ANALySIS

NATIONAL SUMMAR-

(01) (02)

CONSUMPTION

(03) (04)

NET EVAPORATION

(05) (061

NET EXPORTS

(07) (08)

NET IMPORTS

(09) (10)

G W OVERDRAFT

(ID- (12)-

TOTAL DEPLETIONS

REG 10f

1

ABOVE WITHIN

INFLOW HyDRO

POINTS UNIT

(MGD) (MGD)

ABOVE

INFLOW

POINTS

(MGD)

WITHIN

HyDRO

UNIT

(MGD)

ABOVE

1 NF L OW

POINTS

(MGD)

WlTHIN

HyDRO

UNIT

(MGD)

ABOVE

INFLOW

POINTS

(MGD)

WI THIN

HyDRO

UNIT

(MGD)

ABOVE W 1 TH 1 N

INFLOW HyDRO

POINTS UNIT

(MGD) (MGD)

ABOVE

INFLOW

POINTS

(MGD)

WITHIN

HyDRO

UNIT

(MGDI

I

"19 7 5"

'985

2000

0

0

40 1

6 4 7

1063

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

4 5 o

o

0

0

0

0

54 7

1063

0

0

0

0

0

0

2

"1975"

1985

2000

0

0

0

1843

0

0

a

0

0

0

0

479

0

0

0

32

0

0

0

0

0

1643

2472

3548

2472

3546

o

0

0

0

0

0

0

479

479

0

3

"1975"

1985

2000

0

0

0

4667

6772

10053

0

0

n

0

0

0

6

6

6

0

0

0

0

0

0

0

0

339

0

0

0

4873

0

0

0

0

0

0

6778

10059

4

"1975"

1985

2000

0

0

0

2598

3300

4693

0

0

0

0

0

0

0

0

0

0

0

0

0

0

19

19

19

0

0

0

27

0

0

0

2598

3300

4693

0

0

0

t

"1975"

1985

2000

313

1798

2527

4332

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

313

1798

2527

4332

647

0

647

1105

1 105

0

0

0

6

- 1975"

1985

2000

0

0

313

647

1 105

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

113

0

0

0

0

0

0

0

0

6 4 7

1 105

7

"1975"

1985

2000

15469

1 145

1604

2688

4924

5324

5595

43

45

46

0

0

0

4 1 1

2064

2064

2064

2557

0

0

0

0

20393

24530

25645

1 186

1649

2734

19206

19913

137

0

0

433

0

0

e

"1975"

1985

2000

26789

32753

36925

4027

4554

551 1

7582

8279

8752

0

0

0

0

0

0

0

0

0

2603

2674

2127

0

0

0

8014

0

4 12

34371

41032

45677

4027

4554

0

0

0

5S11

9

"1975"

1985

2000

0

1 1?

204

446

0

0

0

16

16

19

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2l6

0

0

0

0

58

64 1

45S

10

"1975"

1985

2000

0

0

0

15469

19206

19913

0

0

0

4924

5324

5595

0

0

0

0

0

4 1 1

0

0

0

2557

0

0

20393

24530

25645

O

137

0

433

0

0

~

0

0

I 1

"1975"

1985

2000

0

0

0

8064

8769

6687

0

0

0

2615

2910

3 111

0

0

0

0

0

0

0

0

128

177

0

0

0

5457

0

0

0

10679

1 1679

1 1998

0

200

0

a

12

"1975"

1985

2000

0

0

0

1 1259

10227

10529

0

0

0

1705

1875

0

0

0

0

0

30

30

30

0

0

0

5576

0

0

0

12984

12102

12521

1992

c

0

0

0

0

0

13

"19 7 5"

1985

2000

0

0

0

4240

4320

4016

0

0

0

730

764

765

0

0

0

0

0

0

0

234

199

199

0

0

0

857

0

0

4970

5064

4601

0

a

0

0

3

14

"19 7 5"

1985

2000

0

0

0

2440

3018

3232

0

0

0

71 1

0

0

0

805

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

3956

4724

5055

72 1

726

985

1095

15

"1975"

1985

2000

2440

3018

3232

4595

4754

4708

7 1 1

72 i

728

1202

1222

1236

805

4463

4084

3898

0

0

0

0

0

0

0

2415

0

3956

4724

10260

10060

9840

985

1095

0

0

0

5055

16

"19 7 5"

1985

2000

0

0

0

3779

3785

4036

0

0

0

327

0

0

0

0

0

0

0

0

0

tot

0

0

651

0

0

4 106

4096

4369

.13 1

333

1 7 7

25 1

0

0

0

0

1 7

"19 7 5"

1985

2000

0

0

0

1 1913

14610

15198

0

0

0

20 14

2055

2083

0

0

0

0

0

0

0

47

0

0

627

c

13927

16665

17279

47

0

0

0

0

47

0

0

0

18

"1975"

1985

2000

0

26641

27932

29899

0

0

0

669

679

686

0

3

0

0

0

0

0

4438

4069

366 1

0

0

0

2197

0

0

0

0

273 10

286 1 1

30385

0

0

0

0

0

19

"1975"

1985

2000

0

0

0

5 8

207

459

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

56

20"

45*

0

a

0

0

0

0

0

0

20

"19 7 5"

0

0

0

60 5

0

I

1

0

3

0

0

0

0

0

0

0

0

0

0

0

0

0

0

6 36

S3"

66"

14HS

2000

6 36

0

0

0

0

0

0

a

21

"19 7 5"

1985

0

)<3

i 74

J 0 0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

13

0

0

0

343

2000

o

0

1)

0

0

0

0

3 "s

0

o

2 0:

NATION

(1-16)

"1975"

1985

2000

0

105584

119328

133855

o

14956

15944

166 14

0

0

0

0

0

0

0

2677

2677

2677

0

20669

0

:

120540

0

0

0

0

0

0

0

0

0

0

0

135272

150269

(11)=(01)+(03)+(05l

( 12) = (02|.(04|-K06)
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VOLUME 3: ANALYTICAL DATA SUMMARY | 67

(REGIONS 1-21)

TABLE I I —e. NATURAL WATER SUPPLY ANALYSIS (CONTINUED)

NATIONAL SUMMARY

(13)

(14)

INFLOWS CURRENT

ENTERING STRMFLW

HYDRO. AT

UNIT OUTFLW PT

(MGD) (MGD)

115)- (16)-

TOTAL DEPLETIONS

ABOVE

INFLOW

POINTS

(MGD)

WI THIN

HYDRO

UNIT

(MGD)

(17)- (18)-

NATURAL OUTFLOW

AT

OUTFLW PT

WITHIN

HYDRO

UNIT

(MGD)

(19) (20)

NAT FLOW DEPLET

ABOVE

OUTFLW PT

(15)+(16)

/(17)

WITHIN

HYDRO.

UNIT

(16)/(16)

(21) (22)

DRAINAGE AREA

ABOVE

OUTFLW PT

(SO Ml)

WITHIN

HYDRO

UNIT

(SO Ml)

(23)

ESTIMATED

(24)

ABOVE IN HYDRO

OUTFLW PT UNIT

(17)/(21) (16)/(22)

(INCHES) (INCHES)

1

-1975"

1985

2000

0

76180

0

0

0

48 1

847

1063

7866 1

7866 1

1%

1%

1%

1%

1%

1%

71990

7 1990

23"

23"

2

"1975"

1985

2000

0

79190

0

0

0

1843

2472

3546

80522

80522

2%

3%

4»

2%

3%

4%

104910

104910

16"

16"

3

"1975"

1985

2000

0

226010

0

0

0

4673

6778

10059

232544

232544

2*

3%

4%

2%

3%

4%

277200

277200

18"

16"

4

"1975"

1985

2000

0

72710

0

0

0

2598

3300

4693

75262

75262

3%

4%

6%

3%

113760

113760

14"

14"

4%

6%

5

"1975"

1985

2000

40600

178000

313

647

1105

1798

180111

138998

1%

2%

1%

2%

3%

203470

162660

10"

18"

2527

4332

3%

6

"1975"

1985

2000

0

40800

0

0

0

313

647

1105

41113

41113

I%

1%

2%

3%

40810

40610

21"

21"

2%

3%

7

"1975"

1985

2000

44100

121000

20393

24530

25645

1188

1641

2734

137549

76024

16%

19%

21%

2%

2%

4%

701360

190170

4"

6"

e

"1975"

1985

2000

361600

433000

3437 1

41032

45677

4027

4554

460369

75015

n

5%

8%

7%

1255890

103520

8"

15"

10%

5S11

11%

9

-1975-

1985

2000

0

6010

0

0

0

128

222

465

6136

6136

2%

4%

2%

4%

8%

59370

59370

2"

2"

8%

10

-1975-

1985

2000

0

44100

0

0

0

20393

24530

25645

61525

61525

3 3%

33%

511190

511190

3"

3"

4 0%

42S

4 0%

42%

11

"1975"

1985

2000

0

62600

0

0

0

10679

1 1679

1 1998

67894

67694

16%

17%

16%

16%

17%

16%

247540

247540

8"

6"

12

"1975"

1985

2000

0

26270

0

0

0

12984

35626

35626

36%

34%

36%

36%

34%

161440

161440

4"

4"

12102

12521

36%

13

"1975"

1985

2000

0

1230

0

0

0

4970

5064

4601

5309

5309

94%

98%

90%

94%

98%

10%

132790

132790

1"

1"

14

"1975"

1985

2000

0

10000

0

0

0

3956

4724

13956

13956

28%

3 4%

36%

26%

34%

36%

113330

113330

3"

3"

5055

15

-1975-

19B5

2000

10000

IS50

3956

4724

10260

10060

9840

13351

-605- •

106%

1 1 1%

1 12%

N/C

N/C

N/C

253890

140560

1"

0"

5055

16

"1975"

1985

2000

0

2562

0

0

0

4106

4098

4369

5976

5976

69%

69%

69%

142070

142070

1"

1"

69%

7 3%

73%

17

"1975"

1985

2000

0

255270

0

0

0

13927

16665

1 7279

268523

266523

5%

6%

6%

S%

6%

6%

277340

277340

20"

20"

18

-1975"

1985

2000

0

47375

0

0

0

273 10

2861 1

30365

68050

68050

40%

42%

4 5%

40%

4 2%

46%

176510

176510

8"

8"

16

"1975-

1965

2000

0

905000

0

0

0

58

207

459

905056

905058

<1»

<1%

<1%

<1%

<1%

<1%

566402

566402

32"

32"

20

"1975"

1985

2000

0

6747

o

606

637

667

7353

7353

6%

9%

9%

8%

9%

9%

6447

6447

24"

»2"

0

0

21

"1975"

1985

2000

0

9»51

0

0

0

343

374

300

5161

5161

7%

»/

7%

6%

3567

3567

31"

31"

7%

6%

NATION

(1-18)

"1975"

1985

2000

0

1233357

0

0

0

120540

135272

150269

1330331

1330331

9%

9*

10%

3047160

3047160

1"

9"

10%

11%

11%

(15)=(11)=(01)+(03)+

( 17) = (14) + (01) + i021 +

* NEGATIVE VALUE OF I

(03)+(04 1+(05)+(06)-(07j-(06)-(09)-(10)

NATURAL OUTFLOW INDICATES THAT EVAPORATION AND PLANT

• ( 16) = ( 12) = (02) + (04)-M06)

• (18)=(14)-(13)+(02)+(04)

TRANSPIRATION EXCEED RAINF.

.*(06;

FALL I

-(08)-(10)

N THE REGION.
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VOLUME 3: ANALYTICAL DATA SUMMARY

TABLE 11-7

SLWMARy OF MONTHLy AND ANNUAL WATER ADEQUACy

BASE CONDITIONS

CRITICAL MONTH INFORMATION (TABLE I I I-5)

MONTHLy SUMMARy

(01)-

TOTAL

(02)-

(03).

(04).

(05)

ND OF

ND OF

SUBREGION

STRMFLW

ASSESSED

CURRENT

ASSESSED

INSTREAM

MONTHS

MONTHS

/

— IMGDI —

SURPLUS

STRMFLW

STRMFLW

USE

WHERE

WHERE

DOWNSTREAM

CRITICAL

STRMFLW

DEPLETN

DEPLETN

TO TOTAL

(02)

(04) >

SUBREGION

MONTH/yR

(MGD)

STRMFLW

< 0 0

40/70/90%

(08)

ANNUAL INFORMATION

(09).

I 10 )-

(TABLE I 1-5)

( '1).

I 12!

ASSESSED ASSESSED CURRENT

TOTAL SURPLUS STRMFLW

STRMFLW STRMFLW DEPLETN

(MGD)

ASSESSED INSTREAM

STRMFLW USE

DEPLETN TO TOTAL

STRMFLW

NEW ENGLAND REGION

101,

"1975"

1985

2000

70499

2000

1700

1639

ATLANT

/'

JUL

1515

102

."1975"

1985

2000

3403

2000

390

376

360

ATLANT

/

AUG

103

-1975-

1985

2000

9898

2000

461

4 14

353

ATLANT

/

MAR

104

-1975-

2170

2000

390

361

320

ATLANT

/

1965

2000

JUL

105

-1975"

1985

2000

4564

2000

519

ATLANT

/

362

SEP

60

106

-1976-

1985

2000

5843

2000

459

CANA04

/

FEB

456

449

< IX

1\

2%

2%

1%

2%

3%

5%

6%

2%

6%

I2\

<l%

<1%

9 1\

9l%

91\

8 7%

e/%

8 7%

94%

941

94\

77%

77%

77%

861b

6 6%

66%

9 2%

9 2%

9 2%

0

0/

0/

0

0

0/

0/

0

0

0/

0/

0

0

0/

0/

0

0

0/

0/

II

0

0/

0/

0

0

0/

0/

0

0

0/

0/

0

0

0/

01

0

0

0/

0/

0

0

0/

0/

0

0

0/

0/

0

0 0/0/0

0 0/0/0

0 0/0/0

0 0/0/0

0 0/0/0

o o/o/o

4550

4494

4376

1060

1075

1063

567

605

607

562

533

495

1420

1330

1066

980

976

970

<i%

<1%

2%

2%

3%

<l%

<1%

<1%

98%

8 8%

6E%

8 9%

6 9%

6 9%

35%

6 5%

6 5%

67%

6 7%

8 7%

36%

86%

eB%

6 5%

ae%

33%

MID-ATLANTIC REGION

201

/

"1975"

1985

2000

29322

2000

369

361

253

202

APR

202

"1975"

1985

2000

79262

2000

666

776

569

/

ATLANT

MAR

203

-1975"

1985

2000

19180

2000

1001

885

6B5

/

ATLANT

FEB

204

-1975"

1985

2000

6974

2000

97 1

691

693

/

ATLANT

SEP

205

"1975"

1985

2000

8504

2000

311

/

135

-69

ATLANT

NDV

206

"1975"

1985

2000

3098

2000

451

398

227

/

ATLANT

SEP

1%

9 6%

0

0/

0/

0

1%

98%

0

01

0/

o

1%

98%

0

0/

01

0

2%

95%

0

0/

01

0

2%

95%

0

01

01

0

3%

95%

0

0/

01

0

3%

9 2%

0

0.

'

01

0

3%

92%

0

0/

01

o

4%

92%

0

0/

0/

0

4%

8 2%

0

0/

0/

0

5%

8 2%

0

0/

0/

0

8%

8 2%

0

0/

0/

0

2%

9 4%

0

0/

0/

0

4%

94%

0

0/

0/

0

7%

94%

1

o ■

0/

0

4%

61%

0

0/

0/

0

6%

81%

0

0/

0/

0

1%

Bl%

0

0'

0/

0

1190

1163

1046

1723

1600

1350

1885

1694

1470

3110

3029

2633

2250

2050

1822

1370

1316

1 136

5%

6%

2%

3%

41

ea%

53%

36%

86%

68%

8 5%

55%

65%

Ml

f«%

66%

53%

83%

b;%

8 3%

B3%

3 5%

SOUTH ATLANTIC-GULF REGION
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"1975"

1985

2000

20241

MAy 2000

4504

4278

3843

/

ATLANT

302

"1975"

1985

2000

19666

JUN 2000

2820

2510

1698

/

ATLANT

303

"1975"

1985

2000

12980

NDV 2000

2740

2516

2206

/

ATLANT

304

"1975"

1985

2000

12955

MAy 2000

1750

1289

837

/

ATLANT

305

/

"1975"

1985

2000

16856

OCT 2000

-4 104

-4485

-5046

GULF

306

"1975"

1985

2000

12331

NDV 2000

1 126

1026

1

GULF

ec i

307

-1975"

1985

2000

21958

OCT 2000

1557

1373

643

/

GULF

308

"1975"

1985

2000

14901

SEP 2000

1839

1729

1598

1

GULF

309

"1975"

1985

2000

6913

OCT 2000

14 16

1360

1288

/

GULF

2%

3%

5%

3%

5%

13%

17%

20%

14%

16%

20%

7 6%

76%

76%

84%

84%

64%

7 8%

7 8%

7 8%

7 3%

7 3%

73%

1 10%

1 10%

I 10%

90%

9 0%

9 0%

92%

9 2%

9 2%

86%

86%

8 6%

0

0/

n.

'

(1

0

0/

0.

'

0

0

0/

0/

0

0

0/

0/

0

0

0/

0/

0

0

0/

01

0

0

0/

a I

0

0

0/

0/

0

0

0/

0/

0

0

0/

0/

0

11

0/

11/

1)

0

0/

0,

0

3

5/

1/

0

4

6/

2/

o

6

8/

3/

2

n

0/

0 i

o

0

0/

0/

0

0

0/

0/

0

0

o ■•

0/

0

I)

0/

0/

II

0

0/

o.

0

0

0/

0/

0

o

0-

0 /

n

0

0/

0/

u

0

0/

0/

0

11

0/

1).'

0

0

0-

0

7333

71 18

6689

5401

5110

4517

5947

5707

5380

3424

3103

2751

646

299

-268

2743

2605

2324

4277

4093

3566

5690

5580

5448

2%

4%

6%

7%

23%

2 7%

33%

2%

3%

"%

- 1%

6C%

80%

6 0%

76%

'5\

"6%

77%

77%

7 7%

'0%

7 3%

-0%

66%

66%

66%

8 9%

89%

3 3%

58%

86%

36%

ra*

78%

7 8%

3555

3498

3423

6'%

8 •%

(01) THE CRITICAL MONTH AND yEAR IS THAT MONTH AND yEAR WITH MINIMUM BASE-CONDITIONS ASSESSED SURPLUS STREAMFLOW

(01).(06) ASSESSED TOTAL STREAMFLOW " "1975" STREAMFLOW + "1975" BASE-CONDITIONS CONSUMPTION - "1975" GROUND-WATER OVERDRAFT

(02).(09| ASSESSED SURPLUS STREAMFLOW - ASSESSED TOTAL STREAMFLOW - TOTAL DEPLETIONS - INSTREAM USE

(03).(10) CURRENT STREAMFLOW DEPLETION - TOTAL DEPLETIONS / CURRENT STREAMFLOW SUPPLy (INCLUDING GROUND-WATER OVERDRAFT)

(04).(11) ASSESSED STREAMFLOW DEPLETION = TOTAL DEPLETIONS / ASSESSED TOTAL STREAMFLOW (EXCLUDING GROUND-WATER OVERDRAFT)
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TABLE I 1-7

SUMMARY OF MONTHLY AND ANNUAL WATER ADEOUACY

DRY CONDI T IONS

(CONTINUED)

CRITICAL MONTH INFORMATION (TABLE IV-4| MONTHLY SUMMARY

SUBREGION

[ 13)-

TOTAL

STRMFLW

( 15)-

( 16)-

I 17)

ASSESSED CURRENT ASSESSED INSTREAM

( 16)

ND OF

( 19)

ND OF

MONTHS

(20)-

ANNUAL INFORMATION

(TABLE IV-2)

I 23| ■

(2»l

ASSESSED ASSESSED CURRENT ASSESSED INSTREAM

/

— (MGD) —

SURPLUS

STRMFLW

STRMFLW

USE

WHERE

WHERE

TOTAL

SURPLUS

STRMFLW

STRMFLW

USE

DOWNSTREAM

CR1TICAL

STRMFLW

DEPLETN

DEPLETN

TO TOTAL

( 14)

116}

>

STRMFLW

STRMFLW

DEPLETN

DEPLETN

TO TOTAL

SUBREGOlN

MONTH/YR

IMGD)

STRMFLW

< 0 0

40/70/90%

(MGD)

STRMFLW

NEW ENGLAND REGION

REGION 1

101

"1975"

13699

-5101

1%

1%

13 7%

1 2

0/

0i

o

31066

-2351

<1%

<1%

10 7%

/

1985

-5164

-

1%

137%

12

0-

0 /

0

-2406

—

<t%

107%

ATLANT

2000

JUL 2000

-5269

-

2%

137%

12

0/

0;

o

-2525

-

1%

10 7%

102

-1975-

2113

-903

»

2%

141%

12

0 1

0 /

0

7855

-991

<1%

<1%

1 12%

/

1985

-918

—

3%

14 1%

12

0/

0'

0

-998

-

1%

1 12%

ATLANT

2000

AUG 2000

-934

-

4%

14 1%

12

0/

0 /

0

-1008

-

1%

112%

103

-1975-

7046

-2169

2%

2%

129%

12

0 /

0 /

0

399»

-198

4%

101%

/

1985

-2236

-

3%

129%

12

0 ■

0 /

0

-178

-

5%

101%

ATLANT

2000

MAR 2000

-2297

-

n

129%

12

0 1

0 f

0

-176

-

7%

101%

104

"1975"

1130

-652

9%

n

149%

12

01

0i

0

3698

-599

2%

2%

1 14%

/

1985

-662

1 2%

14 9%

12

Of

0 /

0

-628

3%

114%

ATLANT

2000

JUL 2000

-722

-

15%

149%

1 2

0;

0 1

0

-665

-

4%

1 14%

105

-1975-

2614

-1232

4%

4%

140%

12

0/

0/

0

9880

-1222

1%

1%

1 1 1%

/

1985

-1369

9%

140%

12

0/

0■

0

-131 1

2%

1 1 1%

ATLANT

2000

SEP 2000

-1691

-

20%

140%

12

0/

0 /

0

-1556

51

1 1 1%

106

-1975-

3833

-1551

1%

1%

140%

12

0/

0 1

0

6744

-920

<1%

<1»

113%

1

1985

-1554

-

1%

140%

12

0/

0 /

0

-924

-

<|%

1 13%

CANADA 2000

FEB 2000

-1561

1%

140%

12

0/

0/

0

-930

1%

113%

MID-ATLANTIC REGION

REGION 2

20 1

-1975"

22122

-68 1 1

1%

1%

130%

1 2

0;

0/

0

9311

-1832

1%

1%

1 18%

/

1985

-6839

-

1%

130%

1 2

0 /

0 /

0

-1859

-

2%

1 16%

202

2000

APR 2000

-6947

-

1%

130%

12

0 /

0 /

0

-1976

-

3%

1 18%

202

-1975-

21662

-67 14

3%

3%

126%

1 2

0 /

0/

0

12017

-2466

5%

5%

1 15%

/

1985

-6622

-

3%

128%

12

0'

0 /

0

-261 1

-

6%

1 15%

ATLANT

2000

MAR 2000

-7031

-

4%

126%

12

01

0 /

0

-2864

-

8%

115%

203

-1975-

13660

-4499

4%

4%

129%

12

0 /

0 /

0

12789

-1656

5%

5%

108%

1

1985

-4635

-

5%

129%

12

0 /

0/

0

-1835

-

6%

108%

ATLANT

2000

FEB 2000

-4615

-

6%

1 2 91

12

0 -'

0 /

0

-2067

-

8%

106%

204

"1975"

4564

-1421

6%

6%

125%

12

0 /

0 /

0

20260

-1392

1%

1%

106%

/

I985

-1503

—

7%

125%

12

0;

0.

0

-1474

-

2%

106%

ATLANT

2000

SEP 2000

-1700

12%

125%

12

0i

0 /

0

-167 1

-

3%

106%

205

- 1975"

61 14

-2079

3%

3%

131%

12

0i

0 7

0

1 1312

-1262
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2%

109%

/
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-2255

6%

131%

12

01

0'

0

-1467

-

4%

109%

ATLANT
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-2459

-

9%

131%

12

0;

0 /

0

-1702

-

6%

109%

206
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1876

-772

71

7%

134%
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0

6663

-892
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2%

1 1 1%

/
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-

10%

134%
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0/

0'
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-946

-

3%

1 1 1%

ATLANT
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-997

19%

134%
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01
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0

-1 127
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1 1 1%

SOUTH ATLANTIC-GULF REGION

REGION 3

30 1

"1975"

984 1

-5937
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4%

1 5 6%

1 2

01

0/

0

191 10

213

2%

2%

97%

/

1985

-6 160

-

7%

156%

12

0 1

o/

0

-1 1
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3%

97%

ATLANT

2000
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-6638

-

1 1%

1 56%
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0
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-

5%

97%

302

- 1975"

12566

-4495

3%

3%

13 31

i2

Of

0/

n

19866

-3004

1%

1%

1 14%

/

1985

-46 10

-

6%

1 331

12

0/

0/

0

-3297

-

3%

114%

ATLANT

2000
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-543 1

-

1 1%

13 3%

i2

0/

0/

0

-3892

-

6%

1 14%

303

- 1975"

7 190

-3050

2%

2%

140%

12

0 /

0/

0

1 7605

-2057

1%

1%

1 1 1%

/

1 985

-3274

-

5%

140%

12

0'

0 /

0

-2300

2%

1 1 1%

ATLANT
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NDV 2000

-3564

-

1 0%

1 4 01

1 2

0:

0 1

0

-2629
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4%

1 1 1%

304
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5565

-5846

3 3%

34%

1 7 t%

1 2

0 /

0!

0

1 1514

-4680
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17%
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/
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-

4 3%

17 1%

12

1/

0 /

0

-5239

-

15%
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ATLANT
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-6640

-

52%

171%

12

2/

0 /

0

-5616

18%
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305
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8976
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32%
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207%

12

10/

7/

1
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-3074

43%

4 4%

105%

/

1985
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-

3 7%

207%

12

10/

6 /

r

-3461

—

5 0%

105%

GULF

2000

OCT 2000

-13572

-

44%

207%

12

11 /

9 /

»l

-4 109

-

80%

105%

306
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621 1

-3002
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21

135%

12
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0/

0
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-2475

1%

1%

113%

/
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NDV 2000
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-

3%
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12

0/

0 /

o

-2622
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1 13%
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13 6%

12
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4%

1 13%

307
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0
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13 5%
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OCT 2000
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13 5%

12

0 i

0 -

o

-4636

-
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1 12%
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14 3%

1 2

0 f

0 /

0
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1%
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14 3%
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-
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0 /

0
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309

- 1975"
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0 /
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-2 133
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15 7%
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0

0
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-

1%

116%

GULF

2000

OCT 2000

-2206

6%

15 7%

12

0 1

0 •

0

-2378

2%

116%

- ( 13)

THE CRITICAL MONTH

AND YEAR

IS THAT

MONTH AND

YEAR W1TH M

NIMUM BASE-COND

T IONS

ASSESSED

SURPLUS

STREAMFLOW

(13) (20) ASSESSED TOTAL STREAMFLOW = "1975" STREAMFLOW i "1975" BASE-CONDITIONS CONSUMPTION - "1975" GROUND-WATER OVERDRAFT

(14) (21) ASSESSED SURPLUS STREAMFLOW = ASSESSED TOTAL STREAMFLOW - TOTAL DEPLETIONS - INSTREAM USE

(15) (22) CURRENT STREAMFLOW DEPLETION - TOTAL DEPLETIONS / CURRENT STREAMFLOW SUPPLY (INCLUDING GROUND-WATER OVERDRAFT)

(16).(23) ASSESSED STREAMFLOW DEPLETION ■ TOTAL DEPLETIONS I ASSESSED TOTAL STREAMFLOW (EXCLUDING GROUND-WATER OVERDRAFT)
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TABLE 11-7 SUMMARy OF MONTHLy AND ANNUAL WATER ADEQUACy

BASE CONDI TIONS

CRITICAL

MONTH INFORMATION

(02)- (03)-

(TABLE 1

(04).

11-51

(05)

MONTHLy

SUMMARy.

(07)

ND OF

MONTHS

WHERE

(04) >

ANNUAL INFORMATION .

(08)- (09)- (10).

(TABLE 1

(11)-

-5)

(01).

(06)

ND OF

MONTHS

WHERE

(02)

( 12)

TOTAL

SUBREGION

STRMFL W

ASSESSED CURRENT

SURPLUS STRMFLW

STRMFLW DEPLETN

(MGD)

ASSESSED

INSTREAM

ASSESSED ASSESSED CURRENT

TOTAL SURPLUS STRMFLW

ASSESSED

INSTREAM

/

DOWNSTREAM

SUBREGION

_(MGD|—

STRMFLW

DEPLETN

USE

TO TOTAL

STRMFLW

STRMFLW STRMFLW DEPLETN

(MGD)

STRMFLW

DEPLETN

USE

TO TOTAL

STRMFLW

CR 1 T1CAL

GREAT LAKES REGION

MONTH/yR

< 0 0

40/70/90%

REG 1 ON 4

40 I

"1975"

1985

2000

4069

JAN 2000

32 i

3%

31

41

891

891

891

0

0

0/

a

0

0

0

9892

1 122

1098

11

1%

21

in

GT LKS

/

302

206

0

0/

0'

61

0/

0 7

1005

31

571

402

-1975"

1985

2000

6766

FEB 2000

262

98

n

21

21

41

941

941

941

0

0

0

0/

o.

0

0

0

9855

770

7 17

573

2%

21

21

41

9"1

:7 01

10%

GT LKS

/

o.

0/

0 7

0 7

4on

/

- 1975"

1985

2000

1 1 19

AUG 2000

149

541

541

331

3 31

331

0

4.

0 .

'

0

0

3

1 784

355

311

311

43%

4 91

4 9%

12

741

3

6/

1/

146

GT LKS

-4 7 3

109%

12

10/

8 7

-212

631

4 91

404

-19 7 5"

1985

2000

10374

AUG 2000

181

<\

41

941

941

941

0

0/

0/

0 7

0 7

0

0

0

14934

708

592

446

2%

21

2%

31

941

941

941

GT LKS

/

20

-2 7 4

61

91

1

07

2

0 7

405

"1975"

1985

2000

4022

AUG 2000

?25

1 78

3%

3%

41

921

9 21

9 21

0

0

0

0/

0/

0/

0/

0

0

0

7283

803

767

644

11

11

851

8 91

8 81

GT LKS

/

35

0 7

2%

81

0 7

31

406

-1975"

1985

2000

2254

45 1

24 8

-43

31%

3 11

4 91

4 91

4 91

0

0/

0/

0

0

0

7690

2377

81

81

621

E21

GT LKS

/

AUG 2000

4 01

53%

0

2 7

0'

2191

1921

1 1%

141

1

3 7

0 .

'

*;i

407

"1975"

1985

2000

1669

AUG 2000

320

278

206

3 81

381

401

441

4 51

4 51

0

0

0

0/

1 t

1 /

0/

0

0

0

5714

1012

121

12%

70%

GT LKS

/

451

0'

983

923

12%

7 71

7 31

0 7

131

408

- 1975"

7325

AUG 2000

513

452

23 i

2%

2%

31

61

911

911

911

0

0

0

0'

0'

0 7

0/

0

0

0

16119

1585

1536

11

11

11

21

9'1

/

1985

2000

0'

a ii

GT LKS

0/

1337

911

OHIO REGION

REGION 5

501

/

502

"1975"

7180

AUG 2000

1228

1 185

3%

3%

3%

41

8 01

8 01

801

0

0

0

0/

0'

0/

0

0

0

19880

2445

11

'1

8-1

8-1

5 71

1985

2000

1 108

0/

0 7

2404

2335

11

11

0 7

502

/

"1975"

1985

2000

17222

SEP 2000

2687

2222

71

71

101

161

7 71

7 71

7 71

0

0

0

0'

0/

0/

0 7

0

0

0

64916

8406

7941

6668

2%

2%

31

41

551

505

1 158

0/

0 .

'

B51

;fi

503

/

"1975"

1985

2000

3037

OCT 2000

3B9

8%

81

121

191

791

791

7 9%

0

0

0/

0/

0 .

'

0

0

12762

2667

2785

2562

2%

21

31

51

751

-'1

290

0'

502

77

0

0 7

0 .

'

0

;i

504

/

-1975"

1985

2000

3084

SEP 2000

450

393

230

41

41

8 21

82%

B2%

0

0

0/

0 7

0 7

0 7

0

0

0

1061 1

149l

1434

1276

11

11

21

651

61

1 11

0 .

'

e-i

502

0

0 7

31

(751

505

/

801

"1975"

56952

OCT 2000

4 104

41

41

8 91

B91

8 91

0

0/

0/

0 7

0

0

0

180111

17480

16417

14154

11

11

2%

3%

591

391

8 91

1985

2000

3058

51

91

0

0

0/

837

0 7

0 .

'

506

/

505

"1975"

1985

2000

5318

SEP 2000

839

777

5%

51

61

121

791

7 91

7 91

0

0

0/

0 .

'

0

0

0

19985

5083

5022

4742

11

'1

2%

7 31

7 71

7 31

c

0 .

'

4 99

0

0'

0/

31

507

/

"1975"

1985

2000

14778

JUN 2000

417

11

11

11

21

971

97%

0

0 7

0 7

0

0

0

21685

2632

2549

2429

<11

< '1

11

8 = 1

881

8 61

333

0

0

0/

0'

0/

505

2 15

971

07

11

TENNESSEE REGION

REGION 6

601

/

"1975"

19840

AUG 2000

34 1

152

-66

11

11

2%

3%

87%

0

0

0/

0/

0/

1)7

0

23316

1353

11

'1

9 7-1

5 7-1

93%

602

1985

2000

971

9 71

2

0 .

'

0 7

0

0

1 1 75

94 1

2%

31

602

/

"1975"

1985

2000

25702

OCT 2000

2

-331

-769

11

11

2%

41

9 91

9 91

9 91

0

2

3

0/

0-

0

0

0

4 1113

2320

1966

1526

11

1%

21

941

0/

0/

c

941

505

0

31

941

UPPER MISSISS

PPI REGION

REGION 7

701

/

702

"1975"

1985

2000

4735

JAN 2000

320

2BB

123

11

31

4%

51

901

901

9 01

0

0

0

0/

0'

0

0

0

10506

1600

1519

1432

2%

2%

31

41

8 31

831

8 31

0

0 7

0/

0

702

/

703

.. 1975■

1985

2000

14574

JAN 2000

400

?v

2%

2%

4%

95%

95%

95%

0

0/

0

0/

0

0

0

27285

2292

2172

1947

11

11

21

31

971

33 i

0

0

0

0/

SCI

9 71

16 1

0

703

/

704

"1975"

1985

2000

23538

DEC 2000

1900

1688

1 127

2%

2%

9 01

0

0

0/

0/

0

0

0

43974

5050

4781

4 187

21

21

21

3%

r-1

31

6%

3 0 4.

'

0 .

'

6 '1

90%

0

0 .

'

0 7

671

704

/

"1975"

1985

2000

37766

SEP 2000

0

3%

3%

97%

0

0

0/

0

63928

5750

5326

4359

11

11

2%

41

9 01

-4 31

41

9 71

67%

1

1

0 7

0 7

0

9 01

901

705

-1422

61

0/

0.'

c

705

/

80 1

"1975"

135294

AUG 2000

-6141

-19850

-29571

3 71

4 0%

85%

1

0 7

0/

0

0

135057

7693

12%

121

161

s:i

I9H5

2000

5 0%

6 51

651

4

3

1 /

0 .

'

3117

•21

571

2/

c

4B4

181
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LOWER MISSISSIPPI REGION

REGION 6

80 1

/
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1985
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178767

SEP 2000

-79893

-90756

-95407

1 71

181

24%

1261

126%

1261
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5

5

0/

0/

0

363852

53297

46746

41339
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2 r%

0 7
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.

0
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2000

206712
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18%
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12 21
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n

c

0

407702
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48526
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91

101

"61

"«1

803

-9390B

-98168

4

6

0 .

'

0

0

0

0

2 61

1 7

751

803

"1975"

1985

2000

219314

SEP 2000

-100173

-113308

-118174

16%

171

2 31

2 51

129%

5

6

6

0/

0/

0

0

0

455390

85541

56424

52275

71

71

79%

/

GULF

1 2 91

129%

0 7

0 7

81

-91

17

0/

101

-91

(01) THE CRITICAL MONTH AND yEAR IS THAT MONTH AND yEAR WITH MINIMUM BASE-CONDITIONS ASSESSED SURPLUS STREAMFLOW

(01).(08)

(02).(09)

(03).(10)

ASSESSED TOTAL STREAMFLOW = "1975" STREAMFLOW + "1975" BASE-CONDITIONS CONSUMPTION - "1975" GROUND-WATER OVERDRAFT

ASSESSED SURPLUS STREAMFLOW = ASSESSED TOTAL STREAMFLOW - TOTAL DEPLETIONS - INSTREAM USE

CURRENT STREAMFLOW DEPLETION = TOTAL DEPLETIONS . ' CURRENT STREAMFLOW SUPPLy (INCLUDING GROUND-WATER OVERDRAFT)

(04).(11) ASSESSED STREAMFLOW DEPLETION = TOTAL DEPLETIONS 7 ASSESSED TOTAL STREAMFLOW (EXCLUDING GROUND-WATER OVERDRAFT]
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TABLE Il_7.

SUMMARy OF MONTHLy AND ANNUAL WATER ADEQUACy (CONTINUED]

DRy CONDITIONS

. CR 1 T 1 CAL

MONTH INFORMATION

(14). (15)-

(TABLE IV

( 16)-

-4 )

MONTHLy

SUMMARy

(19)

NO OF

MONTHS

WHERE

( 16) >

ANNUAL INFORMATION

(20)- (21)- (22)-

(TABLE IV

(23)-

-2)

(13)-

( 17)

I 18)

ND OF

MONTHS

WHERE

I 14)

(24)

TOTAL

SUBREGION

STRMFLW

ASSESSED CURRENT

SURPLUS STRMFLW

STRMFLW DEPLETN

(MGD)

ASSESSED

STRMFLW

DEPLETN

INSTREAM

ASSESSED ASSESSED CURRENT

TOTAL SURPLUS STRMFLW

ASSESSED

STRMFLW

DEPLETN

INSTREAM

/

DOWNSTREAM

SUBREGION

— (MGD) —

USE

TO TOTAL

STRMFLW

USE

TO TOTAL

STRMFLW

CR 1 T 1 CAL

STRMFLW STRMFLW DEPLETN

(MGD)

GREAT LAKES REGION

MONTH/yR

< 0 0

40/70/90%

REG

ON 4

401

"1975"

1985

2000

2779

2000

-989

5\

5%

5%

9%

130%

130%

130%

12

12

12

0/

0/

0/

0/

0

0

0

8022

-746

-772

-866

2%

2%

2%

108%

108%

108%

GT LKS

/

JAN

-988

-1084

0/

0/

3%

402

"1975"

1985

2000

5166

2000

-1358

-1398

-1524

2%

2%

3%

124%

124%

124%

12

12

12

0/

0/

0/

0/

0/

0/

0

0

0

7455

-1435

-1491

-1636

2%

2%

1 17%

117%

1 17%

GT LKS

/

FEB

6%

3%

5%

403

"1975"

1985

2000

769

2000

-187

-420

7 7%

7 7%

10 7%

15 7%

4 7%

4 7%

4 7%

12

12

12

10/ 4/ 0

12/ 9/ 5

12/10/ 10

1394

-37

-247

-606

4 0%

4 0%

55%

81%

63%

6 3%

63%

GTLKS

/

AUG

-8 14

404

"1975"

1985

2000

8824

2000

-1389

-1612

-1883

5%

5%

8%

111%

1 11%

1 1 1%

12

12

12

0/

0/

0/

o .■■

0/

0/

0

0

0

12634

-1601

-1722

-1873

2%

2%

3%

4%

1 11%

GTLKS

/

AUG

1 1%

I 1 1%

II 1%

405

"1975"

1985

2000

2922

-879

4%

4%

126%

126%

126%

12

12

12

0/

0/

0/

0/

0/

0

5613

-878

1%

1%

2%

4%

1 14%

1 14%

1 14%

GT LKS

/

-930

6%

1 1%

0

D

-9 15

AUG

2000

-1076

0/

-1039

406

"1975"

1985

2000

1305

2000

-505

54%

54%

8 4%

8 4%

12

12

12

5/

6/

0/

0

5370

-145

-3 3 1

-602

12%

12%

16%

21%

91%

91%

GTLKS

/

-708

70%

93%

2 1

5/

0

3

AUG

-1003

8 4%

8'

91%

407

"1975"

1985

2000

1233

2000

-323

-367

-4 4 2

58%

5 8%

62%

68%

68%

68%

68%

12

12

12

0/

0

4744

40

14%

14%

15%

16%

85%

85%

GT LKS

/

AUG

4/

5/

0.

'

0

0

10

0/

-50

8 5%

408

"1975"

1985

2000

5005

2000

-1818

-1883

-2107

3%

3%

5%

9%

133%

133%

133%

12

12

0/

0/

0/

0/

0/

0

0

0

14619

-1917

-1988

-2167

1%

1%

1%

3%

1 12%

1 12%

1 12%

GTLKS

/

AUG

OHIO REGION

501

/

502

"1975"

1985

2000

3560

2000

-2393

-2437

-2514

AUG

502

/

505

"1975"

1985

2000

9302

2000

-5238

-5700

-6767

SEP

503

/

502

"1975"

1985

2000

1807

2000

-64 1

-940

OCT

-1 153

504

/

502

"1975"

1985

2000

1794

2000

-840

-89 7

SEP

-1060

505

/

801

"1975"

1985

2000

J8552

2000

-14297

-15342

-17563

OCT

506

/

505

"19 7 5"

1985

2000

2988

2000

-1493

-1558

-1838

SEP

507

/

505

"1975"

1985

2000

11478

2000

-2866

-2970

-3089

J UN

6%

7%

13%

18%

30%

14%

20%

31%

6%

10%

19%

5%

8%

14%

9%

12%

21%

162%

162%

162%

143%

143%

143%

132%

132%

132%

140%

14 0%

14 0%

132%

132%

13 2%

14 1%

14 1%

141%

124%

124%

124%

12

Of

0/

0

12

0/

0/

0

12

0/

0/

0

12

0/

0/

0

12

0/

0'

0

12

0/

0/

0

\2

0/

0/

0

12

0/

0/

0

12

0/

0/

0

12

0/

!)/

0

12

0/

01

0

12

0/

0/

0

12

0/

0/

0

12

0/

0/

0

12

0/

0/

0

12

0/

0/

0

12

(>.'

0/

0

12

0/

0/

0

12

0/

0/

0

12

0/

(1/

(1

12

0/

0/

0

-3 5 5

-398

-3198

-3664

-4740

-176

-279

-503

-420

-4 7 7

-636

-19530

-20599

-22666

-14 18

-1481

-1761

-2569

-2853

-2773

2%

5%

101%

101%

101%

104%

104%

104%

99%

99%

99%

103%

103%

103%

109%

109%

109%

1 15%

1 15%

1 15%

TENNESSEE REGION

601 "1975" 16140 -3360

/ 1985 -3553

602 2000 AUG 2000 -3794

602 "1975" 23202 -2498

/ 1985 -2831

505 2000 OCT 2000 -3269

3%

5%

1 19%

1 19%

1 19%

109%

109%

109%

12 0/ 0/ 0

12 0/ 0/ 0

12 0/ 0/ 0

12 0/ 0/ 0

12 0/ 0/ 0

12 0/ 0/ 0

-2447

-2626

-2660

-258 1

-2916

-3374

2%

3%

2%

3%

111%

111%

I 1 1%

106%

106%

106%

UPPER MISSISSIPPI REGION

701

/

702

"1975"

1985

2000

3245

JAN 2000

-1 170

-1222

-1277

702

1

"1975"

1985

2000

1 1 174

JAN 2000

-3000

-3069

-3239

703

703

/

"1975"

1985

2000

15638

DEC 2000

-6000

-6212

-6773

704

704

/

705

"1975"

1985

2000

26666

SEP 2000

-10947

-11398

-124 14

70t

/

"1975"

1985

2000

110694

AUG 2000

-39860

-53233

-63723

801

6%

8%

3%

5%

132%

132%

132%

124%

124%

124%

13 5%

13 5%

13 5%

12

0/

0/

0

12

0/

0/

o

12

0/

0/

0

12

0/

0/

0

12

0/

0/

0

12

0'

0/

0

12

0/

0/

0

12

0/

0/

0

12

0/

0/

0

12

0/

0/

o

12

0/

0/

n

12

0/

0/

0

12

2/

0/

0

12

3/

0/

11

12

3/

1/

0

-2313

-2400

-2495

-3534

-3667

-3907

2%

3%

2%

132%

132%

132%

115%

115%

1 15%

30%

35%

38%

163%

163%

16 3%

10

10

1 1

1/

2/

2/

0/ 0

0/ 0

0/ 0

28%

156%

156%

156%

10

10

12

1/

0/ 0

0/ 0

0/ 0

34%

3 7%

21

2/

27%

33%

35%

185%

185%

185%

1 1

1/

2/

2/

0/ 0

0/ 0

0/ 0

1 1

1 1

12%

15%

1 17%

1 17%

1 17%

17%

12%

16%

1 16%

116%

116%

17%

1 1%

14%

16%

1 18%

1 18%

1 16%

5 6%

6 9%

7 6%

137%

13 7%

13 7%

7 9%

7 9%

79%

-7285

-7877

-9489

-9930

-10922

-23501

-26661

-31352

3%

5%

18%

2 2%

2 5%

120%

120%

120%

1 17%

117%

I 17%

105%

105%

105%

LOWER MISSISSIPPI REGION

801 "1975" 138767 -128240

/ 1985 -136038

802 2000 SEP 2000 -140492

802 "1975" 160712 -136122

/ 1985 -145791

803 2000 SEP 2000 -149747

603 "1975"

/ 1985

GULF 2000

171314 -157264

-167191

SEP 2000 -171753

-69858

-77055

-82512

-77317

-85007

-9067 1

-68993

-98776

-102948

(13) THE CRITICAL MONTH AND yEAR IS THAT MONTH AND yEAR WITH MINIMUM BASE-CONDITIONS ASSESSED SURPLUS STREAMFLOW

(13).(20) ASSESSED TOTAL STREAMFLOW = "1975" STREAMFLOW + "1975" BASE-CONDITIONS CONSUMPTION - "1975" GROUND-WATER OVERDRAFT

(14).(21) ASSESSED SURPLUS STREAMFLOW = ASSESSED TOTAL STREAMFLOW - TOTAL DEPLETIONS - INSTREAM USE

(15).(22) CURRENT STREAMFLOW DEPLETION ■ TOTAL DEPLETIONS / CURRENT STREAMFLOW SUPPLy (INCLUDING GROUND-WATER OVERDRAFT)

(16).(23) ASSESSED STREAMFLOW DEPLETION - TOTAL DEPLETIONS / ASSESSED TOTAL STREAMFLOW (EXCLUDING GROUND-WATER OVERDRAFT)
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TABLE

11-7. SUMMARy OF MONTHLy AND

BASE

CONDITIONS

ANNUAL WATER ADEQUACy

CR 1 T 1CAL

MONTH INFORMATION

(02)- <03)-

. (TABLE 1

(04).

11-5).

(06)

. MONTHLy

SUMMARy

ANNUAL INFORMATION

(06)- (09)- (10)-

(TABLE II

(11).

-5)

(01)-

TOTAL

STRMFLW

— (MODI-

CRITICAL

MONTH/yR

ND OF

MONTHS

WHERE

(02)

< 0 0

No"oF

MONTHS

WHERE

(04) >

40/70/90%

(12)

SUBREG1 ON

/

ASSESSED CURRENT

SURPLUS STRMFLW

STRMFLW DEPLETN

(MGD)

ASSESSED

1NSTREAM

USE

ASSESSED ASSESSED CURRENT

TOTAL SURPLUS STRMFLW

ASSESSED

1NSTREAM

DOWNSTREAM

SUBREGION

STRMFLW

DEPLETN

TO TOTAL

STRMFLW

STRMFLW STRMFLW DEPLETN

(MGD)

STRMFLW

DEPLETN

USE

TO TOTAL

STRMFLW

SOURIS-RED-RAINY REGION

REGION 9

(01 -1975"

/ 1985

CANADA 2000

1083

FEB 2000

-1419

-1429

-1435

5%

5%

226%

6

6

4

0/

0/

0'

0-

0'

0/

0

0

0

6122

2337

2%

2%

3%

6 0%

60%

6%

6%

226%

226%

2301

264 1

7%

60%

MISSOURI REGION

REGION 10

1001

"1975"

1985

2000

13874

JUL 2000

-1778

-6348

-6433

5 8%

58%

9 1%

55%

5 5%

5 5%

3

2/

4/

4/

0/

2/

0

2

2

7691

1366

23%

23%

4 2%

4 3%

5 5%

5 9%

/

6

6

-50

-131

1005

92%

21

1002

/

"1975"

1985

2000

7181

AUG 2000

-4 10

-4055

-4278

5 5%

55%

106%

109%

5 1%

5 1%

5 1%

3

4

4

2/

0/

0

6065

1 120

71

2 2%

2 2%

60%

1003

3/

3/

3/

3/

1

1

38

39%

39%

so%

t:%

1003

/

1001

-1975"

1985

2000

11901

JUL 2000

-1901

-5893

-5901

5 7%

5 7%

91%

91%

5 9%

5 9%

5 9%

3

21

0/

2/

2/

0

1

2

6994

1337

2 1%

2 1%

38%

38%

ec%

6

4/

4/

163

111

60%

1004

/

1005

"1975"

1985

2000

30510

JUN 1985

-97 1

-3826

-2987

17%

17%

66%

B6%

66%

4

9

1/

3'

3/

0.

'

0

0

0

9839

393

-730

-856

21%

2'%

7 5%

75%

75%

2 6%

24%

1/

1/

3 3%

3 2%

1005

/

1006

"1975"

26603

JUN 2000

-2173

-7047

-6356

3 9%

3 9%

69%

6 9%

6 9%

5

6

8

1/

4/

0/

0

0

0

18562

3118

24%

24%

6 0%

1985

2000

5 7%

4/

i ■■

221

-1167

3 9%

6 0%

60%

6 2%

2!

4 7%

1006

/

"1975"

1985

2000

30800

JUN 2000

-664

-6084

-7440

3 5%

3 5%

5 2%

56%

68%

68%

68%

5

1/

0/

0.

'

2

0

21029

3925

2 2%

2 2%

36%

4 2%

6 3%

6 3%

7

7

4/

4/

0

0

64 1

1009

-287

6 0%

1007

/

"1975"

9885

AUG 2000

-3168

-3166

-5146

98%

110%

1 11%

132%

2 2%

2 2%

22%

12

5/

5/

5.

'

4/

4/

4

3

3

3699

-1574

-1380

-1747

76%

85%

5 5%

55%

5 5%

1008

1985

2000

12

12

4/

82%

92%

1008

/

1009

-1975"

1985

2000

22388

AUG 2000

-2603

-5141

-6775

91%

104%

115%

123%

8%

8%

8%

4

5

5

5/

4/

4/

4/

3

3

3

9895

-250

6 3%

6 9%

34%

34%

5/

-676

7 6%

79%

5/

-1134

3S%

1009

/

-1975"

1985

2000

58229

AUG 2000

1807

-11112

-17698

56%

61%

8 3%

94%

36%

36%

3 6%

6

9

3.

'

4/

4/

0/

2/

21

0

0

2

35260

2947

32%

3 2%

E9%

59%

53%

-610

4 3%

101 1

9

-2285

4 7%

1010

"1975"

1985

2000

12673

AUG 2000

-6900

-6876

-8569

82%

125%

125%

138%

29%

10

10

t

4/

4/

3/

1/

3/

3/

2

2

2

6176

-1398

-1854

-1597

50%

63%

6C%

/

2 9%

2 9%

67%

6 6%

6 0%

6 0%

101 1

101 1

"1975"

1985

2000

77211

AUG 2000

-6600

-21436

-29950

59%

6 7%

84%

95%

4 4%

4

4

5

2/

3/

3/

0'

0

0

1

57012

7585

3470

1922

26%

2 7%

34%

*:%

/

4 4%

1/

60%

5 0%

705

44%

2/

3 7%

ARKANSAS-WHITL-RED REGION

REGION 11

1101

/

801

"1975"

1985

2000

6640

SEP 2000

578

567

540

1%

1%

91%

91%

91%

0

0

0

0'

0/

0/

0/

0

0

0

15994

2699

1%

1%

1%

i%

8 3%

8 3%

83%

1%

1%

o.

'

0

2681

2856

1102

/

"1975"

1985

2000

2966

JUL 1985

-336

-666

-170

94%

9 7%

112%

14%

14%

14%

12

10

11/

5/

1

677

-297

-223

-129

8 3%

85%

8 2%

74%

49%

1 103

98%

10

11 /

11/

7/

9/

2

2

43%

45%

1 103

/

1 104

"1975"

1985

2000

3779

AUG 2000

-8513

-13857

-13917

7 5%

249%

392%

394%

7 6%

7 6%

76%

5

4

5

4.

'

3/

3/

2/

2/

2/

2

2

2

4935

-706

-1223

39%

56%

68%

69%

56%

58%

5 3%

-1246

1 104

/

801

"1975"

1985

2000

16197

AUG 1985

-8985

-15021

-14966

5 7%

104%

14 2%

142%

5 1%

5 1%

3

3

3

3/

3/

3/

1/

1

1

1

28319

4626

3982

3685

17%

19%

2 2%

2 3%

64%

54%

64%

5 1%

2-

2

1105

/

"1975"

4552

JUL 2000

-5498

-6317

-6679

66%

135%

15 3%

161%

8 6%

8 6%

8 6%

5

5

5

6.'

4/

4/

3

3

4

3911

-876

-875

-958

41%

6 2%

6 2%

64%

e:%

1 104

1985

2000

5/

4/

4/

6 0%

60%

1 108

/

1 107

"1975"

1985

2000

4681

JUL 1985

-47 16

-8585

-5770

74%

129%

168%

151%

,'?%

7 2%

7

5

5

7/

3/

3

3

3337

-959

-1201

-1101

50%

68%

7 5%

7 2%

6 '%

5/

5.'

4

61%

6 1%

72%

4/

4

1 107

/

802

"1975"

9954

AUG 1985

-1985

-3932

-1777

50%

70%

9 0%

6 8%

50%

2

3

3/

3/

3.

'

0/

1/

0

0

0

20894

3649

1 1%

12%

13%

■3%

71%

1985

2000

50%

5 0%

3360

3404

r i%

TEXAS-GULF REGION

4

0.

'

REG 1 ON 12

7 1%

1201

"1975"

8274

JUL 2000

56

12%

12%

13%

22%

8 7%

8 T%

67%

0

11

0.'

0/

0/

0/

0

0

10763

1701

1644

5%

5%

8 3%

/

GULF

1985

2000

26

o.

1177

5%

5 0%

50%

-588

3

0/

0

10%

1202

"19 7 5"

1985

2000

3406

AUG 2000

-358

5 7%

62%

48%

4 8%

48%

2

4

3

0/

0

8804

993

18%

18%

21%

31%

- <%

/

-726

73%

3'

1/

720

'T%

GULF

-1849

106%

7

5/

2/

1

-126

7 1%

1203

"1975"

1985

2000

5715

AUG 1975

-17529

95%

395%

3 7 5%

238%

12%

12%

12%

6

4

4

6/

4/

4/

3/

3/

3/

3

3

3

5803

-2407

51%

84%

56%

58%

53%

/

GULF

-16367

-1480

6 8%

56%

-8570

-780

1204

/

GULF

"19 7 5"

1985

2000

6378

AUG 1975

-3975

93%

15 1%

132%

1 I%

5

3

7

e

4/

4/

3714

-704

-343

-201

63%

82%

7 3%

69%

3 7%

3 7%

37%

-2768

1 1%

6/

-572

sen

11%

7/

4/

2

i 2 n 5

"19 7 5"

1985

2000

6034

JUN 1985

-1132

-1727

-1496

4 2%

47%

7 2%

7 2%

7 2%

8

8

1/

0/

0

4667

192

98

24%

26%

2 8%

26%

-0%

7 0%

7 0%

/

GULF

57%

5 3%

1

0/

0

0

0
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1 .
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• (01)

(08) ASSESSED TOTAL STREAMFLOW =

"1975" STREAMFLOW + "1975" BASE-CONDITIONS CONSUMPTION - "1975" GROUND-WATER OVERDRAFT

ASSESSED TOTAL STREAMFLOW - TOTAL DEPLETIONS - 1NSTREAM USE.

• (02)

■ (03)

(09) ASSESSED SURPLUS STREAMFLOW =

(10 CURRENT STREAMFLOW DEPLETION -

(11) ASSESSED STREAMFLOW DEPLETION =

TOTAL DEPLETIONS / CURRENT STREAMFLOW SUPPLy (INCLUDING GROUND-WATER OVERDRAFT)
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TABLE I 1-7

SUMMARy OF MONTHLy AND ANNUAL WATER ADEQUACy (CONTINUED)

DRy CONDITIONS

DOWNSTREAM

SUBREGION

CRITICAL MONTH

I 13).

TOTAL

STRMFLW

— (MGD)-

CRITICAL

MONTH/yR

I 14!

NFORMATION.

(15)-

(TABLE IV-4) MONTHLy SUMMARy ANNUAL I NFORMAT ION ( TABLE I V-2 |

( I6)-

( I7)

ASSESSED CURRENT

SURPLUS STRMFLW

STRMFLW DEPLETN

(MGD)

ASSESSED INSTREAM

STRMFLW USE

DEPLETN TO TOTAL

STRMFLW

ND. OF

MONTHS

WHERE

(14)

< 0.0

ND OF

MONTHS

WHERE

I 16) >

40/70/90%

(20)-

(21)-

(23)-

(24)

ASSESSED ASSESSED

TOTAL SURPLUS

STRMFLW STRMFLW

(MGD)

CURRENT

STRMFLW

DEPLETN

ASSESSED INSTREAM

STRMFLW USE

DEPLETN TO TOTAL

STRMFLW

SOURIS-RED-RAINy REGION

901 "1975"

512

-1990

/ 1985

-2000

CANADA 2000

FEB 2000

-2006

10%

4 78%

10

0/ 0/

12%

476%

10

1/ 0/

13%

476%

10

3/ 2/

-323

-360

-103

106%

106%

106%

MISSOURI REG I ON

REGION 10

1001

"1975"

1985

2000

12174

JUL 2000

-3994

-10844

-10914

/

1005

1002

/

1003

"1975"

1985

2000

6331

AUG 2000

-2263

-6234

-6477

1003

/

"1975"

1985

2000

9981

JUL 2000

-4222

-10028

-10015

1001

1004

/

1005

"1975"

1985

2000

22710

JUN 1985

-9015

-11884

-11187

1005

/

1006

"1975"

1985

2000

21203

JUN 2000

-8070

-14518

-15604

1006

/

1009

"1975"

1985

2000

26600

JUN 2000

-5856

-12503

-13953

1007

/

1006

"1975"

1985

2000

9447

AUG 2000

-5401

-4461

-6618

1008

/

1009

"1975"

1985

2000

21338

AUG 2000

-8 194

-9890

-11625

1009

1

101 1

"1975"

1985

2000

54329

AUG 2000

-9829

-22154

-29061

1010

1

101 1

"1975"

1985

2000

10363

AUG 2000

-10498

-10803

-12853

10 11

"1975"

1985

2000

85211

AUG 2000

-29422

/

-42 197

705

-51191

71%

127%

127%

7 8%

141%

14 5%

72%

13 1%

130%

25%

3 7%

3 4%

5 1%

6 2%

88%

43%

66%

74%

134%

125%

148%

130%

139%

147%

sot

102%

1 15%

166%

166%

188%

93%

113%

126%

62%

62%

62%

58%

58%

58%

7 0%

7 0%

70%

1 15%

1 15%

1 15%

87%

87%

8 7%

79%

7 9%

7 9%

23%

2 3%

23%

6%

8%

8%

38%

38%

38%

36%

3 6%

3 6%

5 2%

52%

52%

6

4/

2/

0

6

6/

4/

4

6

6/

4 /

3

7

3/

1/

0

7

5/

3/

:i

7

5/

3/

3

12

3/

0/

0

12

3/

3/

2

12

3/

3/

2

7

3/

9'

0

10

5/

3/

1

10

5/

4/

2

7

3/

0/

0

10

5/

2/

0

10

5/

4/

2

2l

6/

5/

4

12

tI

5/

5

12

11 /

4/

4

12

6/

4/

4

12

6/

5/

5

13

61

5/

4

i i

4/

2/

0

1 1

5/

4/

2

1 1

5/

4.

'

2

12

5/

5/

5

12

7/

6/

4

12

5/

4/

3

1 1

4/

3/

1

1 1

4/

3/

2

1 1

4/

3/

3

-2 7 5

-1992

-2073

-1416

-1446

-108

-1510

-1562

-1398

-2583

-2507

-1 126

-4403

-5603

-243

-3748

-4939

-2169

-1956

-2344

-1903

-2857

-2904

-2315

-6621

-6 129

-3797

-4070

-3995

-8569

-13246

-14831

34%

60%

6 2%

31%

5 5%

56%

30%

54%

5 5%

2 7%

41%

41%

34%

5 5%

6 5%

30%

50%

5 7%

100%

97%

108%

8 5%

94%

97%

4 1%

5 5%

60%

102%

109%

107%

4 1%

52%

55%

71%

7 1%

7 1%

7 3%

73%

7 3%

7 2%

7 2%

7 2%

9 0%

9 0%

90%

74%

7 4%

7 4%

7 2%

7 2%

7 2%

6 0%

60%

6 0%

3 7%

3 7%

3 7%

66%

66%

6 6%

8 9%

89%

89%

7 9%

7 9%

7 9%

ARKANSAS-WHITE-RED REGION

REGION 11

1101 "1975"

/ 1985

601 2000

1102 "1975"

/ 1985

1103 2000

1103 "1975"

/ 1985

1104 2000

1104 "1975"

/ 1985

801 2000

1105 "1975"

/ 1985

1104 2000

I106 "1975"

/ 1985

1107 2000

1107 "1975"

/ 1985

802 2000

4250

SEP 2000

2872

JUL 1985

1428

AUG 2000

7167

AUG 1985

2752

JUL 2000

4251

JUL 1985

5664

AUG 1985

-1627

-1824

-1851

-1291

-1984

-1309

-12617

-16443

-16359

-20856

-27581

-27319

-9269

-987 1

-5768

-7907

-6985

-6832

-9232

-678 1

130%

159%

138%

783%

1 193%

1 189%

275%

3 70%

366%

255%

295%

309%

15 7%

207%

185%

133%

175%

132%

141%

141%

141%

15%

15%

15%

201%

201%

201%

1 16%

1 16%

1 16%

142%

142%

142%

7 9%

7 9%

7 9%

88%

8B%

68%

12

12

12

0/ 0/ 0

0/ 0/ 0

0/ 0/ 0

12

12

10

12/ 6/ 5

12/11/11

12/11/ 10

12

12

12

6/ 7/ 7

6/ 5/ 3

11/ 5/ 3

12 5/ 4/ 3

12 5/ 3/ 3

12 5/ 3/ 3

12 12/12/11

12 12/11/10

12 12/11/ 11

12 10/ 7/ 7

12 3/ 3/ 3

12 5/ 3/ 3

12 5/ 3/ 3

-2707

-2726

-2749

-610

-510

-3 7 7

-3605

-4 155

-4 136

-6368

-9025

-9305

-3194

-3176

-3260

-2019

-2275

-2144

-4319

-4623

-4550

122%

1 16%

102%

129%

153%

153%

44%

46%

143%

142%

146%

100%

1 10%

105%

21%

2 3%

2 2%

125%

125%

125%

53%

53%

53%

1 14%

114%

114%

1 12%

112%

112%

116%

1 18%

1 18%

6 0%

8 0%

8 0%

1 12%

1 12%

1 12%

TEXAS-GULF REGION

REGION 12

1201

"1975"

1985

2000

3064

2000

-3218

-3234

-3839

/

GULF

JUL

1202

"1975"

1985

2000

2251

2000

-1631

-1970

-3 108

/

GULF

AUG

1203

"1975"

1985

2000

4580

1975

-22156

-20349

-11434

/

AUG

GULF

1204

"1975"

1985

2000

5900

1975

-5938

-4372

-1806

/

GULF

AUG

1205

"1975"

1985

2000

3364

1985

-3669

-4645

-4382

/

GULF

JUN

2 7%

28%

4 7%

99%

1 14%

185%

569%

530%

335%

188%

162%

1 16%

176%

176%

178%

7 3%

73%

73%

15%

15%

15%

12%

12%

12%

12

0'

0/

n

12

0/

0/

n

12

5/

1/

0

12

a/

5/

3

12

10/

6/

4

12

12/

a/

7

12

11/10/

a

12

12/

a/

H

12

12/

VI

8

12

12/

8/

a

12

12/

a/

a

12

12/12/11

12

10/

a/

0

12

1 1/

HI

3

12

11/

5/

2

-3463

-3533

-3995

-3400

-3685

-4516

-6139

-5058

-4237

-2258

-1831

-1827

10%

10%

19%

3 7%

43%

62%

203%

163%

132%

135%

1 19%

1 1 1%

153%

153%

153%

139%

139%

139%

124%

124%

124%

5 3%

5 3%

5 3%

87%

1 10%

102%

126%

12 8%

128%

-2152

-2247

-2180

51%

5 5%

5 2%

132%

132%

132%

(13) THE CRITICAL MONTH AND yEAR IS THAT MONTH AND yEAR WITH MINIMUM BASE-CONDITIONS ASSESSED SURPLUS STREAMFLOW

(13).(20) ASSESSED TOTAL STREAMFLOW = "1975" STREAMFLOW + "1975" BASE-CONDITIONS CONSUMPTION - "1975" GROUND-WATER OVERDRAFT

(14).(21) ASSESSED SURPLUS STREAMFLOW = ASSESSED TOTAL STREAMFLOW _ TOTAL DEPLETIONS - INSTREAM USE

(15).(22) CURRENT STREAMFLOW DEPLETION = TOTAL DEPLETIONS / CURRENT STREAMFLOW SUPPLy (INCLUDING GROUND-WATER OVERDRAFT).

(16).(23) ASSESSED STREAMFLOW DEPLETION - TOTAL DEPLETIONS / ASSESSED TOTAL STREAMFLOW (EXCLUDING GROUND-WATER OVERDRAFT).
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TABLE I 1-7

SUMMARy OF MONTHLy AND ANNUAL WATER ADEQUACy

BASE CONDITIONS

CR 1 T 1 CAL

MONTH INFORMATION

(02)) - (03)-

(TABLE 1

(04)-

I-5)

(05)

MONTHLy

SUMMARy

ANNUAL INFORMATION

(08)- (09)- (10)-

(TABLE 11

-5)

(01)-

ND OF

MONTHS

WHERE

(02]

< 0 0

ND OF

MONTHS

WHERE

(04) >

40/70 . ' 90%

(ID-

ASSESSED

STRMFLW

DEPLETN

( 12)

TOTAL

SUBREGION

STRMFLW

ASSESSED CURRENT

SURPLUS STRMFLW

STRMFLW OEPLETN

(MGD)

ASSESSED

STRMFLW

DEPLETN

INSTREAM

ASSESSED ASSESSED CURRENT

TOTAL SURPLUS STRMFLW

INSTREAM

/

DOWNSTREAM

SUBREGION

— (MGD) —

USE

TO TOTAL

STRMFLW

USE

TO TOTAL

STRMFLW

CRITICAL

STRMFLW STRMFLW DEPLETN

(MGD)

RIO GRANDE REGION

MONTH/yR

REGION 13

1301 "1975"

1469

AUG 2000

-305

-666

-693

9 2%

9 2%

133%

13 3%

28%

28%

2 8%

10

12

4/

4 /

47

2

4

4

848

-60

-253

-238

6 9%

69%

8 9%

8 7%

41%

/ iaas

5/

4 1%

4 1%

1302 2000

12

5'

4.'

1302 "1975"

2050

MAy 1985

-724

-1666

-1813

75%

8 7%

142%

140%

4 9%

4 9%

4 9%

12

12/10/ 5

1906

-755

8 4%

96%

109%

108%

4 4%

/ 1985

12

12

12/12. ' 12

12/12/11

-1012

44%

44*

1303 2000

-990

1303 -1975"

3164

MAy 1985

-1804

-2761

-2428

64«

105%

136%

125%

5 1%

51%

5 1%

12

12

12

12/ 9/

12/12/

12/11/

7

9

7

2956

-1422

-1519

-1335

8 4%

102%

105%

46%

46%

4 6%

/ 1985

1305 2000

99%

1304 "1975"

1490

JUL 1975

-546

95%

1 13%

24%

24%

24%

12

8/

6/

12/

6/

3.

'

4 7

5

0

1

595

-285

-107

-147

8 2%

94%

50%

/ 1985

-43

-133

7 9%

10

10

6 8%

5 3%

1303 2000

8 5%

7 5%

5 3%

1305 "1975"

6993

MAy 1985

-2485

-3743

-3228

86%

9 6%

1 14%

10 7%

3 9%

3 9%

3 9%

12

12/

6/

7/

7/

6

6

5

4813

-1714

-1663

-1580

78%

8 8%

91%

85%

46*

/ 1985

GULF 2000

1 1

1 1

12/

11/

46%

4 6%

UPPER COLORADO REGION

REGION 14

1401 "1975"

/ 1985

4006

AUG 2000

-666

-2237

-26 14

4 5%

45X

8 0%

89%

7 6%

76%

7 6%

4

7

7

2/

3/

3/

0.

'

1 /

1 7

0

0

0

4699

624

329

179

2 2%

2 2%

28%

65%

65%

1403 2000

31%

6 5%

1402 "1975"

3283

SEP 1985

-1343

-2044

-2022

31%

3 1%

52%

110%

110%

1 10%

9

8

9

1/

0/

0

0

0

5727

1117

1073

17%

17%

18%

19%

63%

63%

6 3%

/ 1985

2/

2/

0/

1403 2000

52%

0/

1001

1403 "1975"

21466

JUN 2000

355

3 7%

3 7%

6 2%

6 2%

6 2%

0

1/

0/

0

0

0

12440

2053

1285

20%

2 0%

2 6*

28%

64%

/ 1985

-84 1

4 2%

4 6%

5

3/

3/

o.

'

64%

6 4%

1502 2000

-1728

5

0/

954

LOWER COLORADO REGION

REGION 15

1501 "1975"

314

-180

-25 1

-283

5 0%

51%

106%

106%

106%

2

3/

0/

0

0

0

340

67

21%

21%

36%

4 3%

5 9%

5 9%

/ 1985

7 8%

3

3

4 I

5/

1/

2/

26

1502 2000

JUN 2000

8 9%

3

5 9%

1502 "1975"

12747

JUN 2000

-13498

-14539

-15157

90%

116%

124%

129%

90%

90%

90%

12

12

12

12/10/ 6

6170

-7729

-8297

8 2%

114%

126%

130%

1 1 1%

111%

111%

/ 1985

MEXICO 2000

12/11/10

12/12/ 10

-8408

1503 "1975"

2467

AUG 1975

-5200

-4446

-4468

100%

276%

246%

251%

3 3%

3 3%

3 3%

12

12/12/ 12

12/12/12

12/ 12/ 12

1363

-2776

-2667

-2662

9 9%

254%

5 i*

/ 1985

12

12

261%

254%

: 3*

50%

1502 2000

GREAT BASIN REGION

REGION 16

1601 "1975"

/ 1985

CLS BSN 2000

1457

SEP 1985

-1069

-1666

-151 1

58%

6 0%

110%

10 5%

1 14%

1 14%

1 14%

5

3

3

4/

5/

5/

2/

2

2

2

2652

-59

105

91

4 3*

44%

41%

4 4*

5 8%

58*

58%

1602 "1975"

/ 1985

CLS BSN 2000

146 1

JUL 1975

-1003

-449

-545

89*

150%

112%

118%

1 9%

19%

19%

12

12/10/

12/12/

12/11/

21

2/

4

6

7

473

-404

-347

-357

84%

127%

59%

5 9%

5 9*

12

115%

1 17%

12

1603 "1975"

/ 1985

CLS BSN 2000

666

SEP 2000

-664

-1644

-1819

91%

1 17%

264%

290%

83%

83%

83%

12

12/12/ 9

12/12/11

12/12/12

923

-708

-856

-959

89%

1 17%

133%

144%

6 3X

60%

6C%

12

12

1604 "1975"

/ 1985

CLS BSN 2000

1688

AUG 2000

-762

-1013

-1 1 10

90%

9 2%

10 7%

1 12%

53%

7

7

9

7/

3/

3/

1

3

1502

-247

-234

-306

56*

5 6%

56%

60*

60%

5:1%

53%

8.

'

9/

4 ,'

3

60%

6 0%

PACIFIC NDRTHWEST REGION

REGION 17

1701 "1975"

13977

AUG 2000

-6428

-7808

-7909

9%

9*

IB*

13 7%

13 7%

13 7%

2

2

0.'

0

0/

0/

0

0

0

32016

12181

11692

1 1847

2%

2%

3%

3%

60%

/ 1985

0.

0.

'

60%

6 0%

1702 2000

19%

2

1702 "1975"

176497

MAy 2000

69 2

-3174

-3508

B%

9%

10%

10%

9 2%

9 2%

9 2%

1

0/

0.

0/

0/

0

0

0

124819

25309

23300

22942

8%

6%

10%

10%

) 1%

/ 1985

2

2

0/

0/

71*

7 1*

1705 2000

1703 "1975"

24836

JUL 1985

-5272

-5700

-5273

62%

84%

8 6%

84%

37%

4

4

3/

5/

5/

1/

2/

2/

0

0

0

15503

1327

33%

3 3%

56%

5B%

58%

/ 1985

3 7%

571

690

38%

3 7%

1704 2000

J7%

4

1704 "1975"

25449

AUG 1985

-1416

-4272

-4261

54%

55%

51%

2

2/

0/

0/

0/

0

0

0

35012

7912

6988

6970

16%

16%

6 2*

6 2%

/ 1985

66%

5 '%

5 1%

4

4

21

2/

19%

19%

1702 2000

ft6%

62%

1705 "1975"

/ 1985

PACIFIC 2000

131155

AUG 2000

7838

1403

2C%

20%

74%

74%

0

o.

0/

0

222359

32714

30374

29890

5%

5%

6%

6%

8 0%

8 0*

60%

2 5%

2 5%

0

0

0'

0

0/

0

0

B59

:j%

0.'

1706 "1975"

/ 1985

PACIFIC 2000

18518

SEP 2000

3122

2980

2804

i%

1%

2%

8 0%

8 0%

8 0%

0

0

0/

0/

0

0

0

42394

7951

7834

7656

<1%

■CI*

S 1%

11%

0

0/

C'

0/

1%

1%

S 1%

8 1*

0.

'

1707 "1975"

/ 1985

CLS BSN 2000

1489

JUL 1985

-703

-2987

-2836

7 3%

75%

228%

218%

73%

8

7

7

4/

4/

4/

2/

0

3

3

1603

-26

-307

-259

4 1%

4 1%

57%

54*

6 0%

6 0%

60*

7 3%

73%

3

3 7

(01) THE CRITICAL MONTH AND yEAR IS THAT MONTH AND yEAR WITH MINIMUM BASE-CONDITIONS ASSESSED SURPLUS STREAMFLOW

(01).(08) ASSESSED TOTAL STREAMFLOW - "1975" STREAMFLOW + "1975" BASE-CONDITIONS CONSUMPTION - "1975" GROUND-WATER OVERDRAFT

(02).(09) ASSESSED SURPLUS STREAMFLOW - ASSESSED TOTAL STREAMFLOW _ TOTAL DEPLETIONS - INSTREAM USE

(03),(10) CURRENT STREAMFLOW DEPLETION • TOTAL DEPLETIONS / CURRENT STREAMFLOW SUPPLy (INCLUDING GROUND-WATER OVERDRAFT)

(04).(11) ASSESSED STREAMFLOW DEPLETION - TOTAL DEPLETIONS 7 ASSESSED TOTAL STREAMFLOW (EXCLUDING GROUND-WATER OVERDRAFT)
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TABLE 11-7

SUMMARy OF MONTHLy AND ANNUAL WATER ADEQUACy

DRy CONDITIONS

(CONTINUED)

CRITICAL

MONTH INFORMATION

(14)- (15)-

(TABLE IV

( 16)-

-4|

MONTHLy

SUMMARy

( 19)

ND OF

MONTHS

WHERE

( 16) >

ANNUAL INFORMATION

(20)- (21)- (22))-

(TABLE IV

(231 -

-2)

SUBREGION

/

(13)-

TOTAL

STRMFLW

ASSESSED CURRENT

SURPLUS STRMFLW

STRMFLW DEPLETN

(MGD)

ASSESSED

INSTREAM

1 17)

I 18)

ND OF

MONTHS

WHERE

(14)

ASSESSED ASSESSED CURRENT

TOTAL SURPLUS STRMFLW

ASSESSED

STRMFLW

DEPLETN

INSTREAM

(24)

(MGD)—

STRMFLW

DEPLETN

USE

TO TOTAL

STRMFLW .

USE

TO TOTAL

STRMFLW

DOWNSTREAM

SUBREGION

CRITICAL

MONTH /yR

< 0 0

40/70/90%

STRMFLW STRMFLW DEPLETN

(MGD)

RIO GRANDE REGION

REGION 13

1301 -1975"

1372

-1034

-1325

-1334

145%

145%

181%

182%

30%

30%

30%

12

12

5/

4/

4

5

5

687

-400

-605

-566

108%

108%

138%

135%

5 1%

5 1%

5 1%

/ I8B5

6/

5.

1302 2000

AUG 2000

12

a/

5/

1302 -1975-

/ 1985

1607

MAy 1985

-1210

-2490

-2431

94%

1 13%

193%

189%

6 2%

6 2%

6 2%

12

12/12/10

12/12/12

12/12/ 12

1750

-1 130

-1423

-1394

102%

1 17%

134%

132%

48%

48%

4 8%

1303 2000

12

12

1303 "1975"

/ 1985

2667

MAy 1985

-2207

-3379

-2995

94%

120%

161%

146%

57%

12

12/12/10

12/12/12

12/12/11

2667

-20 17

-2135

-1931

100%

125%

129%

121%

5 1%

51%

5 1%

1305 2000

5 7%

12

12

5 7%

1304 "1975"

1416

JUL 1975

-852

-212

-308

101%

121%

25%

2 5%

2 5%

12

12

12

12/ 7/

11/10/

12/10/

7

4

9

5 10

-395

-222

-264

101%

1 19%

58%

58%

58%

/ 1985

9 0%

96%

85%

93%

1303 2000

1305 -1975-

6080

MAy 1985

-3798

-5321

-4757

103%

117%

14 2%

13 3%

45%

45%

45%

12

12/12/ 12

12/12/12

12/12/11

3853

-3103

-3277

-2982

104%

121%

126%

1 18%

5 9%

5 9%

5 9%

/ 1985

GULF 2000

12

12

UPPER COLORADO REGION

REGION 14

1401 -1975"

3166

AUG 2000

-2982

-3485

-3848

97%

9 7%

1 13%

125%

96%

9 6%

96%

10

12

12

3'

4/

i /

3/

3/

1

1

1

3699

-5 12

-830

-9 7 1

3 1%

3 1%

83%

83%

83%

/ 1985

4 0%

44%

1403 2000

1402 -1975-

/ 1985

3043

SEP 1985

-2262

-2406

-2382

5 5%

55%

60%

119%

1 19%

1 19%

9

9

3/

0/

0'

0

4407

-273

-320

-392

24%

2 4%

2 5%

82%

1403 2000

3

3 /

0

8 2%

82%

6 0%

9

0

0

2 7%

1403 -1975"

1 1 136

JUN 2000

-9805

-12051

-12948

67%

67%

1 19%

1 19%

1 19%

10

i 1

11

5/

5/

5/

2/

0

2

4

9460

-1 164

-1987

-2316

28%

2 6%

84%

84%

84%

/ 1985

6 9%

97%

4 I

4/

3 7%

1502 2000

4 0%

LOWER COLORADO REGION

REGION 15

1501 "1975"

294

JUN 2000

-200

-278

-3 10

5 3%

5 5%

1 13%

6

9

4/

0.

3/

0

0

2

266

-7

27%

2 6%

4 6%

56%

75%

75%

75%

/ 1985

86%

97%

1 13%

7/

7/

-46

-72

1502 2000

1 13%

12

5

1502 "1975"

12487

JUN 2000

-13422

-15839

-16453

90%

1 16%

135%

140%

9 2%

92%

9 2%

12

12/10/ 9

12/12/10

12/12/12

5980

-6274

-8895

-6998

8 6%

124%

13 7%

140%

1 15%

1 15%

1 15%

/ 1985

MEXICO 2000

12

12

1503 "1975"

2483

AUG 1975

-5493

-4627

-4645

104%

289%

254%

258%

3 3%

3 3%

33%

12

12

12/12/12

12/12/12

12/12/ 12

1344

-2898

-2985

-2790

103%

285%

2 7 2%

264%

50%

50%

50%

/ 1985

1502 2000

12

GREAT BASIN REGION

REGION 16

1601 "1975"

/ 1985

CIS BSN 2000

1094

SEP 1985

-2363

-2219

-2021

160%

16 5%

162%

153%

151%

151%

151%

8

9

8

5/

4/

5/

2

2

2

2452

-594

-412

-425

66%

57%

68%

68%

66%

6/

52%

56%

6/

1602 "1975"

/ 1985

CIS BSN 2000

1404

JUL 1975

-666

-625

-728

6 3%

142%

125%

132%

20%

2 0%

20%

12

12/12/ 7

12/12/10

12/12/11

449

-466

-405

-4 15

93%

14 2%

128%

131%

62%

6 2%

6 2%

12

12

1603 "1975"

/ 1985

CLS BSN 2000

610

-1948

-2131

-2342

251%

329%

359%

393%

91%

1?

12

12

12/12/12

12/12/12

12/12/12

648

-1037

1 17%

157%

17 8%

192%

85%

SEP 2000

9 1%

9 1%

-12 14

-1334

6 5%

85%

1604 -1975"

/ 1985

CLS BSN 2000

1566

AUG 2000

-1204

-1229

1 17%

1 19%

1 2 1%

12 7%

5 8%

58%

12

9'

6

4

4

4

1085

-708

-69 1

-766

B'%

8 2%

81%

63%

8 3%

-1331

5 8%

12

i i /

12

6/

9 1

88%

8 3%

PACIFIC NDRTHWEST REGION

REGION 17

1701 "1975"

11477

AUG 2000

-10024

-1 1279

-1 1380

20%

20%

3 1%

16 7%

167%

16 7%

3

3

3

0'

0

0

U

0

27316

7266

6663

6818

3%

3%

5%

5%

■ 0%

7 0%

/ 1985

0/

0/

0/

1702 2000

3 2%

0,

7 0%

1702 "1975"

139497

MAy 2000

-41191

-45076

-45430

14%

14%

1 7%

116%

1 16%

1 16%

4

6

0/

2/

2/

0/

0

0

0

108419

6398

3854

3485

12%

12%

14%

15%

8 2%

6 2%

82%

/ 1985

0.'

0.'

1705 2000

• r%

I.

1703 -1975"

23376

JUL 1985

-10039

-13239

-12649

100%

10 3%

1 17%

114%

4 0%

4 0%

40%

9

9

3.

5 •

2

3

1

13033

-2589

-3545

-3371

5 0%

50%

8 9%

6 9%

6 9%

/ 1985

5'

5/

58%

56%

1704 2000

10

50

1704 -1975"

23649

AUG 1985

-7214

-10742

-10857

-4%

76%

91%

9 0%

5 5%

55%

55%

6

6

6

3.'

4.

4

2

2

2

0

1

1

29712

10'2

2 4%

24%

72%

72%

7 2%

/ 1985

8.,

2 8%

2 8%

1702 2000

-72

1705 -1975"

/ 1985

PACIFIC 2000

116255

AUG 2000

-14857

-22298

-22782

29%

2 9%

36%

36%

g n

i i

i i

1 1

0/

0/

0/

0

0

0

0

187359

-5126

-8068

-8535

7%

7%

9%

95%

8 3%

B |%

0/

0.'

9%

9 5%

95%

1706 "1975"

/ 1985

PACIFIC 2000

13118

SEP 2000

-29 1

-466

-620

2%

211

4%

100%

1 1

0/

0/

0/

0.

'

0/

0

0

0

36094

1 6 3 9

15 13

1335

•%

1%

95%

10 0%

100%

i i

1 1

0.'

1%

1%

95%

9 5%

1707 -1975-

/ 1985

CLS BSN 2000

1269

JUL 1985

-238 1

-3421

-3260

199%

202%

284%

272%

II

4

6

6/

3

3

3

1

1 166

-706

67%

66%

9 3%

93%

8',%

8 5%

1 1

1 1

3

3

-1004

9 1%

-953

HI

93%

(13) THE CRITICAL MONTH AND yEAR IS THAT MONTH AND yEAR WITH MINIMUM BASE-CONDITIONS ASSESSED SURPLUS STREAMFLOW

(13).(20) ASSESSED TOTAL STREAMFLOW = "1975" STREAMFLOW + "1975" BASE-CONDITIONS CONSUMPTION - "1975" GROUND-WATER OVERDRAFT

(14).(21) ASSESSED SURPLUS STREAMFLOW = ASSESSEO TOTAL STREAMFLOW - TOTAL DEPLETIONS - INSTREAM USE

(15).(22) CURRENT STREAMFLOW DEPLETION = TOTAL DEPLETIONS / CURRENT STREAMFLOW SUPPLy (INCLUDING GROUND-WATER OVERDRAFT)

(16).(23) ASSESSED STREAMFLOW DEPLETION = TOTAL DEPLETIONS / ASSESSED TOTAL STREAMFLOW (EXCLUDING GROUND-WATER OVERDRAFT)
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VOLUME 3: ANALYTICAL DATA SUMMARY

TABLE I 1-7

SUMMARy OF MONTHLy AND ANNUAL WATER ADEQUACy

BASE CONDITIONS

CRITICAL MONTH INFORMATION (TABLE I I I-5 I

(01 1 ■

TOTAL

(02)-

< 03) •

(04).

(051

ND OF

SUBREGION

STRMFLW

ASSESSED

CURRENT

ASSESSED

INSTREAM

MONTHS

/

— (MGDI —

SURPLUS

STRMFLW

STRMFLW

USE

WHERE

DOWNSTREAM

CRITICAL

STRMFLW

DEPLETN

DEPLETN

TO TOTAL

(02)

SUBREGION

MONTH/yR

(MGD)

STRMFLW

< 0 0

MONTHLy SUMMARy

(07|

NO OF

MONTHS

WHERE

(04) >

40/70/90%

(oe>-

ANNUAL INFORMATION

(09>-

I 10)-

(TABLE I

(11)-

( 12)

ASSESSED ASSESSED CURRENT

TOTAL SURPLUS STRMFLW

STRMFLW STRMFLW DEPLETN

(MGD)

ASSESSED INSTRE

STRMFLW USE

DEPLETN TO TOTAL

STl

. «

CALIFORNIA REGION

REGION 18

1801

1975-

3999

2000

-8355

-9066

-9 1 76

/

1985

AUG

PACIFIC

2000

1602

1975"

8271

2000

-10058

-12107

-13568

PAC1F1C

/

1985

2000

NOV

1803

1975"

M843

2000

-1837

-8546

-80 17

1985

PACIFIC

2000

MAy

1604

1975"

4662

1975

-476

-256

-288

/

1985

PACIFIC

2000

MAR

1605

1975"

2111

-146

-663

-995

/

1985

PACIFIC

2000

MAy

2000

1806

1975"

0793

-853

1204

2266

PAC1F1C

/

1985

JUL

2000

19 l5

iao7

/

1975"

341

-825

-826

-661

1985

CLS BSN

2000

APR

2000

12%

2 7 7%

2 7 7%

2 7 7%

*

4

5

0-'

1 •'

2.

0'

i

0

50%

53%

n

a,

0

>.%

3 ix

2 15%

2 15%

2 15%

4

6

6

5.

'

7/

1/

11

]

43%

8-

2

4

2

B4%

108%

1 16%

241

2 4%

/<\

10

5

7

9

9

9

8

9

8

5

9

8

8%

102%

102%

102%

6

2

6

6

7/

4 /

5.

'

6

2

4

5

3%

12%

J

7 7%

29%

6

5

4

</

6

4

4

4

1 13%

I24\

2 9%

29%

6

6/

5,

5/

108%

92%

<1%

B

0

12/10/

12/12/

12/12/

fl

8

< 1%

< I%

0

113%

1 13%

229%

229%

12

12

12/

6 /

4

6

123%

229%

12

12'

12/

7/

71

9403

9201

9125

4590

2271

667

-1261

-1328

-2066

.12 0

433

406

377

235

254

-368

552

1034

-470

-463

-481

2 6%

4C%

4 9%

241,

29%

331

37%

4 5%

48%

10 1%

g ii

9 0%

100%

104%

s.-l

6 2%

62%

46%

48%

46%

20%

20%

: o%

6 7%

6 %

6 (%

46%

t!1

46%

6%

6%

61

143%

14 3%

143%

ALASKA REGION

REGION 19

1901 "1975"

246055

15090

/ 1985

14942

PACIFIC 2000

APR 2000

14689

< l%

33%

0

< 1%

J4%

0

< 1%

3 4%

0

46000

45851

45599

< I%

< I%

< I%

95%

95V

95%

HAWAII REGION

REGION 2 0

200 1

1975"

1209

2000

13 1

184

176

/

1985

PAC1F1C

2000

JUN

2002

1975"

1054

72

/

PACIFIC

1985

SEP

2000

SB

2000

6 0

2003

1975"

513

13

1 1

/

1985

PACIFIC

2000

JUL

2000

-8

2004

1975"

980

110

PAC1F1C

/

1985

123

134

2000

JUN

1 9 "j

41

80%

80%

H0%

0

0

0

0/ 0

0/ 0

0/ 0

6%

5%

0

0.'

0

3 3X

3 41

3 5%

6 l%

6 I%

61%

0

0

0/

0/ 0

0/ 0

0/ 0

0

0/

0

48%

4 9%

49%

4 9%

0

0

4 /

4/

5/

0/ 0

4 3%

0/ 0

0/ 0

5 2%

1

,'6%

25%

23%

6 3%

6 3%

6 3%

0

0

0 1

0/ 0

0

0/ 0

0/ 0

0

0-

1336

13 3 0

1322

304

286

276

I 13

'02

404

408

4 16

i7%

18%

19%

28%

30%

113%

9V

9%

6'%

61%

6 "I

62%

62V

6 2%

;;%

52V

5:*

66%

--%

-6%

CARIBBEAN REGION

REGION 21

2101 "1975"

/ 1985

ATLANT 2000 JAN

3444

1985

3

2102 "1975"

/ 1985

ATLANT 2000 SEP 2000

13%

10%

100%

166%

266%

-3%

-3%

79V

0 0/0/0

0 0/0/0

0 12/ 9/ 6

1 102

1 ' "9

7 5%

125%

200%

2%

72%

:v

:v

11 12/12/12

12 12/12/12

(01) THE CRITICAL MONTH AND yEAR IS THAT MONTH AND yEAR WITH MINIMUM BASE-CONDITIONS ASSESSED SURPLUS STREAMFLOW

(01 I.(06)

(02),(091

ASSESSED TOTAL STREAMFLOW

ASSESSED SURPLUS STREAMFLOW

(10) CURRENT STREAMFLOW DEPLETION

(04|.(11) ASSESSED STREAMFLOW DEPLETION

"1975" STREAMFLOW + "1975" BASE-CONDITIONS CONSUMPTION - "1975" GROUND-WATER OVERDRAFT

ASSESSED TOTAL STREAMFLOW - TOTAL DEPLETIONS - INSTREAM USE

TOTAL DEPLETIONS / CURRENT STREAMFLOW SUPPLy (INCLUDING GROUND-WATER OVERDRAFT)

TOTAL DEPLETIONS / ASSESSED TOTAL STREAMFLOW (EXCLUDING GROUND-WATER OVERDRAFT)
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VOLUME 3: ANALYTICAL DATA SUMMARY

67

SUMMARy OF MONTHLy AND ANNUAL WATER ADEQUACy (CONTINUED)

DRy CONDITIONS

CRITICAL

MONTH INFORMATION

(14)- (15)-

(TABLE 1

(16)-

V-4 )

MONTHLy

SUMMARy

( 19)

ND OF

MONTHS

WHERE

( 16) >

ANNUAL INFORMATION

(20)- (21)- (22)-

(TABLE IV

(23)-

-2 1

M3)-

( 17)

( 18)

ND. OF

MONTHS

WHERE

( 14)

(24)

TOTAL

SUBREGION

STRMFLW

ASSESSED CURRENT

SURPLUS STRMFLW

STRMFLW DEPLETN

(MGD|

ASSESSED

STRMFLW

DEPLETN

INSTREAM

ASSESSED ASSESSED CURRENT

TOTAL SURPLUS STRMFLW

ASSESSED

STRMFLW

DEPLETN

INSTREAM

/

DOWNSTREAM

SUBREGION

—(MGD) —

USE

TO TOTAL

STRMFLW

USE

TO TOTAL

STRMFLW

CR 1T1CAL

STRMFLW STRMFLW DEPLETN

(MGD)

CALIFORNIA REGION

MONTH/YR

< 0 0

40/70/90%

REG 1 ON 18

1801 "1975"

/ 1985

PACIFIC 2000

3289

-9256

4 5%

45%

336%

336%

336%

9

9

9

2/

0/

1/

1 /

0

0

0

18537

1072

834

752

5%

5%

6%

6%

90%

90%

90%

AUG

2000

-10152

-10274

72%

76%

3/

3/

1802 "1975"

/ 1985

PACIFIC 2000

5721

2000

-12615

-14669

-16150

9%

9%

45%

7 1%

3 1 1%

3 1 1%

3 1 1%

9

1 1

11

7/

3/

7/

0

2

6

14I05

-853

-3210

-4832

4 1%

42%

64%

64%

64%

NOV

6/

10/

6/

5 8%

7 0%

1803 "1975"

/ 1985

PACIFIC 2000

7520

2000

-9093

-12602

-14200

1 10%

122%

14 5%

156%

3 0%

3 0%

3 0%

12

12

9/

9/

9

9

8

12599

-3812

-3932

-4753

98%

108%

1 14%

125%

23%

2 3%

2 3%

MAY

1 1

10'

9/

9

9/

1804 "1975"

/ 1985

PACIFIC 2000

1972

1975

-3366

-3155

-3192

19%

19%

23%

3 1%

252%

252%

12

12

12

6/

6/

4

6

6

2049

-1064

-98 1

-99 1

4 2%

4 2%

1 10%

1 10%

1 10%

252%

a/

B/

5 1%

58%

MAR

9.

'

8/

1805 "1975"

/ 1985

PACIFIC 2000

1633

2000

-1 104

-1603

-1758

1 17%

130%

161%

178%

38%

38%

38%

12

7/

9/

9/

7/

7

7

6

1157

-793

-952

-939

74%

80%

95%

103%

B9%

8 9%

8 9%

12

7/

7/

MAy

1 1

1806 "1975"

/ 1985

PACIFIC 2000

0758

1975

-1038

101%

109%

< I%

<l%

<1%

12

12/12/12

12/12/12

12/12/ 9

5487

-908

101%

1 10%

6%

6%

6%

BB 1

1972

95%

90%

5

4

58

99%

99%

JUL

54H

1807 "1975"

/ 1985

CLS BSN 2000

28 1

2000

-884

-893

-928

85%

136%

140%

152%

278%

2 7 8%

2 7 8%

12

12/12/

12/12/

12/12/

6

277

-526

80%

121%

1 18%

124%

169%

169%

169%

ALASKA REGION

APR

12

12

7

7

-518

-536

REGION 19

1901 "1975"

/ 1985

PACIFIC 2000

175055

APR 2000

-55910

-56058

-5631 1

<1%

< 1%

<1%

132%

132%

132%

12

12

12

0/

0/

0/

0/

0/

0

0

0

795058

-6400 1

-64150

-64402

<1%

< 1%

108%

108%

108%

< 1%

< 1%

0.-

< 1%

HAWAI1 REGION

REGION 20

2001 "1975"

/ 1985

PACIFIC 2000

644

2000

-380

-366

-394

9%

9%

150%

150%

15 0%

12

0/

0/

0/

0/

0

0

0

28 1 1

624

6 IB

610

1%

1%

1%

2%

77%

77%

77%

J UN

9%

1 1%

12

12

0'

0,'

2002 "1975"

/ 1985

PACIFIC 2000

763

-22 1

-247

-2 5 5

4 5%

4 5%

84%

84%

84%

12

12

5/

0/

0/

0

0

0

983

-225

-244

27%

2 7%

29%

98%

96%

9 6%

4 9%

5/

6/

SEP

2000

5 0%

12

0'

-253

3 0%

2003 "1975"

PACIFIC 2000

345

-162

-173

-192

74%

74V

7 7%

83%

73%

7 3%

7 3% .

12

12

12

9.

'

9/

11/

4 /

0

0

4 1 4

-44

4 0%

4 0%

42%

4 7%

71%

71%

7 1%

5 •

5.'

-55

JUL

2000

0

-75

2004 "1975"

/ 1985

PACIFIC 2000

617

-239

-233

-2 2 2

A 1%

4 1%

40%

9 7%

9 7%

12

1/

0/

0

0

0

1327

-85

13%

13%

13%

12%

9 2%

92%

92%

12

12

1 /

-61

J UN

1975

,19%

9,'%

0/

0.'

-52

CARIBBEAN REG

ON

REG 1 ON 21

2 10 1 "19 7 5"

/ 1985

ATLANT 2000

2214

1985

-9 2 5

-9 5 5

-966

1 9%

19%

21%

122%

122%

122%

12

12

12

0 /

0 1

0/

0

0

0

3627

-453

-483

-517

10%

I0%

1 1%

12%

102%

102%

102%

0/

JAN

2 2%

0/

0-

2102 "1975"

/ 1985

ATLANT 2000

3

0

-2

-5

100%

100%

16 7%

267%

0%

12

12

12

12/12/12

12/12/12

12/12/ 12

3

0

-2

100%

100%

16 7%

26 7%

0%

0%

0%

SEP

2000

'.H

0%

-5

(13 | THE CRITICAL MONTH AND yEAR

S THAT MONTH AND yEAR WITH MINIMUM BASE-CONDITIONS ASSESSED SURPLUS STREAMFLOW

GROUND-WATER OVERDRAFT

(13).(20) ASSESSED TOTAL STREAMFLOW = "1975" STREAMFLOW + "1975" BASE-CONDITIONS CONSUMPTION - "1975

(14).(21) ASSESSED SURPLUS STREAMFLOW = ASSESSED TOTAL STREAMFLOW - TOTAL DEPLETIONS - INSTREAM USE

I 15). 122) CURRENT STREAMFLOW DEPLETION = TOTAL DEPLETIONS / CURRENT STREAMFLOW SUPPLy (INCLUDING GROUND-WATER OVERDRAFT)

(16)123) ASSESSED STREAMFLOW DEPLETION = TOTAL DEPLETIONS / ASSESSED TOTAL STREAMFLOW (EXCLUDING GROUND-WATER OVERDRAFT)
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TABLE 11-6

WATER

REQUIREMENTS

FOR ENERGy

(REGIONS 1-21)

BASE CONO

IT IONS

NATIONAL

SUMMARy

WlTHORAWAl

. (MILL

ION

GALLONS

PER DAy)

FUELS

PRODUCTION

PETROLEUM REFINING

ELECTRIC

POWER GENERATION

TOTAL

REGION

"1975"

1985

2000

-1975"

1985

2000

"1975"

1985

2000

"1975"

1985

2000

I

2

3

0

I)

0

22

86

»

5

137

1263

7463

12768

1069

7130

12912

375

4857

1279

6046

12664

1077

3 80

4816

14063

.-i

IV

8 5

562

228

7377

68

?B

32

25

13952

13029

4

M

18

21

667

14 1

95

24362

22689

16061

25063

22848

16177

10966

4602

5

6

'83

288

334

31

1 14

52

48

21022

2 1008

10574

4561

21319

21346

•

14

0

0

0

4799

5738

4607

5752

7

20

33

48

so

36

33

7644

6347

3537

7714

6416

3618

17902

»

9

644

84 i

1085

4

44 1

220

150

4175

9313

16667

5260

10374

4

4

0

0

0

82

23

0

66

27

4

10

1 1

144

'98

190

902

236

185

91

36

29

94

3540

498

5834

1026

1000

4936

1012

1713

3775

6066

5203

17?

• 37

74

75

744

1291

2398

'291

3122

iz

930

3 12

496

479

724

1873

13

14

153

151

• 7

147

171

0

4

1

0

1

1

0

1

0

34

16

157

150

10

201

154

187

187

157

68

•

103

68

175

255

157

373

182

I5

7

•

76

16

i

3

1

1

8

7

7

33

85

82

42

73

9 0

6P 1

664

4

•

217

1 1

12

15

260

42

203

15B

580

367

274

358

219

193

238

12 3

147

100

540

19

20

12

133

342

1

5

1

6

1

6

36

20

0

1 1

49

154

6

0

354

6

0

0

0

0

0

0

0

0

0

0

5

0

21

0

0

0

0

0

NATION

11-18)

2540

3066

3502

2522

1492

1216

66680

94636

79461

93942

99416

64201

NATION

2552

3219

3644

2526

1499

1225

68916

94858

79492

93998

99576

64561

(1-21)
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TABLE 11-8 WATER REQUIREMENTS FOR ENERGy (CONTINUED)

(REGIONS 1-21) NATIONAL SUMMARy

BASE CONDITIONS

CONSUMPTION

(MILL ION

GALLONS

PER DAy)

FUELS

PRODUCT 1 ON

PETROLEUM REFINING

ELECTRIC

POWER GENERATION

TOTAL

REGION

"1975"

1985

2000

"1975"

1985

2000

"1975"

1985

2000

"1975"

1985

2000

1

0

0

0

3

4

4

21

18

167

24

22

171

2

12

It

12

71

87

109

103

224

644

166

322

785

3

55

66

64

12

15

20

153

722

1857

220

803

194 1

4

8

10

1 1

5 1

56

74

17S

497

1384

234

563

1469

5

57

82

98

23

27

38

324

856

1692

404

785

1826

6

1

3

4

0

0

0

42

231

4 17

43

234

421

7

4

6

9

18

19

26

129

352

1079

15 1

377

1114

8

167

212

299

66

80

1 19

54

1 18

291

287

410

709

9

2

2

2

0

0

0

1

0

0

■ 3

2

2

10

98

122

142

20

19

24

68

239

637

184

380

803

1 1

1 14

126

130

44

51

75

89

237

457

247

416

662

12

532

564

598

170

224

3B2

99

270

991

801

1058

1971

13

66

90

88

0

0

0

18

9

s

104

99

93

14

38

56

1 1 1

2

0

1

39

106

151

79

162

263

15

s

4

5

1

0

0

63

134

126

69

136

131

ie

< 1

<1

<l

4

4

6

3

42

52

7

46

58

11

2

2

4

s

6

13

13

104

344

2 1

1 1 4

361

18

169

210

192

57

64

79

25

101

242

251

375

513

19

1 1

120

308

0

0

1

0

2

5

1 1

122

314

20

0

0

0

3

4

5

0

0

0

3

4

5

21

0

0

0

0

0

0

0

0

0

0

0

0

NATION

1348

1568

1767

548

858

970

1419

4060

10536

3315

6266

13273

(1-18)

NATION

1359

1688

2075

551

662

976

1419

4062

10541

3329

6412

13592

(1-21)
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Figure 8. Industrial Groupings with Standard Industrial Classification (SIC) Codes

All-industry total:

Agriculture, forestry and fisheries:

Agriculture 01, 07.

Forestry and fisheries 08, 09.

Mining:

Metal 10.

Coal 11,12.

Crude petroleum and natural gas 13.

Nonmetallic, except fuels 14.

Contract construction 15-17.

Manufacturing:

Food and kindred products 20.

Textile mill products 22.

Apparel and other fabric products 23.

Lumber products and furniture 24, 25.

Paper and allied products 26.

Printing and publishing 27.

Chemicals and allied products 28.

Petroleum refining 29.

Primary metals 33.

Fabricated metals and ordnance 34, 19.

Machinery, excluding electrical 35.

Electrical machinery and supplies 36.

Motor vehicles and equipment 371.

Transportation equipment, excluding motor vehicles 37 except 371.

Other manufacturing 21, 30-32, 38, 39.

Transportation, communications, and public utilities:

Railroad transportation 40.

Trucking and warehousing 42.

Other transportation and services 41, 44, 47.

Communications 48.

Utilities (electric, gas, sanitary) 49.

Wholesale and retail trade 50, 52-57, 59.

Finance, insurance and real estate 60-67.

Services:

Lodging places and personal services 70, 72.

Business and repair services 73, 75, 76.

Amusement and recreation services 78, 79.

Private households 88.

Professional services 80, 81, 82, 84, 86, 89.

Government:

Civilian government:

Federal government 91 except Fed. military.

State and local government 92, 93.

Armed forces Part of 91.

Source: Executive Office of the President, Bureau of the Budget, Standard Industrial Classification Manual, 1967.
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EXPLANATORY NOTES

Tables 1-1 through 1-11

Appendix I, Social, Economic, and Environmental Data, contains the socioeconomic baseline

("1975") and growth projections (1985 and 2000) on which the water supply and water use projec-

tions are based. This appendix presents two sets of data. One set, the National Future (NF),

represents the Federal viewpoint; the other set, the State-Regional Future (SRF), represents the

regional sponsor and/or State viewpoint. Note: Explanations for State-Regional Future informa-

tion vary considerably. Where significant differences with the National Future exists, explanations

are discussed in Volume 4, Water Resources Regional Reports.

TABLE 1-1. POPULATION, EMPLOYMENT, AND INCOME

Population, employment, and income — Figures are based on the 1972 OBERS Projections (Series

E) published by the Water Resources Council in June 1974.

Population density — Computed using land area as given in Table 1-3.

Per capita income — Based on OBERS personal income, which is defined as the income received by

persons from all sources. It is comprised of wage and salary disbursements, proprietor's income,

other labor income, and transfer payments, less personal contributions for social insurance.

1975$ — Monetary figures shown in 1975 dollars. Source information was supplied in 1967 dollars

and a factor of 1.533 applied to obtain 1975 dollars.

TABLE 1-2. EARNINGS BY MAJOR SECTORS

Earnings — Figures are based on the 1972 OBERS Projections (Series E) published by the Water

Resources Council in June 1974. Earnings is defined in OBERS as the sum of income accruing to per-

sons from wage and salary disbursements, proprietor's income, and other labor income. Earnings are

for Standard Industrial Classification (SIC) code groupings as shown (See Figure 8 for a listing of in-

dustries by SIC code).

Agriculture

Manufacturing

Mining

Other

01, 07-09

19-39

10-14

15-17, 40-42, 44, 47-50, 52,57, 59-67, 70,

72-73, 75-76, 78-82, 84, 86, 88-89, 91-93

1975$ — Monetary figures shown in 1975 dollars. Source information was supplied in 1967 dollars

and a factor of 1.533 applied to obtain 1975 dollars.

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:3

1
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



72 VOLUME 3: ANALYTICAL DATA SUMMARY

TABLE 1-3. SURFACE AREA AND LAND USE - 1975

Water area — Based on Bureau of the Census information and includes inland bodies of water larger

than 40 acres in size or streams more than 660 feet wide. However, other waters under the jurisdiction

of the United States are included, such as Long Island Sound, Delaware Bay, Chesapeake Bay, New

York Harbor, Puget Sound, Straits of Georgia, Straits of Juan De Fuca, Great Lakes, and some

coastal waters.

Land area — Based on Bureau of Economic Analysis information and includes water areas smaller or

narrower than water areas described above.

Cropland — Land used for agriculture but not in permanent pasture, native hayland, rangeland, or

woodland. Cropland information is based on averages reported for the years 1971-1973.

Pasture and rangeland — Noncropland that produces valuable forage plants; includes Federal land

used for grazing and range for reindeer and caribou.

Other agricultural land — Includes feedlots, farmsteads, farm roads, open land formerly cropped,

etc.

Urban land — Residential, industrial, commercial, and institutional land uses in municipalities or

metropolitan fringe areas with 2,500 inhabitants. Included are densely settled areas with less than

2,500 inhabitants within urbanized areas with more than 50,000 persons.

Other — Land not accounted for in other categories, e.g., rural residential, industrial, commercial

and institutional land uses, highways and easements.

TABLE 1-4. CROPLAND AND IRRIGATED FARMLAND

Cropland — Land used for agriculture but not in permanent pasture, native hayland, rangeland, or

woodland. Cropland information is based on averages reported for the years 1971-1973.

Cropland harvested — Does not include nonrotational pasture and hayland harvested.

Irrigated farmland — Pasture and cropland to which water can be expected to be applied.

Forest cleared and drained and pasture drained — Land forecast to be converted to cropland by

drainage based on current rates of conversion of private forest and pastureland that have wet soils.
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TABLE 1-5. SHEET EROSION BY SOURCE

Sheet erosion — Estimates for sheet and rill erosion of the land surface caused by rainfall. Excluded

are gully and streambank erosion, wind erosion, and gravity-caused movement of the soil mantle.

Only part of the soil moved by sheet and rill erosion will actually enter stream channels, ponds, and

lakes.

Cropland harvested— Estimates based upon the Soil Conservation Service's Conservation Needs In-

ventory of 1967, modified by their 1975 Potential Cropland Study.

Forest and rangeland — Estimates based upon information developed for the Forest and Range Land

Environmental Study completed by the Forest Service in 1972. Woodland and pasture soil loss rates

are assumed similar to forest and rangeland rates. In most areas, the rates are at or near geologic ero-

sion rates.

Cropland erosion — Rates were estimated for several crops in a study by the Iowa State University.

This information was extrapolated to obtain estimates for all cropland harvested. Regional erosion

rates are weighted averages of subregional erosion rates.

TABLE 16. FLOOD DAMAGES BY LAND USE

Flood damages, urban — Economic loss to urban areas caused by flood, including inundation, ero-

sion, and sediment deposition. The loss may be evaluated in terms of cost of replacement, repair or

rehabilitation, decrease in market or sales value, or decrease in income or production.

Flood damages, agriculture — Economic loss to agriculture caused by flood, including inundation,

erosion, and sediment deposition. The loss may be evaluated in terms of cost of replacement, repair

or rehabilitation, decrease in market or sales value, or decrease in income or production.

Flood damages, other — Economic loss to highways, bridges, and other social-overhead structures

caused by flood, including inundation, erosion, and sediment deposition. The loss may be evaluated

in terms of cost of replacement, repair or rehabilitation, decrease in market or sales value, or

decrease in income or production.

1975$ — Monetary figures shown in 1975 dollars. Source information was supplied in 1967 dollars

and a factor of 1.533 applied to obtain 1975 dollars.
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TABLE 1-7. RECREATION REQUIREMENTS AND WILDERNESS AREAS

Water-dependent recreation activities — Beach swimming, canoeing, boating, sailing, water skiing,

and sport fishing.

Water-enhanced recreation activities — Picnicking and camping.

Activity occasion — Participation by one person 12 or older in a recreation activity without relation

to the duration of such participation.

Water surface area — Additional water surface needed to meet the demand for water-dependent

recreation. In subregions where water and land areas available for recreation exceed local recreation

demands, the needs are shown as zero. The regional and national totals do not show that a surplus in

one subregion is available to meet a demand from another subregion.

Developed land area — Additional developed land needed to meet the demand for water-enhanced

recreation activities. Also included is land requirements for parking areas and other necessary adja-

cent land uses for water-dependent activities. In subregions where water and land areas available for

recreation exceed local recreation demands, the needs are shown as zero. The regional and national

totals do not show that a surplus in one subregion is available to meet a demand from another

subregion.

Designated wilderness areas — Federally designated areas as of September, 1976, under the

Wilderness Act of September 3, 1964, defined as "areas where the earth and its community of life are

untrampled by man, where man himself is a visitor who does not remain." Note: Several wilderness

areas have portions in more than one subregion so are counted in each of those subregions. Regional

and national totals have been reduced appropriately.

TABLE 1-8. ELECTRIC POWER GENERATION BY FUEL SOURCE

Electric power generation — Excludes all electric powerplants with less than 25 megawatt installed

capacity. In addition, information is not included for electric generation from gas, diesel, or oil-fired

turbines, from solar or wind sources, or from pumped storage hydroelectric generation. These

sources produce about 3 percent of the total U.S. electric generation, although this percentage varies

considerably among subregions.

Steam electric power generation — Includes both fossil-fueled and nuclear-fueled powerplants with

at least 25 megawatt installed capacity.

Conventional hydroelectric power generation — Electric energy produced in plants in which the tur-

bine generators are driven by falling water. Excluded are powerplants with less than 25 megawatt in-

stalled capacity and pumped storage hydroelectric generation.

Fossil-fueled — Electric powerplants that use organic fuels (oil, coal, natural gas) to fire boilers.

Gigawatt hour (Gwh) — One million kilowatt hours. Equivalent to 3.4 million BTU (British thermal

units) of heat energy.

Further information — Available in a supplementary report on Water for Energy published separate-

ly by the U.S. Water Resources Council in 1978 (GPO stock no. 052-045-00050-9).
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TABLE 1-9. STEAM ELECTRIC GENERATING PLANTS

Steam electric generating plants — Excludes all powerplants with less than 25 megawatt installed

capacity. See also "electric power generation" in explanatory notes for Table 1-8.

Once-thru cooling — Method of cooling which allows the cooling water to flow through a condenser

only once before being discharged back into the water source.

Further information — Available in a supplementary report on Water for Energy published separate-

ly by the U.S. Water Resources Council in 1978 (GPO stock no. 052-045-00050-9).

TABLE 1-10. WATER QUALITY INDICATORS

Residual heat discharged from steam electric generating plants — Excludes plants with less than 25

megawatt installed capacity. See also "electric power generation" in explanatory notes for Table 1-8.

Biochemical oxygen demand (BOD) — A measure of oxygen required for the oxidation of organic

matter in water.

Total suspended solids (TSS) — Small particles of solid materials that contribute to turbidity and that

resist separation by conventional means.

Best available technology economically achievable (BAT) — Estimates of the remaining BOD and

TSS discharges in "1975" if BAT practices could have been installed in 1973. BAT is a standard to be

applied to all water discharges by existing industries by July 1, 1983, to meet the requirements of the

Federal Water Pollution Control Act Amendments of 1972 (Public Law 92-500).

TABLE 1-11. COMMERCIAL NAVIGATION

Commercial navigation — Information is for domestic trade on the Mississippi River and Gulf In-

tracoastal Waterway systems. Foreign commodity exports and imports are excluded. Information for

the Great Lakes and other domestic navigation systems was not developed by subregion for this

assessment. The Corps of Engineers' National Waterways Study, when completed in 1981, will

enable an update of the information for the Mississippi River - Gulf systems and will provide a basis

for obtaining comparable information for the rest of the Nation.

Commodity origins — Includes all tonnage loaded to waterborne carriers at all points of embarka-

tion in a subregion or region.

Commodity flows (commodity movement) — Subregional estimates of waterborne tonnage moving

past locations selected to be at or near the downstream outflow point of the subregion. Both

upstream and downstream movement is included. Commodities moved from one origin location

through several subregions will be included in the totals for each of those subregions. Regional com-

modity flows are determined near the outflow point(s) of the regions. Note that regional and national

totals for this information are not arithmetic sums of subregional values. Rather, they are sums of

those subregions flowing out of the region or Nation.
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EXPLANATORY NOTES

Tables 11-1 through II 8

Appendix II, Annual Water Supply and Use Analysis, contains baseline water supply information

and baseline and projected water withdrawal and water consumption information used for the assess-

ment. Also included are a water adequacy analysis, a natural flow analysis, and a critical month

analysis. Monthly details of Tables II-l through II-5 are in Appendix III. Dry conditions information

for Tables II-4, II-5, and II-8 are in Appendix IV.

TABLE 11-1. ANNUAL WATER SUPPLY DATA - "1975"

Percentage exceedance /l/ — A statistical estimate of probability of flow. For example, a 5 percent

exceedance flow will be exceeded only in about 5 years of a 100 year period. This represents a year

with very high streamflows. A 95 percent exceedance flow will be exceeded about 95 years of a

100-year period and represents very low streamflows.

Existing surface storage — Estimated total storage capacity of ponds and reservoirs with over 50

acre-feet (16.3 million gallons) of capacity. Reservoirs with more than 15 acre-feet capacity are in-

cluded if their dams are more than 25 feet high. Reservoirs with dams less than 6 feet high are exclud-

ed, regardless of capacity. Figures are given for both normal (design capacity) and maximum

(spillway level) storage capacity. Surface area is for reservoir levels at normal capacity.

Total ground-water storage — Estimated volume of water underground when aquifers are filled.

Available ground-water storage — Portion of total ground-water storage that can be tapped with

conventional wells, methods, and machinery.

Total ground-water withdrawals — Portion of total fresh-water withdrawals (Table II-4) obtained

directly from ground water.

Ground-water overdraft — Portion of the average annual ground-water withdrawal rate that now ex-

ceeds the average annual ground-water recharge rate. These estimates are only for the second assess-

ment; further studies are needed.

/\l Note that regional and national totals for this information are not arithmetic sums of subregional values. Rather, they

are sums of those subregions with streams flowing out of the region or Nation. National totals also include stream flow

into terminal lakes in the Great Basin (Region 16), but exclude Alaska, Hawaii, and the Caribbean.

G
e
n
e
ra

te
d
 f

o
r 

m
e
m

b
e
r 

(N
o
rt

h
 C

a
ro

lin
a
 S

ta
te

 U
n
iv

e
rs

it
y
) 

o
n
 2

0
1

3
-0

3
-2

2
 1

8
:3

1
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/m
d
p
.3

9
0

1
5

0
0

5
8

2
5

8
3

4
P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



VOLUME 3: ANALYTICAL DATA SUMMARY I 77

TABLE II 2. ANNUAL IMPORTS, EXPORTS, AND NET EVAPORATION

Imports — Artificial transfers of fresh water to one subregion from another. Note that the regional

and national totals shown are sums of the subregion information. Since only part of the transfers are

between regions, these totals do not represent regional or national transfers. The regional and na-

tional totals shown only indicate subregional transfer activity.

Exports — Artificial transfers of fresh water from one subregion to another. Note that the regional

and national totals shown are sums of the subregion information. Since only part of the transfers are

between regions, these totals do not represent regional or national transfers. The regional and na-

tional totals shown only indicate subregional transfer activity.

Net evaporation — Limited to evaporation from manmade reservoirs that have more than 5,000 acre-

feet storage capacity and from farm and stock ponds; if rainfall exceeds evaporation, zero is used.

TABLE 11-3. ANNUAL INSTREAM FLOW USES

Fish and wildlife /\/ — Instream flow approximations (IFA) are based on estimates of stream flow

required at subregional outflow points to maintain habitat for aquatic and riparian plants and

animals. These estimates are only for the second assessment. Additional studies are needed to obtain

better information for State, regional, and subregional planning. In 1979, the Water Resources

Council will publish further information in Instream Flows for Fish and Wildlife.

Navigation /l/ — Water requirements have been estimated only for the Mississippi-Gulf Intracoastal

Waterways system. The Corps of Engineers has started a three-year study to improve the estimates

for the Mississippi-Gulf system and to obtain comparable information for other parts of the Nation.

Information was not available for all of regions 1, 2, 4, 12, 19, and for subregions 301, 302, 303, 304,

305, 309, 1010, 1101, 1702, 1704, 1705, 1706, 1802, 1803, and 1804.

Treaties and compacts /l/ — Streamflows for treaties and compacts are given for those subregions

where a treaty or compact affects the flows to be discharged at the outflow point of a subregion.

/1 / Sole that regional and national totals for this information are not arithmetic sums of subregional values. Rather, they

are sums of those subregions with streams flowing out of the region or Nation. National totals also include stream flow

into terminal lakes in the Great Basin (Region 16), but exclude Alaska, Hawaii, and the Caribbean.
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TABLE 11-4. ANNUAL WATER REQUIREMENTS FOR OFFSTREAM USES

(BASE CONDITIONS)

Base conditions — Based on conditions of fresh-water use compared to long-term fresh-water sup-

ply.

Irrigation — Irrigation withdrawals were estimated with efficiency ratios estimated according to ir-

rigation practices in the subregions and limited by available water supply. This does not include water

for soil salinity control, plant germination, frost protection, erosion protection, or for cooling crops.

Consumption is the portion of withdrawals used through evapotranspiration. Incidental consump-

tion associated with irrigation systems has been estimated.

Livestock — Consumption is the amount of water used in livestock watering.

Steam electric — Water use based on steam powered generation plants with 25 megawatts or more in-

stalled capacities. Most smaller plants operate for limited periods during the year so use relatively

small quantities of water.

Manufacturing — Water use estimates are based on information for 9,300 large manufacturing plants

obtained by the Department of Commerce and on OBERS Series E Projections. The 9,300 plants use

about 98 percent of the manufacturing water in the United States. Manufacturing water use is shown

for Standard Industrial Classification (SIC) code groupings as shown below. (See Figure 8 for a listing of

industries by SIC code.)

Central domestic — Centrally supplied systems that serve a minimum of 25 people or 15 service con-

nections. Water requirements are based on expectations that per capita usage will remain about con-

stant through the year 2000. It is estimated that actions taken to meet legal requirements and other

needs for environmental protection will counteract expansion of demands.

Noncentral domestic — Noncentrally supplied or self-supplied systems that include those supplying

fewer than 25 people or fewer than 15 service connections. Water requirements are based on expecta-

tions for increased per capita use but a declining percentage of population served.

Commercial — Water used mainly by wholesale and retail businesses not involved in manufacturing

or minerals development. A large part of this water is used for cleaning.

Minerals mining — Water requirements based on OBERS Series E Projections and data from the

Bureau of Mines. The estimates of water for fuels production and refining do not provide for all

possible developments of new energy sources or the possibilty that reduced imports of fuels may in-

crease the need for domestic fuel production above the levels projected in OBERS. Minerals mining is

shown for the following SIC codes:

Primary metals

Chemicals

Paper

Petroleum

Transportation

Textiles

All Other

33

28

26

29

37

22

19, 21, 23-25, 27, 30-32, 34-36, 38-39.

10

Metals

11

12

13

14

Fuels

Coal (anthracite)

Coal (bituminous)

Crude petroleum & natural gas

Nonmetals
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TABLE 11-4. ANNUAL WATER REQUIREMENTS FOR OFFSTREAM USES

(BASE CONDITIONS) (continued)

Public lands — Water for national parks is mainly to provide water for visitors and developed

facilities. Water requirements for BLM (Bureau of Land Management) lands and national forests are

for all uses thereon.

Fish hatcheries — Withdrawal for Federal hatcheries. Consumption for this use is negligible and is

treated as zero.

Misc. other — No other information is included.

Saline withdrawals — A combination of withdrawals for steam electric cooling and manufacturing

cooling. Most saline withdrawals are for once-through cooling, which has little or no consumption.
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TABLE 11-5. ANNUAL WATER ADEQUACY ANALYSIS (BASE CONDITIONS)

Water adequacy — For purposes of the second assessment, water adequacy is the capability of the

river system to meet the requirements of both offstream and instream uses with no overdraft of

ground-water sources.

Base conditions — Based on typical conditions of fresh-water use compared to long-term fresh-water

supply.

Above inflow points — Term equivalent to "above outflow point" except it excludes the information

for the given region or subregion.

above inflow points = above outflow point — within hydro, unit

Above outflow point — Describes depletion (consumption and evaporation) and water transfer (ex-

port and import) information. Information described as "above the outflow point" is the value for

the given region or subregion (within the hydro, unit), plus the sum of values for all upstream regions

or subregions. This information represents the total load on the upstream river network.

At outflow point — Describes streamflow information. All streamflow is measured at the

downstream edge of the subregions and regions. In many cases, this is the downstream portion of the

major river draining the area, but for other (particularly coastal) subregions, the "outflow point" is

truly the sum of outflows from all of the major rivers and streams draining the area.

Downstream subregion — The next subregion downstream from a given subregion. If no

downstream subregion exists, a notation is included to indicate what is downstream, e.g., Pacific

Ocean, Atlantic Ocean, Gulf of Mexico, Canada, Mexico, or terminal lakes (closed basin).

Within hydro, unit — Refers to values within the appropriate hydrologic unit (region or subregion).

Note: numbers in parentheses refer to Table column headers.

(01) Fish and wildlife instream use /l/ — Instream flow approximations for habitat maintenance

from Table II-1.

(02) Navigation instream use /l/ — Instream flow requirements for navigation from Table II-1.

(03) Consumption above the inflow points /l/ — Base conditions consumption for all upstream

regions or subregions. This represents the consumptive load on the inflows entering the region or

subregion. A value of zero indicates there are no upstream regions or subregions.

(04) Consumption within the hydrologic unit — Base conditions consumption for the region or

subregion from Table II-4.

(05) Net exports above the inflow points /l/ — Net exports for all upstream regions or subregions.

(06) Net exports within the hydrologic unit — Net exports for the region or subregion. Negative

values for net exports represent net imports. Basic export and import information is in Table II-2.

(07) Change in net exports above the outflow point /l/ — Represents a change in net exports from

"1975". A positive value represents an increase in exports (or a decrease in imports) which decreases

assessed streamflow (19); an increase in net exports is treated as an additional depletion for com-

puting assessed streamflow depletion (22). A negative value represents an increase in imports (or a

decrease in exports), which increases assessed streamflow; a decrease in net exports is not treated as a

decrease in depletion for computing assessed streamflow depletion.

/I/ Note that regional and national totals for this information are not arithmetic sums of subregional values. Rather, they

are sums of those subregions with streams flowing out of the region or Nation. National totals also include streamflow

into terminal lakes in the Great Basin (Region 16), but exclude Alaska, Hawaii, and the Caribbean.
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TABLE 11-5. ANNUAL WATER ADEQUACY ANALYSIS (BASE CONDITIONS)

(continued)

(08) Increase in net exports above the outflow point /l/ — Represents that portion of the change in

net exports (07) treated as an additional depletion.

(09) Net evaporation above the inflow points /l/ — Net evaporation for ail upstream regions or

subregions.

(10) Net evaporation within the hydrologic unit — Net evaporation for the region or subregion from

Table 11-2.

(11) Change in net evaporation above the outflow point / \ / — Represents an increase in net evapora-

tion from "1975" due to construction of reservoirs and farm or stock ponds. This increase represents

an additional depletion for computing assessed streamflow depletion (22) and causes a decrease in

assessed streamflow (19).

(12) Offstream use — Total assessed depletions; sum of consumption [(03) + (04)] plus increases in

net exports (08) plus changes in net evaporation (11).

(13) Current streamflow/I/ — Mean flow for "1975" from Table 11-1, derived from historical data;

data includes effects of consumption, water transfers, evaporation, and ground-water overdraft.

(14) "1975" consumption above the outflow point /l/ — Sum of (03) plus (04).

(15) Current streamflow supply /l/ — Theoretical streamflow that would currently be available at

the outflow point of a region or subregion if current consumption were eliminated. Current

streamflow supply is a measure of currently utilized fresh-water supply but does not necessarily

represent long-term supply.

current streamflow supply = current streamflow (13)

+ "1975" consumption (14)

(16) Ground-water overdraft above outflow point /I/ — Ground-water overdraft for this region or

subregion plus overdraft for all upstream regions or subregions. This represents the total upstream

overdraft that eventually may be exhausted and no longer available as supply. Basic overdraft infor-

mation is in Table 11 -1.

(17) Assessed total streamflow /l/ — Long-range streamflow that would be available at the outflow

point of a region or subregion if consumption were eliminated, if ground-water overdrafting were

discontinued, and if "1975" water transfer and reservoir practices would continue. Total streamflow

is the measure for supply utilized in the second assessment. Ground-water overdraft is subtracted as it

is not considered to be a long-term supply.

assessed total streamflow = "1975" current streamflow (13)

+ "1975" consumption (14)

_ "1975" ground-water overdraft (16)

(18) Maximum instream use /1 / — The second assessment has attempted to bring to the attention of

water resources planners and policy makers the importance of instream uses. The key instream uses

included in the analysis are (01) fish and wildlife habitat maintenance (instream flow

approximations), and (02) navigation. The most demanding of these (18) is used in further analysis

(20),(23),(24). Details on these uses are in the explanatory notes for Table II-3.

I\/ Note that regional and national totals for this information are not arithmetic sums of subregional values. Rather, they

are sums of those subregions with streams flowing out of the region or Nation. National totals also include streamflow

into terminal lakes in the Great Basin (Region 16), but exclude Alaska, Hawaii, and the Caribbean.
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TABLE II 5. ANNUAL WATER ADEQUACY ANALYSIS (BASE CONDITIONS)

(continued)

(19) Assessed streamflow /I/ — Computed flow that includes effects of consumption, water

transfers, and evaporation from manmade reservoirs, but ignores contributions from ground-water

overdraft.

assessed streamflow = assessed total streamflow (17)

- offstream use (12)

"1975" assessed streamflow = "1975" current streamflow (13)

- "1975" ground-water overdraft (16)

(20) Assessed surplus streamflow /1 / — A measure of available supply for conflict-free development

of offstream uses. A negative figure indicates a conflict between offstream uses and the estimated in-

stream flow needs. See also (23),(24).

surplus streamflow = assessed streamflow (19)

- maximum instream use (18)

(21) Current streamflow depletion — Depletion rate under current ("1975") conditions of consump-

tion, water transfer, evaporation, and ground-water overdraft. This figure best represents actual cur-

rent depletion under base or average conditions.

consumption [(03) + (04)]

current streamflow depletion =

current streamflow supply (15)

(22) Offstream use to total streamflow (assessed streamflow depletion) — Depletion rate if contribu-

tions from ground-water overdraft are ignored. This figure represents the long-range depletion under

base or average conditions.

. , . offstream use (12)

assessed streamflow depletion =

assessed total streamflow (17)

(23) Instream use to total streamflow — A measure of instream use demands (18) upon assessed total

streamflow. Note that a "1975" figure in excess of 100 percent indicates that exports from a region

or subregion are already adversely affecting the instream environment. See also (20),(24).

maximum instream use (18)

ratio =

assessed total streamflow (17)

(24) Total use to total streamflow — A measure of available supply for conflict-free development of

offstream uses. A figure greater than 100 percent indicates a conflict between offstream uses and the

estimated instream flow needs. See also (20),(23).

total use

ratio = where:

assessed total streamflow (17)

total use = maximum instream use (18)

+ offstream use (12)

/l/ Note that regional and national totals for this information are not arithmetic sums of subregional values. Rather, they

are sums of those subregions with streams flowing out of the region or Nation. National totals also include streamflow

into terminal lakes in the Great Basin (Region 16), but exclude Alaska, Hawaii, and the Caribbean.
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TABLE 11-6. NATURAL WATER SUPPLY ANALYSIS

Base conditions — Based on typical conditions of fresh-water use compared to long-term fresh-water

supply.

Natural water supply — An analysis that estimates conditions in the so-called natural state, i.e.,

before human influence. However, it is not truly natural in that vegetation and runoff patterns have

been altered by humans (see also "natural outflows").

Above inflow points — Term equivalent to "above outflow point" except it excludes the information

for the given region or subregion.

above inflow points = above outflow point — within hydro, unit

Above outflow point — Describes depletion (consumption and evaporation) and water transfer (ex-

port and import) information. Information described as "above the outflow point" is the value for

the given region or subregion (within the hydro, unit), plus the sum of values for all upstream regions

or subregions. This information represents the total load on the upstream river network.

At outflow point — Describes streamflow information. All streamflow is measured at the

downstream edge of the subregions and regions. In many cases, this is the downstream portion of the

major river draining the area, but for other (particularly coastal) subregions, the "outflow point" is

truly the sum of outflows from all of the major streams and rivers draining the area.

Downstream subregion — The next subregion downstream from a given subregion. If no

downstream subregion exists, a notation is included to indicate what is downstream, e.g., Pacific

Ocean, Atlantic Ocean, Gulf of Mexico, Great Lakes, Canada, Mexico, or terminal lakes (closed

basin).

Within hydro, unit — Refers to values within the appropriate hydrologic unit (region or subregion).

Note: numbers in parentheses refer to Table column headers.

(01) Consumption above the inflow points /l/ — Base conditions consumption for all upstream

regions or subregions. This represents the consumptive load on the inflows entering the region or

subregion. A value of zero indicates there are no upstream regions or subregions.

(02) Consumption within the hydrologic unit — Base conditions consumption for the region or

subregion from Table II-4.

(03) Net evaporation above the inflow points /I/ — Net evaporation for all upstream regions or

subregions.

(04) Net evaporation within the hydrologic unit — Net evaporation for the region or subregion from

Table II-2.

(05) Net exports above the inflow points /l/ — Net exports for all upstream regions or subregions.

(06) Net exports within the hydrologic unit — Net exports for the region or subregion from Table

II-2.

(07) Net imports above the inflow points /l/ — Net imports for all upstream regions or subregions.

(08) Net imports within the hydrologic unit — Net imports for the region or subregion from Table

II-2.

/1 / Note that regional and national totals for this information are not arithmetic sums of subregional values. Rather, they

are sums of those subregions with streams flowing out of the region or Nation. National totals also include streamflow

into terminal lakes in the Great Basin (Region 16), but exclude Alaska, Hawaii, and the Caribbean.
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TABLE 11-6. NATURAL WATER SUPPLY ANALYSIS

(continued)

(09) Ground-water overdraft above the inflow points /l/ — Ground-water overdraft for all upstream

regions and subregions.

(10) Ground-water overdraft within the hydrologic unit — Ground-water overdraft for the region or

subregion from Table II-l.

(11) Total depletions above the inflow points — For natural supply analysis, depletions include all

man-induced uses that result in decreased streamflow.

total depletions = consumption (01)

+ net evaporation (03)

+ positive net exports (05) where net imports is zero

(12) Total depletions within the hydrologic unit — Depletions include all man-induced uses that result

in decreased streamflow for the region or subregion.

total depletions = consumption (02)

+ net evaporation (04)

+ positive net exports (06) where net imports is zero

(13) Inflows entering the hydrologic unit /l/ — Sum of flows for all streams and rivers entering a

region or subregion. Equivalently, the inflow to a subregion is the sum of the outflows from all

upstream subregions. A value of zero indicates the most upstream subregion of a river network.

(14) Current streamflow /l/ — Mean flow for "1975" from Table II-l, derived from historical data;

data includes effects of consumption, water transfers, evaporation, and ground-water overdraft.

(15) Total depletions above the inflow points /l/ — same as (11).

(16) Total depletions within the hydrologic unit — same as (12).

(17) Natural outflow at the outflow point (natural available streamflow) /l/ — Estimate of

streamflow without artificial manmade constraints for comparison with current streamflow (Table

II-5) and assessed streamflow (Table II-5). Natural flow indicates the average potential runoff

available from precipitation before introducing human effects. It is not truly natural streamflow

because vegetation and runoff patterns have been altered by man.

natural outflow = current streamflow (14)

+ total depletions (15)+ (16)

- net imports (07) + (08)

- ground-water overdraft (09)+ (10) where:

total depletions = consumption (01)+ (02)

+ net evaporation (03) + (04)

+ net exports (05) + (06)

/l/ Note that regional and national totals for this information are not arithmetic sums of subregional values. Rather, they

are sums of those subregions with streams flowing out of the region or Nation. National totals also include streamflow

into terminal lakes in the Great Basin (Region 16), but exclude Alaska, Hawaii, and the Caribbean.
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TABLE 11-6. NATURAL WATER SUPPLY ANALYSIS

(continued)

(18) Natural outflow within the hydrologic unit (natural available stream flow) — Estimate of average

potential runoff available from precipitation in the region or subregion before introducing human ef-

fects. Equivalently, the portion of water supply contributed by the region or subregion.

natural outflow = current streamflow (14)

- inflows (13)

+ total depletions (16)

- net imports (08)

- ground-water overdraft (10) where:

total depletions = consumption (02)

+ net evaporation (04)

+ net exports (06)

(19) Natural flow depletion above the outflow point — Estimated loss to total natural outflow

(natural available streamflow) from all offstream demands (consumption, evaporation, and net ex-

ports).

, , . total depletions (15) + (16)

natural flow depletion =

natural available streamflow (17)

(20) Natural flow depletion within the hydrologic unit — Estimated loss to regional or subregional

natural outflow (natural available streamflow) from offstream demands (consumption, evaporation,

and net exports) within the region or subregion.

, , . total depletions (16)

natural flow depletion

natural available streamflow (18)

(21) Drainage area above the outflow point — Hydrologic area of the watershed in the region or

subregion (22), plus the hydrologic area of all upstream regions or subregions, measured in square

miles.

(22) Drainage area within the hydrologic unit — Hydrologic area of the watershed in the region or

subregion, measured in square miles.

(23) Estimated runoff above the outflow point — Estimated runoff for the region or subregion (see

24), plus the estimated runoff for all upstream regions or subregions, converted to equivalent inches

of rainfall.

natural available streamflow (17)

estimated runoff =

hydrologic drainage area (21)

(24) Estimated runoff within the hydrologic unit — Estimate of potential rainfall which would reach

the outflow point of a region or subregion from rainfall occurring in that region or subregion. Using

natural outflow (18) and drainage area (22), this figure has been converted to equivalent inches of

rainfall. Due to diverse sources of data used in the assessment process, these estimated runoff figures

are provided only for comparison with other regions or subregions in the assessment.

natural available streamflow (18)

estimated runoff =

hydrologic drainage area (22)
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TABLE 117. SUMMARY OF MONTHLY AND ANNUAL WATER ADEQUACY

(BASE CONDITIONS AND DRY CONDITIONS)

Note — No regional or national information is available for monthly information.

Base conditions — Based on typical conditions of fresh-water use compared to long-term fresh-water

supply.

Dry conditions — Based on conditions of fresh-water use expected to occur at the 80 percent ex-

ceedance flow for fresh-water supply. The 80 percent flow represents a low streamflow which will be

exceeded in about 80 years of a 100-year period. Offstream water uses, especially for irrigation and

steam electric generation, are generally higher during dry conditions.

Note: numbers in parentheses refer to Table column headers.

CRITICAL MONTH INFORMATION - (Base Conditions)

(01) Critical month and year — The month and year in the assessment analysis when, under base con-

ditions, the instream flow needs are least likely to be met. In terms of Table III-5 (Monthly Water

Adequacy Analysis), the critical month is defined by the worst month and year for column (20),

assessed surplus streamflow. The critical month applies to all years for extracting information.

(01) Total streamflow for critical month — Base conditions assessed total streamflow for the critical

month from Table III-5, column (17).

(02) Assessed surplus streamflow for critical month — Base conditions assessed surplus streamflow

for the critical month from Table III-5, column (20).

(03) Current streamflow depletion for critical month — Current base conditions depletion for the

critical month, from Table III-5, column (21).

(04) Assessed streamflow depletion for critical month — Base conditions assessed streamflow deple-

tion for the critical month, from Table III-5, column (22).

(05) Instream use to total streamflow ratio for critical month — Ratio of the maximum instream use

to the base conditions assessed total streamflow for the critical month, from Table III-5, column

(23).

MONTHLY SUMMARY INFORMATION - (Base conditions)

(06) Number of months — where base conditions assessed streamflow at the outflow point is less than

the instream flow need. Alternatively, the number of months (Table III-5, column (20)), where

surplus streamflow is negative. Note that a negative surplus streamflow indicates a conflict between

offstream uses and the estimated instream flow needs.

(07) Number of months — where base conditions assessed streamflow depletion exceeds 40 percent /

70 percent / 90 percent (Table III-5, column (22)). In addressing instream flows, the following

criteria were developed for describing the effects of streamflow depletion on fish and wildlife habitat:

40-percent depletion (sixty percent of average flow) — base flow recommended to provide excellent

to outstanding habitat for most aquatic life forms during their primary periods of growth and for

the majority of recreation uses

70-percent depletion (thirty percent of average flow) — base flow that sustains good survival

habitat for most aquatic life forms

90-percent depletion (ten percent of average flow) — flow that can sustain only short-term survival

habitat for most aquatic life forms
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TABLE 11-7. SUMMARY OF MONTHLY AND ANNUAL WATER ADEQUACY

(BASE CONDITIONS AND DRY CONDITIONS) (continued)

ANNUAL INFORMATION - (Base conditions)

(08) Assessed total streamflow — Annual base conditions assessed total streamflow from Table II-5,

column (17).

(09) Assessed surplus streamflow — Annual base conditions assessed surplus streamflow from Table

II-5, column (20).

(10) Current streamflow depletion — Annual current base conditions depletion from Table II-5, col-

umn (21).

(11) Assessed streamflow depletion — Annual base conditions assessed streamflow depletion from

Table II-5, column (22).

(12) Instream use to total streamflow ratio — Annual ratio of the maximum instream use to the base

conditions assessed total streamflow, from Table II-5, column (23).

CRITICAL MONTH INFORMATION - (Dry conditions)

(13) Critical month and year — The month and year in the assessment analysis when, under base con-

ditions, the instream flow needs are least likely to be met. In terms of Table 111-5 (Monthly Water

Adequacy Analysis — Base Conditions), the critical month is defined by the worst month and year

for column (20), surplus streamflow. The critical month determined for base conditions is used in

selecting dry conditions information for comparision /l/.

(13) Total streamflow for critical month — Dry conditions assessed total streamflow for the critical

month from Table IV-4, column (17).

(14) Assessed surplus streamflow for critical month — Dry conditions assessed surplus streamflow

for the critical month from Table IV-4, column (20).

(15) Current streamflow depletion for critical month — Current dry conditions depletion for the

critical month, from Table IV-4, column (21).

(16) Assessed streamflow depletion for critical month — Dry conditions assessed streamflow deple-

tion for the critical month, from Table IV-4, column (22).

(17) Instream use to total streamflow ratio for critical month /l/ — Ratio of the maximum instream

use to the dry conditions assessed total streamflow for the critical month, from Table IV-4, col-

umn (23).

/I/ Actual fish and wildlife instream flow approximations should be lower for dry conditions analysis. Because methodology

has not yet been developed for estimating these lower values, the base conditions instream flow approximations were

used as the best available information.
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TABLE 11-7. SUMMARY OF MONTHLY AND ANNUAL WATER ADEQUACY

(BASE CONDITIONS AND DRY CONDITIONS) (continued)

MONTHLY SUMMARY INFORMATION - (Dry conditions)

(18) Number of months — where dry conditions assessed streamflow at the outflowpoint is less than

the instream flow need /l/. Alternatively, the number of months (Table IV-4, column (20)), where

surplus streamflow is negative. Note that a negative surplus streamflow indicates a conflict between

offstream uses and the estimated instream flow needs.

(19) Number of months — where dry conditions assessed streamflow depletion exceeds 40 percent /

70 percent / 90 percent (Table IV-4, column (22)). In addressing instream flows, the following criteria

were developed for describing the effects of streamflow depletion on fish and wildlife habitat:

40-percent depletion (sixty percent of average flow) — base flow recommended to provide excellent

to outstanding habitat for most aquatic life forms during their primary periods of growth and for

the majority of recreation uses

70-percent depletion (thirty percent of average flow) — base flow that sustains good survival

habitat for most aquatic life forms

90-percent depletion (ten percent of average flow) — flow that can sustain only short-term survival

habitat for most aquatic life forms

ANNUAL INFORMATION - (Dry conditions)

(20) Assessed total streamflow — Annual dry conditions assessed total streamflow from Table IV-2,

column (17).

(21) Assessed surplus streamflow — Annual dry conditions assessed surplus streamflow from Table

IV-2, column (20).

(22) Current streamflow depletion — Annual current dry conditions depletion from Table IV-2, col-

umn (21).

(23) Assessed streamflow depletion — Annual dry conditions assessed streamflow depletion from

Table IV-2, column (22).

(24) Instream use to total streamflow ratio /l/ — Annual ratio of the maximum instream use to the

dry conditions assessed total streamflow, from Table IV-2, column (23).

/1 / Actual fish and wildlife instream flow approximations should be lower for dry conditions analysis. Because methodology

has not yet been developed for estimating these lower values, the base conditions instream flow approximations were

used as the best available information.
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TABLE 11-8. WATER REQUIREMENTS FOR ENERGY (BASE CONDITIONS)

Base conditions — Based on typical conditions of fresh-water use compared to long-term fresh-water

supply.

Fuels production — Includes water for fuels extraction and refining of nonpetroleum fuels.

However, total water requirements for coal liquifacation or gasification and oil shale development

are not estimated. This information is the fuels subcategory of minerals water use from Table II-4.

Petroleum refining — Includes water for establishments primarily engaged in petroleum refining,

manufacturing of paving and roofing materials, and compounding of lubricating oils and greases.

This information is the petroleum subcategory of manufacturing water use from Table II-4.

Electric power generation — Includes steam electric water use based on steam powered generation

plants with 25 megawatts or more installed capacities. Most smaller plants operate for limited periods

during the year so use relatively small quantities of water. The information for electric power genera-

tion does not include water used for hydroelectric generation, which is primarily instream use. Most

of the consumption for hydroelectric generation is included in reservoir evaporation (Table II-l).

Steam electric water use is from Table II-4.

Further energy-related information — Available in a supplementary report on Water for Energy

published separately by the U.S. Water Resources Council in 1978 (GPO stock no. 052-045-00050-9).

■it U.S. GOVERNMENT PRINTING OFFICE

302-981
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Rto Grande U S Bureau of Reclamation Kenneth Schroeder. Paul Willmore
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,1,

A

Authorization

The United States Water Resources Council

was established by the

Water Resources Planning Act of 1965

(Public Law 89-80).

The purpose of the Council is to encourage the

conservation, development, and utilization

of water and related land resources

on a comprehensive and coordinated basis

by the Federal government,

States, localities, and private enterprises

with the cooperation of all

affected Federal agencies,

States, local government, individual

corporations, business enterprises,

and others concerned.
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