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An important function of the Water Resource s
Research Institute is to provide for training of student s
in the many aspects of water resources . Members of
the Institute supervise the research efforts of graduat e
students and teach both undergraduate and graduate leve l
courses applicable to water resources .

A water resources minor is offered under th e
guidance of the Institute for master of science or docto r
of philosophy degree candidates in established disciplines .
Courses offered in this minor cover a~.l catagories of
water knowledge and include, as a requirement, a wate r
resources seminar which is conducted by the Institute
each quarter except summer session.

This publication is the proceedings of the Sprin g
1964 seminar series, which was designed to provide th e
participant with a general understanding of the entir e
field of water resources planning and development, an d
to illustrate the complexities and interdisciplinary natur e
of comprehensive planning . Guest lecturers were fro m
many of the federal and state agencies active in the fiel d
of water resources planning in Oregon .
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Presented April 1, 1964 by MALCOLM H . KARR, Executive
Secretary, Water Resources Research Institute, Oregon
State University, Corvallis, Oregon .

9ittlwduetloz to

edMiredegatie Reta#geg,

S ince water resources planning is a broad, complex subject ,
highly interdisciplinary in nature, we have designed the

seminar sessions for this quarter as an integrated series i n
which each week's topic will be an important facet in th e
comprehension of the entire problem.

We will devote the first seven sessions to a genera l
discussion of the nature of each of the beneficial uses o f
water, as recognized by both federal and state law, and the
interrelationship and conflicts between these uses . The
eighth session will bring out the aspects of water control ;
specifically the problems associated with flooding, erosion ,
and drainage . Session nine will explore ways in which a
state can provide leadership in guiding the development o f
its water resources . The tenth, and final, session will
discuss that most important first step in comprehensiv e
planning - integration of basic data collection .

Today I will give a general introduction to the entir e
subject and will begin by reviewing, chronologically, the
growth in water resources planning to the comprehensiv e
approach that is recognized today .

First, let us compare federal laws relating to water
project functions with Oregon laws relating to beneficial use s
of water and water control, as depicted in the table below.
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LEGISLATION FO R

WATER RESOURCES PLANNING AND DEVELOPMEN T

Name and Date of

Oregon Law

Defining

BENEFICIAL USE S
AND

WATER CONTROL

Name and Date o f

Federal Law

Authorizing

PROJECTFUNCTIONS

ITEM

DOMESTIC

MUNICIPAL 1958 Water Supply Act

INDUSTRIAL
1909 Surfac e

Water Code MINING 1962 Senate Document 9 7

IRRIGATION
190Z Reclamation Ac t

POWER

RECREATION 196Z Flood Control Act '

WILDLIFE 1958 Revised Fish and Wildlif e
1955 Surface and

FISHLIFE Coordination Ac t
Ground Water Act s

and creation of State POLLUTION ABATEMENT 1960 Water Quality Control Act

Water Resources
FLOOD CONTROL

Board 1936 Flood Control Ac t
EROSION

DRAINAGE 1944 Flood Control Act
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It can be noted that for many years following passage of th e
1902 Reclamation Act, federal interest was limited to developing
water for irrigation and power . As early as 1909, however, Orego n
recognized that water supplies must be developed and protected fo r
domestic, municipal, industrial and mining purposes as well as fo r
irrigation and power .

Federal legislation was expanded so that federal projects als o
encompassed flooding and erosion problems, starting in 1936, an d
drainage problems in 1944 .

The Oregon Legislature came to the decision in 1955 that th e
development of the state's water resources would soon become chaoti c
unless a single agency was given the responsibility to establish stat e
water policy and resolve conflicts regarding use of water, under th e
authority of strong, broad legislation . Accordingly, the 1955 surfac e
and ground water laws were passed which gave recognition to the nee d
for water for recreation, wildlife, fishlife, and pollution abatemen t
in addition to uses identified by state law in 1909 . The 1955 surface
water law also created the State Water Resources Board as a singl e
agency delegated to serve as the final authority on all matters per-
taining to the use and control of the state's water resources .

It was not until 1958 that federal water project planning wa s
authorized to give consideration to domestic, municipal and industria l
water supply and fish and wildlife enhancement as project functions .
And it was as late as 1962, with the acceptance of Senate Document 97 ,
before federal legislation and Oregon law regarding water use an d
control became completely compatible . This lag created some prob-
lems between state and federal planning and resulted in some project s
being constructed with less functions than those desirable and possible .
However, steps are now being taken to review existing projects with a
view towards possible modifications in order to more fully realiz e
their potential . Perhaps the most important point is that wate r
resources planning today can be, and is in Oregon at least, trul y
comprehensive and multi-purpose in nature .

I would like to illustrate the complexity and interdisciplinary
nature of water resources planning and development by calling atten-
tion to the listing below of federal and state agencies active in Orego n
in some phase of the field of water and related land resources .
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AGENCIES ACTIVE IN OREGO N
IN

WATER RESOURCES PLANNING AND DEVELOPMEN T

FEDERAL

* Department of Army

Corps of Engineer s

* Department of Interio r

Bureau of Reclamatio n

Geological Survey

Bureau of Commercial Fisherie s

Bureau of Sport Fisheries and Wildlif e

Bonneville Power Administration

Bureau of Outdoor Recreation

National Park Servic e

Bureau of Land Managemen t

Bureau of Mine s

* Department of Agricultur e

Soil Conservation Servic e

Economic Research Servic e

Forest Servic e

Agricultural Stabilization and Conservation Servic e

Farmers Home Administratio n

Rural Electrification Administration

* Department of Health, Education and Welfar e

Public Health Servic e

* Department of Commerce

Weather Burea u

Bureau of Census

* Department of Labo r

* Federal Power Commissio n

STATE

* Water Resources Boar d

Fish Commission

Game Commission

Sanitary Authorit y

Oregon State University

University of Oregon

Highway Departmen t

Parks and Recreation Divisio n

Marine Board

Board of Forestry

State Enginee r

Department of Agricultur e

Department of Geology and Mineral Industrie s

Committee on Natural Resource s

Department of Planning and Development

Board of Census

Soil Conservation Committe e

Mapping Advisory Committe e

* Member of Willamette Basin Task
Force ; coordinating body forme d
under auspices of Columbia Basi n
Interagency Committee .
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A major significance of this list is that all of these agencie s
(nearly 40 in number) are currently participating in a comprehensiv e
study of the water and related land resources of the Willamette Rive r
Basin, Oregon . Cordination of this mammoth effort is not bein g
left to chance, but rather is being effected by a Task Force mad e
up of a representative from each of the seven federal departments
involved and one from the State of Oregon, the latter serving a s
chairman . This Task Force was formed under the auspices of th e
Coordinating Subcommittee of the Columbia Basin Inter-Agenc y
Committee .

A coordinated study of this scope and magnitude has neve r
been undertaken before and would not now be possible if the state di d
not have both the desire and ability to participate and to provide
leadership in guiding the development of its water and related lan d
resources .

A number of the guest lecturers who will appear later in thi s
seminar series are members of the Willamette Basin Task Force :
Don Lane represents the State of Oregon and is Chairman; Jame s
Agee represents the Department of Health, Education and Welfare ;
John Mangan, the Department of Interior ; and Henry Stewart, the
Department of Army.

Since my work is now primarily in the field of water oriente d
research, and research is vital to the successful solution of many of
our problems, I will further illustrate the interdisciplinary nature of
water resources development by discussing research in the field o f
water currently underway at Oregon State University as part of th e
activities of the Water Resources Research Institute . The listing
below shows the many departments of the University that are con-
tributing to water and related land resources planning and develop-
ment through research in eight general subject areas ; biology of
water, meteorology, oceanography, plant ecology, soil physics ,
water economics, watershed management, and food science an d
technology.

There are more than 80 projects currently underway involving
16 departments and about 100 Water Resources Research Institut e
scientists and engineers .
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OREGON STATE UNIVERSITY DEPARTMENT S

CONTRIBUTING THROUGH RESEARCH
AS MEMBERS O F

WATER RESOURCES RESEARCH INSTITUT E

CONTRIBUTING
DEPARTMEN T

Fish and Game Management
Civil Engineerin g
Entomology
Botany
Chemistry
Microbiology
Oceanography
Agricultural Engineering
Agricultural Chemistr y
Soil s

* U. S. Public Health Servic e
* National Council for Stream Improvement
* Oregon State Game Commissio n

Physic s
Meteorology
Statistic s

Oceanography

Soil s
Agricultural Engineerin g
Mechanical Engineering
Meteorology

Soil s
Agricultural Engineerin g

Agricultural Economic s
Civil Engineerin g
Fish and Game Management

Forest Management
Fish and Game Management

* Oregon State Game Commissio n

Food Science and Technology
Agricultural Chemistr y

* Fish Commission of Orego n

* Off-campus agency maintaining research staff and facilities at OSII

GENERAL
SUBJECT AREA

BIOLOGY
OF

WATER

METEOROLOGY.

OCEANOGRAPHY

PLANT ECOLOG Y

SOIL PHYSICS

WATER ECONOMIC S

WATERSHED
MANAGEMENT

FOOD SCIENC E
AND TECHNOLOGY
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It is important to note that these studies are nearly all inter -
disciplinary, requiring that several departments join their specia l
talents together as a team to attack the problems . As a specific
example, an ecological study of an experimental stream, under the
general heading of biology of water, is currently being conducte d
jointly by scientists and engineers from the departments of Fish an d
Game Management, Civil Engineering, Entomology, and Botany .

I am sure that the need for and importance of coordination ,
cooperation, and communication between the many discipline s
involved in water resources planning and development will b e
mentioned many times by subsequent speakers in this semina r
series .

Let me conclude by stressing one point-in the time availabl e
(ten one-hour sessions) we will not begin to make water resource s
planners out of any of you who attend this seminar series . However ,
we hope that each of you will gain a general understanding of th e
entire field of water resources planning and development, includin g
the complexities and interdisciplinary nature of comprehensiv e
planning . And perhaps most important, we hope each of you wil l
become fully aware of the pressing need for communication wit h
other disciplines regardless of what aspect might be your specialty .
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Presented April 15, 1964 by JOHN F. MANGAN, Area Engineer ,
U. S. Bureau of Reclamation, Salem, Oregon .

G entlern.en, it is a pleasure to participate in your Water Resource s
Seminar . The subject that Mal Karr has assigned to me i s

"Irrigation" . This is a subject as old as recorded history, and
probably even older, yet it is continually changing and to those of us
closely associated with it, it is a most challenging field of endeavor.

Historical Development

Some 2300 years B. C . in Mesopotamia, the Code of Khammurab i
of the Babylonian era provided, "If anyone opens his irrigation canal s
to let water in, but is careless and the water floods the field of hi s
neighbor, he shall measure out grain to the latter in proportion to th e
yield of the neighboring field. "

There is reference to a form of irrigation in the Bible . In China
and India, irrigation systems have been in use for hundreds of years .
Roman aqueducts are still in use .

In the United States we find that there were crude irrigatio n
works built in the southwest by the aboriginal Indians . These wer e
improved upon by the Spanish Conquistadores and the colonists coming
from Mexico and Spain and later by homeseekers who began to settl e
the western expanse of our country .

Modern Development

The beginning of modern irrigation as it is practiced today wa s
July 23, 1847, when Mormon pioneers built a diversion dam on Cit y
Creek in what is now Salt Lake City . The first record of irrigation
in Oregon is in the early 1950's in the Rogue River Basin where cattl e
ranchers irrigated their pastures . Beef was produced for gold miner s
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in nearby Jacksonville or driven overland several hundred miles to
San Francisco . In the Baker Valley of Oregon early irrigation date s
back to about 1865, also for pasture .

Here in the Willamette Valley the first record of commercia l
irrigation dates back to 1890. In that year water pumped from a 16 -
foot well was conveyed by ditches to a half-acre of celery in th e
Eugene-Springfield area .

Although the United States did not take a census of irrigatio n
until 1890, it was established that there were 1, 000,000 acres bein g
farmed in 1880 in the river bottoms of western streams .

The first census of irrigation in 1890 showed some 178, 00 0
acres irrigated in Oregon . This increased to 440, 000 acres in 190 2
and 1, 004, 000 acres by 1939 . The 1959 census of agriculture liste d
1, 384, 000 acres under irrigation in Oregon .

The first irrigation enterprises were generally simple diver-
sions in crude ditches. In contrast, today one of the most moder n
of pressure sprinkler systems is under construction near The Dalles ,
Oregon. Here water will be lifted a total of about 1,100 feet from th e
Columbia River for sprinkler irrigation of some 5, 000 acres o f
cherry orchards . Between these two extremes are the many individ-
ual pumps, private ditches, ditch companies, water associations ,
district improvement companies, water control district systems, an d
irrigation districts of Oregon . On the drawing boards of the Burea u
of Reclamation and the Department of Agriculture are a number o f
future irrigation developments that are responsive to the rapidl y
increasing interest in irrigated agriculture .

Irrigation development throughout the west to 1880 was mostl y
small ditches financed by individuals and associations of farmers .
In the 1880's there was a substantial expansion of irrigation of a
speculative type . Sales of stocks and bonds were used to finance th e
projects . Many of the projects initiated in this manner had consid-
erable merit and after the speculative profit had been eliminated
through foreclosure of mortgages and with new financing, the y
succeeded .

To about 1900 irrigation developments were entirely by private
enterprise . There were several legislative steps taken by the Federal
Government to encourage private enterprise .
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Federal-State Relationship in Western Developmen t

The first step taken to ensure that the Federal Governmen t
would not become the sole owner, operator, and developer of publi c
lands for agriculture was the Act of July 26, 1866 which is of majo r
importance with relation to the 80 years of irrigation developmen t
that was to follow . This act left "to local customs, laws, and
decisions of courts" the development of irrigation . It provided that
all irrigation must be carried on under state laws . This law ha s
since guided development of western agriculture .

Desert Land Act of 1887 - This act provided that title to 64 0
acres of arid land could be procured by conducting water upon it an d
reclaiming the land within three years from time of filing and by
payment of $1 .25 per acre . In 1890 congress reduced the amount o f
acreage which could be patented to 320 acres . This act continued
in force to 1949 . In Oregon about 357, 000 acres were entered b y
this means .

The Carey Act of 1894 provided for land grants to Wester n
states who would in turn grant the lands to settlers for irrigatio n
development . This act was intended to be an aid to the public lan d
states in reclamation of desert lands . It granted not to excee d
1, 000, 000 acres of federal land to each of the states and directe d
that the state cause it to be irrigated, reclaimed, and occupied an d
that 20 acres out of each 160 acres would be cultivated by settler s
within 10 years of the passage of the act . On the whole, the Care y
Act did not measure up to expectations, but development under it s
provisions proved highly effective in Idaho and Wyoming . The high
cost of reclamation soon discouraged applicants from initiating o r
proceeding with construction . The Carey Act is still in effect an d
some irrigation development under its provisions continues . As of
June 30, 1949, about 73, 500 acres had been patented under this ac t
in Oregon.

Although the Federal Government had resisted efforts to brin g
about its participation in financing Western development, there wer e
financial limits beyond which private and state resources could not go .

The Reclamation Act of 1902 established the Federal Govern-
ment in planning and developing irrigation in the West . The Reclama-
tion Service was established by this act as a part of the Geological
Survey. In 1923 it became the Bureau of Reclamation-a separat e
Bureau in the Department of Interior . This Bureau now has authority
and responsibility in the 17 Western States, and to a limited extent i n
Alaska and Hawaii, for the planning, construction, and operation o f
water resource developments .

10



Subsequent to 1902 various amendments to the Reclamation Ac t
and other legislation establishing full multiple-purpose wate r
resources planning have been passed . Today multiple-purpose and
river basin water resources development is standard practice fo r
the Bureau of Reclamation and for other responsible agencies withi n
the Federal Government .

Problems of Irrigation Development in Oregon

Early irrigation developments were beset with many difficulties .
Land speculation was one . The settlers were unable to meet the pay-
ments on the high land costs charged by the speculators within th e
period specified for repayment . Not enough study had gone into prob-
lems of water supply, soil properties, crop adaptation, and subsurface
geologic conditions, to name just a few of the other associatd problem s
in irrigation development. Storage of flood flows to permit sustained
high stream flows in summer months became essential at an early date .
Storage Development sometimes met with difficulty . The State of
Oregon has ,had its share . At least one reservoir in Eastern Orego n
failed to fill and store water as expected because of excessive leakag e
in the reservoir basin itself. On another stream in Oregon, a smal l
reservoir completely filled with silt within a few years and had to b e
breached to prevent flooding of a main line railroad .

In other early projects the water requirements of the crops an d
the land were underestimated. This coupled with excessive losses in
long canals caused projects to be cut back in size from original plans .

As the amount of irrigation increased, the appropriation doctrine
of first in time, first in right was applied in most parts of the West .
This principle, which is now backed by statute in many states, opene d
the way for large scale irrigation development because it did not gran t
water-use priority to riparian landowners, particularly those upstream ,
unless they were also first in time . The appropriation doctrine origin-
ated in the West when miners developed it to meet their needs for wate r
in areas that often did not abut on the streambank . Implicit in the
appropriation doctrine is the idea of beneficial use . The individual who
could show that he could put the water to beneficial use had a right to it .
Under appropriation doctrine, a water right may, under certain condi-
tions and provisions of the law, revert back to the control of the stat e
if the water can no longer be put to beneficial use, either through
process of abandonment or forfeiture .

The Oregon State Water Code of 1909 established the appropriatio n
doctrine as law in Oregon . Since that time, water rights on manyOrego n
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streams have been adjudicated and priorities established . But
because the adjudication proceedings do not generally take plac e
until there is a conflict in demands to make them necessary, mos t
of the streams of the Willamette River basin have not yet bee n
adjudicated. The Tualatin River is an exception .

Research and Technolog y

Many problems of past irrigation developments are still with
us, but modern technology and research such as you are doing her e
at Oregon State University are providing many answers in the fiel d
of irrigation .

We know a great deal more now about silt measurement an d
deposition. We anticipate problems now on the basis of past exper-
ience and study the water holding ability of reservoir basins as well
as the damsite .

In recent years there has been considerable knowledge gaine d
through research on lower cost canal lining .

Studies are underway at the present time searching for a mean s
of eliminating excessive evaporation losses from reservoirs, partic-
ularly in the southwest .

Sprays and weedicides are being used on salt cedar and othe r
water-loving plants, also in the arid southwest, to minimize wate r
losses ;

Research continues on methods of application of water . Sprinkle r
irrigation has come into the picture since World War II . This permit s
controlled application of water, reduction of distribution losses, and
minimizes drainage problems .

Work is continuing on providing adequate drainage for irrigation
projects, both "on the farm" and as a part of the project system .

Comparisons of Eastern and Western Oregon

The climatic differences between eastern and western Oregon
have had a profound effect on the importance and development o f
irrigation in the two areas . In the Vale-Ontario area, the rainfal l
averages about nine inches annually . This occurs generally in th e
period of October to May. The summer months have practically no
effective precipitation season . The growing season averages 138 days .
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An average hay and pasture crop plant has a consumptive use of abou t
two acre-feet per acre in addition to transportation losses to the plant.
Unless irrigation is provided, only dryland pasture grasses can exist .
Under these conditions, water becomes the very life blood of the are a
economy.

The availability of a water supply is a critical factor . Generally
speaking, in eastern Oregon there is more irrigable land than we ca n
possibly provide water for, even by long-term carryover in the reser-
voir sites that are, by the nature of the topography, limited in size and
extent.

In the Willamette Basin the situation is quite the reverse . There
is adequate rainfall to support many crops . Salem has an annual rain -
fall of about 38 inches . This is distributed through the months of
October to June. Only in mid-July to mid-September is there a short -
age of natural rainfall to meet the consumptive use of the plant . The
growing season runs to about 200 days .

Although irrigation development was rather slow, now there i s
a growing interest, due to changing economic conditions . In the past
the farms produced, an adequate family living under natural rainfall
conditions . Reduced farm income associated with increased popula-
tion and subdivision of holdings directs the farmer's interest to mor e
intensive type of agriculture and to crops that must be irrigated to b e
competitive with outside areas . The Blue Lake bean has become a n
important crop in the valley, but it is only being raised where irriga-
tion water is available . Local processing outlets will not contract fo r
most row crops unless they are being irrigated .

In eastern Oregon, almost all land that can be irrigated by
present systems and existing water supplies has been developed o n
a large scale .

In western Oregon, by contrast, only in the Rogue River Basi n
has project-type irrigation been developed to a significant degree .
About 70, 000 acres are being irrigated . In the Willamette Valley
180, 000 acres are being irrigated, but most of this is being done o n
an individual basis, with' farmers pumping directly from th e
Willamette River or one of its tributaries . In all, about 1-1/2 millio n
acres of land can ultimately be brought under irrigation in wester n
Oregon. At present not over a fifth of this potential has bee n
realized.
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Role of Oregon State University

The University has a common responsibility and a unique plac e
in future development of irrigation as it has had in the past .

We have many problems that can only be answered by continue d
research and by dissemination of the results of this research .

We need better data on irrigation water requirements, partic-
ularly on the west slope . We need to know what crops can best b e
grown in the Willamette basin under irrigation . Through the Exten-
sion Service, the University can help the farmers in the changeove r
from dryland to project-type irrigation .

The University has underway at the present time a very goo d
study on the Dayton soils at the Jackson farm . Preliminary results ,
I am told, show terrific increases in production of corn, for example ,
but on these soils the harvesting becomes a major problem becaus e
of irrigation-clearly the study is not complete .

The University has the opportunity to do basic research i n
many fields-fields that are beyond the means of individuals an d
more time consuming and costly than the Federal Agencies can
undertake individually under present staffing, program scheduling ,
and financing methods .

In the past, many studies by the University have been relate d
to irrigation in some manner . An example of a type of study partic-
ularly useful in the changeover from individual to project-type irri -
gation on the west slope was a paper by Caldwell and Castle entitle d
"Economics of Supplemental Irrigation on Polk County Farms . "
This study provided a great deal of information to support a federall y
financed project investigation . We need more like it .

Irrigation Projects-Existing and Planne d

Existing irrigation projects in Oregon range from small far m
ditch company-type developments, making direct diversions fro m
streams without storage, to the federally constructed projects o f
varying complexity .

As I described earlier, easily constructed diversions wer e
within the scope of private enterprise . Oregon has many privately
constructed projects such as the Central Oregon Irrigation Distric t
which provides water to about 44, 000 acres of land .
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The Ochoco Irrigation District was a privately constructe d
project which in recent years received federal funds for a rehabili-
tation and enlargement of its system and storage reservoir and the
construction of additional new storage on Crooked River .

The North Unit of the Deschutes Project is a Bureau of Recla-
mation constructed project of 50, 000 acres, now operated by th e
water users .

In the Rogue Basin we have the, Talent Irrigation District-an
old established district that sought federal assistance for a rehabil-
itation and enlargement program that included improved and en-
larged canals, storage reservoirs, and a unique hydroelectric plant
that develops 16, 000 kilowatts of electric energy from a 2, 000-foo t
drop in the irrigation supply system . The revenue from this plan t
assists in the financing of the irrigation features .

The Bureau of Reclamation has in the planning stage the Tualati n
Project near Forest Grove and the Red Prairie Project near Sherida n
which would have storage reservoirs to meet irrigation and other
related water functions . The Bureau has also developed plans fo r
the Monmouth-Dallas Project which would secure a water supply b y
pumping from the natural flow of the Willamette River .

The Bureau also has responsibility for sale of irrigation wate r
stored in the Corps of Engineers' constructed upstream reservoir s
in the Willamette Basin .

The Soil Conservation Service of the Department of Agriculture
has a number of projects under study on a "technical assistance t o
local group basis" throughout Oregon, and some under construction .
These are generally smaller than those previously described . One
of their better known projects is Lake Labish Pumping project on th e
Little Pudding River . The Department of Agriculture's progra m
known as Public Law 566 provides technical assistance to loca l
groups for small irrigation developments . This program cover s
developments on drainage areas of less than 250, 000 acres . Any
single storage structure cannot have a capacity of more than 2, 50 0
acre-feet or a federal contribution to construction costs in exces s
of $250, 000, unless approved by an appropriation committee of th e
Senate and the House .

The Bureau of Reclamation's Small Reclamation Projects Ac t
of 1956 is a loan program to assist smaller projects . The loan i s
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limited to $5, 000, 000 . The total project cannot cost more than
$10, 000, 000 . The work can be done by the sponsor or its engineer ,
with review by the Bureau of Reclamation . Irrigation allocations
must be repaid in 50 years without interest .

The conventional Bureau of Reclamation project has no cos t
limitation, except that each and every function must be financially
feasible . The part of the project construction cost allocated to irri -
gation and within the water users' ability to pay is repaid without
interest over 50 years . The lands must be able to pay operating cos t
and part of construction . That part of the construction allocatio n
beyond the ability of the water users to repay is repaid by power rev-
enues-in this area by the power revenues from the Federal Powe r
System of the Columbia River Basin . The basic requirement in this
program is that water will not be provided to more than 160 acre s
of irrigable land in any individual ownership.

Irrigation Water Supply, Quantity and Quality

Determination of the amount of water available for a projec t
is made by analysis of streamflow records and ground water yields .
Most projects utilize stored surface water, although there are some
ground water developments, notably on the Snake River Plain . About
200, 000 acres are irrigated from ground water in Oregon .

Water to be utilized for irrigation must also be of good quality ,
of low mineral content, and free of silt or other suspended material .
If the water is of high mineral content, its relation to the soils on
which it is applied must be known. This is not a problem in western
Oregon because the waters are low in mineral content . In some area s
of eastern Oregon the quality of the soil is a serious consideration .

Silt control is also another important factor in irrigation . The
most significant problem area for silt is, as you might expect, in th e
lower Colorado River basin . Hoover, Glen Canyon, and other dam s
in the Colorado basin have done, or are doing much to alleviate this
problem, but it is still necessary to remove silt from Colorado Rive r
water at Imperial Dam, near Yuma, Arizona . Here desilting facilitie s
remove silt and discharge 15, 000 cfs of irrigation water into the All -
American Canal . Here in Oregon the silt load of the stream must b e
determined ; generally it is not serious .

Once the quantity and quality of water available for irrigatio n
are known, determination of the acreage that can be irrigated is made .

16



The first step is to compute the amount of water that is required to
be delivered to the farm turnout. By analysis of rainfall patterns ,
soil types, and water demand by crops that would likely be raise d
under irrigation, this quantity is established within reasonable limits .

To determine the amount of water that must be taken from the
stream or reservoir for irrigation, losses in transmission from th e
water source to the farm are added to the farm delivery requirement.

In some cases, for example, on the Columbia Basin Project i n
eastern Washington, there is opportunity to use return flow fro m
irrigation of higher lands on lower-lying lands in the project. This
reduces the diversion requirement that would otherwise be necessar y
to irrigate an area .

In western Oregon, and in the Willamette Valley in particular ,
we are dealing with an area that is rather unique in that water supply
generally exceeds that required for irrigation, so the problem is no t
one of obtaining sufficient irrigation water, but rather development
of plans to make the best overall multiple-purpose use of water .

Conflicts with Other Uses of Wate r

Use of water for irrigation in many cases conflicts with othe r
possible uses . There are many factors that induce conflict, but
several or primary importance are :

Season of us e
Consumptive vs . non-consumptive us e
Point of diversion
Streamflow cycl e
Existing water rights

There are obviously many examples of conflict that could b e
cited, but I will illustrate each of the examples given above .

Season of Use . In the Willamette Valley, irrigation and floo d
control are very compatible . In flood control operation, reservoir s
are drawn down during the rainy winter, or the non-irrigation season .
The high probability of rains and considerable snowmelt in the lat e
winter and early spring guarantees that reservoirs will be filled in
most years by the start of the irrigation season . The reservoir s
need not be drawn down very far as the irrigation season approache s
because the probability of heavy prolonged rain is low. On the othe r

1 .
2 .
3 .
4 .
5 .
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hand, irrigation and lake recreation are highly incompatible . As
drawdown commences during the summer dry season for irrigation ,
exposed mudflats, shallower water, and decreased water skiing
area result .

Consumptive and Non-Consumptive Uses . Irrigation and
municipal and industrial water are two important consumptive use s
of water . Flood control, power generation, minimum flows fo r
fishlife and water quality control, and recreation, constitute non -
consumptive uses . Obviously water removed from the stream fo r
irrigation or domestic use cannot be used in the stream for othe r
purposes . If there is a considerable fish population in a drainag e
system, fish and wildlife interests are extremely interested in th e
proposed plan for developing irrigation on what has heretofore bee n
a "fishin' stream. "

Points of Diversion. If water is taken from a stream at a
given point, other functions of use immediately downstream may b e
adversely affected. If the point of diversion is further downstream ,
considerable use of water may be made in the intervening stretch .
Releasing stored water downstream through generators befor e
diverting it for irrigation is one means of making it do double duty ,
but also power needs are not always compatible with irrigation
demands . Heavy power use is in winter-maximum streamflow i s
in early spring .

Streamflow Cycle . As I mentioned previously, flood contro l
and irrigation are very compatible alternative uses of water in th e
Willamette Basin . However, such is not the case throughout mos t
of the Columbia River Basin . The period of maximum flow on the
Columbia occurs about two months after the start of the irrigatio n
season . While some of the high inflow can be diverted, most of thi s
water is not available for irrigation unless it is stored . While there
are many dams in the Columbia Basin, they have not completel y
alleviated this problem, although the river is now highly controlled .
Upstream storage in Canada will go a long way to stabilizing th e
streamflow of the main Columbia River .

Existing Water Rights .

	

In some cases previously existing
water rights preclude irrigation development, particularly in thos e
areas where it is not feasible to build storage facilities . Use of
natural surface flows or ground water for irrigation may not b e
possible because previous water right holders preempt all the wate r
during periods of low flow .
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Let me summarize the conflicts inherent in a water resourc e
development by an illustration .

Imagine, if you will, a fairly large reservoir with a power -
plant, recreation facilities, anadromous fish runs, a sport fishery ,
and a demand for municipal water for a nearby city . This stream
can do substantial flood damage if allowed to run uncontrolled. In
addition, it is located above a large body of irrigable land that i s
unproductive without irrigation.

The water resource engineer must recognize that :

(1) The flood control interests seek flood protection
on the river-vacant space in the reservoir to catch th e
"big flood. "

(2) The irrigation farmers want the reservoir full
when irrigation season starts .

(3) Local power demands are greatest in late fall o r
winter .

(4) Fluctuation of reservoir flows will seriously affec t
the sport fishery in the reservoir and on the stream belo w
the dam.

(5) Anadromous fish must be allowed to pass the dam
on their upstream migration and downstream migrant s
must pass the dam and powerplant unharmed .

(6) From a domestic water'supply standpoint, the
reservoir and the stream must not be a source of pollution .

. (7) Finally, the recreationists-the water skier and
boat enthusiasts want the reservoir to remain full-at leas t
until Labor Day .

Gentlemen-it is a most interesting problem-it requires th e
patience of Job, the wisdom of Solomon, the hide .of an elephant ,
,and the poise of a high wire circus performer_.



Presented April 29, 1964 by HAROLD SCHICK, State Parks Super -
intendant, Parks and Recreation Division, Oregon State Highwa y
Department, Salem, Oregon .

Zf/attac ''EaaedReviea4:o a

The boom toward outdoor recreation has been rapidly increasing th e
past several years and is anticipated to spiral to even new height s

during 1964 and the years to come .

In the May 5, 1964 issue of LOOK it was estimated 23 millio n
cars will travel over the United States in 1964, there will be 64 millio n
tourists spending $13 billion on trips upwards to 600 miles . They will
sleep in 85, 000 hotels, motels - or in tents and trailers . There will
be an estimated 40 million at the New York World's Fair .

Oregon is no exception to this outdoor recreation boom . Th e
attendance was over 13 million visitors in our Oregon State park s
during 1963 . We were 6th in the nation in state park attendance .
This indicates the rapid movement toward the Northwest and Oregon.
We have 188 State park areas, with a budget slightly over four and
one-half million for the biennium . You can imagine the amount o f
maintenance and operation involved of these areas with over 7, 50 0
picnic tables, as only a part of the facilities needed for this recrea-
tional impact .

Recreation is a big business in Oregon, and is attracting
tourists to its increased use .

Oregon State parks are under the State Highway Commission ,
who has legal jurisdiction to acquire, develop, and maintain Stat e
parks and waysides. These areas all promote travel and the motor-
ist's desire seems to be increasing for this service .

Approximately thirty-three of our major parks are oriente d
toward water recreation, and water attractions are the main feature s
in a number of waysides and park areas . I have with me four master
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plans . They are of The Cove Palisades, Bullard's Beach, Wm . M.
Tugman and Nehalem Bay state parks, and are representative exam-
ples of areas that are under construction with a major part of thei r
activities oriented toward water use . At the Cove Palisades Park w e
will have spent about 1/2 million dollars before it is completed . This
will include camping, picnicking, two large boat launching ramps ,
bath houses and swimming areas .

At Nehalem Bay Park we are in the process of completing a
road to the sandspit for better access to the beach and to the Nehalem
Bay area . Here there will be camping, picnicking, swimming an d
other water-front activities .

The William M . Tugman Park has been completed, and has a
large area for boat parking, picnicking and swimming . This area is
eight miles to the south of Reedsport on Eel Lake, and is alread y
filled to capacity with day recreation users .

Bullard's Beach Park is located just north of Bandon . A new
road is in the process of construction into the park. There will be
a boat launching ramp, access to the beach and picnicking area .

It is estimated there are over 8 million recreational boats in
existence on all waters in the United States . The State Marine
Board's Oregon pleasure boat registration in 1961 totalled 45, 62 8
boats, with 150, 000 predicted by 1972 .

The total U. S . recreational boating business was-over $2 . 5
billion, a fourfold increase in the past 9 years .

According to the Outdoor Recreation Resources Review Com-
mission report, boating is normally done in combination with othe r
activities, such as fishing, picnicking, and sightseeing ; also, 83 %
of all boating is done in connection with fishing, while cruising and
sightseeing is the main activity of large boats . These figures may
vary from lake to lake, depending on many factors, including th e
reputation of the lake as a source of fish or for boating . Water ski-
ing, swimming, sunbathing, picnicking, sightseeing, and campin g
also are often done in combination with boating . Racing, both sail -
boats and motor boats, is a popular sport, but one in which a small
percentage of boaters participate .

The use in water-oriented recreation activities is constantl y
changing. We think that swimming will be more important in th e
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future. There may be other changes in use that we cannot determin e
at this time . This can be obtained through research and survey s
determining changing demand of our park users .

Arizona, one of the driest states in the union, now has mor e
boats per capita than any other state . In the first six months of 195 9
boat sales in California exceeded car sales, and a milestone wa s
reached in New York when, according to estimates made by Time -
Life, Inc . , more people were killed over the Fourth of July weeken d
in boating accidents than in car accidents .

In California the average one-way distance from home to wate r
for day-use boaters is about 25 miles, typical averages for weekend -
overnight is 75 to 175 miles and for vacation boaters 135 to 250 miles .

Paralleling closely the tremendous boom in boating is th e
increase in water skiing . On certain lakes and in certain area s
some 60% of the boats are towing skiers .

In 1958 in California they were in need of 50% more acces s
units than were available, and there were about 1 .3 million actual
acres of boating waters in California . The effective or usable suppl y
was much less, only about 200, 000 acres, owing to lack of access .

There is usually more of a deficiency in the access to lake s
than in lakes themselves . On lakes where construction of boat ramps
and other recreational facilities depends on congressional appropri-
ation funds, the result is long lines of boaters waiting sometimes fo r
hours on end for their turn to launch their boats . Private enterprise
is more sensitive to the demands of the boater . However, even here
there is considerable lag in time between supply and demand .

The most intensively used portion of a lake is the area aroun d
an access point, with boats going in and out of the water at all time s
of the day . Next might be picnic areas where families enjoy thei r
picnicking between boating, skiing or fishing expeditions out into th e
lake . More remote sections of shorelines also offer picnic sites ,
swimming, water skiing, and general enjoyment of the water away
from the crowds . The least intensively used portion of the large r
lakes is the area in the center, a mile or more from shore .

Water reservoirs are becoming more important toward supply-
ing the recreational needs in Oregon and other states . The following
are some of the federal agencies administrating reservoirs .
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The Corps of Army Engineers has 250 reservoirs, with 23, 00 0
miles of shoreline, or 3 million water acres, plus 3 million acres o f
project lands . There were 109 million visitors in 1960 to these areas ;
since 1947 there has been an increase of 15% annually .

The Bureau of Reclamation has 174 reservoirs in the western
United States with 1-1/2 million acres of water and 7, 000 miles o f
shoreline . There were 24.3 million visitors during 1960, whic h
increased four times in ten years .

The Soil Conservation Service is limited under watershe d
protection and flood prevention Act to lakes of 5, 000 acre-feet fo r
flood prevention. They have 25, 000 acre-feet for all purposes .
There have been 1,802 watershed structures built since 1959 .

There are a number of other federal agencies administratin g
water recreation areas, such as the U . S . Forest Service . It is pri-
marily concerned with the high Cascade mountain and coastal area s
in Oregon.

The Bureau of Land Management is concerned with the valleys
and foothills . Many of their areas are located on streams and provid e
a variety of recreational activities .

The National Park Service has several monuments and Crate r
Lake National Park in Oregon .

There are a number of private agencies administrating recrea-
tion areas, such as utility companies and timber companies .

There are 27 out of the 36 counties in Oregon which have som e
form of water recreation . The counties are doing an outstanding job
in providing water-oriented recreation at a local level .

Taken from the ORRRC report, conclusions are that wher e
water occurs, it is not necessarily the volume of water, the surfac e
area, or the miles of shoreline per unit area that limits recreationa l
use . We are forced to conclude that water quality is one of the mos t
important limiting factors in recreational use . Quality of wate r
exercises this control through its effect on the quality of the exper-
ience . It is the quality of the experience that makes outdoor recre-
ation one of the important pursuits in a civilized existence .
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Further, in problems of water recreation there is conflict ove r
existing areas between sailboats, fishermen, skiers, and swimmers .
More zoning and limitation is needed. The uses are changing-mor e
swimming is predicted, such as skin diving .

Research is needed for development of new procedures for mak-
ing economic and monetary evaluation for the use of water-oriente d
recreation .

From a survey made by the State Marine Board in 1961 it wa s
found that the most needed types of improved boating facilities a s
indicated by owners of smaller pleasure boats are (1) more launchin g
ramps, (2) paved or improved launching ramps, (3) camping area s
near mooring or launching sites, and (4) sanitary facilities .

The owners of larger pleasure boats indicated that the mos t
needed boating facility improvements were (1) overnight moorin g
facilities, (2) more piers and docks, (3) improved law enforcemen t
and safety regulations enforcement, and (4) breakwaters to shelte r
mooring areas .

Oregon has 240 boat access areas developed on its 112, 00 0
miles of streams and 2, 000 lakes and reservoirs, and other accesse s
to the Pacific Ocean along the 350 miles of public ocean ownership .

Oregon has a great water resource, but problems exist and
will increase with competition in the future . These problems a s
mentioned earlier are water quality, water access, zoning an d
research to meet the changing needs .

26



Presented May 6, 1964 by P . W . SCHNEIDER, Director, Oregon
State Game Commission, Portland, Oregon .

a weedeep

T he discussion of fish and wildlife as a part of a water resource s
seminar is a fundamental approach to a discussion of the futur e

welfare of this important segment of our state's renewable natura l
resources . A glance at the prededing five sessions of this semina r
indicates that some of the basic background material of a legal, policy ,
and historical nature has by now been discussed . Considerable within
these categories remains yet to be reviewed . I will attempt to com-
ment on fish and wildlife within the scope of the outline prepared b y
Mr . Karr and within applicable state laws .

Perhaps the best point to begin is to refer to certain significan t
sections of the 1955 Act establishing the current law pertaining t o
surface water for this state . Chapter 707, Oregon Laws 1955, lai d
down a new code . ORS 535 . 210 through 536 . 590 embrace severa l
matters significant to fish and wildlife .

Section 10, subsection (1) states : "The board shall proceed a s
rapidly as possible to study : existing water resources of this state ;
means and methods of conserving and augmenting such water resourc-
es ; existing and contemplated needs and uses of water for domestic ,
municipal, irrigation, power development, industrial, mining ,
recreation, wildlife, and fish life uses and for pollution abatement ,
all of which are declared to be beneficial uses, and all other relate d
subjects, including drainage and reclamation . " The specific mention
of fish and wildlife and the declaration of beneficial use of water wa s
a milestone in western water law .

Subsection (2) states : "Based upon said studies and after an
opportunity to be heard has been given to all other state agencie s
which may be concerned, the board shall progressively formulat e
an integrated, coordinated program for the use and control of all
the water resources of this state and issue statements thereof . "
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Subsection (3)(g) of Section 10 states further : "The maintenanc e
of minimum perennial streamflows sufficient to support aquatic life
and to minimize pollution shall be fostered and encouraged if existing
rights and priorities under existing laws will permit . "

It will be noted from the above that prior vested rights are no t
invaded and, therefore, correction of problems incurred to fisher y
resources, particularly through diversion of flows from natural
stream channels, was left unsolved with the enactment of this law .

Subsection (3)(l) states : "When proposed uses of water are i n
mutually exclusive conflict or when available supplies of water ar e
insufficient for all who desire to use them, preference shall be given
to human consumption purposes over all other uses and for livestoc k
consumption, over any other use, and thereafter other beneficia l
purposes in such order as may be in the public interest consisten t
with the principles of this Act under the existing circumstances . "

In previous and subsequent sections of the Act, fish and wildlife
are specifically recited as beneficial uses, in common with all othe r
uses other than human and livestock consumption . Herein lies an
extremely significant feature of the Oregon surface water code from
a fish and wildlife standpoint which, insofar as I know, is singula r
to Oregon among all of the states who operate under the doctrine o f
appropriation .

Section 11, wherein the Water Board upon issuing a statement
of policy pertaining to a given stream, section of stream, or othe r
surface water supply, and delivering said statement to affected agen-
cies, imposes the following : "In the exercise of any power, duty, o r
privilege affecting the water resources of this state, every stat e
agency or public corporation of this state shall give due regard t o
the statements of the board and shall conform thereto . No exercise
of any such power, duty, or privilege by any such state agency o r
public corporation which would tend to derogate from or interfer e
with the state water resources policy shall be lawful . "

Further definition and procedural requirements are spelled out
in preceding and subsequent sections of the Act . Suffice it to say tha t
once the Water Resources Board makes its finding of fact, use, an d
policy and complies with appropriate procedures required under the
Act, the policy then becomes binding upon the agency involved, includ-
ing the agencies dealing with fish and wildlife resources .
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The aforementioned citations of law enunciate, among othe r
things, three basic facts germane to fish and wildlife :

1. Fish and wildlife are declared to be beneficial uses of water .

2. Except for domestic and lifestock use, fish and wildlife hav e
been placed upon the same basis as other uses in the initia l
process of establishing policy .

3. There is no invasion of the integrity of prior vested rights .

Now with regard to the fish and wildlife resources of the State ,
there are certain fundamental factors to recognize . The three basi c
constituents for maintaining fish and wildlife consist of food, water ,
and cover . These factors in relation to each other, in relation to
quality and quantity, and in relation to their stability in the environ-
ment dictate in a fundamental way the ability to produce and maintai n
fish and wildlife . This wild resource, as a dynamic renewable one ,
exists because of the presence of water, along with food and cover ,
in its environment .

It is from our aquatic environment, whether it be a fresh-wate r
stream, lake, marsh, or the marine environments of our coasta l
estuaries or oceanic areas, that the diversified and abundant faun a
of Oregon springs in great array and abundance . All species with
which my organization deals depend upon water and certain of thes e
forms discriminatingly so . Quality as well as abundance become s
compellingly important with such forms as the salmonid fishes and
even such species as certain aquatic mammals, as for example th e
otter. A running stream, a stable natural lake or a pulsing tida l
estuary manifest a fauna reflective of the ecology demanded b y
species and subspecies and perhaps even races delicately tuned ove r
many generations to specific conditions to be found in each of thes e
varying aquatic environments .

No discussion with regard to indigenous forms can overloo k
the tremendous importance of the relationship of food, water, an d
cover to their maintenance . Oregon is blessed with one of the most
diversified fish and wildlife resources of the continent . The extent
to which water plays a prominent role in their maintenance i s
reflected by the great array of both terrestrial and aquatic form s
typical of the peculiar ecology present across our state from wes t
to east and north to south . The wide variation of land and wate r
areas, along with climate and elevation, makes this possible .
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With regard to big game, we have, for example, two subspecie s
of elk-the so-called Rocky Mountain form adapted to that part of th e

• state east of the Cascades, and the Roosevelt elk which finds its mos t
suitable habitat in our Coast Range .

Antelope is a species confined pretty much to the southeastern
quarter of the state . Although it thrives in a relatively arid area ,
water is important as a part of its environmental requirements .

Our deer are represented by three subspecies-the blacktai l
from the crest of the Cascades west, the mule deer east of this area ,
and certain remnants of whitetail in two or three localized areas o f
both eastern and western Oregon .

Except to the extent that water is necessary in proper location
but in minimal amounts for the maintenance of normal life activities ,
the most important contemporary function this ingredient appears t o
have is its use in bringing about more desirable distribution . Perhaps
•in a few localized areas if more water were available, it would b e
possible to sustain higher populations than is now the case . However ,
free water is not, in most instances, a limiting factor .

With regard to upland birds, both native forms and the severa l
species which have been introduced and successfully established ,
water seasonally appears to be a critical factor even within the floo d
plain of the Willamette River . Bottlenecks in the seasonally dr y
areas have been overcome by the employment of small cisterns . The
provision of water has made it possible to extend the range or carr y
higher populations of several of the so-called upland bird forms .

The several aquatic or semi-aquatic mammals, particularl y
among the commercially important furbearers such as the beaver ,
otter, and mink, have a strong dependence upon an aquatic envi-
ronment. Current patterns of water use have not, except in a fe w
instances, affected their environment . They are more effectivel y
influenced by related water development activities such as channel-
izations which alter the related habitat or sufficiently change th e
hydraulic character of river channels to reduce the carrying capac-
ity for certain of these species .

It is primarily with our fishery resources and with waterfowl ,
. found in natural streams and in so-called wetland or marsh area s

•of the state, that massive influence has been felt . The splendid
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sea-run stocks of salmon and steelhead, all of our fresh-water resi-
dent fishes, and the waterfowl as well as other marsh-dependent birds
have been influenced in varying degrees, but generally unfavorably .
All five of the Pacific salmon as well as the coastal sea-run cutthroa t
trout are fishes which are extremely sensitive to changes in thei r
environment. In addition, since about 1000 repeated introductions ,
a number of so-called warm-water fishes, not originally native t o
our state, have in varying degrees become well established in many
of our waters . The fish resource represents one which is incredibl y
productive if afforded the proper environment and management, an d
water is the obvious key to their existence .

A great deal of effort and money are currently going into fisher y
programs with fruitful results . For example, the recent upsurge i n
winter runs of steelhead in the Alsea River manifests the remarkabl e
opportunities facing us in taking advantage of biological knowledge an d
applying management procedures where the combination of fresh-wate r
stream environments and oceanic feeding areas produce phenomenal
yields . Our fresh-water lakes have the potential of yielding heretofor e
unrealized tonnages of desirable fish resources . To cite one example ,
last year's angling season at Diamond Lake yielded to the angler i n
excess of 256, 000 trout, weighing about 243, 000 pounds, for an annua l
yield of 84 pounds per surface acre .

The composite of resident, anadromous, warm-water, and
coastal marine fishes represents a value inherent in our water re -
source not realized by the average citizen . We possess over 75 0
lakes and 51, 000 miles of streams which are currently under vary-
ing degrees of management.

The fish and wildlife management field is developing a technol-
ogy and science at a very rapid rate . The application of this knowl-
edge presents many opportunities . However, the great challenge lie s
in the area of coordination between the adjudications of water for it s
many and necessary purposes and the recognition of all values includ-
ing fisheries . A recitation of the major management and enhancemen t
problems would be too numerous to discuss at this time . There are ,
however, certain basic examples which could be used to demonstrat e
what lies ahead of us in the field of fish and wildlife in relation t o
water . Part of these rest in the field of public policy and part withi n
the innumerable and related disciplines of knowledge and technology.

First with regard to public policy. We in this state are blessed,
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I feel, with a fortunate organic act under which all values must be
recognized and in which each recognizable value, at this point a t
least, has been afforded an opportunity to receive its day in cour t
before a final water use decision is made . In my judgment each us e
of water to the extent that it is competitive with other legitimat e
demands may document its case . It fosters the concept that th e
development of the water resource should be so prosecuted that a s
new values are exploited, existing values are exposed to a minimu m
of damage or opportunities of both their mitigation and enhancemen t
are recognized and utilized .

Many of our serious contemporary problems, particularly
from a fishery standpoint, reflect development practices which hav e
occurred over the past half century . It is in this aspect of reflection ,
identification, and analysis of existing problems that there is reveale d
abundant opportunity of recovering values which once existed bu t
which have been destroyed, This would entail deep and painful polic y
decisions, which may or may not ever come about, in an era of mor e
exploitive development of residual water resources . I have in mind,
for example, and this has greatest significance to the fishery
resource, such problems as over-appropriation of important strea m
systems by diversion and use of normal streamflows for importan t
and legitimate areas of our economy . The early development o f
irrigation at a time when economic necessity and the lack of recog-
nition of inherent values prevailing in a stream was not as important
then as it is today .

' Another example arising from early day lumbering activitie s
was the employment of splash dams for many years on certain
streams . Splash dams were brutally destructive to anadromous fis h
resources . It has been only in recent years that the last remainin g
of these once important adjuncts to timber harvest were remove d
from important coastal streams . As a general policy and in par t
because of their destructiveness to fishery values, it is, in m y
opinion, improbable that the use of splash dams for transportatio n
of wood fibre from the woods will occur again .

Specific management and enhancement problems can be prett y
well reduced to a few basic areas .

1 . Fish passage . This involves assuring the continuation
of both upstream and downstream migration of fish over physica l
structures constructed or diversions created in any stream system .
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Suffice it to say that these are obvious problems, each individua l
instance having peculiarities to itself which demand study . Thes e
include not only size of the structure and protection from operat-
ing elements of that facility, but methods of passing migrants both
upstream and downstream through extensive areas of slack wate r
which represent in some instances violent alterations of the natura l
environment to which these fish are adapted . It has only been in
most recent years that the effect of the slack water areas them -
selves have been recognized as a substantial problem to the move-
ment of fish destined either to spawning grounds or to rearing
areas at sea .

Some of these changes are even at this time obscure . How-
ever, such basic factors as temperature, water chemistry, chang-
ing aquatic fauna, and hydraulic characteristics have apparently i n
some instances had profound effects upon the successful movemen t
of both adult and juvenile fishes .

2. The loss of spawning and rearing areas through inundation .
This physical removal of necessary natural spawning areas in cer-
tain of the larger stream systems reflects net losses in the capacit y
of a stream system to accommodate adult spawning fish .

3. Water quality . The problems of pollution, violent change s
in the character of the water environment itself, and the reduced
volume of water at certain times of the year are simply examples of
the numerous aspects related to the continuing problem of wate r
quality .

4. Rough fish problem. The normal pattern of fish production
in a river system, basically changed in character through impoundin g
and creation of large expanses of slack water, is that of a gradual in -
crease in so-called rough fish . These fish at varying rates normally
usurp the productive capacity of these sections of a stream system .
The rapidly developing techniques of rough fish control of the pas t
couple decades and the adoption of this function as a routine in fresh -
water fisheries management are manifestations of this situation .

5. The continued reduction of natural flowing streams as a
part of the angling opportunity . Here we have a question of qualit y
to be considered in the long range planning of fisheries developmen t
of our state . Although we have an increasing amount of impoundment
water to be enjoyed by the average angler, in most instances thes e
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have been accompanied with a net loss of stream environment whic h
is in ever increasing demand by the angling public. It is here tha t
long range planning should recognize the importance of retaining a
minimum of natural flowing streams intensively managed both fo r
the direct utilization of the fishery resource in angling and as pro-
duction areas for sea-run stocks of fish. The current "Wild River
Study" of the federal government is in part responsive to this need .

Trends in Angling and Hunting

One of the criteria which can be employed in examining the trend
in hunting and fishing is reflected through the issuance of hunting an d
angling licenses . In 1950 there were slightly over 388, 000 license d
hunters and anglers in the State of Oregon. In 1963 there were about
731, 000 people licensed to directly use our fish and wildlife resources ,
an increase of about 45 per cent. Recently we had occasion to projec t
the probable trend in this demand into the future . Our best but mos t
conservative estimate indicates that by 1972 we can expect a minimu m
of one million people in this state who will be licensed to hunt and fish .

Whether or not these projections are within the area of precis e
accuracy is perhaps beside the point . We can detect no factor whic h
would indicate that interest in hunting and fishing in this state wil l
decline over this period of time . Furthermore, by virtue of our
geographical location-immediately north of the most populated stat e
in the Union, California-and with the current popularity of empha-
sizing the importance of outdoor recreation in general, it is quit e
probable that we will be faced with an explosive demand for huntin g
and fishing not recognized by any of us at this point .

Contributions of OS U

Present-day fisheries and wildlife management as we know it
from a professional standpoint is relatively new . Most of the basi c
principles and technology have evolved within the relatively shor t
time of the past 25 years . Throughout this quarter century, ther e
has been a continuous and close association between the Orego n
Game Commission and Oregon State University.

The Department of Fish and Game Management, particularly ,
but also other academic disciplines on the campus have been associ-
ated with us on many of the complicated problems involved in applied
management which we today carry out in the field . This contribution
is reflected both through the training of the bulk of our presen t
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professional. staff, who are graduates of the Fish and Game Depart-
ment, and through the continuous yield of scientific and technica l
knowledge from OSU . It has involved such wide ranging contribu-
tions as a study of culvert design for road construction with hydrauli c
criteria which meet fish passage problems by the School of Engineer-
ing to a problem of parasitology in a big game herd in Veterinar y
Medicine . I can think of no field of current resource management i n
which liaison between the operating agency and the academic communit y
is more necessary. It is for this reason that our entire Researc h
Division is physically and officially headquartered on this campus .

Activities and Authorities of State and Federa l
Fish and Wildlife Agencie s

Not only many governmental agencies but a number of segment s
of private enterprise today are directly participating in one or mor e
phases of the state's fish and wildlife affairs . However, the direc t
accountability to the people of the state, except for certain migratory
birds and oceanic mammals, rests specifically with the Oregon Game
and Fish Commissions .

The Department of the Interior through the U. S. Fish and Wild -
life Service properly has responsibility for migratory birds, whales ,
sea otter, and certain other elements of the oceanic fauna usuall y
through the device of international treaties . In addition, a host o f
other federal agencies in varying degrees are engaged directly wit h
us and with other states in prosecuting cooperative projects whic h
are directly tied to the management of fish and wildlife resources .
We work very closely and actively with the two major federal lan d
management agencies-the U . S . Forest Service and the Bureau o f
Land Management.

With exception of the migratory groups previously mentioned ,
all fish and wildlife are common properties belonging to all of th e
people and are simply held in trust by the appropriate state agencies .
This is a unique legal characteristic of fish and wildlife in Nort h
America which goes back to colonial times in our country and whic h
is generally unlike the legal status of fish and wildlife in many othe r
parts of the world . Legislative and judicial treatment of this questio n
has been repeatedly enunciated throughout the history of our country .

The recent availability of federal funds as supplemental to stat e
funds has brought about greater activity on the part of the federa l
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establishment in this field . In addition, and I think here in part because
of increasing recognition of the value of fish and wildlife as well a s
certain economic problems confronting water or land oriented segment s
of private enterprise, you have seen industry recruit trained fish an d
wildlife personnel . For the hydroelectric power industry, the lumbe r
industry, and even in some segments of agriculture this has become
normal procedure .

The effectiveness of a program can perhaps best be assessed b y
reflection m annual yields of the various categories of a resource o f
this type . Suffice it to say that the following trends, in my opinion ,
justify a great deal of optimism for the future of the fish and wildlif e
resource as a continuing part of the social and economic life of our
great state . Using the period from 1950 through 1963, the followin g
is indicative :

Big Gam e

Elk - annual yield doubled .
Deer - annual yield trippled .
Antelope - static .

In addition, California bighorn sheep and Rocky
Mountain goat established .

Fisherie s

With minor exceptions of certain stocks of salmon, the
annual aggregate production has continued to increase .
In addition, completely new resident fisheries, includin g
new species such as the Atlantic salmon in controlled
environments, have been established .

Upland Birds

Annual aggregate yield perhaps doubled, partly through
careful management of species present in the state by
1950 and partly due to introduction of certain specie s
such as the chukar partridge which is utilizing a habita t
type not previously producing significant numbers of
birds .

In conclusion, then, although urgent and compelling problem s
confront us in the enhancement of this resource and in some instance s
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we are failing to achieve the desired improvement of a given species ,
the picture of the past decade or so is one of spectacularly increase d
opportunities and yields for hunting and fishing . These are the direct
result of close cooperation with other major land and water use r
interests and the diligent application of research findings and scien-
tifically proven techniques . In spite of the formidable problems ,
particularly within the field of water resource development confront-
ing the fishery agencies over the next decade, I am convinced tha t
we will continue to make gains in a gratifying way .
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Presented May 13, 1964 by CURTISS M . EVERTS, Director, Pacific
Northwest Water Laboratory, Division of Water Supply and Pollution
Control, U . S . Public Health Service, Corvallis, Oregon .

aeet 2eeah:06fte/tot

O ne observer in Portland just before the turn of the century note d
that sawdust floating on the surface of the Willamette river in th e

vicinity of the city's water supply intake in upper Portland harbo r
appeared to move upstream on flood tide . He wondered whethe r
domestic sewage discharged into the river from a sewer immediatel y
downstream followed the same path. The city had by this time
already made plans to abandon the river as a source of water suppl y
and it is well that they did for it was not until almost 50 years late r
that treatment of sewage was provided by Portland and by neighborin g
communities upstream .

These upstream cities also had their problems for the Stat e
Board of Health, in reports issued shortly after it came into being i n
1903, warned of the dangers of any city using the river as a source of
water supply as long as untreated sewage was being discharged int o
the stream above their water supply intakes .

Almost three decades passed, however, before the first factua l
information was obtained on pollution in the lower Willamette . This
showed what most conservationists already knew ; that the stream wa s
almost devoid , of oxygen during the summer season and that it harbore d
a bacterial load that could only exist as a result of its use as a recepta-
cle for most of the sewage from cities along the lower river . By thi s
time the valuable fall run of salmon had disappeared, recreational us e
of these waters had become a hazard to health, and most cities ha d
abandoned the river as a source of water supply or were making plan s
to do so.

While the job of cleansing the river of its filth had proceede d
with rapid strides, additional reductions in the amount of sewage an d
other wastes entering the harbor and in upstream industrial wast e
loadings are essential if desired objectives are to be attained.
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This is only one river but failure on the part of its stewards to
recognize the importance of this resource and husband it properly is
a lesson that can well be remembered over and over again for other
streams throughout the state and nation .

How do the waters of such an important river become so defiled ,
and what measures have been undertaken to prevent this conditio n
from recurring in Oregon in the future? These are subjects that I
should like to discuss with you this afternoon .

Water as one of the essential elements for survival has man y
important uses . These include :

1. Water supply for domestic, industrial, and agricultural use .

2. A resource to sustain fish, shellfish and other aquatic life ,
and to support commercial and sports fishing .

3. Recreation, such as swimming, water skiing, boating ,
camping, and hunting .

4. Water power and navigation .

Almost any substance added to water is a potential pollutant . If ,
for example, the commonly known substance sodium chloride is suffi-
ciently concentrated it can adversely affect one or more uses of th e
body of water into which it is discharged . Where concentrations ar e
low or where sufficient dilution takes place, this same substance ma y
be relatively harmless . Pollution could be defined, therefore, as any
impairment of the usefulness of natural waters.

Substances that pollute water may be classified into nine genera l
categories, each of which is somewhat unique in its pollutional charac-
teristics and effects . These categories are as follows :

OXYGEN CONSUMING WASTES - Such as the traditional organi c
wastes contributed by domestic sewage and industrial wastes of plan t
and animal origin. These substances are subject to biological degra-
dation and when oxygen is present it will be consumed whether it i s
supplied artificially as in a waste treatment process or naturally a s
dissolved in a stream . Since fish and aquatic life depend on dissolve d
oxygen, oxygen demanding wastes are a detriment to their environment .

INRECTIOUS AGENTS - Consist of the pathogenic or disease
producing bacteria, protozoa, and viruses carried into surface and
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underground water by sewage or by certain industrial wastes such a s
those from tanning and meat processing plants . Water contaminated
with such wastes is unsafe for human consumption, and for swimmin g
and other water contact sports . Shellfish taken from such waters ar e
also rendered unsafe for human consumption .

PLANT NUTRIENTS - These are substances which support an d
stimulate the growth of aquatic plant life . Nitrogen and phosphorus
are the two principal minerals involved but other trace elements ar e
important. These minerals are usually present in small amounts i n
natural waters, but much larger amounts are contributed by sewage ,
certain industrial wastes and drainage from fertilized lands . Nutri-
ents are fertilizers and stimulate intensive and extensive growths o f
water plants which interfere with water treatment processes, an d
cause unpleasant and disagreeable tastes and odors . When thes e
plants die and decay they cause secondary oxygen consuming an d
taste-odor producing pollution .

SYNTHETIC ORGANIC CHEMICALS - Are the relatively ne w
pollutants resulting from new chemical technology . They include
detergents, all the new synthetic organic pesticides, solvents, syn-
thetic industrial chemicals of a wide variety and the wastes fro m
their manufacture . As pullutants they are characterized by thei r
toxicity or potential toxicity to fish and aquatic life and possibly to
humans, their extreme stability and persistence in the water envi-
ronment, their resistance to removal by conventional water and
waste treatment processes, their ability to cause taste and odors ,
and their interference with other water uses .

ORGANIC CHEMICALS AND MINERAL SUBSTANCES - Include
a wide variety of mineral and inorganic chemical wastes from minin g
and manufacturing processes, oil field operations, agricultural prac-
tices, and natural sources . They may interfere with natural stream
purification, destroy fish and aquatic life, cause excessive hardnes s
of water, corrode steel and concrete structures, increase mainte-
nance costs for commercial and recreational watercraft and increas e
the cost of water treatment . Certain of the metals and their com-
pounds, such as lead and chromium, are known to be toxic .

SEDIMENTS - Are generally considered to be those inorganic
particles of soils, sands and mineral matters washed from the land o r
from the hard surfaced areas of communities . They fill stream
channels and reservoirs, erode power turbines, blanket nests, spawn
and food supplies of fish, reduce sunlight penetration of water s
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required for green aquatic plants to produce the oxygen necessar y
for normal stream balances .

RADIOACTIVE SUBSTANCES - Result from mining and_
processing of radioactive ores ; from the use of refined radioactiv e
materials in power reactors and for medical, industrial and research
purposes and from fall-out from nuclear weapons testing . Sinc e
radiation is cumulative in humans, controls must be provided for the
total exposure potential in the human environment-from water, food ,
air, occupation, and medical treatment .

HEAT - Tremendous volumes of water are used for cooling
purposes by steam electric power plants, steel mills, petroleu m
refineries and other industries . Most of this water is returned wit h
added heat to the surface water body from which it came . Increased
temperatures reduce the solubility of oxygen in water, are detri-
mental to fish and aquatic life, and reduce the usefulness of th e
water for further cooling purposes .

OIL AND GREASE - These are the petroleum oils, and the
animal and vegetable fats and greases from both domestic sewag e
and industrial wastes originating from agencies engaged in the pro-
duction, transportation, handling and use of oils . Such wastes spoil
beaches, destroy or injure waterfowl, foul boats and fishing gear ,
damage marine flora and fauna, create fire hazards in harbors, an d
cause taste or odors in water supplies .

Traditionally, domestic sewage and industrial waste water s
have been the principal causes of pollution. In recent years, how -
ever, more attention is directed to both the existing and potentia l
effects of storm water runoff, irrigation return flows, radionuclides ,
agricultural chemicals, wastes from timber processing, and th e
construction of highways and dams, as well as some of the natural
phenomena that result in conditions detrimental to surface an d
underground waters .

To enumerate the characteristics of each waste water respon-
sible for pollution would be a time-consuming task and would resul t
in a discussion too detailed and lengthy for the purposes of this
seminar . Sufficient to say, therefore, that pollution in surfac e
waters of the state result from the discharge thereto of wast e
waters from the following sources :
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Domestic sewage

Industrial waste waters from :
Manufacture of pulp and pape r
Food processin g

Fruits and vegetable s
Meat
Milk
Poultr y

Tanning
Mining

Mineral s
Gravel and sand

Manufacture of chemical product s
Lumbering

Timber harvesting
Manufacturing

Agriculture
Erosion
Irrigation
Chemical s

Pesticide s
Fertilizer s

Construction
Highways
Housing development
Dam s

Transportation
Wastes from vessel s
Accidental spills of chemicals in transit by land or wate r

Natura l
Gonyaulex catenella in shellfis h
Arsenic in ground wate r

Pollution has no respect for the boundaries of political subdivi-
sions . Lack of attention in the past has caused this whole matter t o
become a national problem, and its solution generates the need fo r
action at all levels . This results in a sharing of responsibility along
broad lines as follows :
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The State has the primary responsibility for water pollution
control. The agency in Oregon is the State Sanitary Authority . It
establishes standards for water quality within its area of jurisdiction ,
conducts surveys and investigations, collects and evaluates data ,
provides technical assistance to local government and industry ,
supports research, and applies its laws and regulations, includin g
enforcements .

Local governments construct and operate municipal sewag e
treatment works, provide consultation and technical assistance t o
the industries they serve and enforce their own regulations an d
ordinances .

Industries are responsible for control of their own pollution .
They institute inplant measures for waste reduction, and construc t
and operate waste treatment or disposal facilities if they are separat e
from a municipal sewer system. They conduct research to develo p
or improve waste treatment methods or to reduce or eliminate
pollutants .

Universities are responsible for conducting research and
training scientific manpower needed by other jurisdictions . They
also provide technical services and consultation .

The Federal Government has a leadership role to play in wate r
pollution control. It supports and supplements the programs of the
other four levels . It conducts research and investigations, collect s
and analyzes data on a nationwide basis, and provides technica l
assistance and training to State and local governments and to
industries, including training. It develops comprehensive wate r
supply and pollution control programs and coordinates these with
the States and with the water resources programs of other federa l
agencies. It carries out the enforcement provisions of the Federa l
Water Pollution Control Act . It provides grants for State program
development, for incentives to municipalities for the constructio n
of sewage treatment works, and for research, demonstrations ,
and training .

While the fundamentals of these program responsibilities hav e
remained essentially unchanged, increases in urban population, ne w
and expanding industry and the development of new chemical product s
have required the initiation of more sophisticated techniques and th e
adoption of stronger laws . More emphasis is now being placed o n
research, special studies, and enforcement .
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For example, in the early stages of a control program, it i s
essential to recruit and train a highly qualified technical staff t o
discharge both legal and administrative responsibilities . Today' s
problems of water quality management can become quite complicate d
with conflicts of interest in the areas of both quality and quantity .
This has made it increasingly necessary to assemble personnel fro m
almost every scientific resource and can involve a whole regimen o f
disciplines from those trained in computer techniques to those skille d
in resolving socio-economic problems to aid in reaching reasonabl e
and equitable solutions .

Unless those engaged in pollution control activities are backe d
up by competent laboratory support for field studies, demonstrations ,
and research, the whole program will suffer . No longer is it suffi-
cient to rely entirely on gravimetric and colormetric chemica l
determinations or on biochemical analyses for the data required t o
undertake a decisive program. To our already formidable searc h
list of physical, chemical, and bacteriological contaminants that w e
have named as potential pollutants, we now add such elements a s
plankton population, synthetic organic chemicals, radionuclides ,
and trace amounts of metals and other elements . The array of
exotic equipment for such analyses and the assembly of a staf f
competent to operate it are enough to stagger the imagination o f
the water pollution control pioneer of 30 years ago .

Any program for water quality control should be based on a
comprehensive plan which takes into account all beneficial water use s
and provides for the treatment of wastes and the regulation of stream s
for water quality control to meet both present and future requirements .

While many of the early plans were developed on the basis of a
river basin system, more often than not the basin was small an d
frequently tributary to a stream not within the jurisdiction of th e
State control agency . Since it was unlikely that an acceptable plan
would evolve from a number of unrelated programs developed on a
local or subregional basis, it soon became evident that a correlate d
plan was needed which included an entire river system . This meant
that a cooperative working relationship had to be established wit h
other agencies, both State and Federal, having primary interests i n
water resources management . This is being achieved by the crea-
tion of State and Interstate Committees or Commissions, Interstat e
Compacts, and by the Federal agencies acting under their respectiv e
statutory responsibilities . Under such an arrangement, a plan ca n
be devised which recognizes the effect that all watershed activities ,
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including water resource development, will have on the quantity an d
quality of water in a river basin. It develops compatible and cooper-
ative working relationships, and finally if the plan's authors ar e
sincere, the plan can be made to work.

Once a plan for pollution control has been devised, the nex t
step is to inform the public of the nature and extent of the problems ,
what is being done and what needs to be done to correct them, an d
what legislative and fiscal support is required to accomplish desire d
objectives . Originally only the press and radio were available t o
assist in this marshaling of public support. Now a rather formidable
ally, television, supports the effort on both a local and national basis .

There are always problems in water quality control for whic h
current technical knowledge does not provide the answers . Initiation
or support of research in these areas has become an important par t
of the control effort . Advanced waste treatment, removal of refrac-
tories, the development of mathematical models, the refinement o f
existing laboratory techniques to provide more rapid analyse s
methods, and efficient and effective automatic monitoring and
telemetering devices are only a few of the tools that we must provide
for space age water pollution control programs .

And finally, we come to the matter of enforcement . On occa-
sions a point is reached in which enforcement proceedings must b e
initiated to obtain correction . Statutes adopted a quarter of a centur y
ago were quite adequate for their time . Improvements, advances, and
changes have occureed in the judiciary just as they have in the execu-
tive arm of government. The competent water pollution control ad-
ministrator must be prepared, therefore, to have the statutes unde r
which he operates brought up-to-date from time to time to meet thes e
changing conditions if he expects support from the courts . Fo r
example, administrative hearings and orders supplemented by the
threat of court action formerly sufficed to gain abatement of pollution .
In today's rapidly moving industrial and urban environment, provisio n
must be made in the law for a water pollution control agency to mov e
decisively to stop promptly the discharge of any waste water that i s
inimical to human health, that would destroy animal or aquatic life ,
or otherwise seriously impair water for other important uses .

Of particular significance in water quality control are the pro -
visions of the Water Supply Act of 1958 and the 1961 amendments t o
the Federal Water Pollution Control Act . Both the Corps of Engineer s
and the Bureau of Reclamation are authorized under the Water Suppl y
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Act to plan for anticipated future municipal and industrial water sup -
ply requirements in any reservoir they may propose for construction .

Provision is made in the 1961 amendments to the Water Pollu-
tion Control Act that, "in the survey or planning of any reservoir b y
the Corps of Engineers, Bureau of Reclamation, or other Federa l
Agency, consideration shall be given to inclusion of storage fo r
regulation of stream flow for the purposes of water quality control "
and that "the need for and value of storage for this purpose shall be .
determined by these agencies with the advice of the Secretary o f
Health, Education and Welfare, and his views shall be set forth in
any report or presentation to the Congress proposing authorizatio n
or construction of any reservoir" including storage for low flo w
augmentation .

In 1947, long before either of these acts was adopted, provision
was being made for both water supply and stream flow regulation fo r
pollution abatement in some of the Willamette river basin projects
proposed by the Corps of Engineers . Natural flow in the river during
the late summer and early fall reached lows of 2, 500 cubic feet pe r
second at Salem. Wastes discharged into the stream included un-
treated domestic sewage and industrial waste waters from pulp and
paper production, meat packing, and food processing. To furthe r
complicate the problem, low flows coincided with the peak of foo d
canning operations . Early estimates anticipated that storage release s
from the proposed reservoirs to increase the flow at Salem to 6, 50 0
cubic feet per second would provide dilution for existing and futur e
wastes as well as supply a substantial amount of additional dissolve d
oxygen . At the same time it was also anticipated that this additiona l
flow would provide sufficient dilution to permit cities in the basin t o
use primary sewage treatment instead of the secondary treatment
facilities that would otherwise have been required .

All of the storage projects have not yet been completed, but th e
releases that have been made from storage at Cottage Grove, Doren a
Lookout Point and Detroit dams have sometimes supplied as much a s
40 to 50 per cent of the Willamette's flow during the dry season .
While these additional flows have proven most helpful, a stabl e
minimum of 6, 500 cfs . has not yet been achieved at Salem and eve n
though it had, other unanticipated factors have prevented the original
program from achieving the objective of maintaining at least 5 . 0 part s
per million of dissolved oxygen throughout Portland harbor .

Significant increases have occurred in industrial waste load s
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due to expansion of the pulp and paper, and food processing indus-
tries . This, coupled with a formidable increase in urban population ,
and extensive use of the river for every conceivable form of water -
based recreation, has required a complete re-evaluation of the wast e
treatment-stream flow regulation relationships . It is now reliably
estimated that even when flow regulation has provided the 6, 500 cf s
at Salem, a reduction of at least 85 per cent in all waste loads ,
domestic and industrial, will be required to meet established wate r
quality standards in the lower reaches of the Willamette River .

In the near future an even greater effort will be required . Our
technical knowledge in the field of waste water treatment has no t
reached a point where removal of all pollutants is economically feas-
ible . The treatment or disposal of both domestic sewage and indus-
trial waste waters must be programmed, therefore, to remove a s
much as possible of the pollutants they contain . During this interim
period when new waste treatment methods are being explored, strea m
flow regulation will be of great assistance as an alternate means o f
water quality control . It cannot be looked upon or accepted, however ,
as a substitute for adequate treatment of sewage and industrial wastes .

In spite of existing scientific resources, there are still area s
in which we do not possess sufficient knowledge of the behavior o f
some pollutants, or the characteristics of others, to intelligentl y
assess their importance . This is particularly true of some of the
synthetic organic pesticides . Our colleagues at the colleges an d
universities have been exploring with us some of these fundamental
problems of water quality control for a good many years . The
product of these efforts has been a valuable contribution to the ar t
and has provided some of the guide lines now used by our profession .
There remains, however, a great need to translate some of this
research into useful practice through the media of demonstrations ,
field studies or pilot plants . Research under field conditions is also
needed to complement our laboratory and field activities as well a s
the work of others .

As part of the Federal effort in this program, the Congress i n
1961 authorized the Department of Health, Education, and Welfare t o
establish field laboratories and research facilities to conduct research,
investigations, experiments, field demonstrations and studies, an d
training relating to the prevention and control of water pollution.
One of these laboratories is to be located in each of the followin g
geographic areas, Northeast, Middle Atlantic, Southeast, Midwest ,
Southwest, Pacific Northwest, and Alaska . Construction of the
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laboratory authorized for the Pacific Northwest will begin in July o f
this year on the campus of Oregon State University, Corvallis . This
facility will serve the six state areas of Idaho, Montana, Oregon ,
Utah, Washington, and Wyoming . In addition, the laboratory is t o
serve California and Nevada to the degree necessary and possible .

The Pacific Northwest Water Laboratory will consist of a two -
story reinforced concrete structure having some 50, 000 square feet
of floor space . It will contain modern laboratories in chemistry ,
microbiology, radiation-physics, biology, and engineering which
will be especially equipped to tackle the job of water pollution contro l
research in this region . This building has been planned to house a n
ultimate staff of 150 chemists, physicists, microbiologists, aquati c
biologists, engineers, and other scientific and supporting personnel
whose primary mission will be to untangle the thorny problems o f
water pollution control in the Pacific Northwest so that everyone can
proceed with the "clean up" effort at a much more rapid pace .

We expect that most of our work will consist of field studies and
investigations with the laboratory serving as a strong right arm t o
support this effort . In this way, we hope to develop a better knowledg e
and understanding of the characteristics and behavior of natural an d
man-made pollutants under the physical, chemical, and biologica l
conditions that exist in the region's inland, coastal and estuaria l
waters . Some of the areas we expect to explore are : (1) the effects
of watershed activities and multiple purpose impoundments on wate r
quality in the Pacific Northwest ; (2) problems of waste disposal int o
estuarine and coastal waters ; (3) requirements for the protection o f
water resources from industrial wastes ; and (4) the control of arti-
ficial eutrophication of surface waters . The Willamette river basin ,
among others, will provide an ideal setting for such an undertaking .

To provide these services, the laboratory staff will initially b e
organized into major units of chemistry-physics, biology, micro -
biology, and engineering . From these units, teams or groups wil l
be established with representation from as many scientific, engineer-
ing, and socio-economic disciplines as may be required to mount a
multidisciplinary attack on any problem we seek to solve . It i s
anticipated that this same procedure will be used to discharge ou r
responsibilities for demonstrations and pilot plant studies, fo r
training and to fill requests for technical assistance .

In keeping with the philosophy of a strong field research effort ,
it is anticipated that some of the laboratory staff will be located a t
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field study sites throughout the area . For example, when Orego n
State University completes its Marine Sciences Center at Newport ,
we expect to initially locate a few key staff members in that city t o
cooperate with the university staff in studies of waste disposal in
coastal waters and tidal estuaries . Subsequently, the staff at thi s
station would be increased commensurate with the field studies an d
research to be done . Field studies will be initiated in other appro-
priate problem areas as the need develops .

Not all of the work can or will be done by the laboratory .
There are many basic research problems that we feel can essen-
tially be explored better by others . Moreover, the pressure fo r
solutions to problems directly associated with our Federal respon-
sibilities are so great that we could not hope to undertake all of th e
fundamental research that universities are so well qualified to do .
Consequently, by continuing and extending our present program of
research grants and research contracts, the Public Health Servic e
hopes to continue researching the neglected areas as rapidly a s
facilities and manpower are available .

Research will be but one activity of the Public Health Service' s
Corvallis Laboratory . As a field facility, it will be our responsibilit y
to provide technical assistance and training in the areas of competenc e
we develop and to initiate demonstrations and pilot plant studies t o
translate basic research knowledge into useful practice . We will als o
furnish such support as may be required for the discharge of other
Public Health Service responsibilities in water pollution control, suc h
as the water pollution control surveillance system, comprehensiv e
planning for river basin development and enforcement .

An extremely important function of the laboratory will be t o
provide training opportunities designed to meet the needs of th e
Pacific Northwest. These will probably fall into several categories .

Initially, short courses on water quality control, similar t o
those now offered at the Taft Sanitary Engineering Center in Cincinnati ,
will be developed covering subjects applicable to this region. Special-
ized training in specific areas of applicant interest or in new proce-
dures may also be available on an individual or group basis . As ne w
techniques and procedures are developed, they will be promptly share d
with other agencies, and with industry .

One of the most exciting training possibilities lies in our plan s
to make the laboratory facilities available to graduate students fro m
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the Pacific Northwest colleges and universities who wish to undertak e
their masters or doctoral research work in areas allied with wate r
pollution control . This same opportunity may be afforded other s
whose qualifications and interest in the field would enable them t o
make a worthwhile contribution to the research effort .

It is fortunate indeed that provision was made to locate thes e
laboratories near institutions of higher learning in which graduat e
training in water pollution control research might be carried out .
The opportunities for complementary research activities, for train-
ing, and for the exchange of scientific and technical competencies ar e
unlimited. When the Pacific Northwest Water Laboratory become s
functional, every effort will be made to extend this partnershi p
throughout the entire area we serve .

Finally, the symposia have been permanently transferred to th e
Pacific Northwest Water Laboratory, and depending on progress made ,
will be conducted annually or semi-annually in the future . In thi s
fashion we hope to keep abreast of developments and to continuall y
evaluate critical research needs so that we may fulfill our share o f
the responsibility for making water safe and suitable for all beneficia l
uses .

It may appear to many of you that reasonably good progress ha s
been made in the control of water pollution, and this is true . On the
other hand, in spite of everything that has been done, new problems ,
the need for an accelerated research and training effort, and th e
almost daily requests for technical assistance coupled with insuffi-
cient support are a frustrating experience for those who dare to mee t
the challenge of water quality control with the zeal and fervor i t
deserves . The speed with which these regional objectives are attaine d
will depend upon the ability of State, and Interstate agencies, and th e
Federal government to provide a sufficient staff of competent engineers ,
scientists and administrators who can be dedicated to the task of pro-
viding a supply of water suitable for all beneficial uses .
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Presented May 20, 1964 by W . H. STEWART, Chief of Basin Plannin g
Branch, Portland District, U . S. Army Corps of Engineers, Portland ,
Oregon .

94dd &tad, nuu'aet9e, awl Swam

M
y talk will cover most of the points listed by Mr . Karr in the
seminar announcement, but in a slightly different order . I will

discuss causes of floods and flood damages ; the types of solution s
available, with some examples ; the position that flood control seems
to occupy in the water resource development field; and some of the
conflicts and opportunities inherent in flood control activities . I
will emphasize the need for cooperation and coordination in plannin g
for flood control .

The basis for a discussion of flood control, drainage, and ero-
sion must be a definition of flooding and the causes and effects o f
flooding. One definition of flooding can be stated as follows: "The
occasional occurrence of conditions under which runoff from a water -
shed utilizes more of its traditional waterway than the usual and well -
defined permanent stream channels . "

In order to accept that definition, we must look at the annua l
sequence of precipitation -the cause of runoff - and the overall runoff
picture . Willamette River Basin is a good example . It has an annual
dry season, generally June through September, during which only abou t
10 per cent of its average annual precipitation occurs . It has an annual
season of heavy precipitation, generally November through February ,
when about 60 per cent of its annual precipitation can be expected t o
occur. October and March through May are transition periods betwee n
the wet and dry seasons . The normal runoff pattern coincides closel y
with the seasonal precipitation pattern - maximum streamflows durin g
the wet season and minimum flows in the dry season .

During the years before the white man came to the valley, th e
streams used as much waterway as was appropriate to the runoff -
wide floodways in the winter and smaller permanent channels durin g
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the summer . There was available then a total channel, or flood plain ,
adequate for whatever runoff might occur . A part of that channel wa s
continuously used . A much larger part was flood plain, covered with
grass and forest and used for runoff only as necessary ; it was avail -
able most of the year for use by wild game and the red man . The
occasional inundation of part or all of the total channel beyond th e
permanent streambed was flooding-caused by a combination of
meteorologic, hydrologic, and topographic conditions which pro-
duced runoff in excess of the capacity of the permanent channels .

Conditions are much the same today-with one major exception .
The normal runoff pattern of the basin still requires the continuous
availability of a system of permanent channels plus the periodi c
availability of additional capacity to carry runoff from storms . The
major difference is that since the first settlers entered the valley ,
man has been encroaching on the waterway . Flooding and flood
damages have become a matter for concern . Wild game, the Indian s
and their lodges-all of these could and did move out of the waterwa y
when it was needed for flood runoff . They could stay out until flood
stages receded and the land had drained . If they suffered damage ,
it was not of a nature or extent to cause them to decrease in number s
or to leave the valley . The flood plain was used by them but in a
manner consistent with the normal runoff pattern . If runoff from
major storms eroded banks and carved new channels, it was no t
then flood damage-it was part of the ages-long process of shapin g
Willamette Valley as the first settlers found it .

With the settlers came changes-changes that have not yet ru n
their course . The permanent stream channels were the first mai n
avenues of transportation . Homes, communities, towns, and citie s
developed along those transportation routes-in the flood plain. A s
land transportation developed, roads and railroads were constructe d
in and across the flood plain . So, too, were farm homes and build-
ings . None of these developments were readily movable . There
was no longer the flexibility in which joint use of the flood plain b y
runoff and man was compatible . Thus, there were flood damages-
caused by man's permanent invasion of an area suited for onl y
transient or periodic use . As time has gone on, flood plain lands -
runoff waterway areas-have been further invaded and develope d
until not only inundation and ponding of water but also erosion-th e
natural shaping of the land-causes major damage to man and his works .

Before the first settler came, periodic inundation of flood
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plain lands, ponding and slow drainage on some of those lands, and
the natural process of erosion and valley shaping were not matter s
of concern. Now they are major problems .

Methods of Preventing Flood Damage

Several methods are available for prevention of flood damage .
Each has advantages and disadvantages . Whenever a flood problem
is to be solved, we must select a solution with a view to the needs o f
the area involved, so as to get the benefits of flood control with a
minimum of disadvantages-or, preferably, in a way which will b e
of advantage to other interests .

1 . The simplest method of preventing flood damages prob-
ably would have been to stay out of the flood plain . Even today i t
would be possible to get out of the flood plain-but totally imprac-
ticable! It appears both possible and practicable, however, t o
limit flood damage by regulating the future use and development
of flood plain. The suburbs of many cities-and even whole ne w
residential communitie 's--are developing into the flood plain . W e
can only assume that such development is occurring because o f
lack of knowledge or understanding that the flood plain is a par t
of the stream system, or a lack of knowledge as to the extent o f
the flood plain. In some cases, the construction of storage
reservoirs and other flood-control works may have led to th e
development of a false sense of security .

Where developments in the flood plain exist, particularly
residences, industries, and related improvements, removal i s
generally out of the question because of costs . There is, how-
ever, much relatively undeveloped flood plain on which it ma y
be practical to restrict or regulate development .

The power to adopt and enforce flood plain regulation -
flood plain zoning-lies with local governing bodies . Cities and
counties, possibly even states, can adopt and enforce zonin g
ordinances and regulations . To do so, they must know the exten t
of the flood plain and the frequency of flooding .

Section 206 of the 1960 Flood Control Act authorizes th e
Corps of Engineers, at the request of a responsible loca l
governmental unit, to make studies and prepare maps and dat a
to show the extent of a flood plain, the frequency of flooding, an d
the degree of hazard involved in using the flood plain . Such a
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study now is being made for Lane County . Also, the Metropolitan
Planning Commission is about to publish a report containing floo d
data for Tualatin River Basin. Decisions as to how and to what
extent to use the resulting data will be the responsibility of th e
two counties and the cities and communities therein .

2. A second method of preventing flood damage is to in -
crease permanent channel capacity. This can be done by clearing ,
straightening, deepening, leveeing, or a combination of thos e
items . Work of this nature is for a single purpose-reduction o f
overflow damage-and may result in detriment to other interests .
For example, channel deepening and straightening may increas e
velocity of flow enough to cause erosion and land loss which di d
not exist before. It may also be highly detrimental to fish an d
wildlife, as well as to agriculture, because of overdrainage an d
lowering of water tables . It has the advantages of relatively low
cost and ease of accomplishment . It can be done by individuals ,
groups, local governments, or the Federal Government, depend-
ing on the size of stream and other conditions involved . In many
cases, if all related factors are considered, some means of in -
creasing channel capacity can be shown to be a proper approach
to the prevention of flood damages, either through prevention o f
flooding or through drainage-more rapid removal of accumulate d
runoff .

3. A third method of preventing one phase of flood damag e
is control of bank erosion. This is a single-purpose approach ,
which does not directly reduce flooding, but which acts to preven t
horizontal movement of the permanent stream channels . In that
it modifies the natural process of valley forming, its total effec t
may not be known for years to come . To date, however, it ha s
proven to be beneficial to the adjacent landowner and generall y
nondamaging to other interests . Because of the cost of reason -
ably permanent bank protection facilities, such work usually i s
done by the Federal Government or a State agency .

4. A fourth method, and one which can reduce inundation,
drainage, and erosion problems, is to reduce or regulate flood
runoff . Our first opportunity would be to regulate precipitation ,
which is the source of runoff . To go to the source, we would have
to be able to modify the timing and% or areal distribution of pre-
cipitation . While study and experimentation are going on in tha t
field, it does not appear to offer an immediate practicable solutio n
to the problem. In addition to questions as to ability to effect an y
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major modification in the precipitation pattern, there are question s
of overall physical effects and the possibility of major legal prob-
lems of local, national, or even international scope .

Once the precipitation has occurred, we must work on the
ground or in the streams . Two tried and proven methods o f
reducing or regulating runoff are watershed management an d
reservoir storage .

Watershed management can be accomplished at every leve l
from the small individual tract of land up to a total watershed o r
a National Forest embracing several watersheds . It includes pre-
servation, modification, and improvement of vegetative cover ;
land treatment by contouring, ditching, and check dam construction ;
and a multitude of related items . It has been a focal point of wide -
spread and vociferous discussion as to its relative merits, partic-
ularly as compared to major storage reservoirs . That discussion
apparently has ended in general agreement that watershed manage-
ment is an effective tool-one of several tools required for th e
overall job of water resource control and development. Most
Federal watershed management activities have been under th e
jurisdiction of the Department of Agriculture, particularl y
through the Public Law 566 and related programs, which combine
the abilities and skills of Federal and local levels to do the job o n
both Federal and private lands . The Department of Interior's .
Bureau of Land Management is taking an increasing part i n
improved watershed management and interest and activities along
that line seem to be increasing at all levels . I repeat-it is one
of a set of essential and generally compatible tools to do the jo b
of flood control and water resource development .

Reservoir storage for flood control includes everything fro m
the beaver dam on the upper watershed to the individually or group-
constructed small reservoir, such as are being constructed unde r
the Public Law 566 program, to the major reservoirs such as Detroit ,
Lookout Point, and Cougar in the Corps of Engineers' Willamett e
Basin Project . Of the man-made reservoirs, some were planne d
for single purposes, and some as multiple-purpose projects . Re-
gardless of how or why they were planned, they usually serve othe r
incidental purposes or have a significant effect on other resource s
or other phases of water resource control and use . For that reason
we must come to the conclusion that the best-sometimes the only -
way to consider or achieve flood control, drainage, and erosio n
control is as a part of a larger picture . Before discussing tha t
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larger picture, I have some data on flood control effect of existing _
projects .

Project Effects on Flood s

Projects to reduce flood stages, increase channel capacity, an d
prevent erosion can do much to reduce flood damages . The Willamette
Basin system of multiple-purpose reservoirs, shown on the next page ,
will accomplish major reductions in flood stages and frequency o f
recurrence . The table, page 58, shows the bankful and major flood
stage at locations. from Eugene to Salem, and on McKenzie and Santiam .
rivers . It also shows, for the 1861, 1943, and 1955 floods, the natura l
stage (stage had no reservoirs been in operation), the controlled stag e
for such a flood with all presently authorized Willamette River Basin
reservoirs in operation and the resulting stage reduction . It is inter-
esting to note that the regulated stages shown generally exceed bankful l
stage, and, in some cases, exceed major flood-stage . Thus, there
will remain a substantial flood problem to be solved . As of 1948, i t
was shown in the Corps' report published as House Document 531, 81st ,
2nd, that based on the 1948 price levels and developments forecast fo r
1970, an average annual Willamette Valley flood damage of $12, 000, 00 0
under natural conditions would be reduced by about $10, 000, 000 b y
reservoirs and related works . Incidentally, rapid development in the
flood plain probably has resulted in the existence of more residua l
damage than was then anticipated. Zoning or flood plain regulatio n
could limit further development of damage potential .

The shading on the map on page 59 shows the area inundated i n
1943, to the east and downstream from Corvallis . With the limited
storage then available (Cottage Grove and Fern Ridge Reservoirs )
such a degree of flooding could be expected to recur once in about 2 0
years, on an average . With the entire authorized storage plan i n
operation, this extent of inundation can be expected to occur only
once in more than 100 years .

So far as bank-erosion is concerned, there are now about 7 5
miles of bank revetment constructed at about 171 locations . A goo d
example of bank revetment is the work along Willamette River an d
U . S . Highway 20 immediately north of Corvallis .

Resource Conservation and Development

The Willamette Basin projects are an example of flood control
by projects for resource conservation and development . Even there ,
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FLOOD STAGE REDUCTIONS - MAJOR FLOOD S
WILLAMETTE RIVER BASIN

April 196 4
Willamette River McKenzie R . Santiam R .

Item Eu ene Harrisbur . Corvallis Alban Salem Cobur Jefferso n

Bankfull stage, feet 20.2 10.0 16.0 16.5 16 .0 8. 0 13 . 0

Major flood, feet 29 .0 17 .0 26.0 27.0 25 .0 13 .0 20 . 0

1861 FLOOD

Natural stage, feet 37.2 20.5 32, 2 36 .0 39 .Z 18 . 2 25 . 0

Regulated stage, feet 23 .8 17 .4 25.9 27.6 28 .0 14 .2 19 . 7

Stage reduction, feet 13 .4 3 .1 6 .3 8.4 11 .2 4.0 5 . 3

1890 FLOOD

Natural stage, feet 36,0 20 .1 30.7 33 .9 36.5 17 .8 23 . 4

Regulated stage, feet 21 .9 16.4 24.6 26.0 24.8 13 .9 19 . 6

Stage reduction, feet 14 .1 3.7 6 .1 7 .9 11 .7 3 .9 3 . 8

1943 FLOOD

Natural stage, feet 31 .5 19 .1 28 .5 31 .0 29.4 16.1 21 . 2

Regulated stage, feet 18 .9 13 .9 22 .6 23 .4 20 .5 11 .7 16 . 4

Stage reduction, feet 12 .6 5 .2 5 .9 7 .6 8.9 4.4 4 . 8

1945 FLOO D

Natural stage, feet 35 .0 19.7 28 .1 30 .4 26 .9 17 .4 . 22 . 6

.

	

Regulated stage, feet 21 .3 16 .5 22.4 23.2 16 .4 13 .8 18 . 3

Stage reduction, feet 14 .7 3 . 2 5 . 7 7 . 2 10 .5 3 .6 4 . 3

1955 FLOOD

Natural stage, feet 32 .8 19 .3 28.7 31 .Z 29.5 16 .3 22 . 1

Regulated stage, feet 21 .3 14 .8 23 .2 Z4 .2 18 .9 13 .0 17 . 5

Stage reduction, feet 11 .5 4 .5 5.5 7 .0 10 .6 3 .3 4 . 6

1961 FLOO D

Natural stage, feet 33 .0 19 .2 28.4 30.9 29.6 16 .1 23 . 6

Regulated stage, feet 22 .9 15.7 23 .7 24 .9 19 .5 13.7 19 . 9

Stage reduction, feet 10 .1 3 .5 4 .7 6.0 10 .1 2 .4 3.7

Note : Based on present river conditions with 14 reservoirs in operation .
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however, we find opportunity for improvement . Some background
information will show why that is true . Up to the time the firs t

, settlers arrived, Nature's plan of resource conservation apparentl y
was adequate . There was generally enough of everything that th e
Indian tribes needed, and they were not so numerous or so confined
and controlled by traditions, developments, and worldly goods as t o
be unable to adjust to Nature's regime . The first settlers found too
much of some things-flood waters, trees, animals-but enough land ,
fish, waters, and other necessities so that they could use the valle y
without major problems .

Today we have a Willamette Basin population in excess o f
1,200,000 people and a projected year 2010 population of about thre e
times that many. Our needs for flood control are great and rapidl y
growing. But so are our needs to conserve and develop water an d
related resources for the best use of a majority of our people .
Already, in the opinion of many, we have reduced to too little th e
remainder of some of our resources-fish, wildlife, scenic an d
recreational opportunities . If we continue with single-purpos e
development-flood control alone, power alone, industry alone, o r
any of a multitude of others-we will further reduce, or even possibl y
eliminate, the extent and usability of some resources .

On the other hand, proper planning for resource conservatio n
and development can give us flood control as part of a packag e
including many other benefits, even enhancement and increase in
some or our renewable resources . We can't expect to reach a
Utopian state in which there are no floods, all the water that coul d
be used for any purpose by any person in any place, all the hydro -
electric development to satisfy ultimate power demands, or enoug h
fish and wildlife to make us all capable of emulating Isaak Walton o r
Nimrod. We can hope and strive to have some of all those things -.
enough of each to provide the maximum overall benefit to th e
general public . Even though that day may be far in the future, we
can and must plan for it now .

If what I have said sounds too much like a sermon, let's look
at what has happened and what is happening . We have moved from
an era of single-purpose development to the beginning of an era of
multiple-purpose development .

Where the first settlers cut and burned trees to clear the land ,
we now harvest timber as a sustained yield crop to serve a multitude
of needs for wood products and by-products . In addition to wood



products and by-products, managed forests tend to reduce floo d
runoff, conserve the soil, sustain low-water flow for many uses, an d
make habitat for wildlife .

Where man originally built reservoirs for flood control, o r
irrigation, or power, he now builds them for several purposes . For
example, the Willamette Basin reservoirs now serve four primar y
purposes, but additional functions have been recognized since thos e
projects were planned . All told, the Congress now recognizes eight
potential primary functions for Federal water resource projects .
These are :

Flood Control

	

Water Supply
Irrigation

	

Water Quality
Navigation

	

Fish and Wildlife Enhancemen t
Power Generation

	

Recreation

Planning for all those purposes, and evaluating benefits there -
from, will permit continued development of projects which would no t
be justifiable for a single purpose such as flood control or powe r
generation . It is not, however, as simple as planning for a single
purpose. It involves consideration of more area-whole watershed s
or basins, instead of a single site or tributary. It involves consider-
ation of interrelated effects-conflicts and compatibilities which I
will mention later . It involves agencies and interagency relation-
ships-more than 30 Federal and State agencies in the case of a
review study now being made for Willamette River Basin. It
involves people-all the people of a stream basin and possibly many
from outside the basin who rely, directly or indirectly, on some o f
its resources for income, food, or recreation . And finally, it
involves time, money, and patience to collect the necessary data ,
develop satisfactory and justifiable plans, and gain public under -
standing of what is being proposed, and why .

On the plus side, it can provide for the best use of water an d
related resources in the interest of the general public . I believe that
most of any future works for reduction of flood stages will be planne d
as elements of overall water resource development projects .

Areas, Problems, Interrelationship s

Willamette Valley provides an excellent example of flood areas ,
areas needing drainage for improved agricultural use, and of the
interrelationship between those problems and existing and potentia l
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projects for flood control . Those of you who have been here durin g
the school year know that the area east of Corvallis is subject to
periodic flooding . Conditions in that area are typical of much of the
area along Willamette River from the mouth of McKenzie River
downstream about 125 miles to Newberg .

Tualatin River Valley, or East or West Muddy Creek area s
south of Corvallis, are areas where reduced flood stages and
improved drainage would be of benefit from an agricultural stand -
point. Tualatin River, in particular, is an area where reduction i n
flood stages would be essential to continued good drainage . Other
areas where flood control and drainage go hand in hand are thos e
along the tidal reaches of lower Coquille River . In those areas, the
long-continued process of upstream erosion and downstream deposi-
tion has created stream banks which are substantially higher than
the adjoining lands-in effect, natural levees . Without flood stage
reduction or some type of work to increase _channel capacities ,
drainage pumps and tide boxes already installed cannot functio n
effectively for more than a few months per year . The question of
how to accomplish a reasonably adequate, and yet economicall y
justifiable, job of reducing flood stages or increasing channel capa-
cities now is under study by the Corps in cooperation with loca l
people and other agencies .

As far as bank erosion is concerned, Willamette Valley als o
affords many examples, both of continuing erosion and works t o
prevent it. As of 1948, when the last careful study of the overal l
problem was made, there were known to exist about 50 miles o f
eroding banks along the main stream and tributaries . Erosion is a
natural process, which changes the location of the stream and
eventually leaves new land, often of a different composition and at a
different elevation, to replace that which has been removed . The
present valley floor apparently is the result of long-continue d
erosion and deposition . The trouble is that we are not flexible or
patient enough to live with the natural process . When erosion
removes all or parts of cultivated fields, the property owner in-
volved can't wait a few hundred years for an equal amount of tillabl e
land to build up on the opposite shoreline . And even if he could, th e
new land probably would be a part of the property of someone on th e
other bank! When his home or farm buildings set on land which i s
washed into the stream, there is no natural process to replace them .
These are things which make erosion a matter of consequence .
Further, flood stage reduction and increased channel capacity ar e
not necessarily an answer to the problem . In fact, increasing channel
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capacity by straightening and enlarging tends to increase velocity o f
flow and possibility of erosion . Also, when reservoir operation fo r
flood control involves emptying of storage space after one flood, t o
be prepared for a subsequent one, the period during which erosio n
can take place is prolonged . Whether or not the result is more ,
less, or an equal amount of erosion is a moot question .

Conflicts and Opportunitie s

As you can deduce from what has been said, both by me and a t
previous sessions, reduction of flood crests by storage results i n
both conflict and opportunities . Fortunately, in this area, floo d
control by storage and conservation of water for other purposes ar e
compatible because we have a well-defined flood season and a well- »
defined dry season. Thus, the same storage space can be used fo r
flood control and for water conservation. This is not the case in
areas where flood-producing storms can and do occur during th e
season when stored water is needed for irrigation and other purposes .
In such areas, flood control space must be provided in addition to
space for water conservation . Thus, the economic, and sometime s
the physical, feasibility of providing flood control by storage i s
difficult to show in those areas-and easier to show in our area .

There are several items of mixed opportunity and possibl e
conflict of uses . These include flood control and power generation ;
storage development as related to fish and wildlife ; and recreational
use as related to other uses of storage .

Using Willamette Basin storage projects as an example, powe r
generation and flood control by storage are not completely compatible ,
but we can and have developed a workable approach . Willamette Basin
is a part of Columbia Basin, which in turn is part of the Pacific North -
west Power Pool area that Mr . Marple discussed on April 22 . Colum-
bia River generating plants provide a large part of the electric powe r
for the total area . But Columbia River power is not available at a
uniform annual rate, because of the Columbia's annual runoff pattern .
Looking at power needs of the area, without reference to other wate r
and related resource needs, the flow regimen of the Willamette i s
ideal to provide power to supplement Columbia River generation.
That is, the season of maximum Willamette River runoff is th e
season of low runoff and reduced power generation on the Columbia .
To take full advantage of the Willamette's power potential, we woul d
have to keep the Willamette reservoirs as nearly full as possibl e
during the winter . Flood control, however, requires that reservoi r
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space be empty at the beginning of the flood season. Also, irrigation
water supplies and increased low-water flows for navigation can b e
provided only by withdrawing water from storage, which results i n
lowering of pool levels before the beginning of the critical powe r
season on the Columbia . What we do, in order to provide the mos t
benefit for the most people, is to make withdrawals from storag e
first from those Willamette Basin reservoirs which do not includ e
generating facilities . So far, in the absence of a major irrigatio n
demand on storage, we have been able to hold the pools at the powe r
reservoirs at or near full level until about September 1 . We then
withdraw storage at those projects at a rate which can be used by th e
turbines and which will empty the pools to required flood contro l
levels by early November . Thus, we fill in a part of the Columbia
River deficiency and permit Columbia River storage to be saved fo r
use later in the critical period . At the same time, we serve irriga-
tion and navigation needs and provide for full reservoir use for floo d
control .

Fish and wildlife is another, and extremely important area o f
mixed conflict and opportunity. I must emphasize that the opportu-
nity side of the picture is fairly new-only since late 1958 has ther e
been congressional recognition of the propriety of planning Federa l
projects to benefit fish and wildlife .

The conflict side of the picture is obvious . Migratory fish an d
resident game fish use the streams for highways, for spawning areas ,
and for rearing areas . Game birds and animals use the stream and
land along the stream for the same purposes . Dams block migration
routes, inundate areas used by fish and wildlife, and change the.
whole character of the environment for fish and wildlife . Prior t o
1958, and the passage of Public Law 85-624, the Revised Fish an d
Wildlife Coordination Act, the only action which could be taken b y
Federal construction agencies as a part of project construction wa s
to provide mitigation for losses to fish and wildlife . In practice ,
this generally meant fish ladders, or similar passage devices, and/
or fish hatcheries . In many cases, as at Grand Coulee Dam on
Columbia River and at all of the early Willamette dams, it mean t
only fish hatcheries, with no further access to upstream fish spawn-
ing and rearing areas . As Mr . Schneider told you on May 6 ,
Willamette Basin projects recently constructed or under construction
include fish-passage facilities as a mitigation measure . Even with
mitigation measures, the conflict side of the picture is obvious .

The opportunity side of the picture is newer, and possibly les s
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obvious . The possibility of improving fish and wildlife habitat, o r
enhancing the resource, as one of the functions of a Federal wate r
resource development project has existed only since August, 1958 ,
when Public Law 85-624 was approved. That Act did not automatic -
ally change the picture at projects authorized or constructed prior t o
Public Law 85-624. It did specify that, in all future study or wate r
resource development, full consideration be given to the possibilit y
of including fish and wildlife enhancement as a primary projec t
purpose. I am not aware that any projects have been constructe d
which include such provisions . Initial appropriation has been made
and detailed planning is underway on a reservoir project on Rogu e
River which will include fish and wildlife enhancement as a. major
project purpose . That enhancement will be obtained by providin g
some 150, 000 acre-feet of stored water to be released in con-
trolled amounts, at selected times and temperatures, to approxi-
mately triple the low-water flow of Rogue River and reduce tem-
peratures in critical reaches from the high 80's to not more tha n
about 68°F . Further, planning now underway, and which may lea d
to recommendation for additional project authorization in Willamette ,
Umpqua, Coquille, Nestucca, and Nehalern River Basins and on som e
of the five streams tributary to Tillamook Bay, includes full consid-
eration of possible fish and wildlife enhancement . In several cases ,
the only apparent possibility of project justification lies in providin g
a maximum of fish and wildlife enhancement. In other cases, ther e
is a possibility that modification to structure or operation of existin g
projects can be justified by potential fish or wildlife benefits . The
Willamette review study will cover the possibility of such modifica-
tions to projects now including only mitigation features .

A final example of conflict and opportunity is Fern Ridg e
Reservoir . It now is used heavily (391, 000 attendance in 1963) fo r
recreation. As soon as irrigation demands develop, the projec t
authorization will require early withdrawal of storage . After about
1-1/2 feet of drawdown the pool loses most of its recreation potential .
Thus a potential conflict of major proportions is in the offing . The
same sort of conflict, of varying degrees, can be expected whereve r
satisfaction of downstream uses involves reduction of pool level s
during the summer months . Where such conflicts would exist, a
possible solution may be the provision, if justifiable, of additiona l
storage; either at the original site, so as to reduce the rate and
amount of drawdown, or at other sites so as to permit the fulles t
recreational use of the original site . In either case, the additiona l
storage may afford opportunities for joint use and additional benefit s
in categories other than recreation.
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SUMMARY

To summarize, floods are caused by the natural sequence o f
meteorologic and hydrologic events ; flood damages occur, or ar e
known and evaluated, only because man has need for, and uses, the
flood plain which is a part of the natural channel through which runof f
moves to the sea . Flood damages can be reduced by keeping ma n
away from the water, or by keeping water away from man . The first
method is best suited to local accomplishment. The second usually
is accomplished by State or Federal agencies, using public funds .

When water is kept away from man by increasing channe l
capacity, the benefits usually are from flood control alone . When
storage reservoirs are used, other benefits, as well as possibl e
major conflicts, enter the picture . Because of our growing nee d
for some or all of the potential additional benefits, it has becom e
desirable-almost essential-that flood control be accomplished a s
a function of a multiple-purpose plan.

In order to provide for multiple-purpose water resource con-
trol and development, including flood control, extremely careful
planning and full consideration to all needs and potentials are
required. Such planning can be done only by achieving coordination ,
understanding, and cooperation between agencies with various re-
sponsibilities and interests, and between those agencies and the
general public. The interest expressed so far in the seminar, a s
well as my own experience in the last several years in working wit h
other agencies on Rogue, Umpqua, and Coquille Basin studies, and
now with the Willamette Task Force, indicates the probability tha t
increasing cooperation and coordination can be realized .
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Presented May 27, 1964 by DONEL J . LANE, Executive Secretary ,
State Water Resources Board, Salem, Oregon .

. ' :74ZIe4t/teSateejae9m

T he State of Oregon has accepted the responsibility of planning for
full multiple-purpose development of its water resources .

In 1909 the basic surface water code of Oregon was enacted .
The state's primary interest was in the areas of identification o f
water resources, the administration of those resources, and in th e
early part of the present century developing plans and proposals to
meet specific needs, particularly for irrigation .

	

-

Prior to World War I the state, through the office of the Stat e
Engineer, undertook numerous investigations and studies to determin e
means and methods by which the waters of the state might be develope d
and utilized. This activity on the part of the state was an outgrowt h
of the Federal Reclamation Act of 1902 .

The unappropriated waters of all or parts of river systems
were withdrawn by the State Engineer, under the authority of th e
1913 Act, for domestic, power, and irrigation purposes . The purpos e
of this action again was to foster and encourage development of water s
under the authority of the Reclamation Act .

Subsequent to the 1909 Surface Water Act, the Legislature
created a number of additional agencies including the Hydroelectri c
Commission, Sanitary Authority, and organized and reorganized th e
Fish and Game Commissions . In so creating and organizing agencies ,
the Legislature established state policies which at times had the effec t
of developing basic conflicts in responsibility . For example, the
Legislature had enacted a policy of encouraging development of wate r
for power, domestic, and irrigation use . Yet the Legislature als o
passed an act giving the Fish and Game Commissions the authority t o
veto projects which in the opinion of those commissions were _
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detrimental to fish life . This conflicting authority actually provided
the basis for the now famous Pelton Decision by the United State s
Supreme Court in the case of the Federal Power Commission versus
Oregon .

As a result of these conflicts the Oregon Legislature enacte d
Chapter 658, Oregon Laws, 1953, authorizing the establishment o f
a Water Resources Committee for the purpose of making a compre-
hensive study of the water resources of this state . The committe e
was directed to undertake :

a. Evaluation of existing and contemplated needs and uses o f
water .

b. A study of existing water resources .

c. A study of means and methods of conserving water resources .

In making this study the committee was directed to conside r
water for recreation and scenic attractions, water supplies fo r
domestic and municipal uses, irrigation and drainage of agricultura l
land, fish and wildlife propagation, power development, pollutio n
abatement, farm ponds or storage of water for beneficial use, an d
such other subjects as the committee might determine .

The committee was further directed to prepare a report to th e
48th Legislative Assembly . This report was to include :

a. A critical analysis of the water resources of this state an d
the extent to which such resources are presently bein g
utilized and developed.

b. Specific recommendations regarding the formulation of a
statewide coordinated system of water resource develop-
ment .accompanied by the facts and reasons upon which th e
recommendations were based, including specific proposal s
and bills for legislative action based upon the committee' s
findings .

The committee, after two years study, recommended that ther e
be created a State Water Resources Board composed of seven mem-
bers appointed by the Governor for staggered terms with the appoint-
ments to be confirmed by the Senate . The committee recommende d
that this board formulate and carry out, under standards prescribe d
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by the Legislature, a statewide coordinated plan and policy for th e
development and conservation of the water resources of the state .
The board should have the power to forbid and enjoin and otherwis e
control uses and proposed uses of water in conflict with that plan;
to review and set aside or modify the decision of any other state
agency in conflict with such plan or policy ; to cooperate with the
United States and its agencies in carrying out said plan and bringin g
about the highest and best utilization of the waters of the state ; to
formulate independently its own plans and recommendations ; to with-
draw from appropriation unappropriated waters for any beneficia l
purpose including maintenance of minimum flow for public health
and preservation of aquatic life .

These recommendations were enacted by the Legislature in th e
form of Chapter 707, Oregon Laws, 1955 . In enacting this law the
Legislature approved the following policy statement contained i n
ORS 536. 220 :

The Legislative Assembly recognizes and declares that :

"(a) The maintenance of the present level of the economi c
and general welfare of the people of this state and the
future growth and development of this state for th e
increased economic and general welfare of the peopl e
thereof are in large part dependent upon a prope r
utilization and control of the water resources of thi s
state, and such use and control is therefore a matte r
of greatest concern and highest priority .

"(b) A proper utilization and control of the water resource s
of this state can be achieved only through a coordinated ,
integrated state water policy, through plans and program s
for the development of such water resources and throug h
other activities designed to encourage, promote an d
secure the maximum beneficial use and control of suc h
water resources, all carried out by a single state agency .

declarations by statute or single-purpose policies with

"(c) The economic and general welfare of the people of thi s
state have been seriosly impaired and are in danger o f
further impairment by the exercise of some single-purpose
power or influence over the water resources of this stat e
or portions thereof by each of a large number of publi c
authorities, and by an equally large number of legislative
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regard to such water resources, resulting in friction an d
duplication of activity among such public authorities, i n
confusion as to what is primary and what is secondar y
beneficial use or control of such water resources and i n
a consequent failure to utilize and control such water re -
sources for multiple purposes for the maximum beneficia l
use and control possible and necessary .

" ( 2 ~ The Legislative Assembly, therefore, finds that it is in th e
interest of the public welfare that a coordinated, integrate d
state water resources policy be formulated and means provide d
for its enforcement, that plans and programs for the develop-
ment and enlargement of the water resources of this state b e
devised and promoted and that other activities designed t o
encourage, promote and secure the maximum beneficial us e
and control of such water resources and the development o f
additional water supplies be carried out by a single state
agency which, in carrying out its functions, shall give proper
and adequate consideration to the multiple aspects of the bene-
ficial use and control of such water resources with an impar-
tiality of interest except that designed to best protect and
promote the public welfare generally . "

In carrying out this policy the board recognizes that the state
does not have full, complete and absolute legal jurisdiction over al l
waters within the state . The board's experience to date shows, how -
ever, that the state in assuming its responsibility in comprehensiv e
planning can be an effective mechanism in the formation and estab-
lishment of federal actions and policies .

This type of result can best be illustrated by three examples :

1 . Snake River Power Development

Application for license, Pacific Northwest Powe r
Company, for the Low Mountain Sheep and Low Pleasant Valle y
projects, Federal Power Commission License No . 2173, had
been filed with the Federal Power Commission and the Hydro -
electric Commission of the State of Oregon .

The Governor of Oregon requested the Hydroelectric
Commission to refer these applications to the State Water Re -
sources Board and asked the board to undertake its own independ -
ent study to determine the project or projects, Middle Snake Basin ,

70



that were in the best interests of the State of Oregon .

The board's study published as Snake River Study ,
Interim Report No . 1, evaluated the physical effectiveness o f
20 combinations of projects . In this evaluation full consider-
ation was given to the effect of the various combinations on
navigation, recreation, fish life, wildlife, municipal an d
industrial uses of water, water quality, irrigation, power ,
and flood control . After full consideration of staff findings ,
the board concluded that construction of the combinatio n
projects including High Mountain Sheep would be in the bes t
-interests of the State of Oregon .

In the meantime a review study of the Corps of Engineer s
of the entire basin had neared completion. The Division Engi-
neer with the approval of his advisory committee had remove d
from further consideration the High Mountain Sheep Project .
The board, as a result of its own findings, requested th e
Division Enginer to reexamine the High Mountain Sheep Pro-
ject. This was done and as a result of this reexamination th e
High Mountain Sheep Project was recommended by the Corp s
of Engineers for construction .

In the meantime the applications for Low Mountain Shee p
and Pleasant Valley Projects had been denied by the Federal
Power Commission on the grounds that these projects were no t
best adapted to comprehensive planning . Pacific Northwest
Power Company amended its application to include the Hig h
Mountain Sheep Project. Following extensive hearings, the
Federal Power Commission Examiner recommended and the
Commission ordered the issuance of a license to the Pacifi c
Northwest Power Company for High Mountain Sheep Project .
In the meantime the Pacific Northwest Power Company ha d
received a state license from both Idaho and Oregon for th e

• High Mountain Sheep Project .

2 . At the time of the formation of the State Water Resource s
Board, the Eugene Water and Electric Board had received a

.Federal Power Commission license, Beaver Marsh Project ,
McKenzie River, as well as a license from the state . In spite
of the two licenses, serious controversy over the utilization of
the waters of the Upper McKenzie continued . The voters of
the City of Eugene turned down authority for a bond issue t o
construct the Beaver Marsh Project .
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In the meantime the State Water Resources Board had
undertaken its own study and as a result had issued a progra m
which found that the waters of the Upper McKenzie above
Middle Falls were best adapted to utilization for recreatio n
and compatible uses and that any power development should b e
constructed in the area between the mouth of Smith River an d
Middle Falls . The Eugene Water and Electric Board withdre w
its application for license, Beaver Marsh Project, and sub-
mitted an application for the Carmen-Smith Project located in
the area approved by the State Water Resources Board in it s
program.

The Federal Power Commission in its order issuing a
license to the Eugene Water and Electric Board for a projec t
at the new location stated, "The Licensee shall comply in al l
respects with the aforementioned resolution of the State Wate r
Resources Board of Oregon, dated July 17, 1958, which reso-
lution, embodying a program for the development of the wate r
resources of the McKenzie River from Clear Lake . . . . i s
approved and adopted as the Federal Power Commission's ow n
determination in the matter, and the Licensee shall construct ,
operate, and maintain the project in accordance with the pro -
visions of the resolution subject to further order of the Federa l
Power Commission . "

3 . In November . of 1961, the Senate Public Works Committe e
authorized the Corps of Engineers to undertake a review study ,
Willamette Basin . At the time of the authorization the State
Water Resources Board had been undertaking its own investiga-
tion in the basin to inventory the water resources of the area t o
determine existing and future requirements and other function s
necessary for the formulation of a state policy leading to th e
allocation or classification of unappropriated water for futur e
beneficial use and the guidelines for a developmental program .

It seemed apparent to the board at that time that ful l
participation in the review on an adequately funded basis of al l
agencies was necessary if a truly comprehensive report was t o
be developed. The board was aware of examples in the pas t
where agencies' responsibilities for development of a portio n
of a plan or project had been handicapped because they had no t
been adequately staffed or funded to provide information neces-
sary for the development of the best possible plan . It was the
board's opinion that on a simultaneous basis with the Corps o f
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Engineers' review, adequate determination of irrigation poten-
tials and solutions, for example, should be undertaken by th e
Bureau of Reclamation ; evaluation of municipal and industria l
requirements as well as water quality factors by the Depart-
ment of Health, Education and Welfare .

The board's own investigations had indicated that man y
of the problems and possible solutions were primarily localize d
in area, thus showing the need for simultaneous studies by th e
Department of Agriculture, particularly the Soil Conservation
Service .

In addition there was need to bring into the developmen t
of a plan the interest and recommendations of state agencies an d
local citizens . Through all this it became apparent that ther e
was need for some type of coordinating mechanism . The belie f
was concurred in by the Columbia Basin Inter-Agency Committee
when in December of 1962 that Committee by formal action
authorized the establishment of the Willamette Basin Task Forc e
to coordinate planning activities .

The Task Force is composed of representatives of th e
Departments of Army, Agriculture, Commerce, Health Educa-
tion and Welfare, Interior, and Labor, the Federal Power Com-
mission, and the State of Oregon . In its action the Columbia
Basin Inter-Agency Committee determined that when a basi n
being studied lies wholly within one state, the state representa-
tive shall serve as chairman . The Governor has designated the
State Water Resources Board as the state's representative o n
this Task Force, and, in addition, coordinator of state partici-
pation.

The Task Force is operating without precedent inasmuc h
as no similar type of coordination has been undertaken in an y
other river basin in the country. It involves participation by
more than 30 state and federal agencies . In addition the stat e
is endeavoring to secure full and active participation by loca l
governmental agencies and other groups . It is anticipated that
recommendations to be submitted in a report in 1969 will include
a number of factors such as recommendations for federal author-
ization of projects, recommendations for state or local action
which may require legal actions, local funding requirements ,
furnishing easements or rights-of-way, relocations, assurances ,
cost sharing, etc .
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The report will delineate and recommend measures t o
meet the water and related land resource needs for a period o f
at least 10 to 15 years and will provide a framework plan tha t
can be utilized in meeting long-range water and related lan d
resource problems .

The jurisdictional argument of who has legal responsibility fo r
the water is not a major deterrent at this time to the development o f
this type of plan. Rather, the important factor is recognition on the
part of all concerned that strong and effective state participation i s
necessary if a plan is to be developed that encompasses all aspect s
of state authority and state interest .

In order to implement and carry out state responsibility it i s
evident that a state agency must possess :

1. Legal authority to develop information and take action o n
all aspects of local use, development, and control of water .

2. Adequate funding to implement its legal authority .

3. The initiative to undertake investigations on behalf of th e
state and to transmit its recommendations to those tha t
have the final determination of how the plan will be imple-
mented, including both the State Legislature and th e
Congress .

While additional examples can be cited, the foregoing represent s
a strong argument for the need for adequate and qualified state partici-
pation in comprehensive development of water and related land resources .
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Presented June 3, 1964 by ROY B. SANDERSON, District Engineer ,
Surface Water Branch, U . S. Geological Survey, Portland, Oregon .

attee/'tdea~*

Data &lleeum

D uring the past eight weeks at seminar sessions such as this, yo u
have been exposed to the numerous problems inherent in wate r

resources planning . You have heard of the many conflicts over use s
of water, and of the need for comprehensive planning prior to any de-
cisions regarding development of our water resources . In fact, by
this time you may have already decided to devote your talents to som e
other, less controversial field . There is no denying that there ar e
problems and controversies, and we might as well face the cold fact s
of life : The per capita use of water has doubled with each generation ,
and there is no reason to assume that this trend will diminish . The
solution of problems related to floods and droughts, upstream an d
downstream interests, water supply and pollution, high dams versu s
low dams, power versus fish, and irrigation demands versus recre-
ation will become increasingly difficult . What, then, is the first ste p
in meeting this prodigious responsibility of supplying the solutions to
such problems? The answer, of course, is by providing the founda-
tion for any planning effort-basic facts . During the next hour I hope
I can contribute to your appreciation of the need for and knowledge o f
the most common types of basic hydrologic facts used in wate r
resources planning, and, to a lesser extent, acquaint you with the
techniques of obtaining, storing, and retrieving these data .

Background

Some of the earliest works of man were hydraulic structure s
designed toward better utilization of the earth's water resources . T o
name a few, the floodways constructed in 2278 B . C . to help contro l
"China's Sorrow, " the Hwangho River ; the extensive irrigation sys-
tems of Central Asia, Egypt, Peru, and Mexico ; the Roman aqueducts ;
and the underground cisterns of Alexandria .

75



Just as ancient man-made structures reflect the never-ending
need for water resources utilization and control, many writte n
records, such as the Bible, describe man's continuous effort toward
understanding and applying hydrologic principles . The Biblica l
quotation "All the rivers run into the sea, yet the sea is not full ;
unto the place from whence the rivers came, thither they return
again" (Ecclesiastes 1 :7, King James version) is presumed to be a n
early statement of the hydrologic cycle . Typical of many erroneous
hydrologic assumptions was an early Greek theory relating to th e
flow of springs and streamflow . The Greeks believed this wate r
originated from extensive underground caverns fed by the sea an d
then by some mystical process appeared as fresh water at the lan d
surface . The belief was accepted as fact by many hydrologists unti l
as late as the end of the 17th century . Historians report that through -
out the ages many of the greatest philosophers and scientists such a s
Plato, Aristotle, Leonardo da Vinci, Bernoulli, and others grope d
for a better understanding and delved deeply into complex hydrologi c
principles .

The ancient hydraulic structures, when compared with our gian t
hydraulic complexes of today, seem insignificant, and, similarly, the
ancient hydrologic hypotheses appear to be more fumbling in the ligh t
of our present understanding of hydrologic concepts and principles .
However, we do have one thing in common with our ancient counter -
parts in the field of hydrology, and that is the need for basic data .
There is absolutely no substitute for facts and the ability to appl y
these facts toward the understanding and solution of a problem . With-
out the basic water facts (meager as they were) upon which the firs t
water-supply works, irrigation systems, and flood-control works
were based, whole civilizations might have perished . In fact, ancient
history shows that some civilizations did perish because of inabilit y
to gain sustenance from, and control the distribution of, their wate r
resources . Just as those ancient works reflected the available data ,
the great hydraulic structures of today reflect the availability of basi c
water facts .

Basic Data

What do we mean by the term "basic data"? To the early
hydraulic engineer this may have meant only a record of river stage .
Records of stage of the Nile date back to the reign of the Pharaohs in
Egypt (4400-332 B .C .) . In fact, the Egyptians considered the stag e
of the Nile so important they developed remarkable gages calle d
nilometers and assigned priests to supervise their operation. Today
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our river stages are not observed and recorded with such religiou s
fervor but are just as essential for planning river development . The
early Romans recognized the need for streamflow measurements ,
and developed a crude technique for measuring flowing water, an d
as the demand for more and better water has increased throughou t
the centuries, man has learned to appreciate the importance of basi c
water facts . In fact, the collection of basic 'data necessarily precede s
and to-some extent controls the development of water resources .
Today our programs of basic data collection reflect the need fo r
sophisticated, complex water resources planning . Thus, to the
present-day hydrologist the term "basic data" means an integratio n

. of related hydrologic facts into readily understandable and usabl e
- forms 'geared toward supplying answers to immediate and anticipate d
problems. For example, to the trained hydrologist, data on precipi-
tation, runoff, ,soil moisture, evapotranspiration, and ground wate r
levels (which frequently have little significance when considered a s
single entities) can be combined to portray a complete water budget .
These data as a water budget prove to be valuable tools to the
planning and development agencies .

' Data -. Its Interdependence and How it can be Use d

The following outline shows some of the most common hydrologic
data, and to some extent how these data can be used . .The interdepend-
ence of hydrologic data will be apparent as we run through the outline .
In fact, without integration of the various types of data collection pro -
.grams,' in many instances the answers required for specific problem s
will not be forthcoming . .

Precipitation Data

Knowledge of the quantity and character of precipitation over a n
area or basin would provide :

1. An index of available surface and ground water .

2. A guide to the prediction of runoff volume and flood peaks .

3. A basis for development of a water budget for the area or .
basin.

4. A generalized indication of the potentials of future agricul-
tural, industrial, and municipal development .

5. A means for determination of orographic influences .
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Streamflow Data

Evaluation of amount and seasonal variability of streamflo w
aids in:

1. The delineation of surface supplies for municipal, indus-
trial, and agricultural activity .

2. The design of dams, reservoirs, and spillways ; bridge s
and culverts ; canals, aqueducts and ditches ; dikes and
levees ; hydropower installations .

3. The solution of hydrologic studies such as flood magnitude s
and frequency ; flow duration ; low flow and high flow analyses ;
sediment transport determinations ; pollution analysis ; flood
plain inundation maps ; water budget determinations ; ground
water and surface water interchange and relationships ;
channel geometry .

4. The monitoring of hydrologic changes, both natural and man -
made .

5. Helping courts to make legal decisions (water rights an d
lawsuits) .

Water Temperature Data

Temperature records of ground water and surface water ar e
essential to :

1. Determination of suitability of water for industry ,
domestic use, fish habitat and propagation, air conditioning
and heating, pollution control, and recreation .

2. Determination of thermocline in lakes and reservoirs .

3. Evaporation and evaporation suppression studies .

4. Location of subsurface spring inflow to rivers, lakes, and
reservoirs .

5. Determination of influence on biologic community .
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Chemical Quality of Water Data

Knowledge of chemical quality of both ground and surface wate r
provides :

1 . A basis for determining suitability of water for industrial ,
agricultural, domestic, recreation, and fish habitat an d
propagation uses .

2. A means of detecting changes in water quality caused by
various water uses .

	

_

3 . The ability to trace the natural movement of water, both
underground and on the land surface ..

4 .' A basis for determination of treatment necessary fo r
various uses .

5. A method of defining ground water aquifiers .

6. A means for determining points of introduction and move-
ment of contamination such as factory wastes .

7. For continuous monitoring of salt water encroachment on
fresh water supplies.

8 . A method of tracing the movement of radioactive isotopes .

Sediment Load Data

Records of total and suspended sediment load and variability o f
concentration would provide :

1 . A monitor and guide for land use and forestry practice .

Z . An index for reservoir design and expected useful life .

3 . A guide for determining suitability of potential wate r
supplies .

4. An index to stability of. upstream watershed .

5 . A guide for harbor design and maintenance .
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Evaporation and Transpiration Data

Evaluation of amount and variability of evaporation and tran-
spiration will aid in :

1. Development of a water budget for river basin or reservoir .

2. Determination of water used by phreatophytes, crops, etc .

3. Determination of the effectiveness of evaporation suppres-
sion techniques .

Ground Water Data

Knowledge of ground water levels and fluctuations provides :

1. An index to amount of water in a ground water reservoir .

2. The tools for development of water table maps used i n
delineating areas of inflow or outflow of an aquifer an d
amount of overdraft or recharge .

3. An index to infiltration capacity and permeability of eart h
materials .

4. Clues to causes of subsidence and swelling .

Geologic Informatio n

Understanding of the geology of a region or basin is essentia l
in order to :

1. Delineate the types and hydrologic properties of various
rock units, thus permitting the prediction of infiltration an d
runoff characteristics .

2. Define areas of actual and potential ground water storage .

3. Delineate areas of unstable ground .

4. Provide an indication of potential sediment yields .
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Soil Moisture

Evaluation of amount and variability of soil moisture aids ill . :

1, Defining of soil properties .

Z . Establishment of irrigation practices .

3. Forecasting of runoff .

4. Development of water budget for a basin or area .

Synthetic Records ; Long-term and Short-term Data

Obviously, if we had all the data we needed, water resource s
planning would be greatly simplified . However, the amounts an d
types of water facts are in many cases inadequate, and the collection
of hydrologic facts is expensive . Furthermore, as our needs fo r
more and more comprehensive data increases, the costs rise accord-
ingly. Therefore, through established procedures and new techniques ,
we must develop synthetic records of sufficient accuracy to meet the
exacting demands of the planners and developers . Some of the mos t
fertile minds in the field of hydrology are now engaged in studie s
along these lines, and their accomplishments have been many .

Correlation techniques probably are the most common means o f
developing synthetic data and are, of course, used extensively . The
key to successful correlations is an understanding of all parameter s
affecting the particular data being analyzed. Thus, just as a compre-
hensive basic data program requires collection and integration o f
related hydrologic facts, a program of synthetic record developmen t
requires knowledge of, and the ability to use, all pertinent parameters .
The importance of evaluating all variables was apparent in a simple
but interesting correlation of water temperatures made recently b y
the Geological Survey .

During the summer of 1963, water temperature records wer e
obtained on both the North and South Forks of Trask River . At the
time the records were begun, a local resident pointed out that Nort h
Fork was preferred over South Fork as a "swimming hole" becaus e
it was warmer . The first records in July showed that North Fork wa s
indeed 4° to 8° F. warmer than South Fork. The latter was teste d
with a hand thermometer for several miles upstream to see if ther e
was evidence of any cool springflow contributions . None was found .
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Evidently the difference was caused by the north-south orientation o f
South Fork and the east-west orientation of North Fork . This con-
clusion was further supported when cloudy days resulted in close r
agreement between the temperatures of the two streams . In fact,
when cloudy weather continued for two or three consecutive days ,
the temperature of the two streams became practically identical .
The point is that without the whole picture-water temperatures ,
stream orientation, and weather records-the correlation woul d
have been written off as poor, while in fact it was excellent .

Use of long-term and short-term data in the development o f
synthetic records by correlation undoubtedly is the most common of
all procedures, and many data collection programs are designe d
along these lines . It is important, however, that the collection o f
short-term data can and should be discontinued after it has serve d
its purpose, whether that purpose be to solve a specific problem o r
to synthesize a long-term record .

The backbone of any hydrologic fact finding program is its long -
term records . These long-term data not only portray past hydrologi c
events, but are essential to present and future predictions as well .
The multitude of uses for long-term records include integration wit h
short-term records to develop synthetic data, as well as to monito r
man-made or natural changes in the hydrologic system .

A good example of long-term data in Oregon is the record of
water surface elevations of Crater Lake . Although intermitten t
during the early years, records on the lake date back to 1878, and
they all have just recently been adjusted to the same datum. The
lake acts as a giant precipitation gage, and the fluctuations mirro r
quite closely those of Weather Bureau precipitation records on the
rim. As might be expected, the yearly changes in lake elevation
also show good correlation with yearly variations of nearby stream -
flow. Study of the first year of record after installation of a contin-
uous water stage recorder permitted a determination of both th e
rate at which Crater Lake leaks and its annual evaporation loss ,
although the record was not obtained primarily for those purposes .
Because of the long-term nature of the records, and because the
lake and its surroundings will probably remain unaffected by man' s
activities, Crater Lake has been selected as a National Bench Mar k
station by the Geological Survey . These stations are establishe d
primarily to monitor long-term changes in the hydrologic system .
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Data Storage and Retrieval

One of the biggest problems encountered by our present-day
hydrologists is that of data storage and retrieval . Obviously, data
are of no value unless the nature of available data, where the infor-
mation is stored, and how it can be retrieved are known . Within thi s
state alone, a tremendous amount of hydrologic data has been collecte d
through the combined efforts of many agencies . Unfortunately, much
of it is unpublished and forever lost in the files of the individual organ-
izations . Agencies such as the Geological Survey, with their regula r
data-collection programs, usually release their data in the form o f
annual reports or in other publication media best adapted to the typ e
of data and their potential uses . But even with planned data publication
series, these agencies are often guilty of storing data in a form that
is not easily retrievable .

Probably few river basin planning committees or task force s
have come to grips with this problem of data storage and retrieval t o
the extent that the Willamette Basin Task Force has . Within the Tas k
Force, a Data Storage and Retrieval Team has been established whos e
primary function is to determine and make available information as t o
what data exists and where, and in what form it is stored . The team
has just recently completed this data catalog .

The most recent problem of the Data Storage and Retrieval Tea m
stems from use of electronic computers . Many agencies have thei r
own computer programs, and few of the programs are compatible .
Some data are stored on cards, whereas others are on tape, bot h
paper and magnetic . Magnetic tape for one computer cannot be used
for another, thus adding to the complexity of the problem . The crux
of the problem is lack of coordinated planning when these compute r
programs were initiated. Whether anything can be done toward coor-
dinating and making these various programs compatible at this lat e
date remains to be seen .

Conclusion

Many of you are presently engaged in studies in the field o f
hydrology or related sciences, and others of you probably have plan s
along these lines . In any event, in the not too distant future th e
responsibility of wise planning and development will fall upon you r
shoulders . The burden of collecting, interpreting, publishing, an d
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using basic hydrologic and related data will be yours, Remembe r
that a gifted investigator can breathe life into raw facts, but the
facts must encompass the entire problem and not consist of a hodge-
podge collection of unrelated, unreliable, non-coordinated informa-
tion. Your project or study-and possibly even your professiona l
reputation-will either flourish or wither on the vine depending o n
your ability to collect, interpret, and apply basic data pertinent to
your problem .

I would like to leave you with this closing thought, a para-
phrased statement by the founder of the Geological Survey, Majo r
John Wesley Powell: "The unwise indiscriminately collect data ,
the wise select data ."
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