AN ABSTRACT OF THE THESIS OF

DON JOHN KARR for the degree of DOCTOR OF PHILOSOPHY

GENERAL SCIENCE
in (BIOLOGICAL SCIENCE) presented on 29 July 1975

Title: A QUANTITATIVE METHOD FOR USING AN INVENTORY OF THE SOIL AND

WATER RESOURCES OF THE STATE OF OREGON TO DETERMINE HUMAN

POPULATION CARRYING CAPACITIES FOR TWO ACCEPTABLE QUALITIES

OF LIFE

Redacted for privacy

Abstract approved:

Dr. David H. Milne

A method was developed for converting the food producing capabil;
ities of Oregon's soils to numerical data from which state and county
carrying capacities for human populations could be calculated. Another
method was developed for converting the needs for housing and related
support construction to numerical data which would consume cultivated
soils as the population increased. An existing inventory of the state's
soils and their characteristics was used to determine the locations and
quantities of soils for each of the 36 counties and 17 major drainage
basins. Seven major characteristics and limiting factors were included
with other soil type information on 3,102 computer cards. Tabulation
of the characteristics and limiting factors is presented in appendices
by counties, drainage basins and the state. Streamflow records were

obtained for all surface water gauging stations on Oregon streams.



Records of the frequency and length of consecutive lower than average
streamflow years were determined for significant streams by computer.
The carrying capacity for human needs for housing and associated con-
struction, dietary carbohydrates, proteins, and for water were
determined for each county, drainage basin and the state for two dif-
ferent qualities of life. The computer program simulated competition
between building and agricultural uses for cultivated soils. Printouts
included all carrying capacities and final projected equilibrium dates.
Oregon's carrying capacity was determined to be about 4.0 million
people at a high standard of living, and about 4.8 million at an ade-
quate standard of living. Factors which enhance or limit the carrying
capacity were discussed for each county and basin and, for the state as
a whole. Suggestions were presented which could refine data to be used

for more precise information.



A QUANTITATIVE METHOD FOR USING AN INVENTORY OF THE
SOIL AND WATER RESOURCES OF THE STATE OF OREGON TO
DETERMINE HUMAN POPULATION CARRYING CAPACITIES FOR

TWO ACCEPTABLE QUALITIES OF LIFE

by

Don John Karr

A THESIS
Submitted to

Oregon State University

in partial fulfillment of
the requirements for the
degree of

Doctor of Philosophy

June 1976



APPROVED:

Redacted for privacy

Member of Faculty,
The Evergreen State College, Olympia, Washington
in charge of major

Redacted for privacy

Chairman of Department of General Science

Redacted for privacy

Dean of Graduate Schbol

o

Date thesis is presented Qy,;/ 29 /975
7 7

Typed by Joan Riker for Don John Kari'




VITA

NAME OF AUTHOR: Don John Karr
PLACE OF BIRTH: Whiting, Iowa
DATE OF BIRTH: December 6, 1915

DEGREES AWARDED:
Bachelor of Arts in Biology, 1963, University of Oregon
Master of Arts in Physiology, 1966, University of Oregon

ACADEMIC POSITIONS:

Instructor, University of Oregon, 1963-1965

Co- Chalrman Biology Department, University of Oregon, Summer 1965

Assistant Professor, Oregon Institute of Technology, 1965-1970

Associate Professor, Oregon Institute of Technology, 1970-

Curriculum Coordinator, Biological Sciences Program, Oregon
Institute of Technology, 1970-

Department Chairman, Biological Sciences Department, Oregon
Institute of Technology, 1975-

NON-ACADEMIC POSITIONS:

Chairman, Financial Aids Commlttee, Oregon Institute of
Technology, 1966-1974

Technical Advisor, Land Conservation and Development Commission,
State of Oregon 1974-

Research Associate, Environmental Health Sciences Center, Oregon
State University, 1972 '

Owner, Analytical Water Chemistry and Bacteriology Laboratory,
Klamath Falls, Oregon, 1974-

Research Associate, Geo-Heat Utilization Center, Oregon Institute
of Technology, 1975~

Research Associate, Agricultural Experiment Station, Oregon State
University, 1975-

AWARDS :
Atomic Energy Commission, 1963-1965
Environmental Health Science Center, Oregon State University,
1970-1973
Water Resources Research Institute - Air Resources Center, Oregon
State University, 1973-

AREAS OF SPECIAL INTEREST:
Animal Physiology
Field Biology and Ecology
Aquatic Surveillance, Biological and Chemical
Resource Planning and Management



PUBLICATIONS:
Karr, Don J. and A. L. Soderwall. 1965. Effects of adrenalectomy

on the body weight of the golden hamster Mesocricetus auratus
Waterhouse.(by title and abstract only). American Zoologist
5 (4):468

Karr, Don J. and A. L. Soderwall. 1966. The effects of X-irradi-
ation on the seventh and eight day placental tissue of the
golden hamster Mesocricetus auratus Waterhouse (by title an
abstract only). American Zoologist 6 (4):385 :

PROFESSIONAL SOCIETY MEMBERSHIP:
American Association for the Advancement of Science

American Institute of Biological Sciences

Oregon Academy of Science
Pacific Northwest Pollution Control Association



DEDICATION

This work is dedicated to the people of
the State of Oregon,



ACKNOWLEDGEMENT

Many people contributed to the successful completion of this study.
County, state and‘fedéral officials and employees gave generously of
their time ahd provided materials and maps of many kinds. I would like
to express‘my gratitude to the officials and field men of the Soil Con-
servation Service and the State Water Resources Board for sharing their
knowledge of the soil and water resources of the state, and especially
of their particular districts. I cannot list-all their names but‘I will
remember them.

I do wish to thank my major professor, Dr. David H. Milne, now at
The Evergreen State College, Olympia, Washington, for his encouragement
and guidance throughout the research project. The originai idea for
the study was developed with his perception of the many broad problems
related to human ecology.

Dr. Virgil H. Freed of Oregon State University and Dr. Arnold
Soderwall of the University of Oregon were continuously helpful with
‘their personal and professional encouragement throughout the five year
study. My sincere thanks for their friendship and guidance; I hope
the results of their efforts are to their satisfaction.

This work was supported in part by the Environmental Health
Science Center and in part by the Water Resources Research Ins;itute.
and Air Resources Center, Oregon State University. Their helﬁ is

gratefully acknowledged.



The understanding and encouragement received from my wife, Jean,
is deeply appreciated. The pressures of the gréduate program, the many
absences from home through the years and, the organization and com-
pletion of this thesis were lightened by her patience, willingness to
listen and eternal optimism. My thanks also to you, Patty Jean and
Charlene, daughters of mine, who tolerated and encouraged a part-time

father throughout the study.



TABLE OF CONTENTS

I Introduction and Objectives

II Materials and Methods
General Remarks
Soils
Computer Calculations
Example 1. Calculations for Equivalent Acres
Example 2. Calculations for Irrigation Allowances
Nutrition Conversion Calculations
Recommended Dietary Allowances for a
""'Standard'" Acceptable Diet
Dietary Needs for the ''Present'' Acceptable
Diet
Space Requirements for Residential and Supportive
Function
Standard Quality of Life
Present Quality of Life
Example 3. Calculations for Carrying Capacities
Water
Example 4. The Determination of the Reliability
of Surface Water Supplies
Recommended Water Requirements
Standard Quality of Life
Present Quality of Life
Coordination of Data

III Results
Counties

Baker County
Benton County
Clackamas County
Clatsop County
Columbia County
Coos County
Crook County
Curry County
Deschutes County
Douglas County
Gilliam County
Grant County
Harney County
Hood River County
Jackson County
Jefferson County
Josephine County

Page

11
11
13
22
23
28
29

31
35

36
38
41
43
45

49
55
55
56
58

63
63
64
68
73 .
77
81
85
89
94
98
103
108
112
117
121
125
129
134



Klamath County 137

Lake County : 141
Lane County 146
Lincoln County 152
Linn County 156
Malheur County 160
Marion County 164
Morrow County 169
Multnomah County 174
Polk County : 178
Sherman County ' 182
Tillamook County 186
Umatilla County 190
Union County 195
Wallowa County 199 -
Wasco County 203
~Washington County 208
Wheeler County 213
Yamhill County 216
Drainage Basins 220
North Coast Drainage Basin 221
Willamette River Drainage Basin : 228
Hood River Drainage Basin 235
Deschutes River Drainage Basin 242
John Day River Drainage Basin 251
Umatilla River Drainage Basin 257
Grande Ronde River Drainage Basin 264
Powder River Drainage Basin 270
Malheur River Drainage Basin 275
Owyhee River Drainage Basin 281
Malheur Lake Drainage Basin 286
Goose and Summer Lakes Drainage Basin 292
Klamath River Drainage Basin 296
Rogue River Drainage Basin 301
Umpqua River Drainage Basin 306
South Coast Drainage Basin 309
Mid-Coast Drainage Basin i 315
State of Oregon 321
IV Discussion 338
V Conclusion 350
VI Summary 351

Bibliography 334



Appendices
Appendix A. County Data 361
Appendix B. Drainage Basin and State of Oregon Data 570
Appendix C. Miscellaneous Tables and Figures 763



Table

10

11

12

13

14

LIST OF TABLES

Daily Water Requirements for a Standard Quality of
Life

Areas of Counties Lying Within the North Coast
Drainage Basin, 1961

Areas of Counties Lying Within the Willamette River
Drainage Basin, 1965

Areas of Counties Lying Within the Hood River
Drainage Basin, 1965

Areas of Counties Lying Within the Deschutes River
Drainage Basin, 1965

Population Distribution by Counties and Sub-basins,
1960

Areas of Counties Lying Within the John Day River
Drainage Basin, 1962

Population Distribution by Counties and Sub-basins
in the John Day River Drainage Basin, 1960

Areas of Counties Lying Within the Umatilla Drain-
age Basin, 1963

Population Distribution by Counties and Sub-basins
in the Umatilla Basin, 1960

Areas of Counties Lying Within the Grande Ronde River

Drainage Basin, 1960

Population Distribution by Counties in the Grande
Ronde River Basin, 1960

Areas of Counties Lying Within the Powder River
Drainage Basin, 1967

Population Distribution by Counties in the Powder
River Basin, 1960

Page

56

221

- 228

235

242

247

251

255

257

261

264

267

270

272



Table Page

15 Areas of Counties Lying Within the Malheur River

Drainage Basin, 1969 275
16 Population Distribution by Counties in the Malheur

River Basin, 1969 278
17 Areas of Counties Lying Within the Malheur Lake

Drainage Basin, 1967 286
18 Population Distribution by Counties in the Malheur

Lake Basin, 1967 289
19 Areas of Counties Lying Within the Goose and

Summer Lakes Drainage Basin, 1963 292
20 Areas of Counties Lying within the Klamath River

Drainage Basin, 1971 296
21 Areas of Counties Lying within the Rogue River

Drainage Basin, 1959 301
22 Areas of Counties Lying Within the South Coast

Drainage Basin, 1963 309
23 Areas of Counties Lying Within the Mid-Coast Drain-

age Basin, 1965 315
24 Commodity Production by Region in Oregon 328
25 Distribution of Capability Classes I through IV in

Oregon by acres 330
26 Final Coordination of Data and Determination of

Carrying Capacities in Oregon 336



A QUANTITATIVE METHOD FOR USING AN INVENTORY OF THE
SOIL AND WATER RESOURCES OF THE STATE OF OREGON TO
DETERMINE HUMAN POPULATION CARRYING CAPACITIES FOR

TWO ACCEPTABLE QUALITIES OF LIFE

CHAPTER I
INTRODUCTION AND OBJECTIVES

The intent of this study is to demonstrate a means of calculating
the size of the largest human population that the state of Oregon's own
resources can sustain on a long term basis at an acceptable quality of
life. The kéy resources used as the basis of the study are the capabil-
ities of the soils to coﬁsistently provide acceptable diets and housing
for present and future populations in Oregon, and the reliable water
supplies upon which the populations must depend.

An acceptable quality of life includes many real and intangible
contributing factors. Some of the needs which must be satisfied to
attain an acceptable quality of life are the needs for food, shelter,
space, a supporting economy, status, security, recreation, and others.
However, the fundamental physiological needs for food and shelter must
be satisfied before any of the other needs become of importance (Bennis
and Schien, 1966). By limiting the calculations to the capacity of
Oregon's soils and waters to satisfy only the fundamental physiological
needs for food and shelter, a maximum figure for the population of the
state can be derived. The many other factors which contribute to a more
comfortable quality of life may demand more land and water per individ-

ual than the bare minimum required for food production and shelter.



Later studies which include the more comforting qualities of life will
almost certainly reduce the maximum figure derived by this study and,
eventually, the real human population carrying capacity of the state
could emerge.

Sufficient inventories of quantities and capabilities of soils and
quantities of reliable water supplies exist from which the initial max-
imum population calculation can be made. While all of the inventories
were originally compiled to optimize thé utilization of these resources
by humans, no previous study has quantitatively equated the inventories
to food and shelter satisfaction. Consequently, certain assumptions
have been made in this study. One set of assumptions deals with the
diet, water supply and shelter necessary to providé an acceptable
quality of life. A second set deals with the abilities of Oregon's
soils to provide food and building space. A brief introduction to
these groups of assumptions follows.

A single diet and housing determination at a barely acceptable
level for Oregon's residents would be intolerable and unrealistic.
Therefore, two separate qualities of life were defined. One has a more
restrictive but still acceptable limitation of nutrients, water and |
shelter, this was named the standard quality of life. The other has
more liberal limitations of the same necessities and was named the
present quality of life, The standard quality of life used dietary
requirements of 3,000 calories per individual per day which included
70 grams of protein (50 percent from animal sources), 150 gallons of

consumable water per person per day and 0.225 acres of land for housing



requirements as a calculating base. The present quality of life used
dietary requirements of 4,500 calories per individual per day which
included 105 grams of protein (70 percent from animal sources), 250
gallons of consumable water and 0.289 acres of land for housing require-
ments,

The more restrictive, or standard diet was based on an average of
the recommended dietary allowances of the U.S. Public Health Service,
U.S. Army, Canadian Army and the United Nations World Health Organiza-~
tion (Burton, 1965). This diet was selected as one containing the
least nutrients which an individual would require for an acceptable
quality of life. The more liberal, or present dietary requirement was
obtained from a variety of sources which reflect normal daily diets
enjoyed by affluent individuals at this time.
| Estimating the potential productivity of 1,478 different types of
soils required certain value judgements t§ be made for each soil type.
Data about the soils were entered on computer cards and included code
numbers which referred to each value judgement. While most of the data
contained on each card, such as location, percent of slope, major crop
use, irrigability, etc., are not debatable, others, such as acres in-
volved, potential yields, limiting factors, etc. could be debatable.
The population predictions are calculated by a computer, using both the
- ""debatable' and firm data, Whenever updated versions of "debatable"
data become available, the presently used data card can be replaced by
another card which contains the corrected data, and the program can be

rerun to determine a more accurate maximum population value for the

state,



Each cultivated soil was considered to be used either for the pro-
duction of wheat or for construction purposes. The productivities of
pasture, hay and range lands were considered to be used only for beef
production to satisfy dietary animal protein requirements. However,
Oregon's farmers and ranchers raise a multitude of crops other than
wheat and beef on their soils., Cultivated soils are also used‘to grow
vegetable and fruit crops for fresh produce and processing, potatoes,
nuts and others. This study uses calories of carbohydrates for dietary
satisfaction and wheat has the highest caloric value of all carbohydrate
foods normally produced. By using wheat as the named carbohydrate crop,
the caloric values for other crops are increased, or, to put it another
way, their acre yield will be increased. Some comparable caloric values
for carbohydrate foods, published in the Heinz Handbook of Nutrition

are (Burton, 1965):

70 percent extraction of cereal grains 4.12 calories per gram
Dry beans, peas and nuts 4.07 calories per gram
Potatoes 4.03 calories per gram
Vegetables 3.99 calories per gram
Fruits 3.60 calories per gram
Sugar 3.87 calories per gram

Later studies may wish to detail the carbohydrate caloric output more
closely for a county, but the present study was intended to be generous
with the producibility of the soils. The 70 percent extraction rate for
wheat is also higher than the extraction rate of most other crops by the
time they reach the table (Burton, 1965). Similar conversions are pos-
sible for interchanging beef production with sheep (five sheep to one

beef), horses (one and one-quarter horses to one beef), mule deer (four



deer to one beef) and other animals harvested for protein supplies
(U.S.D.A. S.C.S., 1967).

The dependable flows of water from streams and rivers which{drain
the precipitation falling on Oregon were also evaluated. Only tﬁose
waters which arise in the state are considered in this study to belong
to the state. Oregon residents utilize waters from the Columbia and
Snake Rivers, which are interstate waters. Present levels of use of
those rivers were included in this study. However, increased usages of
these waters are in question, as the organization of an interstate com-
pact between users does not seem likely at this time (Doerksen, 1972),
and the fate of Columbia River waters arising in Canada is unknown. An
indication of the importance of Canadian water in the Columbia River is:

"If the water arising in Canada, 43 million acre feet [35.2

percent of the flow equalled or exceeded in 4-of-5 years], is

assumed to be diverted from the Columbia Basin by Canadian
interests, the flow at the Dalles would be deficient of meet-

ing all requirements [in Oregon] by 28,200,000 acre feet [by
the year 2070].

(S.W.R.B., Ultimate Needs, page xvii, 1969)

The apparent uncertain future of these interstate waters interferes with
their long-range dependability, so expanded uses of the resources were
not considered. The only expanded uses for water considered in this
study were for human consumptive uses. Irrigation waters were assumed
to be available in unlimited (but unidentified) supply.

Groundwater supplies are extensively used throughout the state.
This study assumes that present levels of use of this resource can con-

tinue indefinitely. Expanded usage of these waters cannot be reliably



predicted until more comprehensive studies of groundwater supplies
become available.

Oregon is, basically, a renewable resource oriented state. - The
importance of the coﬂtinuing production of forestlands, cultivated soils
and ranges, and the protection of water supplies, should not be under-
estimated. The contributions of lumber and forest products exported
from the state were not considered in this study. Reference to their
importance throughout the text is generally relative to the reasons for
population concentrations in certain areas and not to their ability to
economically support more or fewer individuals. Economic carrying
capacity studies of Oregon's forest resources may show the possibility
of their being used as barter prdducts for additional food supplies,
which could be used to support more residents than the state's own soils
can sustain. The task has not been performed, and this possibility is
not considered in this study.

New studies of Oregon's land and water resources and their utiliza-
tion are presently being made by state égencies. The Department of
Environmental Quality (D.E.Q.) of Oregon was created in 1969 with
responsibilities to administer and enforce the laws of the state relat-
ing to air, water and noisé pollution and solid waste diSposal (Meyers,
1973). Staff members of the D.E.Q. have been drafting drainage basin
water quality management plans for the state (D.E.Q., 1974) in compli-
ance with requirements contained in the federal Clean Water Act of 1972,
P.L. 92-500 (E.P.A., 1972). However, for the voters in Oregon, more

studies were necessary than those conducted by the D.E.Q. In 1973, the



Oregon Legislative Assembly passed Senate Bill 100 which created the
State Land Conservation and Development Department. Governor Tom McCall
appointed Arnold Cogan as the Department's first director. The working
body of the new department is the Land Conservation and Developmeht
Commission (L.C.D.C.) with its director, L.B. Day. The Commission's
charge was to immediately set goals and suggest guidelines whereby long-
range state-wide land use planning could be accomplished. The law which
established the L.C.D.C. instructed that each county make its own plans,
and that citizens be involved with the planning processes. Such an
ambitious task requires inventories to be made of the amounts and capa-
bilities of each county's soils. The Commission recommended that
carrying capacities for each of the goals be included in all planning
activities,

The carrying capacity concept is inseparably linked to a desired
quality of life. An acceptable quality of life must be defined before
reliable land use planning can proceed and carrying capacities can be
calculated. The oﬁly previous study of the human population carrying
capacity for this part of the nation was published in 1973 by the
Pacific Northwest River Basin Commission (P.N.W.R.B.C., 1973). It was
determined for the Columbia River Drainage Basin under the able direc-
tion of Eugene K. Peterson, who used the gross regional product as a
common denominator. The quality of life desired for the residents in
this study was a dependable per capita income of $7,500 in 1965 dollars
-with an 80 percent pollution control on the contributing industries.

The study used a '"sustained yield" approach and defined carrying



capacity as:

"The achievement, and management in perpetuity of annual or
regular periodic outputs or other functions of the various
renewable natural resources without permanently impairing
long term productivity, ecosystem integrity or the quality
of the land, air and waters and their environmental values.
Within the above limitations, the quantity and quality of
outputs or other functions can be varied in accordance with
the quality and intensity of the management and technology
inputs, Similar to 'steady state' or ‘ecolibrium'."

(Ecology and the Economy, 1973, page 68)

Another definition of carrying capacity has been published by the
L.C.D.C, as:
"Level of use which can be accommodated and continued without
irreversible impairment of natural resources productivity,

the ecosystem and the quality of air, land and water
resources, "

(L.C.D.C. Statewide Planning Goals and
Guidelines, January 1, 1975, page 2)
The definition of carrying capacity used in fhis study is:

"The level of use of the soils and waters which can continuously
accommodate human population numbers without irreversible impairment of
their potential productivity."

The "Ecology and the Economy'" study was statistical in nature and
implied the presence of a complete and currént inventory of all factors
upon which the economy of the Pacific Northwest depends. However, the
source from which their data were taken for the carrying capacity
determinations, freely states that their plans and programs were

formulated after:



", ..using general relations, reasoned approximations,
available data, and judgement of experienced planners,
and they were formulated after public meetings in nearly
all of the various states." ‘

(P.N.W.R.B.C., 1972, page 1)

The lack of complete information from which to determine carrying
capacities should not detract from the importance of their determina;
tions. The P.N.W.R.B.C. carrying capacity study is important as a
milestone with which future studies can be compared. Data from pre-
vious drainage basin studies within the Columbia River Drainage Basin
were used to determine a potential human carrying capacity of not over
nine million persons for the specified quality of life they declared
acceptable. |

Drainage basin data are frequently used to calculate the potential
of an area. A major reason for this approach is that a specific quan-
tity of water is contained within the basin, and the combination of
soils of each basin is unique in quality and location. The State Water
Resources Board of Oregon (S.W.R.B.) and the D.E.Q. consistently use
drainage basins as their units of study. However, governmental respon-
sibilities within the state rest with the counties and oftentimes a
single county will have soils in as many as four drainage basins (e.g.,
Klamath County). This study presents data and discusses the potential
carrying capacities of the 17 drainage basins and 36 counties in the
state separately.

This study used only the land and water resources of Oregon as the

basis of population support for three reasons. First, the productivity
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of soils is directly related to their ability to obtain sufficient water
supplies to produce harvestable crops. Most of Oregon's precipitation
occurs between October and March and must be conserved for use during
the months of greatest plant and animal demands. While a few streams
could support additional reservoirs, most streams in the state presently
show lower minimum flows than are recommended by the State Water
Resources Board for economic uses, or the Oregon Fish Commission for
continued fish production. Regulation of the water quality in streams
and rivers by the Department of Environmental Quality will ultimately
maintain the reliable surface water supplies at their maximum multiuse
potential, but the necessafy ﬁorrective measures will not yield more
water. This study evaluates the ability of drainage basin water
supplies to consistently support present'and future populations and
still mainfain the productivity of their soils.

Second, the quantities of good producible soils and reliable water
supplies are finite in quantity. Fundamental land use planning will be
conducted at the county level. The success or failure of the planning
processes will depend upon the quantitative nature of their approach.

Third, the point of irreversibility in resource use: can be passed
without recognition of its existence. Indiscriminate action in resource
management oftentimes squanders a portion of the soil and water bases
unknowingly, and the quality of life for the residents of the area will

decrease without real recognition.
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CHAPTER I1
METHODS AND MATERIALS
GENERAL REMARKS

The calculations which follow define the soil resources required
by one individual in order to live at either of two specified qualities
of life with regard to carbohydrate and protein consumption, and with
regard to living space. The locations, quantities and characteristics
of the soils were obtained from existing inventories. The data con-
tained on the 3,102 computer cards which identify the locations and uses
of the soils is included and explained.

The method used to determine the acreages of soils necessary for
dietary sufficiency and housing satisfaction are detailed. The soil and
water requirements that were derived and used to determine the carrying

capacities for each quality of life were:

Requirement Present Quality Standard Quality
of Life of Life
Carbohydrates 0.602 acres 0.517 acres
Animal Protein 2,597 acres 1.237 acres
Housing 0.298 acres 0.225 acres
Water Supplies 0.384 c.f.s5./1,000 0.231 c.£.s./1,000
individuals ~ individuals

(c.f.s. = cubic foot per second)

The method used to calculate the consecutive lower than average

water years from streamflow data is given. The Deschutes River is used
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as an example for determining the quantity of waters available for
future population growths,

Finally, the procedures and calculations used to allow competition
to exist between agriculture and building uses for cultivated soils are
presented,

Examples are used to demonstrate the use of several of the methods

utilized in the study.
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Soils

Soil data used in this study were taken from existing public
sources or from studies which had not yet been released, but which were
in preparation for public presentation. The only complete inventory
of the state's soils, as of January 1, 1975, was compiled by the Agri-
cultural Experiment Station at Oregon State University (0.S.U.) and the
U.S. Department of Agriculture's Soil Conservation Service (S.C.S.) for
the State Water Resources Board (S.W.R.B.). The S.W.R.B. used and
published the soils data in 1969 (S.W.R.B., 1969, Appendix I-1 through
18), for the determination of Oregon's long-range requirements for water
for irrigation purposes. All soil data for the present study were taken
from this 1969 publication, except that for the nine counties contained
within the Willamette River Drainage Basin. Data for the Willamette
River Basin were copied at S.C.S. offices at Eugene, Salem and Hillsboro
from surveys not yet released for publication, and from published infor-
mation for three counties {Clackamas County, 1970; Washington County,
1971; Yamhill County, 1970). ’Data for other counties in the state have
been compiled by S.C.S. personnel, but as it was not possible to accur-
ately identify tﬁe quantities located on the divides of the drainage
basins, they were not used. All of the above reports caution the user
that data may be inaccurate and should be used for general purposes
only,

Oregon's soils have been classified by S.C.S. soil scientists
according to uniform procedures set forth by the U.S. Department of

Agriculture (U.S.D.A.). The classification divisions are by ''soils
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series', which are descriptions of the soil type from the surface
downward. Each soil series is further classified by sub-series, which
are determined by the‘slope of the soil (i.e., sub-series 1 = 0-3 per-
cent slopg, sub-series 2 = 4-7 percent slope, etc.). Some soil series
used in this study have tentative status in the national system of
soil classification or have not, as yet, been named,

Characteristics of the soil were obtained by S.C.S. by field and
laboratory evaluations. Soil type locations were identified by field
and aerial photograph study. Acreages of types of soils were deter-
mined by means of a calibrated grid device or by planimeter. The
acreage for each series or sub-series was listed for each county and
basin in the S.W.R.B. publication. Many soil series or sub-series
occur in more than one county or drainage basin. Two or more cards
were made if the soil type was in two or more basins and yet, is
located in the same ccunty, each with the specific quantity of soil
involved. All cards were sorted to assure accurate recall of data.

The S.C.S. is presently publishing detailed information about each
of the state's soil series on OR-1 Soils forms. The characteristics and
potential uses and yields are extensively described, but the locations
and quantities of the éoil type are not included. This study used the
descriptive information and data from the OR-1 forms, where available,
as the latest and most authentic information about the scries. The
forms are available at local and district S.C.S. and County Extension
offices for soils series which have been completed in their district.

An OR-1 Soils form is shown in Appendix C, page 773,
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Soils oftentimes have features which limit their use for agricul-

ture or construction, such as excessive clay or stones, excessive slope,

elevation, a brief frost-free period, low annual precipitation, flooding

and others. A list of 99 such limiting factors was prepared from S.C.S

county soil interpretations for land use (Clackamas County, 1970;

Washington County, 1971; and Yamhill County, 1970) and from OR-1 forms

(Appendix C, Fig. C1 ),

A computer card was made which described important features of each

soil series or sub-series within a series. The following information

was contained on each card:

10

An identification code number for the soil series and
sub-series.

The county in which that soil type is located.

The basin in which the soil type is located.

Average slope of the soil type.

Elevation of the soil type (hundreds of feet above sea
level),

Frost-free period (32°F. of the location of the soil type).
Range of annual precipitation in inches on the location

of the soil type.

Number of acres occupied by the soil type in the county
and the basin.

The probability of encroachment by construction activities
relative to the location of the soil type (see explanation

following).
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The percentage of useability for construction purposes
relative to limiting factors inherent to the soil type
(see explanation following).

The probability of crop use relative to the location of
the soil type (see explanation following).

The percent of useability for agriculture relative to
limiting factors inherent to the soil (see explanation
below).

The identification number of the limiting factor used to
establish item #10 above (Appendix C, Table C7).

The identification number of the limiting factor used to
establish item #12 above (Appendix C, Table C7).

Current major land use of the soil type.

Hydrologic grouping of the soil type (engineering)

(see explanation below).

Land capability class and subclass of the soil type
(Appendix C, Fig. C2).

Septic tank filter field limitation of the soil type.
Code to identify the card as one containing information
about soilé.

Irrigatioﬁ suitability of the soil type (see explanation

below),
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Explanation for items #9, #10, #11, #12, #16 and #20 (items #9 and #11

are related, and are explained together):

9 & 11. Studies of soil maps (S.W.R.B., 1969) county highway maps
(State Highway Division, 1973), and aerial photographs were
made for each county in order to predict the possible future
uses of soils near urban centers. Discussions with realtors
and planners were often necessary to establish the probability
that soils close to urban centers might be utilized fof con-
struction. Then, the total quantity of each soil type in the
county was considered, and a judgement was made that a certain
percent of that soil type acreage would be built upon. The
values ranged from one percent for soil types located far
from urban growth to 99 percent for soil types located adja-
cent or in urban areas. This value is the '"probability of
encroachment', item #9, Item #11, the probability of crop
use was determined simultaneously with the probability of
encroachment. This is the quantity of the acreage not likely
to be built upon and will be used for agriculturai purposes.
As an example, consider a small acreage of a certain sub-
series of soil which is located adjacentvto an urban area.
The soil is nearly level (0-3 percent slope) and has a road
through one side of the acreage. Urban growth would probably
encroach upon most of the soil near the road and the urban

center, so, a value of 0,85 (85%) might be assigned as an
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encroachment probability. 1In this case, a value of 0.15 (15%)
is also given as the probability of crop use. In determining
the actual future use of that soil, 85 percent might be con-
sidered to be used for construction, 15 percent for crops, and
the soil type is fully utilized.

Ninety-nine limiting factors fqr‘construction or agricultural
use were ideﬁtified and used to assign a ''percent of use-
ability" value to each acreage of soil of a particular type.
The useability value was determined from studies of OR-1 Soils
forms, S.W.R.B. soils descriptions and other records available
about the soil type. The percent of useability was determined
relative to the capabilities of one of the best Oregon soil
types - Willamette, 0-3 percént slope, non-flooding. Consider-
ing that nearly all of the Willamette soil can be used for
construction, the percent of useability is the percent of one

acre of soil of another given soil type which can be occupied

-by urban development. Values for utilization for building

ranged from zero percent for watershed and dune areas, to 99
percent for the Willamette soil described. Support facilities
such as roads, schools and other public facilities, commercial
establishments, industry, etc. were taken into consideration
where limiting factors such as slopes above seven percent,
possibility of flooding, etc. were characteristic features of
the soil type. Whereas the probability of encxoéchment is an

estimate of the fraction of a soil that will be utilized for
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urban development (because of the proximity to present develop;
ment), the percent of useability value states the fraction of
the encroached soils which can actually be occupied, due to
limitations of the soil itself.

The percent of useability for crops relative to limiting
factors inherent in the soil was a value given to each soil
series and sub-series. This is the fraction of an acre of thé
Willamette soil that would equal the productionvof an acre of
the given soil type being evaluated. The value was assigned
after detailed study of S.C.S. OR-1 forms, Commodity Data
Sheets (0.S.U., Commodity Data Sheets, 1972), U.S.D.A. Reports
(U.S.D.A., Water and Related Land Resources, 1962-68) and
consultations with S.C.S. field men, County Extension Agents,
0.S.U. staff members, Bureau of Land Management (B.L.M.) field

men, farmers and ranchers. Where information about the soil

type was incomplete or unavailable, comparisons were made to

similar soil types and generous values were given. As an
example, consider a soil with the property ''prolonged inunda- -
tion" (item #30 on the list of limiting factors, Appendix C,
Table C7). The percent useability for construction is 0.01
(one pércent) and for crop production is 0.10 (tén percent).
This means that, on the average, this soil has the capability
of producing ten percent of the crop that the finest soil in
the state produces or, one acre of this soil is required to

produce as much as 0.1 acre of the Willamette soil could
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produce. During wet years there would likely be no crop at
all, but during dry years, a higher fraction than ten percent
could be produced. A specific example with calculations
appears later in this section.

16. The "hydrologic soil group" includes soils with similar poten-
tials for water runoff. Groupings are based on interpréta—
tions of physical profile features such as depth, texture,
permeability and mottling. The groups are very broad and
include soils that are quite dissimilar in slope, soil
characteristics, annual pfecipitation and vegetative cover.
While the hydrologic grouping is not further used in the
discussion of this study, it was valuable in the determina-
tions of values assigned in items #9, #10, #11, and #12 above.

20. The irrigabilities of soils were rated as excellent, good,
fair, poor or nonirrigable. The information was taken from
the 1969 publications of the S.W.R.B. (S.W.R.B., 1969,

Appendix I, 1-18) and from S.C.S. OR-1 forms.

A FORTRAN computer program was constructed to tabulate the follow- ‘

ing information contained on the soil type cards.

1. The acreages of land capability classes and subclasses in each
county and drainage basin. The program does this by examining
all 3,102 cards for the state, selecting, sorting and tabu-

lating the acres (item 8 on the card) by counties and drainage
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basins (items 2 and 3 on the card) for eéch of the land
capability classes and subclasses (item 17 on the card).
Examples may be seen in Appendices A and B for counties and
basins. Additional totals of soils in subclasses 'e'
(erosion) and '"w" (water in or on the soil) for Capability
Classes I through IV are included in the tabulations.
Erosion and water in or on the soil are pfoblems which may
often be minimized by management and corrective procedures.
Capability Classes V and VIII are not included in the tabu-
lgtion for reasons discussed in Appendix C, Fig. C2.

The acreages of all types of soils in the state which have
different slopes (0-3%, 4-7%, 8-12%, 13-20%, 21-30%, and
greater than 30%) for each county and drainage basin.

The acreages of all types of soil in the state which are
located at different elevations (in hundreds of feet) from
sea level to 6,000 feet in each county and drainage basin.
The acreages of all types of soil in the state with average
frost-free growing periods (32°F.) of less than 30 days per
year to greater than 210 days per year for each county and
drainage basin.

The acreages of all types of soil in the state separated into
their different current major land uses for each county and
drainage basin. The major land uses are for cultivation,

hay, pasture, range, forests and watersheds.
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6. The acreages of all types of soil in the state were separated
by their potential responses to irrigation fér each county
and &rainage basin. The irrigability classes are: excellent,
good, fair, poor and nonirrigable.

7. The acreages of all types of soil in the state were grouped
according to their septic tank filter field limitations for
each county and drainage basin. The filter field limitations

used are: slight, moderate, severe and very severe.

All seven of the above tabulations for each of the 36 counties and
17 drainage basins in Oregon are contained in Appendices A and B. The
acreagé totals for each county include the fraction contained within
different drainage basins and also the total for the entire county. For
example, Wasco County has soils in Hood, Deschutes River and John Day
River Drainage Basins. The types and uses of soils are different
between basins as are the population distributions and rélated urban
expansion demands. The total acreage of the seven tabulations binds
the various ecological divisions of the county into a single, politi-
cally bounded management unit. Drainage basin datavare divided into
tabulations for each county within the basin and are totaled for the

entire basin.

Computer Calculations

In order to calculate the food production capabilities of the 584

different soil series and their 1,478 sub-series, it was convenient to
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compare their potentials with that of a single optimal soil type. The
values assigned and recorded in items 9, 10, 11 and 12 were utilized
for this purpose.

The soil series selected as an optimum type of cultivated soils
was Willamette, 0-3 percent slope, non-flooding of Capability Class I.
All other‘soil series which had cultivation as the present major land
use were standardized by comparison with Willamette soils. By this
procedure a single calculation was possible for all equivalent acres,
regardless of the soil series or sub-series of fhe soil series from

which they originated.

Example 1. Calculations for Equivalent Acres

Hood soil, which is a soil series located in and above the city of
Hood River was selected for the example. The soil series has three sub-
series: sub-series A has 2,700 acres of silt loam soil with 3-8 percent
slope; sub-series B has 1,300 acres of silt loam soil with 8-12 percent
slope; sub-series C has 3,800 acres of silt loam soil with 35-65 percent
slope (S.W.R.B., 1969). The soil is good, deep, well drained orchard
soil and, wherever possible, is utilized for growing apple and pear
trees. ‘Sub—series A was assigned a probability of 0.05 (five percent)
of being encroached upon by construction, and a probability of 0.95
(95 percent) that it would be used for crops. In terms of acres, 135.0
acres (0.05 x 2,700 acres) of sub-series A will probably be utilized for
construction purposes, and 2,565 acres (0.95 x 2,700 acres) will prob-

ably be utilized for crop purposes.
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Sub-series B with 8-12 percent slope was given a probability of
encroachment of 0.02 (two percent) and a 0.98 (98 percent probability
for crop utilization; this yields 26 acres (0.02 x 1,300 acres) for
construction and 1,274 acres (0.98 x 1,300 acres) for crops. Sub-series
C with 35-65 percent slope was given a probability of encroachment of
0.01 (one percent) (this sub-series is located high on the bluffs over-
looking the main channel of HoodtRiver), and a 0.99 (99 percent)
probability for crop utilization; this yields 38 acres (0.01 x 3,800
acres) for construction and 3,762 (0.99 x 3,800 acres) for crops.

Sub-series A and B have cultivation as their major land use and
sub-series C has forests as its major land use.(item #15 on the computer
card). Therefore, for the 7,800 acres in the Hood soil series, 199
acres (135 + 26 + 38) were judged to be located in areas where construc-
tion would probably’remove‘it from crop production, and 7,601 acres
(2,565 + 1,274 + 3,762) were located in areas where crops would be their
probable major use. Of the 7,601 acres of crop land, 3,839 acres were
located in cultivated areas (sub-series A and B) and 3,762 acres were
located in forest lands (sub-series C).

» Further calculations are necessary to compare the acreage of the
Hood soil series to equivalent acfes of the best Oregon soil for con-
struction and/or for crop production, as follow: Sub-series A with 3-8
percent slope was placed into #3 on the limiting factor classification
table which is "'sloping" (Appendix C, Table C7 ). Limiting factor #3
gives a 0.30 percent utilization value for construction and a 0.50 value

for crops. The reasoning behind the decision was that Hood soils are
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composed of ancient lake deposits over a smooth rock base (OR-1 Soils,
qud; U.S.D.A. Reports, Hood Drainage Basin, 1964). Runoff is poor on
0-8 percent slopes, and all of the Hood series soils have a tendency

for slippage and slides when excessive weight is applied during moist
periods. Roadbeds sink and shift, cracks and patches are evident in
parking iots and driveways, and old, heavy buildings are not level.
Thus, sub-series A soils were« considered able to support only 30 percent
as much residential development, per acre, as the best Oregon soils.

The classification value for crop use gives a 0.50 equivalent value
for crops. The soil is deep, loamy silt, and is fertile but is in very
small crop utilization units because of eroded ravines and brush areas
(on-site‘observation). Only a few cultivation units are larger than 20
acres, which increases the cost of machinery manipulation and decreases
the net energy yield of the crop. Orchard yields are good, but the soil
is generally restricted to this unique use. Value judgements were made
for sub-series B and C after similar analyses of their potentials. Sub-
series B, with 8-12 percent slope, was given a construction equivalence
of 0.05 and a value of 0,10 for crop use. Sub-series C, with 35-65
percent slope, was given a construction equivalence of 0.01 and a crop
use value of 0.01. |

Calculations for sub-series A for construction used the 135.0 acres
of the total 2,700 acres which would probably be encroached upon by
construction and multiplied the 135.0 acres by the 0.30 limiting factor
utilization. The product was 40.5 acres (135.0 x 0,30) of soil equiva-

lent to the optimum type Willamette soil. The 94.5 acres (135.0 acres
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- 40.5 acres) of the sub-series A soil which had been encroached upon by
construction, but which would not be utilized, was added to the crop
soils for calculation. In practice, such soils might well be left un-
cultivated, as parks, green spaces or vacant lots among buildings.
Addition of these empty spaces to the land under cultivation thereby
tends to inflate the final figure derived for Oregon's maximum sustain-
able population. The 2,565 acres of sub-series A soil which had been
calculated for crop use (2,700 acres - 135.0 acres) gained the 94.5
non-utilized acres from the construction calculation above and became
2,659.5 acres. The 2,659.5 acres of crop land was multiplied by the
0.50 equivalent value which yielded 1,329.75 acres of sub-series A,
Hood soils which could be added to all other cultivated soils and be
considered equal to the most productive, the Willamefte soil series.
Sub-series B is also cultivated and its potential was calculated
in the same manner as sub-series A's. Sub-series C is forest land,
and its 0.01 construction utilization was calculated and totaled‘as
were those of sub-seriesbA and B. The total acres available for crop
utilization for sub-series C were calculated in the same manner, but
the final acreage was added to grazing acreage rather than cultivéted
acreage.
All 1,478 differenf sub-series in 3,102 locations in the state were
evaluated, given a value judgement, and calculated to equivalent acreage

values by the same methods used in this example.
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A crop-yield adjustment was made by the program for the irrigation
suitability of each soil type, if relevant. The availability of irri-
~ gation water was not considered to be limited. Where the irrigation
suitability for the soil is "excellent', the annual yield of the soil
was multiplied by a factor of two, whether the land is irrigated or not.
The program does this by examining item #20 on the card, and if a lettér
"E'" is present, the calculated equivalent acreage is multiplied by two
(which is the same as doubling the yield). Where the irrigation suit-
ability for the soil type is 'good", the annual yield was multiplied
by a factor of one and one-half. No multiplication factor was used for
a soil with "fair', "poor" or "nonirrigable" irrigation suitability.

All soils whose major land use is for hay are imagined to yield
four tons of hay per acre per year (0.S5.U., Commodity Data Sheet, Hay,
1974). Where the irrigation suitability for the soil is 'excellent,
the annual yield was multiplied by a factor of two (by doubling the
calculated equivalent acreage). Where the irrigation suitability for
the soil is "good' the annual yield was multiplied by a factor of one
and one-half. No multiplication was.used for a soil with "fair",

"poor'" or "nonirrigable" irrigation suitability.

Soils with a major land use of pasture were also examined by the
program for irrigability. Where the irrigation suitability for the soil
was ''excellent", the annual yield of beef was multiplied by a factor of
three. Where the irrigation suitability for the soii is "good" the

annual yield was multiplied by a factor of two. No multiplication
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was used for a soil with "fair', "poor' or 'nonirrigable" irrigation
suitability.

No irrigation adjustments were made on rangeland.

Thus, the maximum population calculation is based on the assumption
that all land which can be irrigated will be irrigated, and that irri-

gation water (unlike water for urban consumption) is unlimited.

Example 2, Calculations for Irrigation Allowances

The Hood soil series, sub-series A, will be used as an example for
irrigability calculations. The 1,329.75 equivalent acres (calculations
above) of sub-series A are rated ''good" for irrigability (S.W.R.B., Hood
Basin, 1969). These are cultivated soils and their acreages were multi-
plied by one and one-half for irrigation adjustment. The 1,329.75
irrigated acres are considered to produce the crop equivalent of
1,994.625 acres, and the number 1,994.625 is added to all other equiva-
lent acres in Hood River County, Hood basin and the state.

The program calculated dietary units from equivalent acres at this
time. For this study, all cultivated soils were assumed to produce the
caloric output that could be obtained by growing wheat on them. The
1970 average wheat yield for the state was 40 bushels per acre, which ;
is higher than a three or five year average (0.S.U., Commodity Data
Sheet, Wheat, 1972). Forty bushels per acre were used in this study as

the wheat production per acre of good soils. At this point it is
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important to recall the irrigability of the soil, which, if "excellent",
was considered to have doubled the production on the soil type. Such

a soil type would be considered to produce 80 bushels of wheat as an
average yield. Sub-series A of the Hood soil series, as an example,
would be considered capable of producing an average yield of 60 bushels:
of wheat for each equivalent acre (1,329.75 acres before_the irrigation
suitability adjustment).

Hayland was assumed to produce four tons of hay per acre (0.S.U.,
Commodity Data Sheet, Hay, 1974) and was converted to that tonnage by
the program. Hayland, pastureland and rangeland were all assumed to
produce beef for human dietary needs. Five tons of hay per yearl,

1.8 acres of pastureland?, or 36 acres of rangeland3 were considered
necessary to produce one, 1,100 pound beef a year. The last five

months before slaughter, the assumption is made that the animal will
be grain "finished". The finished beef was called a '"beef unit" for

this study.

Nutrition Conversion Calculations

Two different assumptions were made in determining 'acceptable
qualities of life'" in relation to dietary needs. The first assumption

used an average of the Recommended Dietary Allowances (R.D.A.'s of the

1 personal communications with ranchers and cattle-feeders.

2 personal communication with Dr. Church, 0.S5.U., Animal Science Dept,

3 Personal communication with ranchers using their own rangeland and
Taylor grazing rangeland.
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U.S. Public Health Service, the U.S. Army, the Canadian Army and the
United Natioﬁs World Health Organization for an average sized man
engaged in moderate physical activity [Burton, 1965]) as the minimum
diet for an "acceptable quality of life'. This diet required 3,000
calories and at least 70 grams of protein (50 percent from animal
sources) per person per day. This will be called the ''standard quality
of life' in the study.

An alternative assumption established a more liberal diet by
increasing the recommended dietary allowances by 50 perceht to 4,500
.calories, which included 105 grams of protein (70 percenf from animal
sources) (Aykroyd, 1970) per person per day. The second diet is not
excessive in caloric or protein intake; Schaefer (1971) indicates that
the 1965 U.S. population protein consumption was 103 grams. per day.
Therefore, some leeway was included in the second dietary life style,
which does not press an individual to the edge of the poverty or hard-
ship level. This will be called the "present quality of life" in the
study. The calculations for each dietary standard will be presented
separately.

All energy conversion factors used the following standards

(Price, 1971):

Protein = 4,27 Calories/gram
Carbohydrates = 4.00 Calories/gram
Fat = 9,02 Calories/gram
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Recommended Dietary Allowances for a “'Standard' Acceptable Diet

3000 CALORIES PER DAY
Base used: 70 Kilogram man (154 1bs)

Protein: 1.0 grams/kg/day 70 grams/day = 300 Calories

H

532 grams/day 2128 Calories

Carbohydrates: 7.6 grams/kg/day

568 Calories

63 grams/day

Fat: 0.9 grams/kg/day

2996 Calories
(3000 Calories)

Carbohydrate requirement satisfaction was assumed to be met by the
consumption of wheat. Conversion calculations to satisfy the carbo-

hydrate requirement per individual are:

a. 532 grams carbohydrate/day = 194,180 grams/year

b. 194,180 grams <+« 28.35 (grams per oz) = 16 (oz per 1b)

425.8 1b/year

425.8 + .70

c. 70% digestibility of wheat (Aykroyd, 1970)

608.3  1b/year

d. 12% of the wheat as digestible protein (Aykroyd, 1970)

(608.3 + 100) x 12 = 73.0 1b + 608.3 1b 681.3 1lb/year

e. 681.3 1lb/year ¢+ 60 1b/bushel (bu) 11.52 bu/year
f. 40 bu/acre average annual wheat production (11.52 + 40 bu/acre)

= 0.288 acres/year
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Protein satisfaction was assumed to be met by consumption of 50 percent

from animal sources (beef) and 50 percent from plant sources (wheat).

Calculations for the satisfaction of animal protein requirements are:

a.

b.

70 grams = daily protein requirement
70 grams x 365 days/year = 25,550 grams/individual/year

25,550 grams/year + 28.35 (grams/oz) * 16 (oz/1b)

56.327 1b/year

0.50 (50%) protein from animal sources (beef) x 56.327 lb/year

28.163 1lb/year
One 1,080 1b finished beef dresses about 60.1 percent edible
products (Tomhave, 1925),

1,100 1b x 0.601 (60.1%) = 661.1 1b edible meat/beef

18.6 percent protein/100 grams raw beef (medium fat)

(Chaney, 1960). |

661.1 1b edible beef x 0.186 (18.6%) = 122.965 1b protein/
beef

122,965 1b protein/beef : 28.163 1b protein/individual/year
(animal source) = 4.366 individuals/beef/year

One beef calf ranging 7 months on 0.6 acres of pasture

(rated "excellent'" for irrigability) (Church, 1970) = 700 1b

One feeder beef fed five months at one 1lb gain per six 1b grain

400 1b

One year total 1100 1b



One beef produced in one year on 1.8 acres (nonirrigated
pasture which equals 0.6 acres of pasture of '"excellent"
irrigability) or 1.25 acres of hayland (5 ton/year/beef

4 ton acre/year hay production) or 36 acres of grazing land
+ 2,400 1b grain (6 1b grain/one 1b gain x 400 1b) =

1,100 1b beef.

2,400 1b grain (wheat) ¢ 60 1b/bu = 40 bu wheat required
to "feed out' one beef.

40 bu wheat/acre (average production) ¢ 40 bu wheat required

= 1 acre cultivated soil required to 'feed out' one beef
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(plus 1.8 acres pasture land or equivalent hay or range land).

For each butcher beef produced, two additional cattle are
maintained for brood, breeding, replacements, culls, "slbw
gainers', mortality, etc. These animals are not considered
to be fed with grain rations in this study.

Each butcher beef produced/year = 5.4 acres (1.8 x 3)
pastureland + 1 acre cultivated land.

One acre cultivated land : 4.366 individuals/beef/year (see
i above) = 0.229 acres cultivated land required/individual/
year to '"finish off'" beef (see E_below).

Equilibration of pastureland to rangeland and hayland:

1. Rangeland: 1.8 acres pastureland = 36 acres rangeland

(3 acres/month)
2. Hayland: 1.8 acres pastureland = 1,25 acres hayland

a) One ton of good hay at 14 1b hay/one 1b gain
(Church, 1970) = 143 1b gain/ton
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b) Five ton hay x 143 lbs gain/ton = 715 1bs (700 lbs
considering waste and shrinkage of hay) (see j above)
¢) One acre hayland = 4 ton hay/acre
d) One and one-fourth acres = 5 ton hay/year.
s. Protein requirements/beef/year = 5.4 acres (see p above)

+ 4,366 individuals/year (see i above) = 1.237 acres pasture-

land (or equivalent hayland or rangeland) individual/year.

t. Adjusted carbohydrate requirements in acres of cultivated land
per year are:
0.288 acres/individual/year (see f in carbohydrate
calculations) + 0,229 acres/protein/individual/year

(see q in protein calculations) = 0.517 acres of

cultivated land/individual/year.

|
Thus, a single person living at the standard diet in Oregon

requires more than a half acre (0.517 acres) of the state's best
cropland to provide the carbohydrates, and 1.237 acres of the state's
best pastureland (or equivalent hay or rangeland) to provide the
animal proteins,

Plant protein requirement satisfaction is more than adequately
satisfied by the 73.0 1bs of wheat protein calculated in item d of
the carbohydrate calculations.

Fat requirements were assumed to be satisfied without special
calculations when the animal protein requirement was satisfied with

beef "finished" on grain.
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Dietary Needs for the '"Present'' Acceptable Diet

The 'present' diet of 4,500 calories includes 105 grams of protein
(Schaefer, 1971j and has some leeway for individuals with different life
styles. The 70 percent protein from animal sources was the 1968 average
for citizens of the United States (Aykroyd, 1970). Lactating mothers,
active teenagers, active sports persons, persons engaged in heavy labor
and others will consistently exceed a 4,500 calorie diet, but others

will seldom exceed the diet.

4500 CALORIES PER DAY
Base used: 70 Kilogram man (154 1bs)

450 Calories

105 grams/day

Protein: 1.50 grams/kg/day
2780 Calories

Carbohydrates: 9.90 grams/kg/day 695 grams/day

1225 Calories

136 grams/day

Fat: 1.94 grams/kg/day

4455 Calories
(4500 Calories)
Exaétly the same reasoning derives the acreage requirements for this
diet as for the "standard" diet. One difference in the relationship of
dietary allowances is that this diet utilizes 70 percent animal protein
for the total protein satisfaction, whereas the '"standard' diet requires
50 percent animal proteins,
The acreage requirements for the 'present' diet are:
Carbohydrates 0.602 acres

Animal Protein 2.597 acres.
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A general comparison between the two diets reveals the “present"
diet requires about 14 percent more acreage for dietary carbohydrate
satisfaction and more than double the amount of acreage for animal

protein satisfaction; each from equivalent acres.

Space Requirements for Residential and Supportive Functions

An average family which requires one unit of space for a residence
will also require almost one-third of é unit of schools aﬁd recreation,
more than one-third of a unit for streets and roads and almost one-
third of a unit for industry, business and railroads in order to fit
into the economy without increasing the pressure on existing facilities.
Two patterns of land development will be presented; a 'standard" and a
"present” pattern. The supportive functions of construction will
remain the same but that portion required for residential building
sites will be different. The immediate portion of the text describes
the ''standard' pattern of land development.

Minimal space requirements assumed the following land use distri-
bution which is comparable to calculated space use in the more densely
populated portions of Portland, Salem, Eugene, Roseburg, Medford, Bend,

Klamath Falls, Pendleton, Baker and Ontario (Salberg, 1958). The total

developed acreage is referred to as the ‘‘gross acreage'.

a. 15% gross acreage for schools and recreation (and public
services).

b. 18% gross acreage for streets and roads (and utilities).
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c. 15% gross acreage for industry, business and railroads
(and private transportation companies).

d. 52% gross acreage for residential building sites.

100% gross acreage for economic activity and residential

building.

The average family size used was 2.94 individuals per family, the
size present during the 1970 census survey (U.S. Bureau of the Census,

1970).

Residential building area is divided into urbaﬁ, rural non-farm and
rural building units. Existing and proposed land use laws will confine
a greater percentage of the increasing populations in Oregon to urban
centers and decrease the rural non-farm population percentage. The
percentage of rural population will probably remain the same for some
years. The 1970 census in Oregon listed 67 percent of the population
as urban, 29 percent as rural non-farm and 4 percent as rural (U.S.
Bureau of the Census, 1970). These percentages will be used for cal-
culating the "present’ space allowance per person later in this section.

For the "standard" space allowance, the percentage breakdown for
the three residential areas will vary from county to county. However,
for this study, a single percentage breakdown was used for the entire
state, This assumes that the figures are an average population distri-
bution for the state, similar to the present population distribution
but more concentrated. The assumed 'standard" acceptable population

distribution of the gross area occupied by residential sites is 76
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percent urban, 20 pefcent rural non-farm and four percent rural. The
figures were derived by the author after critical review of the L.C.D.C.
meetings while state-wide land use goals were being derived and dis-
cussions with D.E.Q. officials about inclusive waste water disposal
plans when completed.

The 52 percent gross acreage for residential building sites for

the two qualities of life are:

"Standard" "Present"
Urban 76 percent 67 percent
Rural non~farm 20 percent 29 percent
Rural 4 percent 4 percent
100 percent 100 percent

Standard Quality of Life

The urban portion (76 percent) was further divided after several
discussions with realtors and field observations. The rural portion
remained the same as fhe four percent listed in the 1970 census
figures and the rural non-farm occupied the remainder. Calculatioﬁs

are:

Urban (76 percent)

59% used by 5,000 sq. ft. lots = 4.42 families/acre = 13.00 individ-

uals per acre
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40% used by 8,000 sq. ft. lots = 2.76 families/acre = 8.12 individ-

uals per acre

1% used by multifamily units (2 families/5,000 sq. ft, lot) = 8.84

individuals per acre

(0.59 x 13.0) + (0.40 x 8.12) + (0.01 x 8.84) = 11,18 individuals
per acre
Considering ten percent of urban land will not geometrically
fit into the above divisions or will be reserved as '"extra lots' by

individuals, etc.:

0.90 (90 percent) x 11.18 = 10,06 individuals per urban acre.

Rural Non-farm (20 percent)

One-half acre lots were used as a base for these determinations:

2 families per acre = 5.88 individuals per acre.
Considering 25 percent of rural non-farm land as vacant area,
held by owners and never built upon:

0.75 (75 percent) x 5.88 = 4.41 individuals per acre.

Rural (4 percent)

Calculations from the 1970 census survey of rural residents
(1970) and the 1969 agricultural census survey (1969) revealed 11.0
acres per individual in Yamhill County, 4.0 acres per individual
for Lane County, 3.0 acres per individual for Lincoln County and

438.7 acres per individual for Harney County. The state average
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was 26.9 acres per individual. The number of farms in the state
west of the Cascades was greater than those east of the Cascades.
Calculations were made for all counties and areas. Ten acres per
rural individual was used as an average for all rural calculations
‘in this study, which, when multiplied to the average family size
of 2.94 individuals per family was 29.4 acres per family.

Assuming 29.4 acres per family = 10.0 acres per individual

1.0 individuals ¢ 10.0 acres per individual = 0.1 individuals

per acre.

A weighted average was taken to determine the population density:

10.06 individuals per acre

Urban population (76 percent)

Rural non-farm population (20 percent) 4.41 individuals per acre

Rural population (4 percent) 0.10 individuals per acre

(0.75 x 10.06) + (0.20 x 4.41) + (0.04 x 0.10)

n

n

7.645 + 0,882 + 0.0004 8.531 individuals

per acre on the 52 percent gross useable acres allotted to residences

0.52 (52 percent) x 8.531 individuals per acre = 4,436 individuals

per space use acre

1.0 acres ¢ 4.436 individuals per space use acre = 0.225 space use

acres per individual.
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Present Quality of Life

Space requirements for this portion of the study were based on
1970 census data for urban, rural non-farm and rural Benton County.
Benton County was selected as an ''average' county which had neither
excessive rural non-farm intrusion on farm land (as in Washington,
Clackamas, Marion, and other counties), or having little to no rural
non-farm intrusion on farm land (as in Harney, Lake, Sherman, and other
counties). Many personal interviews with residents of Benton County
during 1969 and 1970 indicated a satisfaction of the residents with
their quality of life in relation to the utilization of space in the
county,

The 48 percent gross acreage used for supportative functions
remained the same for both qualities of life. The 52 percent gross
acreage used for the construction of residences was divided the same
as recorded during the 1970 census for Benton County. The divisions

were:

Urban 67 percent
Rural non-farm 29 percent
Rural 4 percent

100 percent

The urban areas were not divided into types of housing by the
census survey. However, the total urban population was divided by

the acres occupied by the urban population and 7.94 individuals were
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calculated for each urban acre. This figure was roundéd to 8.0 indi-
viduals per acre. The rural non-farm and the rural population were
calculated as for the "standard" quality of life., Weighted averages

for the "present" quality of life were taken to determine the population

density:

8.00 individuals per acre

Urban population (67 percent)

Rural non-farm population (20 percent) 4,41 individuals per acre

Rural population (4 percent) 0.10 individuals per acre

i

(0.67 x 8.00) + (0.29 x 4.41) + (0.04 x 0.10)

6.664 individuals

5.36 + 1.28 + 0.004

per acre on the 52 percent gross useable acres allotted to residences

0.52 (52 percent) x 6.664 individuals per acre = 3.455 individuals

per space use acre

1.0 acres ¢ 3,455 individuals per space use acre = 0.289 space use

acres per individual.

An example is given to demonstrate how the dietary and construction
carrying capacities were derived. The example will use the Hood soil
series, sub-series A, There will not be any animal protein calcula-
tions involved as the only Hood soil sub-series with grazing involved

is sub-series C.
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Example 3. Calculations for Carrying Capacities

The Hood soil series, sub-series A, equivalent acre determinations
used as an example earlier in this section will be used to demonstrate
the conversion of acres to dietary satisfaction and construction
requirements for a standard quality of life. The cultivated acres of
soil (adjusted for irrigébility) were calculated to be 1,994.624 acres.
The carbohydrate requirements are assumed satisfied by wheat grown on
cultivated soils and require 0.517 acres per individual (this acreage
includes that necessary to "finish' beef used for animal protein

satisfaction). Calculations are:

Carbohydrates: 1,994,625 acres + 0.517 acres per individual =
3,858.075 individuals. This is the number which can be
supplied with carbohydrate requiremehts‘for a standard

quality of life by Hood soil sub-series A.

Protein (vegetable): Each carbohydrate requirement satisfaction
per individual (by wheat) yields 73 lbs of digestible vegetable
protein.

3,858,075 individuals x 73.0 lbs/individual = 281,639.5 1bs
available vegetable protein. This is sufficient to provide
the 50 percent vegetable protein in the diet for:

381,639.5 1bs + 28.164 1lbs/individual (50% protein require-

ment) = 13,550,614 individuals.
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Construction: The space requirement satisfaction from the Hood
soil series is:
4.5 equivalent acres # 0.225 acres per individual =

180.00 individuals.

In summary, the 2,700 acres of Hood soil series, sub-series A, in Hood
River County has the potential to supply for a standard quality of

life:

Carbohydrate dietary requirements for 3,858.075 individualsj and
Protein (plant) dietary requirements for 13,550.614 individuals; and

: Residential sites and supportive construction for 180.000

individuals.

The same methods were used to determine the carrying capacities
for the same soil for the "present' quality of life. The determinations

were:

Carbohydrate dietary requirements for 3,324.4 individuals; and
Protein (plant) dietary requirements for 12,617.19 individuals; and

Residential sites and supportive construction for 140.138

individuals.



water

Certain assumptions were made before determining the carrying

capacity of the waters of the state for future growth and expansion

of human populations. These assumptions were:

1'

Only that water which falls on, is contained within and
drains from the state belongs to the state.

Total water supplies available in the state immediately
available for use by human populations are depleted by

the quantity consumed, not by the quantity diverted from

one location to another.

A1l good irrigable soils which are close to dependable water
resources are preséntly under irrigation and will not exert
greater demands ‘than are being satisfied at this time.
Return flows of ncn-consumed irrigable water are included

in streamflow gauging records.

‘Surface water discharges into interstate receiving waters

are not available for withdrawal but are considered Oregon's
contribution tdward maintaining streamflows for fish passage,
navigation and hydroeléctric power generation.

The minimum permissible streamflow in all rivers is the
higher of the two minimum flows established by the State

Water Resources Board and the Oregon Fish Commission.
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7. The streamflow of the middle of three consecutive lower than
average water years during the five critical summer months
or annual flow during the 1960's is considered the reliable
water supply for the stream.

8. The difference between the reliable streamflow and the
minimum permissible streamflow is the quantity of water
available for future use by human populations within the

drainage basin.

Complete surface water stfeamflow data were obtained from U.S.G.S.
hydrological gauging stations' records for all streams in the state.
Streamflow records were selected for strategically located gauging
stations in each drainage basin before the stream entered the main
river, interstate receiving waters or the ocean. Years of less than
average annual streamflow and for the five critical summer months
(May, June, July, August and September) were examined for their severity
and frequenéy of occurrences., Computer cards were made for the complete
streamflow record at each gauging station selected. Each computer

card contained:

1. The year of the streamflow record.
2. The streamflow for May, June, July, August and September in
acre feet.

3. The annual average flow of the stream.



Header cards for each selected stream contained:

The name and location of the gauging station.

The gauging station code number (U.S.G.S.).

The average monthly streamflow of record for the five
critical summer months and the average annual streamflow
of record (U.5.G.S.).

The major county drained by the stream (determined by

topographical map examination).

A COBAL computer program was written which determined:

1.

~The percentage of monthly and annual streamflow (rélative

to the average flow) for the history of measurement at

the station.

The number of episodes in which annual flows were lower
than average for two consecutive years, three cqnsecutive
years, etc.

The number of episodes in which the May through September
average flows were lower than the average five month flow
for two consecutive years, three consecutive years, etc.

A final tabulation of less than average streamflow for the
critical summer months flows, and the annual average flow.
This printout included the number of times the consecutive
lower than average streamflows occurred dhring,the history

of the gauging station records (see example below).

47
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Minimum permissible streamflow levels have been determined and
published by both the State Water Resources Board and the Oregon Fish
Commission. They are not the same, nor were they established with the
same goal in mind. The S.W.R.B. minimum permissible streamflows are
éstablished after consideration is given to needs for: domestic and
municipal use, irrigation, power development, industrial use, mining,
recreation, wildlife and fishlife, and for pollution abatement, as
well as for drainage, reclamation and flood control. The Oregon Fish
Commission establishes minimum permissible streamflows after studies
of the needs for migration of anadromous fish and the continuing
productivity of spawning beds and aquatic organisms used as fish food.
This study lists both agencies' minimum permissible streamflows for
each selected river and uses the higher of the two as the minimum
permissible streamflow.

The quantity of reliable water supplies in each stream was
determined from the computer program printout. Three consecutive May
through September or annual lower than averége water years during
the 1960's were selected as critical levels. The middle year of the
three low water years was selected as the reliable water supply for
the river. (Nearly all rivers showed lower reliable surface water
flows during the 1930's and the 1940' than during the 1960's).

The quantity of water in the stream available for use by human
population increases was assumed to be the difference between reliable

streamflows and the higher minimum permissible streamflow.
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Example 4. The Determination of the Reliability of Surface Water

Sugplies

Consider the Deschutés River, one of our most stable riveré, which
drains the entire Deschutes River Basin as an example for the determina-
tion of reliable water supplies. The strategic gauging station selected
from the computer program printout was the Deschutes River near Madras
in Jefferson County (Station #140925.00), which is 102 miles above where
the river empties into the Columbia River near Biggs, Oregon. At this
station, 45 complete water year records have been compiled from 1924
through 1968 from 7,820 square miles of drainage area. The reference
site selected is downriver from the confluence of the Deschutes River
with the Metolius and Crooked Rivers, and downriver of the major popu-
»1ation centers and areas of heaviest irrigation water useage. Below
the station near Madras, the Deschutes River begins its steep descent
through a deeply carved gorge cut into the Columbia Plateau to where
it flows into the Columbia River.

The average river flows between 1924 and 1968 inclusive are:

May : 285,971 acre feet
June : 245,255 acre feet
July : 230,766 acre feet
August : ' 223,962 acre feet
September: 218,766 acre feet

Annual : 3,173,302 acre feet
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Consecutive lower than average streamflow years over the 1924-68

period are:

Consecutive Years Consecutive Years

Lower than the Annual Lower than the May
Average through September Average
Years in Length Occurence Years in Length Occurence

2 2 4 2
3 1 10 1
4 1
9 1

The data show that one time, the river flow was lower than average for
ten consecutive years during the five critical summer months, and twice
it flowed lower than average for four consecutive years for the same
months.

This study uses the second lowest of three consecutive lower than
average water years during the 1960's as the reference year of reliable
water supplies. The low water years during the 1960's were selected
as being more relevant to present uses than those during the 1930's and
40's. The single occurrence of three consecutive lower than average
annual flows (during the 1960's) were 1966, 1967 and 1968. The stream-

flow in acre feet were (U.S.G.S., 1968):
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1966 1967 1968

% of % of % of
MONTH Flow Average Flow Average Flow Average
May 239,100 83.6 273,400 95.6 920,000 321.7
June 240,400 98.0 243,400 99.2 217,100 88.5
July 254,800 110.4 235,900 102.2 222,500 96.4
August 228,500 102.0 230,700 103.0 222,600 99.3
September 228,600 104.4 226,100 103.3 213,100 97.4
Annual 3,119,200 98.2 3,057,000 96.3 2,886,000 90.1

The year selected as the 'reliable water year' was 1967. The river
flow for 1967 is converted from acre feet per month to cubic feet per
second (cfs) to correspond with S.W.R.B. and the Oregon Fish Commission
minimum permissible stream flow requirements. The 1967 May through
September strcamflow thus determined, and the S.W.R.B. and Oregon

Fich Commission minimum permissible streamflow requirements are:

MONTH Flow (cfs) S.W.R.B. Minimum Oregon Fish Commission
Requirements Minimum Requirements

(cfs) (cfs)

May 3,642 3,000 5,500

June 3,463 3,000 5,500

July 3,135 3,000 4,850

August 3,140 3,000 4,200

September 3,055 3,000 4,200

Both the S.W.R.B. and the Oregon Fish Commission have declared that
streamflows during average annual water years are insufficient in the

Deschutes River to supply existing and future demands (S.W.R.B.,
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Deschutes River Streamflow, 1967; Oregon Fish Commission, 1965). Both
agencies used the "best of four out of five water years' as their
reliable streamflow, while this study uses the middle of three consecu-
tive lower than average flows as the reliable streamflow. This study,
therefore, assumed no additional wéter was available from the Deschutes
River for future population uses.

The Deschutes River was selected as an example because of its
.recorded continuously steady annual flow through the years. Tributaries
of the Deschutes River and of all other streams of the state which could
indicate the water supplies for the counties were tabulated by the same
procedures. Data compiled and tabulated for water supply determinations
in the 17 drainage basins is included in Appendix C, Table C8 . Data
were compiled from the water year records of the tributaries of major
streams and were of value in evaluating available water supplies for
counties but are not included in this study. They are availableiupon
request.

The waters flowing in most of our streams are utilized for non-
consuming uses several times before reaching the final receiving waters.
Some non-consuming uées are for transportation, dilution of wastes,
fishery uses, and for hydroelectric power. However, once a quantity of
water has been assigned a consumptive use it is lost from the supply to
the atmosphere by evaporation or transpiration of plants, is incorpor-
ated into plant or animal tissue or is used to dilute effluents so that

the wastes contained in the effluents will not deteriorate the quality
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of the receiving waters. Irrigatioh, domestic use, industry, recreation
and thermal power are the principal consumptive water users in Oregon..
Since 1909, water rights have been required for the consumptive use of

. surface and groundwater for all except domestié use by individual
households. These water rights are issued for specific quantities of
surface or groundwaters by the State Engineer in Salem, Oregon. ' Legal
rights to water are determined by their date of issue, the older rights
bearing priority over later rights. Water rights will be referred to

in the discussion of many of thé basins and counties.

Irrigation uses of water are assumed to remain reasonably constant
for this study, assuming that most soils which respond readily to irri-
gation and- are near available resources are presently irrigated (in
many areas, additional water rights are not available for irrigation).
Consumptive uses of water for industry, recreation and thermal power
were not considered, assuming that domestic consumptive use will hold
priority for water rights over all other uses. Calculations used to
determine the carrying capacity of availablg water supplies are
restricted to domestic consumptive use.

Domestic consumptive use of water is considered to be a combination
of urban, rural non-farm, rural and livestock uses. These uses include
both personal and public requirements. Personal requirements include
the preparation of food, cooking, cleaning and washing of dishes and
cooking utensils, clothing, bedding and living area, and attending to
personal hygiene and sanitary requirements such as bathing,'washing,

water closets, etc. Public requirements include sprinkling and
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flushing streets, fire protection, irrigation of lawns, parks, etc.,
swimming pools, sewage conveyance and waste decomposition, dilution of
dissolved solids from waste water treatment plants, and a portion to
each of the many support businesses. An estimated 20 percent of con-
sumable water is unaccounted for, hostly lost by leakage and evaporation
(Bodhaine, et. al. 1963). A better quality of life may include addi-
tional demands on water supplies such as air conditioners, private
swimming pools, etc., but generally, a better quality of life only uses
more water for each of the basic needs (automatic dishwashers, auto-
matic washers, ice makers, more irrigation for lawns, shrhbbery and
flower beds, etc.).

Surface water supplies were used to satisfy domestic consumptive
needs for increasing populations in this study. Groundwater is exten-
sively mined throughout the state for domestic, municipal, industrial
and irrigation consumptive uses. The quantity of these supplies used
or available is unknown. While much is already generally known about
groundwater in alluvial basins such as the Willamette, and about the
basalt underlying the Columbia Lava Plateau in central Oregon, the
dependability of the reservoirs can be determined only after the
discovery that recharge to the reservoir is less than the demands on
the supply.

Oregon is a heavily forested state whose economy and quality of
life depend heavily upon maintaining the forests in the best production
possible. A common misconception jis that forests create water supplies.

However, the water is not there because the forests are there; rather,
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the forests are there because the water is there. Forests, and all
other native vegetation, comﬁete viciously for groundwater. Streams
draining forested slopes represent the surplus of precipitation after
the relative high water demands of the trees have been satisfied
(McGuinness, 1963). These facts were taken under consideration dqring
this study while determining the reliability of streamflows in areas
under reforestation policies and in areas of sustained yield harvest
methods. Records from the State Engineer's Office, the State Water
Resources Board publications and available logs of existing wells were
interchangeably used to determine the reliability of groundwater
reservoirs. Documentation is insufficient to justify the inclusion
of groundwater supplies into the calculations of this study. However,
groundwater studies by the State Engineer's staff are cited and

discussed wherever possible.

Recommended Water Requirements

Standard Quality of Life

The water requirements were calculated at 150 gallons per individ-
ual per day. Most literature sources on this subject include other
water needs than personal consumption. Borgstrom (1969) cites the U.S.
average individual consumption at 160 gallons per day. Various personal
and public health books were used to obtain the itemized breakdown of
use. Water use measurements by the author contributed to the informa-

tion (table 1).



56

Table 1. Daily Water Requirement
for a Standard Quality of Life

Personal Requirements Public Requirements
Requirement Gallons/day/ Requirement Gallons/day/
individual : individual
Drinking water 1 Street § park care 10
Food Preparation 5 - Fire protection 5
Laundry § cleaning 10 Sewage conveyance
Personal hygiene 25 § disposal 10
Sanitary waste disposal 40 Support businesses,
Lawn § yard irrigation - schools, hospitals
Miscellaneous 15 etc. 10
Leakage & evaporation 20
Total 96 . Total 55

The 151 gallons per individual per day was rounded to 150 gallons. This
requirement equals 0.231 cubic feet per second for 1,000 individuals.
Surface water flows in rivers and streams were assumed to supply
the necessary per capita demands. Present use of groundwater reserves
were considered to be continued, but no additional demands were placed
on these water supplies for lack of numerical data required in calcula-
tions, and for lack of assurance that these sources can indefinitely

supply the amounts being removed.

Present Quality of Life

This water supply was calculated at 250 gallons per. individual per

day. The additional 100 gallons per day over the '"standard" quantities
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required and listed above, were added to the personal requirements of
the individual. Use of automatic dishwashers and laundry facilities
added 55 gallons per day per individual. The other 45 gallons per day
was assumed equally divided between personal hygiene, with increased
showers at five gallons per minute (Borgman, 1965), increased lawn and
yard irrigation, and miscellaneous uses which include such itemsAas
automobile washing, sidewalk and driveway washing, etc. The 250 gallons
per day per individual calculates to 0.384 cubic feet per second for
1,000 individuals.

Surface water flows in rivers and streams were assumed to supply
the necessary per capita demands without further demands on groundwater

supplies.



COORDINATION OF DATA

Calculations similar to the four examples were carried out for
each of the 3,102 soil cards in the state, for both the 'standard"
quality of 1ife and the "present" quality of life. Carrying capacity
information on the printout forms was separated by human carbohydrate
units, human protein units and human building units; each unit being
one individual. The first concluding computation was separated into

the following categofies:

1. The contributions of each county within the 17 different
drainage basins toward the carrying capacity of the basin
for human carbohydrate, protein and building units.

2. The total contribution of each of the 36 counties toward
the state's carrying capacity.

3. The total contribution of each of the 17 drainage basins
toward the state's carrying capacity.

4, The total carrying capacity for the state.
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Items #2, #3 and #4 are contained in Appendix C, Tables C1 through C6.

It is on the cultivated soils where the major competition exists
between raising crops and the construction of residences with their
associated support facilities. The initial computer printout did not
reflect this competition but simply calculated the numbers of humans
which the state's carbohydrate, protein and construction sites could

support, given the percent capabilities which were assigned them. A
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short program was added to the main computer program which would equili-
brate this competitiVe use for cultivated soils to within a population
of 10,000 individuals above or below the carrying capacity for the state.
That is, in order to obtain more of the best soils for construction
purposes, cultivated soils used for produéing carbohydrates (wheat) are
encroached upon. The two uses for the cultivated soils were "traded
off", one for the other, until the carrying capacity was approached,
then the program ceased. No calculations of carrying capacities were
made for counties or drainage basins.

At the beginning of the competitive program, all of the soils that
would be occupied by construction (e.g., the 40.5 acres of the Hood
soil, sub-series A, in the example) are already occupied. The new
encroachment of construction will be on soils identified with the use
of producing carbohydrates for the state's residents. All acreages of
soils at this point are equivalent acres (100 percent useable).

' fhe standard quality of life requires 0.517 acres of cultivated
soils annually per individual to satisfy the carbohydrate requirements.
The figure includes that amount necessary to ''feed out" beef for animal
protein requirement satisfaction. This quality of life also requires
0.225 acres of cultivated soils to satisfy individual construction
requirements. Where one individual required 0.225 acres for construc-
tion purposes, 10,000 individuals would require 2,250 acres (10,000 x
0.225), Thus, by increasing the state's population by 10,000 individ-
uals, 2,250 acres of cultivated soils would be taken from use for

raising carbohydrate producing crops. This action decreases the state's
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carbohydrate satisfaction carrying capacity by 2,250 acres # 0.517
acres (the acres needed to produce wheat to satisfy carbohydrate
requirements per individual) which is 4,352.03 individual ca;bohydrate
support units. This part of the program required the computer to
increase the carrying capacity for construction by 10,000 individuals
and to simultaneously decrease the carrying capacity to supply carbo-
hydrates by 4,352.03 individuals.

The program continued until the construction demand on cultivated
soils for the final 10,000 individuals (2,250 acres at a time) became
greater than the carrying capacity to produce carbohydrates for that
numbef of individuals. Then the program ceased, and thg population
numbers were pfinted. In other words, each time 10,000 individuals'
housing demands were satisfied (by utilizing 2,250 acres) and the
number of carbohydrate satisfaction units decreased by 4,352.03, the
computer examined the numbers to see if the state's carbohydrafe
satisfaction units were still higher than the new total state demand
for construction units. The procedure was repeated if the differences
were still greater than 10,000.

Eventually, after continually removing cultivated soils from
farming uses (raising wheat) 4,352.03 support units at a time and
placing construction on 2,250 acres of cultivated soils required for
10,000 individuals, a time arrived when there were less carbohydrates
being produced in the state than there were residents depending upon

them for dietary support (within a range of 10,000 individuals).
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When the computer noted this event, the substitution of land use ceased
and the carrying capacities were again printed.

The computer counted the number of times 10,000 individuals were
added to the population. The population increase in Oregon between the
1970 census survey and the 1972 population estimate (Meyers, 1973) was
used as the present growth.rate of the state's population. The popula-
tion increase was 91,885 individuals or 125.78 individuals per day over
the two year period. This rate of growth required 79.5 days for the
population to increase 10,000 individuals. The period of time required
for the population to equal that of the 1970 census survey was deter-
mined. The approximate time of the carrying capacity equilibrium was
calculated.

An identical procédure was executed with the program which had
been changed to accommodate the present quality of life. In this
program, 2,890 acres of cultivated soils were required for construction
purposes for each 10,000 ihdividuals (10,000 individuals x 0.298 acres
required per individual for construction satisfaction). However, for
each 2,890 acres used for construction purposes, the state's cultivated
soils decreased in capacity to supply carbohydrates by 4,800.66 indi-
viduals (2,890 acres * 0.602 acresﬂper individual). The program pro-
ceeded by the same methods, and the final carrying capacities for
construction and carbohydrate satisfactions were printed out for the
state's population to within 10,000 individuals for the more liberal
quality of life. Identical methods were used to determine the approxi-

mate time the carrying capacities would be approached for the second
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quality of life as for the first. The results are included in the
writeup for the State of Oregon, page 335.

Most pastureland, hayland and rangeland soils which contribute to
“dietary protein satisfaction are not easily used for construction
because of the soil structure and location. They were not used com-
petitively with construction in this study. |

Water requirement satisfaction for drainage basins was determined
on a calculator using the requirements of 0.231 cubic feet per second
for the needs of 1,000 individuals enjoying a standard quality of life
and 0.384‘cubié feet per second for the needs of 1,000 individuals

enjoying the present quality of life.

The materials and methods presented in this section are used to
determine the cérrying capacities for the 36 counties, the 17 basins
and for the State of Oregon. Each are individually discussed in the
following chapter. The tabulaticns related to the physical, geograph-
ical apd climatic features of their soils are contained in tables in
Appendices A and B. Direct or indirect reference is made to the data
contained in each of the tables during the discussions or the deter-
minations and justifications for the carrying capacity calculations.
However, reference is made to the location of the tables only once
during each discussion in order to present the information in an easy

to read text.



CHAPTER III

RESULTS

COUNTIES
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BAKER COUNTY

Baker County was created September 22, 1862 from a portion of
Wasco County. It is named for Colonel E. D. Baker who was a brilliant
orator. He came to Oregon from California in the spring of 1860 with
the intention of being elected a U.S. Senator from Oregon. He was
elected but later was killed October 21, 1861 at the battle of Ball's
Bluff, Virginia, the first member of Congress to die in the Civil
War (Holman, 1910). ‘The county is bounded on the west by Grant County,
on the south by Malheur County, on the east by the Snake River and
the State of Idaho and on the north by Wallowa and Union Counties.
Ninety-six percent lies in the Powder Ri?er Basin with small portions
included in the Malheur River, Grande Ronde River and John Day River
Basins. It is the tenth largest county in the state, encompassing
1,973,760 acres of which 1,691,100 acres (85.7 percent) are classified
and included in this study (Appendix A, Tables Al through A7).

Climatic conditions vary with the elevations. Heavy winter snow-
packs on the 7,000 to 10,000 foot peaks of the Wallowa Mountains to
the north and the 6,000 to 8,000 foot peaks of the Blue Mountains to
the west contribute summer water supplies to the county's cultivated
soils. Violent summer rainfalls also contribute nearly half of the
9 to 12 inch average rainfall to the cultivated areas, but most of
this drains off before reaching the plants' root zones. Frost may
occur any month of the year in the mountains, but most of the culti-

vated areas have frost-free growing periods greater than 120 days.
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Eighty-two different soil series and sub-series were inventoried
for Bakér County (S.W.R.B., Appendix I-9, 1969). Rangeland is the
major land use of nearly half (48.2 percent) of the county's land, and
forests occupy another 550,700 acres. A total of 1,495,000 acres of
land or 76.3 percent of the county's land is in rangeland and forests.
Forest floors are also grazed at lower elevations during the late
summer months. In 1970, Baker County reported 106,000 head of cattle
and 19,000 sheep (0.S.U., Commodity Data Sheets, Cattle, Sheep, 1972).

The'temperate climate and long growing season allow a variety of
crops to be produced on the 182,000 acres of soils with cultivation as
their major land use. Cereal grains occupied the following areas in
1971: wheat - 9,500 acres, oats - 1,200 acres and barley - 4,000 acres,
totaling 14,700 acres. Harvested acres of hayland during 1971 was
76,500 acres, more than five times the total quantity of cereal crops
(0.5.U., Commodity Data Sheets, Wheat, Oats, Barley, Hay, 1972). In
1969, 126,515 acres of land were reported under irrigation (U.S. Bureau
of the Census, Census of Agriculture, 1969). The combination of large
numbers of livestock, spacious grazing lands, winter hay and sufficient
grains for feeding has heiped Baker County to become one of the finest
livestock producing counties in the state.

Unfortunately, there are not sufficient water supplies to ade-
quately irrigate the acreage toiobtain maximum production. During the
late summer and early fall months many streams and rivers approach zero
flow. Legal water rights in Baker County would deplete 1,382,549 acre

feet from the streams. This is more than 154 percent the estimated
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historical average annual yield from all streams. Groundwater sources
are limited and must be considered as a supplemental source with only

a small contribution to total water needs.

Carrying Capacity and Future Trends in Baker County

The county's population has steadily decreased from 18,297 resi-
dents in 1940 to 14,919 in 1970 (Meyers, 1973). Computer calculations,
using present patterns of land use in the county, show a carrying
capacity for construction to be 1,199 individuals for the present
quality of life and 1,540 for a standard quality of life. The dis-
crepancy between the present population and the computer calculated
carrying capacity of the soils reflects the types of soils contained
in the construction areas. Less than three percent of the soils are
rated to have less thaﬁ "'very severe' restrictions for septic tank
filter field limitationms.

All soils with cultivation as their major land use were converted
to the production of carbohydrates (wheat). For the present quality of
life, the soils could provide 152,095 individuals with their dietary car-
bohydrate needs. For a standard but still acceptable quality of life,
the soils could supply the dietary carbohydrate requirements for 177,101
individuals. All soils with range, hay or pasture as their major land
use were converted to the production of animal protein (beef). For the
present quality of life, 1,667 individuals could be provided their
dietary animal protein needs. For a standard quality of life, 3,500

individuals could be supplied their dietary animal protein requirements.
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Many acres of cultivated soils are used for hay and pasture and,
‘because of their classification, were not calculated to produce
animal protein supplies.

The major limiting factors in Baker County are the scarcity of
good soils for construction and an all-season dependable water supply.
Construction requirements can be managed by limiting growth to within
service areas of municipal facilities. Reservoir sites to store water
for supplemental supplies may cause the inundation of a considerable
quantity of presently productive soils and siltation as stream gra-
dients are too steep in the mountains to offer good storage areas.

The calculation determinations of the carbohydrate production
potential were greater than those presently produced in the county.
Most of the '‘cultivated" soils are used as range and pasture or for
hay production, This factor and a low value given to the long-term
potential for soils used as range, depressed the true agricultural
activity in the county. Carbohydrates are probably produced in suf-
ficient quantities for the present population, and animal protein

supplies are being exported,
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BENTON COUNTY

Benton County was created December 23, 1847. It is named for

: Senatof Thomas H. Benton of Missoiri who, for many years, had been a
strong advocate of Oregon (Holman, 1910). It is bounded on the west
by Lincoln County, on the south by Lane County, on the east by the
Willamette River and Linn County, and on the north by Polk County.
Twenty-eight percent of the’county‘s area lies in the Mid-Coast Basin
and the remainder lies in the Willamette River Basin. Benton County
ranks 33rd in size of Oregon's 36 counties, encompassing 427,520 acres
of which 319,019 acres (74.6 percent) are classified and included in -
this study (Appendix A, Tables A8 through Al4).

The climate is temperate with wet, Opeﬂ winters and dry, warm -
summers. Most of the precipitation arrives between November and March,
sometimes exceeding 100 inches annually in the Mid-Coast Basin portion
of the county but having only a 40 inch average in Corvallis (U.S.
Department of Commerce, Weather Bureau, 1965). The highest mountain
in the Coastal Range, Mary's Peak (4,097 feef), is located in the
western part of the county and is ﬁsually covered with snow during the
late winter months. Other elevations in the county's mountainous
portion range from 1,600 - 2,500 feet, not high enough to block all
of the marine influence of the ocean breezes. The average frost-free
period in the agricultural area is from 165 to 210 days a year.
| Forests are the major land use of 136,795 acres of the classified
soils. Grazing by the county's 1970 population of 12,000 cattle and

16,000 sheep (0.5.U., Commodity Data Sheets, Cattle, Sheep, 1972)
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proceeds on a nearly year around basis. The cattle graze near the
margins of the forest-valley interface where brushy pastures and open
parks are common. Many flocks of sheep graze in pastures on the valley
floor and on grass seed fields during the winter.

Eighty-six different soil series and sub-series were inventoried
in Benton County (S.C.S., Benton County, 1973). Within these soil
types, 106,197 acres are classified with cultivation as their major
land use and 73,679 acres have pasture as their major land use. Small
grains, grass seed and hay are raised on the greater number of acres.
In 1970, 7,100 acres of small grains, 9,100 acres ofvhay crops and
24,275 acres of grass seed crops were reported by Benton County farmers
(0.S.U., Commodity Data Sheets, Wheat, Oats, Barley, Hay, Grass Seed,
1972). These 40,475 acres of cereal grass and other grass type crops
reflect the better use of most of the Willamette Valley soils. More
than 68,000 acres of Benton County soils are of Capability Classes I
and II with only erosion and water problems as their major limiting
factor. Cannery crops, orchards, berries and mint fields occupied
8,570 acres of the county's finest soils in 1970 (Atlas, Benton
County, 1974). Most of the specialty crops require irrigation.

A total of 78,116 acres of soils are rated as ''excellent' or ''good"
for irrigability. In 1969, 15,000 acres were irrigated in the county
(U.S. Bureau of the Census, Census of Agriculture, 1969), mostly by
overhead sprinkler systems. The areas of greatest crop diversity and
irrigation use lie adjacent to the Long Tom River in the southern

portion of the county and north of Corvallis on the terraced west bank
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of the Willamette River. About half of the irrigation waters are
quplied by surface waters and the remainder from groundwater supplies
(Atlas, Benton County, 1974).

Surface water flows in the Willamette River are regulated by a
series of large reservoirs in Lane County which maintain a static flow
throughout the dry seasons. Streamflows in the Long Tom River are
regulated by releases from the Fern Ridge Reservoir west of Eugene.
Streamflows in Mary's River are not supplemented from reservoirs but
depend upon the river's tributaries which drain the east slope of the
Coast Range. ‘This river often dwindles to a mere trickle where it
empties into the Willamette River at Corvallis. The Luckiamute River
at the county's northern boundary is undependable for a‘consistent
supply of irrigation water during the late summer and early fall months.

Groundwater supplies are not consistent throughout the county.
Alluvial beds near the Willamette River provide good supplies for irri-
gation uses. The relatively impermeable sedimentary rocks underlying
the east facing slopes of the Coast Range store minor amounts of
groundwater, Usually these supplies are sufficient for domestic and
minor livestock use but they are often of poor quality. Saline waters

have been obtained by drilling in this area (Wheeler, 1970).

Carrying Capacity and Future Trends in Benton County

The population in Benton County has grown steadily from 18,629
residents in 1940 to an estimated 59,800 residents in 1972, a 321

percent increase (Meyers, 1973). The increase in enrollment at Oregon
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State University at Corvallis has contributed significantly to the
present population numbers. Computer calculations from this study,
using present patterns of land use, show a carrying capacity for
construction to be 15,115 individuals for the present quality of
‘life and for 19,414 individuals for a standard quality of life,

Aly soils with cultivation as their majof land use were converted
to the production of carbohydrates (wheat) and, for the present quality
of life, 121,566 individuals could be provided their dietary carbohy-
dfate needs, For a standard but still acceptable quality of life,
141,552 individuals éould be supplied their dietary carbohydrate
requirements, All soils with hay or pasture as their major land use
were converted to the production of animal protein (beef) and, for the
present quality of life, 5,297 individuals could be provided their
dietary animal protein needs., For a standard quality of life, 11,125
individuals could be supplied their animal protein requirements.

The discrepancy between the calculated.carrying capacity for
construction and the present population was caused by the evaluations
of the characteristics of soils close to present urban and suburban
growth. The clay soils close to present population concentrations are
difficult to prepare and expensive to maintain for construction uses,
which limits their carrying capacities. Although there are 23,151 acres
of soils considered to have "slight" or "moderate" limitations for use
as septic tank filter fields, only those located along the River Road
north of Corvallis and in West Albany are being utilized most exten-

sively for construction. The other soils with this rating are some
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distance from present urban centers. Nearly two-thirds of Benton
County's population (65.4 percent) werc residents of Corvallis, Philo-
math and Monroe in 1972 (Meyers, 1973). The land use planning proce-
dures being enforced in the county are containing the population in
planned growth areas. It should be possible to maintain an acceptable
quality of life for the county's residents if the population does not.
increase significantly,

The county's cultivable soils have the capability to produce
sufficient carbohydrate supplies for the present and near future
populations and to export some of those nutrients should the need
arise. The present use of the cereal crop producing soils for the

‘production of grass seeds could well be the best method of utilization
of the soils at this time. Animal protein supplies are insufficient
for the present population and are being imported from other areas

in the state.
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CLACKAMAS COUNTY

Clackamas County was one of the four original Districts or Counties
created on July 5, 1843, six years before Oregon became a U.S. Territory
and 16 years before statehood. It is named for the Clackamus Indian
nation that resided on a river,of_the same name. Lewis, a '"fierce"
speller, entered the name 'Clarkamus' in his journal, but on Clark's
map, printed in 1814, thé name was Clackamus (Holman, 1910). It later
changed to Clackamas. It is bounded on the west by Washington, Yamhill
and Marion Counties, on the southwest and south by Marion County, on
the east by Wasco and Hood River Counties and on‘the north by Multnomah
County.‘ It is completely contained within the Willamette River Basin.
Clackamas County is the 18th largest of Oregon's 36 counties, encom-
passing 1,209,600 acres of which 672,310 acres (55.6 percent) are
classified and contained in this study (Appendix A, Tables Al5 through
A21). |

The climate is temperate with mild, wet winters and dry, warm
summers. The maritime influence of the coastal winds coming up the
Columbia River has a moderating effect on the harshness of the seasons
in the county's northern portion. The average annual precipitation
ranges from 40 inches at Canby to well over 100 inches near the peak
of towering Mount Hood. The average frost-free growing period in the
agricultural areas is from 180 to 210 days a year, In the high moun-
tainous area along the eastern boundary line, frost may be expected

any day of the year.
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The eastern half of the county is heavily forested. The 44.4
percent of the county's soils that were not inventoried by the Soil
Conservation Service personnel are mostly public forest lands. The
higher mountain areas are densely forested and have little livestock
forage. However, at lower elevations, each stream provides some grazing
on its widening flood plains and many grassy knolls and hills are fenced
for pasture. The 122,305 acres of soils with pasture as their major
land use are scattered throughout the lower elevations of the foothills.
In 1970, 46,000 cattle and 22,000 sheep were reported by Clackamas
County farmers (0.S.U., Commodity Data Sheets, Cattle, Sheep, 1972).

Hay and grass fields are also grazed after the crops have been harvested.

One hundred seventy-five different series and sub-series of soils
were inventoried in Clackamas County (S.C.S., Clackamas County, 1970}.
Cultivation is the major land use of 305,160 acres. However, this
quantity is far in excess of the reported 83,245 acres of harvested
crops in 1969 (U.S. Bureau of the Census, Census of Agriculture, 1969).
Specific crops reported in 1969 were 9,500 acres of wheat, 9,000 acres
of oats, 4,000 acres of barley, 13,500 acres of grass and clover seed
crops, 3,100 acres of vegetables, 4,775 acres of berries and 3,050 acres
of tree fruits, nuts and grapes for a total of 43,875. By including the
41,200 acres of harvested hay, the total comes to 85,075 acres or nearly
the same as recorded with the 1969 agricultural éensus (Atlas, Clackamas
County, 1974). The 1969 census also reported 12,572 acres of these

soils were under irrigation the same year.
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Most of the 292,870 acres of soils rated "excellent' or 'good"
for irrigability are located between the Pudding and Molalla Rivers.
Both rivers have recorded nearly zero streamflows during dry water years
(U.S.G.S., 1968), and their average streamflows during normal water
years are overappropriated. Groundwater supplies are not plentiful on
the valley floor but many irrigation wells have good soufces of water
from the underlying alluvial aquifers (Hampton, E.R., 1963). These
supplies supplement surface water supplies but an extension of their
use should not be included in long range planning until more is known

about their dependability,

Carrying Capacity and Future Trends in Clackamas County

The population in Clackamas County has increased from 57,130
residents in 1940 to an estimated population of 178,400 residents in
1972 (Meyers, 1973). Besides a typical growth rate, the city of
Poftland has extended into the northern portion of the county, and
many individuals who work in Portland have selected Clackamas County
areas for their residences. Computer calculations from this study,
using present patterns of land use, show the carrying capacity for
construction to be 126,296 individuals for the present quality of life
and 162,220 individuals for a standard quality of life.

All soils with cultivation as their major land use were converted
to the production of carbohydrates (wheat) and, for the present quality
of life, 216,215 individuals could be provided their dietary carbo-

hydrate needs. For a standard but still acceptable quality of life,
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251,763 individuals could be supplied their dietary carbohydrate
requirements. All soils with hay. or pasture as their major land use
were converted to the production of animal protein (beef) and, for the
present quality of life, 30,952 individuals could be provided their
dietary animal protein needs. For a standard quality of life, 65,002
individuals could be supplied their dietary animal protein requirements. -

- The discrepancy which exists’between the calculated carrying
capacityrfor construction and the numbers of residents already living
in the county is partially related to the large concentration of
construction occurring in the Lake Oswego and Gladstone areas, and
partially from the number of rural non-farm dwellings being constructed
~on fragile pasture and fringe forest areas. County comprehensive
planning is actively working toward retaining the better soils for
agricultﬁral uses. The Portland city expansion will likely spread
further into the county and the quality of life for the present
residents could become an issue.

The calculated quantities of carbohydrates are in excess of those
possible to be produced in the county unless extensive clearing of
brush from cultivable soils occurs. However, sufficient carbohydrates
could be produced to provide the present and a moderate increase in
population with their/dietary needs. Animal protein supplies are
being imported into the county at this time and additional imports

would be required for any further increase in population.
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CLATSOP COUNTY

Clatsop County was created June 22, 1844. Its name is that of a
small Indian tribe living south of the mouth of the Columbia River.
Lewis and Clark named their 1805 - 1806 winter quarters Fort Clatsop
(Holman, 1910). It occupies the extreme northwestern corner of the
state, being bounded on the west by the Pacific Ocean, on the south by
Tillamook County, on the east by Columbia County and on the north by
the Columbia River. It lies completely within the North Coast Basin.
Clatsop County ranks 28th in size of Oregon's 36 Counties, Encompassing
524,800 acres of which 81,800 acres (15.6 percent) are classified and
included in this study (Appendix A, Tables A22 through A28).

The climate is mild and humid, tempered by the large bodies of
water to the north and west,  Annual precipitation at Astoria and Sea-
side exceeds 80 inches, most of it arriving during the winter and spring
months. The Coast Range Mountains along the county's eastern boundary
forms a cloud barrier except near the Columbia River. Precipitation in
the higher mountain areas exceeds 120 inches a year, mostly coming as
rain with occasional winter snows remaining for short periods of time
(U.S. Department of Commerce, Weather Bureau, 1965). The frost-free
growing period is from 150 to 195 days in the agricultural areas.

Forests cover about 90 percent of the county, many of them offering
year-around grazing for livestock herds. Dairy cattle made up only one-
eighth of the total 10,000 cattle reported by farmers in 1970, which is
considerably less than reported on previous years. Only 400 sheep were

reported the same year (0.S.U., Commodity Data Sheets, Cattle, Dairy
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Cattle,‘Sheep, 1972) . Woodland and brushy pastureland often contains
small meadow hayfields close to streams, There were no cereal crops
reported but 3,750 acres of haylands were harvested in 1970 (0.S.U.,
Commodity Data Sheets, Wheat, Barley, Oats, Hay, 1972).

Twenty different series and sub-series of soils were inventoried
(S.W.R.B., Appendix I-1, 17, and 18, 1969). Soils with cultivation as
their major land use totaled 16,800 acres and pastureland soils totaled
49,400 acres. The agricultural land extends along the coast in a narrow
band from Seaside to the mouth of the Columbia River. It also extends
up the rivers where irrigation waters are available during the early
summer months.

Water supplies are limited in most parts of the county. The
impermeable sedimentary rocks underlying the south and western portion
of the county are poor aquifers, so groundwater supplies are limited.
The Columbia River basalt along the upper Columbia River portion of
the county has some groundwater reservoir capacity where sedimeﬁtary
formations are not deep. Most of the annual precipitation drains
quickly down the steep stream gradients into the ocean or the Columbia
River. Municipal water supplies for Astoria and other cities are
resérved in 1akes and reservoirs but little surplus is available for

industrial and irrigation uses,

Carrying Capacity and Future Trends in Clatsop County

The Clatsop County population has remained quite stable since 1940

when 24,697 residents were inventoried. The estimated 1972 population
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wasv28,800 residents (Meyers, 1973). Computer calculations from this
study, using present patterns of land use, show a carrying capacity for
construction to be 1,456 for the present quality of life and 1,868 for a
standard quality of life.

All soils with cultivation as their major land use were converted
to the production of carbohydrates (wheat). For the present quality
of life, 26,260 individuals could be provided their dietary carbohydrate
needs. For a standard but still acceptable quality of life, 30,577
individuals could be supplied their carbohydrate requirements, All
soils with hay or pasture as their major land use were converted to
the production of animal protéin (beef). For the present quality of
life, 5,163 individuals could be éupplied their dietary animal protein
needs. For a standard quality of life, 10,843 individuals could be
supplied their dietary animal protein requirements.

Most Clatsop County soils have excessive slope, poor internal
drainage, high water tables or are prone to slides or flooding. Only
2,600 acres are classified with ”slight"»and "moderage'" limitations
for use as septic tank drainage fields. Waste water disposal facilities
are poor but can be constructed, Somevpopulation increase could be
accommodated but long-range plans would need to be initiated before
significant growth could occur Qithout a decrease in the quality of
life in the area.

The soils classified as '"cultivated" in theicounty are not used
for growing cereal crops but produce forage for livestock production.

However, even if these acres were converted to beef production, the
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county would still import both carbohydrate and animal protein supplies
for their residents.

Clatsop County is unique among Oregon;s counties in that extensive
fish and shellfish processing occur there. It is estimated that half of
the total weight of fish and shellfish products for the state are
harvested or processed in the Astoria area (Atlas, Clatsop County,
1973). This study did not include fish or shellfish products into
the calculation for animal protein supplies because they are not a
managed harvest. With few exceptions, increases or decreases in fish
and shellfish supplies depend ﬁpon the method of hunting and finding

the prey rather than managing a harvestable dietary source.
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COLUMBIA COUNTY

Columbia County was created January 16, 1854 from a portion of
Washington County (Holman, 1910). It is bounded on the west by Clatsop
County, on the south by Washington and Multnomah Counties and on the
east and north by the Columbia River, for which the county is named.
About 21 percent of its eastern area is contained within the Willamette
River Basin with the remainder within the North Coast Basin. Columbia
County is the third smallest of Oregon's 36 counties. It encompasses
413,400 acres of which 202,300 acres (48.9 percent) are classified and
included within this study (Appendix A, Tables A29 through A35).

The county has a temperate maritime climate with dry, Qarm summers
and wet, mild wintérs. The range in elevation is from 20 feet above sea
level along the Columbia River to 2,500 feet in the mountainous south-
western portion. The northern extension of the Coast Range dwindles to
large hills along the Columbia, neither offering a significant barrier
to heavy rainclouds propelled inland from the ocean. Average annual
precipitation ranges from nearly 100 inches in the higher mountains to
about 45 inches near St. lelens (U.S. Department of Commerce, Weather
Bureau, 1965). The average frost-free growing period in the'agricul-
tufal areas is from 150 to 195 days.

Most of the county is heavily forested. The 92,100 acres of soils
with a major land use of pasture arc¢ generally bushy pasturelands on
slopes too steep to accommodate machinery and conventional irrigétion

equipment. Only 35,2 percent of the classified soils have slopes less

than 31 percent, Twenty-four thousand cattle and 3,200 sheep were
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reported by the county's farmers in 1970 (0.S.U., Commodity Data Sheets,
Cattle, Sheep, 1972).

Forty-two different series and sub-series of soils were in?entoried
(5.W.R.B., Appendix I-1, 17, 18 and 2, 1969). Within these soil types,
77,800 acres wéré classified with cultivation as théir major land use
and 92,100 acres had pasture as their major land use. A loess mantle
overlies a portion of the county's eastern soils and extends on over
the Portland Hills in Multnomah County. The fine, wind transported
soils are nearly the same as the fertile Walla Walla soils in north-
central and north-eastern Oregon. While these good, cultivable soils
are present west of the St. Helens area, many are difficult to reach
and the cost of clearing brush and trees from them is often greater
than the agricultural returns which could be antiéipated. In 1971,
the county's farmers reported 10,700 acres of hay, 200 acres of wheat,
900 acres of oats and 500 acres of barley harvested (0.S.U., Commodity
Data Sheets, Hay, Wheat, Oats, Barley, 1972). This totals to 12,300
harvested acres, which is less than 16 percent of the acreage classified
with cultivation as its major land use.

Thirty-two thousand seven hundred acres of soils are considered
"excellent" and 'good" for irrigability. Winter and spring precipita-
tion is plentiful, but the waters quickly drain from the area with only
small amounts percolating into the soils. Groundwater supplies are
slight and cannot aid in maintaining late summer streamflows by draining
laterally into their systems. The light winter snowpack in the moun-

tain melts early and does not aid in maintaining summer streamflows.
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Only 6,244 acres of soils were reported under irrigation in 1969

(U.S. Bureau of the Census, Census of Agriculture, 1969).

Carrying Capacity and Future Trends in Columbia County

The population in Columbia County increased slowly from 20,971
residents in 1940 to 22,379 residents in 1960. However, é 34.4 percent
increase in population has occurred since 1960, and the estimated 1972
population is 30,070 residents (Meyers, 1973). Computer calculations
from this study, using present patterns of land use, show a carrying
capacity for construction to be 4,391 individuals for the present qual-
ity of 1ifc and 5,897 individuals for a standard quality of life.

All soils with cultivation as their major land use were converted
'to the production of carbohydrates (wheat). For the present quality
of life, 49,771 individuals could be provided their dietary carbohydrate
requirements. For a standard but still acceptable quality of life,
57,954 individuals.could be supﬁlied their carbohydrate needs. All
soils with hay or pasture as their major land use were converted to
the production of animal protein (beef). For the present quality of
life, 7,027 individuals could be provided their animal protein needs.
For a standard quality of life, 14,756 individuals could be supplied
their dietary animal protein requirements.

~The broad discrepancy between the calculated carrying capacity for
construction and the present population was caused by the evaluations of
the capabilities of the soils to tolerate construction stresses. Only

6,600 acres of the soils have '"slight' and ''moderate' limitations to
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support septic tank filter fields; all othefs have "severe" and 'very
severe'' limitations. The rapid 4increase of rural non-farm dwellings in
the county is expected, where a considerable portion of the good soils
are less than 35 miles from the Portland city limits. The county can
tolerate the increase in growth, but municipal services for water and
waste water treatment will need to be supplied.

The calculated carbohydrate supplies are higher than are béing
produced in the county at this time. However, the soils are present
which have the potential to raise the crops and excess water is in the
nearby Columbia River to irrigate the soils. More than 115,000 acres
of Capability Class I, II and III soils have only erosion or water
problem limitations, both of which can be managed by good farming
practices. The difficulty of access to many of these soils can also be
managed should the need occur. At present, manyvof the soils with
cultivation as their major land use are being used for growing hay and
as pastures. Therefore, the animal protein production in the county is
actually higher than indicated by the computer calculations.

Columbia County can support a larger population than exists by
carefully planning where the population will be located and by realizing
the limitations of most of the soils. Eventually, it will be economi -
cally feasible to bring the soils not presently used for crop production
into that use. Both carbohydrate and animal protein supplies are being

imported at this time.
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CO0S COUNTY

Coos County was created December 22, 1853 from parts of Umpqua and
Jackson Counties. Its name is derived from that of a tribe of Indians
of the Kusan family whose habitat was at what is now called Coos Bay.
In the Lewis and Clark "Journals" the name is spelled "Cook-koo-oose'",
this was obtained from the Clatsop Indians (Holman, 1910). It is
bounded on the west by the Pacific Ocean and Curry County, on the south
by Curry County and on the east and north by Douglas County. Less than
two percent of its area lies in the Rogue River Basin, the remainder is
contained in the South Coast Basin. Coos County is the 23rd largest of
Oregon's 36 counties, encompassing 1,031,040 acres of which 134,400
acres (13.0 percent) are classified and included in this study (Appendix
A, Tables A36 through A42). |

The climate is mild and humid with few extreme variations in tem-
perature throughout the year. The annual coastal precipitation is
about 60 inches a year but exceeds 100 inches in the Coast Range. Most
of the area is mountainous and broken with a few flat inland valleys.
Eighty-nine percent of the classified soils have slopes greater than
31 percent, with many areas being nearly impossible to reach with roads.
Flooding is frequent on the lower lying valley soils during the rainy
season. The average frost-free growing period is between 150 and 180
days with cold periods of short duration. Grazing can proceed through-
out the year, although the nutrient value of the forage is low during
the rainy season. Consecutive sunny days are rare except during the

fall months.
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Forty different soil series and sub-series»were inventoried
(S.W.R.B., Appendix I-1, 17 and 18, 1969). The major agricultural
activity is in farm woodlots and pasture. Soils with pasture as their
major land use occupy nearly 50 percent of the classified acres. Deep,
nearly level grassy plains near Bandon and the inland delta lands of
the Coquille River are the county's more heavily grazed areas. Thirty-
five thousand cattle and 24,000 sheep were reported on Coos County farms
in 1970 (0.S.U., Commodity Data Sheets, Cattle, Sheep, 1972).

Cultivation is considered the major land use on 34,900 acres of
soils. However, the 1969 Census of Agriculture reported only 978 acres
in grain crops, 10,871 acres in hay and forage crops and 133 acres of
other crops for a total of 11,982 acres harvested on farms with sales
over $2,500 (U.S. Bureau of the Census, Census of Agriculture, 1969).
The consisfent cool temperatures during the summer growing season do
not stimulate rapid plant growth nor do they produce large crop yields.
The 1970 average hay yield was barely two tons to the acre.

Most of the streams are short and have low flows during the late
summer and early fall months when irrigation activity is greatest.
Groundwater supplies are usually adequate for domestic use, but insuffi-
cient for irrigation. Large quantities of groundwater of poor quality
have been found in the dune areas north of Coos Bay. Logs of observa-
tion wells in the county reveal severe drawdown during the fall months

(Wheeler, 1970).
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Carrying Capacity and Future Trends in Coos County

The county's population has increased from 32,466 residents in 1940
to an estimated 57,300 residents in 1972 (Meyers, 1973). The population
has remained fairly stable with a small but steady growth since 1960.
Computer calculations, using present patterns of land use, show a carry-
ing capacity for construction to be 3,817 individuals for the present
quality of life and 4,903 individuals for a sténdard quality of life.

All soils with cultivation as their major land use were converted
to the production of carbohydrates (wheat). For the present quality of
life, the soils could provide dietary carbohydrate needs for 25,052
individuals, For a standard but still acceptable quality of life,
29,171 individuals could be supplied their dietary carbohydrate require-
ments. All soils with hay and pasture as their major land use were
converted to the production of animal protein (beef). For the present
quality of life, 4,716 individuals could be provided their animal
protein needs. For a standard quality of life, 9,904 individuals could
be supplied their animal protein requirements.

The calculated carrying capacity for carbohydrate supplies is
higher than actually exists and that for animal proteins is lower
because most of the cultivated soils are used to produce forage for the
large numbers of livestock in the county. Correct identifications of
the land uses would lower the carbohydrate totals, but would not in-
crease the protein values sufficiently to supply the present population.
The county presently imports both nutrient supplies in considerable

quantities,
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The major limiting factor in the county is the shortage of good
construction sites. Construction areas in the mountains are prone to
slides and flooding while those along the coast must contend with
tertiary sand dune problems. Future population expansion would need
to concentrate close to municipal water and waste water facilities in

order to maintain an acceptable quality of life,
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CROOK COUNTY

Crook County was created October 24, 1882, from what was origin-
ally Wasco County. It was named for Major General George Crook, U.S.
Army, who had command at one time of the Department of the Columbia
(Holman, 1910). The county is located east of the Cascades, nearly in
the center of the state, It is bounded on the west by Deschutes County,
on the north by Jefferson and Wheeler Counties, on the east by Grant and
Harney Counties and on the south by the irregular panhandle of Deschutes
County. More than 96 percent of the county lies in the Deschutes Drain-
age Basin, with a small portion lying along the drainage divides of
Goose and Summer Lakes Basin and Malheur Lake Basin. Crook County is
the 12th largest of Oregon's 36 counties, encompassing 1,907,200 acres
of which 1,869,000 acres (98 percent) are classified and presented in
this study (Appendix A, Tables A43 through A49).

Most of the county lies on the semi-arid central Oregon plateau
with an average precipitation of from eight to ten inches a year. In
the higher altitudes of the Blue and Ochocho Mountains in the nqrthern
portion and in the Maury Mountains in the center of the county, the
precipitation averages from 16 to 30 inches a year. Frost has been
recorded every month of the year in the county, and less than 17 percent
of the soils have more than a 90 day frost-free growing period.

One hundred thirty-five different series and sub-series of soils
were inventoried in the county (S.W.R.B., Appendix I-5, 1969). Nearly
two-thirds (1,250,900 acres) of the total acreage is classified és

rangeland with another 22 percent classified as forest; together they
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total over 87 percent of the county area. Except in the higher alti-
tudes of the three mountain ranges, grazing is possible along the forest -
floor. Ponderosa pine is the dominant species in the grazed forest
area, while juniper grows on most of the rangeland in vérying densities.
More than half of the soils are above 4,200 feet in altitude, and
751,100 classified acres in the heavily dissected county have slopes
greater than 30 percent. However, cattle graze along horizontal trails
which follow the contours of the steep slopes. Sheep originally cut
the trails on the slopes, but are no longer a major livestock resource,
having decreased from 52,000 in 1940 to an inventory of 2,060 in 1969
(0.S.U. Extension Service, Data Sheet, Sheep, 1971). Nearly 62,000
cattle were listed in the county's 1969 inventory. Many areas between
Paulina and Prineville have bgen cleared of sage brush and reseeded to
hardy grasses which thrive on the dry plateau and gentler slopes. Good
range management is evident and could be expanded.

Presently cultivated soils are limited to areas which have access
to irrigation waters. Only 190,000 acres of the soils are rated as
~either "excellent" or ''good" for irrigability in the county. The short
growing season is reflected in the inventory of soils by capability
classes and subclasses. Only 81,200 acres are rated from Class I
through IV with erosion or water as the major limitations, while 442,400
acres of ClassI through IV soils show the chief limitation to be
climatic factors. The type of crobs grown on the 71,000 inventoried
acres of cultivatable soils reflect the county's concenfrated efforts

toward producing beef. In 1969, more than 25,000 acres of soils were



91

harvested as hay crops, while only 4,800 acres were harvested as small
grains (Atlas, Crook County, 1973). Many of the small grain fields are
seen scattered through the stream bottoms, intermingled with alfalfa
and hay fields and are probably harvested for stock feed.

The availability of water supplies has always been a problem in
Crook County. Nearly the entire area drains into the Crooked River and
its tributariés, all of which havevshown zero streamflow at one time or
another. The Ochoco and Prineville Reservoirs impound waters for use in
the lower reaches of the river, but surface water supplies in the Upper
Crooked River areas are heavily dependent on winter snowpacks in the
mountains. Groundwater supplies are poor, as much of the area is under-
lain with rock formations, barren of productive groundWater reservoirs.
Shallow wells in and around Prineville vary from generally poor to a
few good producers. Water rights on the Crooked River and its tribu-
taries are not in excess of the total annual runoff, but water shortages
exist due to the natural unequal distribution of the water in relation
to water rights. Bringing water back upstream for irrigation would
require lifting it several hundred feet which would not usually be
economically feasible. Total exercise of water rights would decrease
the flow rates bélow those minimums recommended by the Oregon Fish

Commission,
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Carrying Capacity and Future Trends in Crook County

-

Between 1940 and 1970 the population of Crook County has increased
from 5,533 to 9,985 residents. Since 1960 to 1970 the county population
has increased only five percent. Some ranchettes and acreages have
spread onto agricultural land near Prineville, but the movement has not
yet been significant. Subdivisions of soils in the Capabiltiy Classes
VI and VII are significant and increasing. Most of these soils have
been used for grazing and are typically fragile and require long periods
of time to return to productivity once they are damaged. The area
between Prineville and the Prineville Reservoir in the southwestern
part of the county is being heavily subdivided. Most of these soils are
rocky juniper and sage brush areas which will rapidly deteriorate and
become 1less attractive, resulting in a general decrease in the quality
of life for the residents. Less than ten percent of the soils in the
county bear 'moderate' or "slight'" limitations for septic tank filter
field locations and these are widely scattered. The general practice
at the present time is to sink deep holes into the underlying lava and
inject waste watefs into the cavities. The present and future effect
on the limited groundwater supplies is unknown.

Computer calculations from this study, using present patterns of
land use, show a carrying capacity for construction to be 8,758 indi-
viduals for the present quality of life and 11,249 individuals for a
standard quality of life.

All soils with cultivation as their major land use were converted

to the production of carbohydrates (wheat). For the present quality of
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life, 54,929 individuals could be provided their dietary carbohydrate
needs. For a standard but still acceptable quality of life, 63,960
~individuals could be supplied their dietary carbohydrate requirements,
All soils with range, hay or pasture as their major land use were
converted to the production of animal protein (beef). For the presenf
quality of life, 40,257 individuals could be provided their dietary
animal protein needs. For a standard quality of life, 84,542 indi-
viduals could be supplied their animal protein requirements.

Most of the soils with cultivation as their major land use grow
hay and forage crops instead of small grains. The difference in the
type of crop "cultivated" on the soil results in more animal protein
being produced and less carbohydrate type crops in actual production.
The residents presently import most of their carbohydrate supplies and
export large quantities of animal protein supplies.

Two major factors exist which will limit population growth in
the county, The first and greater is the absence of reliable water
supplies. The second is the shortage of good building sites close
to existing urban centers. Considerable care must be exercised with
planning future growth in the area in order to avert a possible loss

in the quality of life for the residents.
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CURRY COUNTY

Curry County was created December 18, 1855 from a portion of Coos
County. It is named for George L. Curry, the last Territorial Governor
of Oregon (Holman, 1910). It occupies the far southwestern corner of
the state and is bounded on the west by the Pacific Ocean, on the south
by the State of California, on the east by Josephine County and on the
north by Douglas and Coos Counties. About one-third'(32.7 percent) is
contained in the Rogue River Basin and the remainder in the South Coast
Basin. The county ranks.22nd largest of Oregon's 36 counties, encompas-
sing 1,038,080 acres of which 56,800 acres (5.5 percent) are classified
and included in this study (Appendix A, Tables AS50 through AS56).

The climate is humid and under the direct influence of the Pacific
Ocean along which the county exténds. Elevationé vary from sea level to
more than 3,000 feet within a few miles. The small quantities of classi-
fied soils lie in a narrdw, broken band along the coast and extend for
short distances up a few of the larger streams. All streams drain into
the ocean through deeply eroded canyons. The county contains some of
Oregon's most valuable standing timber. Forestry is considered the
major land use on 20,000 acres of the classified soils, and by adding
those soils not classified but considered to be timbered [N], 96.4 per-
cent of the county's soils would have forestry as their major land use.

A considerable amount of the forested soils and most of the rolling
hills along the coast are grazed. In 1970, farmers in the county re-
ported 11,000 cattle and 22,000 sheep (0.S.U., Commodity Data Sheets,

Cattle, Sheep, 1972). Irrigated pastures and haylands extend along
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the streams and rivers. Dairy cattle supply local markets with
products,

Thirty different soil series and sub-series were inventoried
(S.W.R.B., Appendix I-15 and I-17, 1969). The 27,900 acres of soils
which have cultivation as their major land use raise a variety of crops,
few of which are cereal grains. Hay, berries and horticultural crops
(mostly 1ily bulbs) are the major crops raised on these soils. More
than 80 inches of precipitation falls along the coast, and in excess of
120 inches a year falls on the mountainous areas. Minerals leach from
the soils rapidly and must be returned as fertilizer in order for crops
to obtain their nutrients. Only a few of the more specialized crops
can economically support the required soil treatments,

Surface waters are usually sufficient for irrigating the narrow
bands of soils along the streams but are insufficient for extensive use
along the coast during the drier summer months. The rock masses in the
Klaméth Mountains do not have good aquifer capabilities. Groundwater

supplies are usually sufficient for domestic but not for irrigation uses.

Carrying Capacity and Future Trends in Curry County

The county's population increased from 4,301 in 1940 to 13,006 in
1970. Most of this growth occurred between 1950 and 1960. Since that
time, the population has remained reasonably stable. Computer calcula-
tions, using present patterns of land use, show a carrying capacity for
construction of 4,604 individuals for the present quality of life and of

5,913 individuals for a standard quality of life.
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All soils with cultivation as their major land use were converted
to the production of carbohydrates (wheat). For the present quality of
life, 16,504 individuals could be provided their dietéry needs. For a
standard but still acceptable quality of life, 19,217 individuals could ‘
be supplied their dietary carbohydréte requirements. All soils yith hay
or pasture as their major land use were converted to the froduction of
aniﬁal protein (beef). For the present quality of life, 390 individuals
could be provided their dietary animal protein needs. For a standard
quality of iife, 820 individuals could be supplied their animal protein
requirements,

The major limiting factors for population growth in Curry County
are adequate water supplies and acceptable building sites. The dis-
crepancies which exist between the carbohydrate and animal protein
carrying capacities and the existing population‘in the county were
created by the classification of many soils as 'cultivated" when they
actually produce hay and forage crops for animal consumption. The 1969
Census of Agriculture inventoried only 2,226 acres of harvested land on
farms with sales over $2,500 (U.S. Bureau of the Census, Census of
agriculture, 1969). The animal protein calculations werersimilarly
depressed by this inconsistency of the definitions of land use.

Curry County has a severe limiting factor in the small acreage of
good soils for crop production, ‘The'farmers are utilizing the soils to
their best poésible u;e but are experiencing difficulties in continuing
to maintain the land in its present use. The beautiful coastal scenery

and remarkable recreational attractions will continue to concentrate



population in a small area. The county's residents are presentlyA
forced to import both carbohydrate and animal protein supplies, and
the rate of import will accelerate. It will be difficult to maintain
an attractive quality of life within the carrying capacity of Curry

County's capability for nutrient production.

97
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DESCHUTES COUNTY

Deschutes County was created from a portion of Crook County on
December 13, 1916. The Deschutes River was named by French trappers in
the early 1800's because of its fearsome gorge. The cbunty was named
after the river (Atlas, Deschutes County, 1973). It is bounded on thev
west by the divide of the high Cascade Mountains where it shares county
lines with Lane and Linn Counties, on the north by Jefferson County, on
the east by Crook County and on the south by Klamath and Lake Counties.
More than 90 percent of the county lies in the Deschutes River Basin,
with the remainder lying in the Goose and Summer Lakes Basin. Deschutes
County is the 11th largest of Oregon's 36 counties, encompassing |
1,937,280 acres of which 1,652,800 acres (85.3 percent) are classified
and presented in this study (Appendix A, Tables A57 through A63).

Precipitation varies from more than 70 inches a year on the crest
of the Cascades to less than six inches in parts of the semi-arid
plateau at the county's central portion. In areas of cultivated soils
the average annual precipitation is eight to ten inches,‘mostly falling
as snow during the winter months. More than 50 percent of the soils are
above 5,000 feet in elevation and frost has been reported every month
of the year. Climatic limitations are harsh, with nearly two-thirds
of the soils having less than 60 day frost-free growing periods.

Fifty-four different series and sub-series of soils were inven-
toried in Deschutes County (S.W.R.B., Appendix I-5, 1969). Nearly 38
percent of the soiis have forestry as- their major land use with another

42 percent classified as rangeland. Together they total more than
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80 percent of the inventoried acreage. Logging and the manufacture of
limber products are major industries in the county. Most loggihg oper-
ations are in ponderoSa pine forests on the lower slopes, but some fir
is transported to mills from the higher Cascades. More than 72 percent
of Deschutes County's lands are in federal ownership and nearly all of
the forests are under federal control (Atlas,'Deschutes County, 1973).
Grazing on the pine forest floors is’practiced in addition to the graz-
ing of 821,400 acres of soils whose classified major land use is
rangeland. 1In 1970, 32,000 cattle and 4,000 sheep were reported by
Deschutes County ranchers (0.S.U., Commodity Data Sheets, Cattle,
Sheep, 1972).

Fifty-one different series and sub-series of soils were inven-
toried for Deschutes County (S.W.R.B., Appendix I-5, 1969). Cultiva-
tion is the major land use of 203,100 acres of these soils. However,
in 1969, only 27,735 acres were harvested with 296 acres in wheat,
24,055 acres in haycrops and 1,992 acres in potatoes. Irrigation water
was reported to have been used on 39,469 acres of harvested cropland
(U.S. Bureau of the Census, Census of Agriculture, 1969). Field
investigation revealed that a large number of acres considéred culti-
vable could be put to that use if irrigation water was available.

Two hundred thirty-six thousand one hundred acres of éll soils
inventoried are rated "excellent'" or "good" for irrigability. In the
county, 318,700 acres are classified in Capability Classes I through
IV with erosion or excess water as their major limiting factor. These

soils are considered capable of producing crops. The loose pumice
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sand, silt and humus soils produce good harvests when sufficient water
is continually applied. Otherwise, the water quickly percolates
through the loose soil and flows away from the root zone.

Sufficient irrigation water at the proper time has always been a
problem in Deschutes County. Good supplies are available early in the
year but become scarce during the late summer months. Water produced
by melting snowpacks at the head of the basin percolates quickly into
the loose pumice soils and emerges as springs in the river below the
county. Groundwater reservoirs are suspected to be present, but only

a few wells show substantial productivity.

Carrying Capacity and Future Trends in Deschutes County

Between 1940 and 1970 the population increased from 18,631 to
33,800 residents and between 1960 and 1970 it increased 32 percent
(Meyers, 1973). However, during the period 1960 to 1972, while the
county's population increased 46 percent, the population in the combined
cities of Bénd, Redmond and Sisters increased only 17 percent (Atlas,
Deschutes County, 1973). The movement toward rural non-farm from urban
use is as noticeable in the central portion of Deschutes County as in
any area of the staté. Populations listed in the county census do not
include the owners of numerous summer and vacation homes in the many
subdivided areas of the county's southern portion.

Computer calculations from this study, using present patterns of
land use, show a darrying capacity for construction to be 7,153 for

the present quality of life and 9,188 for a standard quality of life.
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A significant reason for the difference between the calculated and
actual population numbers can be seen in tabulations of Septic Tank
Filter Field Limitations, where less than one percent of the soils are
rated to have "slight' or "moderate' limitations, and nearly 72 percent
are rated to have 'very severe' limitations. Most wastes from septic
tanks are discharged into underlying lava cavés, posing an unknown
problem for future generations.

All soils with cultivation as their major land use were converted
to the production of carbohydrates (wheat). For the present quality
of 1ife, 154,803 individuals could be provided their dietary carbo-
hydrate needs. For a standard but still acceptable quality of life,
180,254 individuals céuld be supplied their dietary carbohydrate
requirements. All soils with range, hay or pasture as their major
land use were converted to the production of animal protein (beef).

For the present quality of life, 2,943 individuals could be provided
their dietary animal protein needs. For a standard quality of life,
6,180 individuals could be supplied their animal protein requirements. -

The calculated carbohydrates produced are higher and thé calculated
animal proteins produced are lower than actually occur in Deschutes
County. Most of the 200,100 acres of the Deschutes soil series classi-
fied as "cultivated" are presently used for range, hay production and
pasture. However, most of these soils could produce cultivated crops
if irrigation waters were available.

The major limiting factor for Deschutes County is a shortage of

dependable water supplies. The county lies high in the watershed where



102

water supplies are difficult to accumulate and store. It is unlikely

that great changes will occur with land use from the present time.
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DOUGLAS COUNTY

Douglas County was originally created as Umpqua County on January
24, 1851. It was named for the Umpqua River which flowed through the
county and for an Indian tribe whose habitat was near the river. The
present Douglas County was created January 7, 1852 out of the eastern
part of Umpqua County. This time it was named for United States Senator
Stephen A. Douglas (1813 - 1861), Democratic candidate for the presi-
dency against Abraham Lincoln in 1860, and an ardent congressional advo-
cate for Oregon (llolman, 1910). It is bounded on the west by the
Pacific Ocean and Coos County, on the south by Curry, Josephine and
Jackson Counties, on the east by Klamath County and on the north and
northwest by Lane County. Most of its area is in the Umpqua River Basin
with minor portions in the Rogue River, South Coast and Mid-Coast Basins.
It is the fifth largest of Oregon's 36 counties, encompassing 3,239,680
acres of which 1,255,600 acres (38.8 percent) are classified and
included in this study (Appendix A, Tables A64 through A70).

The county's climate is generally mild with wet winters and warm,
dry summers. However, its area extends from the Pacific Coast at Reeds-
port to the crest of the Cascade Mountains at Diamond Lake, so many
variations in climate exist within its boundaries. The Umpqua River
Basin lies almost entirely within the county's boundaries. The river
and its tributaries drain waters from four different mountain ranges -
the Calapooya-Mountains to the north, the Coast Range to the west, the

Klamath Mountains to the south and the Cascades to the east. It



104

contains one-twentieth of the nation's virgin timber reserve and ranks
second in forest products manufactured in Oregon (Atlas, Douglas County,
1973). About 64 percent (799,300 acres) of the cléssified soils have
forestry as their major land use and, if they were added to the county
soils not classifiéd but assumed to be in forests [N], 85.9 percent

of the éounty's total area could be classified as forest land.

Most of the mountainous areas are steep and rugged. Only 10.1
percenf of the classified soils have slopes less than 31 percent. The
gentler slopes and many parts of the central valley are pastured or
sérve as hayland. In 1970, 42,000 cattle and 110,000 sheep were re-
ported by the county's ranchers and farmers (0.S.U., Commodity Data
Sheets, Cattle, Sheep, 1972). This is more than twice the number of
sheep reported by the next three largest sheep producing counties in
the state (Marion, Klamath and Umatilla Counties).

The annual precipitation varies with the portion of the county
under consideration, but in the central valley where most of the agri-
cultural activity occurs, about 24 inches a year are received. Most
precipitation falls as rain with the only significant snowpack for
summer moisture supplies occurring in the Cascades. With the exception
of the Cascade mountain snowpack, all other precipitation in the county
drains off quite rapidly.

Groundwaters provide most of the flow of the North Umpqua River,
which drains the slopes of the Cascade Mountains. The porous volcanic
rocks become saturated during the wet winter months and yield their

water loads slowly as the streams begin to lower. The South and Lower
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Umpqua sub-basins are underlain with rocks qf low permeability and have
poor or nonexistent underground water supplies.

One hundred fourteen different soil series and sub-series were
inventoried in Douglas County (S.W.R.B., Appendix I-15, I-16, I-17 and
I-18, 1969). Less than seven percent of the county's soils (183,000
acres) list cultivation as their major land use, but anbther 273,300
acres list pasture as the soils' major land use. However, the 1969
Census of Agriculture reported only 4,200 acres in cereal crops, 38,000
acres in hay crops and 4,543 other acres of assorted crops for a total
of 46,743 acres harvested from farms producing an income of $2,500 or
more (U.S. Bureau of the Census, Census of Agriculture, 1969). This
represents only 25.5 percent of‘the soils which have cultivation as
their major assigned land use.

The difficulty dxperienced in obtaining sufficient irrigation
waters at the location and time they are required has seriously
restricted the production of potentially irrigable soils. One hundred

ten thousand acres are‘rated "excellent' or "good" for irrigability
and another 81,400 acres are rated as '"fair'". Most of the better
irrigable soils are fragmented along small streams. Those along the
south fork of the Umpqua River have historically suffered from insuffi-
cient water supplies and are mostly kept in hayland and pasture. The
fertile areas between Roseburg and Lookingglass are nearly all divided

into rural non-farm acreages, and this practice has spread onto other

fertile soils close to urban centers.
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Carrying Capacity and Future Trends in Douglas County

The county's population increased from 25,728 residents in 1940 to
71;743 in 1970. Most of the growth occurred between 1940 and 1950, but
a steady increasé in county residents is continuing (Meyer, 1973). Com-
puter calculations, using present patterns of land use, show a carrying
capacity for construction to be 8,513 individuals for the present qual-
ity of life and 10,934 individuals for a standard quality of life.

All soils with cultivation as their major land use were converted
to the production of carbohydrates (wheat). For the present quality of
life, 142,013 individuals could be provided with their dietary carbohy-
drate needs. For a standard but still acceptable quality of life,
165,362 individuals could be supplied their carbohydrate requirements.
All soils with hay or pasture as their major land use were converted to
the production of animal protein (beef). For the present quality of
life, 15,916 individuals could be provided their dietary animal protein
needs. For a standard quality of life, 33,425 individuals could be
supplied their animal protein requirements.

The quantity of calculated carbohydrate supplies is in excess to
what is actually grown in the county. Also, the quantity of animal
protein supplies produced is much less than the livestock numbers in
the county would suggest. A considerable quantity of soils identified
in the inventory as "cultivated" are cultivable when irrigation waters
are available, llowever, in the absence of irrigation water, these

soils are used for hayland and grazing instead of for crop use.
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The major limiting factor in Douglas County is the unequal distri-
bution of adequate water supplies. Some of this problem can be
alleviated by storing winter and spring runoff in reservoirs. However,
soils along the South Fork of the Umpqua are those most critically
affected and good reservoir sites in the Coast Range are difficult to
locate. Flooding, a frequent occurrence, further complicates the
problem by forcing construction onto thebmore fertile benchlands in
order to reduce the flooding threat. Only 28,400 acres of soils have
"slight" or '"moderate" limitations for septic tank filter field |
percolation and many of these already support construction facilities.
In order to maintain an acceptable quality of life, future populafion
growth should be encouraged to develop close to municipal water and

waste water facilities.
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GILLIAM COUNTY

Gilliam County was created February 25, 1885 from a portion 6f
Wasco County. It is named for Colonel Cornelius Gilliam, an Oregon
pioneer of 1844, who was accidently killed at Wells Springs on
March 20, 1848, while in command of the Oregon Volunteer forces in
the Cayuse Indian Wars (llolman, 1910)., It is part of the Umatilla
plateau and is bounded on the west by the John Day River, on the south
by Wheeler County, on the east by Morrow County and on the north by the
Columbia River. Eighty-five and six-tenths of the county's 775,040
acres lie in the John Day Drainage Basin, and the remaining 111,340
acres lie in the Umatilla Drainage Basin. It is the 24th largest of
Oregon's 36 counties and all of its area is classified and included
in this study (Appendix A, Tables A71 through A77).

The climate in Gilliam County is semi-arid with the low rainfall
and wide range of temperatures typical of other counties in north-
central Oregon. At Arlington, on the Columbia River, the annual pre-
cipitation averages about nine inches, and at Condon, the county seat
(elevation 2,850 feet), it is about 13 inches. While frost has been
recorded every month of the year, the average frost-free growing
period is from 120 to 165 &ays. Temperatures in excess of 100°F. are
not uncommon most years throughout the county.

The county's terrain is gently rolling and slopes toward the
Columbia River to the north. Deep swales and canyons lie between the
hills which provide excellent graze fér the 24,000 cattle and 5,000

sheep recorded in the area in 1969 (0.S.U., Commodity Data Sheets,
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Cattle, Sheep, 1972). Only six percent of the county's soils have
forestry as their major land use, and nearly 41 percent of the soils
are considered as rangeland. Forest lands and most of the rangelands
are located in the southern portion of the county. However, rangeland
and cultivéted land cannot be separated in most areas where hilltops are
cultivated and the ravines between the hilltops are grazed, and since
the stubble from the harvested crops is also grazed. Many hilltops have
rocky outcrops and thin soils, which are included as rangeland in this
study.

Eighty~two different soil series and sub-series were inventoried
(S.W.R.B., Appendix I-6 and I-7, 1969). The inventory included 14,460
more acres than the county's actual total area. Fifty-five percent of
the soils have cultivation as théir major land use. Most of these
cultivable soils are irrigable with 210,800 acres (27.2 percent) having
an irrigation suitability of "excellent" or 'good'. An important use
of irrigation is for producing hay and other forage crops on the 10,500
acres of Hayland along the streams. Insufficient water is available to
irrigate most of the county's better soils. Nearly nine percent of the
state's Capability Class I soils are in Gilliam County. Soils with
cultivation as their major land use total 426,200 acres with 27 percent
being of Capability Classes I and II, and, if Capability Class III were
included,_would total more than 68 percent of the cultivable acres.
However, summer fallowing is practiced on most of these soils in order
to conserve the precipitation from two years to raise a single crop.

Even then moisture is insufficient to fully utilize the good soils.
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‘Wheat yields during the 1971 and 1972 harvest years were 32.6 bushels
per acre for 83,500 acres and 28.4 bushels per acre for 103,150 acres
respectively. The state average was 44.9‘and 41.9 bushels per acre
respectively for those years, Barley was produced on another 32,000
and 14,000 acres respectively those same years (0.S.U., Commodity Data
Sheéts, Wheat, Barley, 1972). Some good soils are at lower altitudes
and could be irrigated, but within a 38 mile distance of Arlington
(228 feet above sea level) good soils are located at more than 3,000
feet in elevation. This prohibits economical transmission of irriga-

tion waters using present methods of supply.

Carrying Capacity and Future Trends in Gilliam County

The population in Gilliam County has decreased from 2,844 in 1940
to 2,342 in 1970. A 1972 estimated population shows a further decrease
to 1,980 residents (Meyers, 1973). Computer calculations, using present
patterns of land use, show a carrying capacity for construction to be
10,684 individuals for the present quality of life and 13,724 for a
standard quality of life. The presence of large qﬁantities of Capabil-
ity Class I and II soils in the county tends to inflate this figure.

An indication of the reasoning behind this inflation can be recognized
where 191,600 acres of the county's soils show only a moderate limita-
tion for septic tank drainage fields. A major industry such as the in-
stallation of a nuclear plant site near Arlington (Oregonian, July 24,

1974) could bring other industry into the sparsely populated county.
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All soils with cultivation as their major land use were converted
to the production of carbohydrates (wheat), and, for the present quality
of life, 364,715 individuals could be prbvided their dietary carbohy-
drate needs. For a standard but still acceptable quality of life,
424,678 individuals could be supplied their dietary carbohydrate
requirements., All soils with range or hay as their major land use
were converted to the production of animal protein (beef), and, for
the present quality of life, 1,298 individuals could be provided with
their dietary animal protein needs. For a standard quality of life,
2,725 individuals could be supplied their dietary animal protein
requirements.

The major limiting factor for an extensive increase in population
in the county is the absence of reliable water supplies. Groundwater
supply studies have not been made, and the few wells scattered through- -
out the sparsely populated county do not reveal any pattern of ground-
water occurence.

Diversified ranching practices include grazing of the stubble of
harvested grainfields. The quantity of animal protein produced in
this manner was not calcuable by the computer program. The county
probably produces sufficient animal protein supplies for the present
and a modest increase in population. However, Gilliam County will
continue to supply impressive quantities of carbohydrate supplies to
other areas of the state which have larger populations than their soils
can supply with nutritive requirements, Any increase in available

water supplies could be efficiently used on the good soils.
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GRANT COUNTY

Grant County was created October 14, 1864 from é portion of Wasco
County. It is named for General U. S. Grant, who, at that time was
the most popular Union General in the Civil War (llolman, 1910). It is
bounded by Harney County on the south, by Morrow, Umatilla and Union
Counties on the north, Baker County on the east and Wheeler and Crook
Counties on-the west. Nearly 80 percent of Grant County is contained
within the John Day River Basin, about ten percent in the Malheur Lake
Basin, nine percent in the Malheur River Basin and a small portion in
the Powder River Basin., It is the seventh largest county in the state,
containing 2,900,480 acres with only 1,399,200 acres (48.2 percent)
classified for use in this study (Appendix A, Tables A78 through A84).

Except for portions in the northern part, the county is very
mountainous. Annual precipitation ranges from nearly 25 inches to
less than ten inches. Frost frequently occurs each month of the year,
and only one of the five official recording stations in the county has
recorded more than a five day frost-free period per year. The station
at Monument frequently records up to 145 days per year of frost-free
growing season (U.S. Department of Commefce, 1971).

One hundred fifteen differen£ soil series and sub-series were
inQentoried in Grant County (S.W.R.B., Appendix I-6, I-10, I-12, 1969).
Although the data contained on the 115 computer cards included only
48.2 percent of the county's area, it is assumed that all soils of
agricultural and raﬁge importance have been classified by the Soil

Conservation Service. Fifty-nine and six-tenth percent of the county's
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area was owned by federal agencies in 1963 (Carolan, 1963). It is
unlikely that this acreage has varied greatly during the past 12 Years.

of the 1,729,750 federally owned acres, 59.6 percent is owned by
the Forest Service (Atlas, Grant Coﬁnty, 1973). The forests are owned
by the Malheur, Umatilla, Wallowa-Whitman and Ochocho National Forests.
The county is located in the center of the largest stand of ponderosa
pine in the United States. Ponderosa pine forests usually have open
forest floors which permits extensive controlled grazing. Ranchers in
Grant County utilize this resource, and in 1969, 62,000 cattle of all
types and more than 5,000 sheep were reported (0.S.U., Commodity Data
Sheets, Cattle, Sheep, 1972). Even more stock could be supported in
the large county if the slopes were not so steep on the mountainsides.
Less than 30 percent of the soils inventoried in this study have slopes
under 30 percent, and the unclassified acreages are located in even
more remote and mountainous terrain than the classified acreages.

Many intermittent and a considerable number of perennial streams
drain the area. Springs are common in the Blue Mountains and furnish
water for stock and residents throughout the mountainous areas.v Natural
water supplies'are‘also available in most of the 782,400 acres of soils
whose major land use is rangeland, so that most of the county's avail-
able grazing areas are utilized at some time during the year. Hay is
extensively grown along streams and utilized for stock feed during the
harsh winter months.

The 98,500 acres of soils that have cultivation as their major

land use occupy less than four percent of the county's area. Most of
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these soils are located along branches of the John Day River near
Prairie City, Beech Creek, Fox and Bates, and in the more level areas
of the northeastern portion of tﬁe county, However, none of the areas
are‘large and most are contained on benches along streams or in semi-
marsh areas which drain into the streams. Only 51,100 acres (less than
two percent) have an "excellent" or 'good" rating foriirrigability, and
most of the 41,453 irrigated acres (U.S. Bureéu of the Census, Census of
Agriculture, 1969) are utilized to grow forage crops for stock feed.

Climatic conditions greatly limit the types of crops which may be
grown., Of the 127,500 acres of Capability Classes I (none), II and III,
86,000 acres (67 percent) have climate as their limiting factor. Some
cereal crops are grown, but wheat yield in 1971 from 1,000 acres total
was only 27 bushels per acre, while the state average was 44.9 bushels
per acre. In 1972, 750 acres of wheat produced an average of 15.2
bushels per acre, while the state average was 41.9 bushels (0.S5.U.,
Commodity Data Sheet, Wheat, 1974). Ranchers and farmers have found
that hay production and pasturage is the best use of most of the

county’'s cultivated soils.

Carrying Capacity and Future Trends in Grant County

The population of Grant County has decreased from 8,329 in 1950
to 7,726 in 1960 to 6,996 in 1970 (Meyers, 1973). 1In 1970, 63.3 percent
of the 6,996 residents were>contained within the county's nine incor- '
porated areas, CdmpUter calculations using present patterns of land use

show a carrying capacity for construction to be 4,218 individuals for
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the present quality of life, and 5,417 individuals for a standard qual-
ity of iife. These numbers are considerably less than the present popu-
lation. The major reason for such a difference is that most of the
soils suitable for comstruction are in flood and slide prone areas in
the mountainous‘county. |

All soils with cultivétion as their major land use were converted
to the production of carbohydrate (wheat) units. For the present qual-
ity of life they could provide 59,159 individual dietary needs, and at
a standard quality of life could supply dietary requirements for 68,886
individuals. All soils with range, pasture and hay as their major land
use were converted to the production of animal protein (beef) units.
For the present quality of life, the county could provide 14,512 indi-
viduals with their dietary protein needs. For a standard quality of
life, the animal protein requirements for 30,475 individuals could be
supplied,

The major limiting factor in Grant County for supporting an in-
crease in population is the lack of good building sites in areas near
present centers of population. Most of Grant County was originally
settled during and soon after gold was discovered in the Canyon City
area in 1862. The cities rapidly grew near the gold findings, which
were in the gorges of the mountain streams (0.S.S.H.E., 1940). Now,
the remaining nuclei of formerly large cities remain at the original
townsites where soils capablé of sustaining long term construction
stretches along the narrow canyons of the streams. The county will

likely continue to supply substantial quantities of carbohydrate and



116

protein dietary surplus supplies to more densely settled areas in the

state which are deficient in these dietary needs.
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HARNEY COUNTY

Harney County was created February 25, 1889 from a portion of
Grant County. It was named for Major General William Selby Harney
who, upon being appointed Brigadier General in January 1858, was
assigned to the command of the Department of Oregon. He was stationed
at Vancouver Barracks (Holman, 1910). The county is bounded on the
west by Crook, Deschutes and Lake Counties, on the south by the State
of Nevada, on the east by Malheur County and on the north by Grant
‘County, The county has soils in five different drainage basins:

79.7 percent in the Malheur Lake Basin, 13 percent in the Malheur
River Basin, 5.8 percent in the Goose and Summer Lakes Basins and
small portions in the Deschutes River and John Day River Basins. It
is the largest of Oregon's 36 counties, encompassing 6,484,480 acres
of which 5,778,900 acres (89.1 peréent) are classified and included
in this study (Appendix A, Tables A85 through A91). The county is

larger than seven eastern states in the nation.

The climate is semi-arid with hot, dry summers and_cold winters.
.Precipitation varies from less than eight inches a year to more
than 35 inches a year, with the more heavily populated areas receiv-
ing about ten inches. Growing seasons are brief, with less than
one-sixth of the total area having a 90 day frost-free growing season
and more than 700,000 acres having less than a 60 day frost-free grow-

ing season. Frost may occur any month of the year throughout the
county. There are no soils located at less than 3,900 feet in eleva-

tion, and more than half of the county's nearly six and a half million
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acres are located above 4,500 feet. Most of the slopes of soils in
Harney County are gentle, with more than a million and a half acres
having slopes less than eight percent and nearly four million acres
having slopes less than thirteen percent. The only abrupt mountain
slopes in this large county are found in the Steens Mountains.

Sixty-two different soil series and sub-series were invéntoried
in Harney County (S;W.R.B., Appendix I-5, I-10, I-12, I-13, 1969).
Raising livestock is the county's major industry. Nearly five million
acres have range as their major land use and 326,800 acres have pasture
as their méjor land use. Approximately 73 percent of the county's land
is owned by the federal government and 84 percent of that quantity is
administered by the Bureau of Land Maﬂagement (Atlas, Harney County,
1973). The remainder of the federally owned land is contained in the
Ochoco National Forest along the county's northern border. Ponderosa
pine is the major tree species in the forest areas and the open forest

‘floors are also gfazed. In 1970, 97,000 head of cattle and 9,000 head
of sheep were reported by the county's ranchers (0.S.U., Commodity Data
Sheets, Cattle, Sheep, 1972). Hay for winter feed was harvested from
109,000 acres during the same year, but the yield was poor, averaging
only 1.4 tons per acre (0.S.U., Commodity Data Sheet, Hay, 1972).

There were no soils in Harney County classified with cultivation
as their major land use, However, small grain is raised on some
acreage if the season proves long enough for it to ripen, otherwise
the grain is harvested as forage. In 1971, 1,700 acres of harvested

wheat produced an average yield of 16.7 bushels per acre (0.S5.U.,
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Commodity Data Sheet, Wheat, 1974). Another 1,200 acres of oats and
3,900 acres of barley were reported harvested that same year, but thé
total quantities are small and the grain is mostly utilized as stock
feed.

Insufficient water supply is a perennial problem in Harney
County. More than three-quarters of a million acres (760,500) are
rated "excellent" or '"good" for irrigability and legal water rights
have been granted for 292,539 acres. However, about 45 percent of
the land having water rights is not irrigated because of the water
shortage (S.W.R.B., Malheur Lake Basin, 1967). Late summer flows in
most streams oftentimes approach zero. Groundwaters are limited in
supply and location but, where they are found, are an important

source of supply for domestic and livestock uses.

Carrying Capacity and Future Trends in Harney County

From 1940 to 1970 there was a population increase from 5,374 to
7,215 residents in the county. The estimated 1972 population was
6,900 (Meyers, 1973). At the time of the 1970 census survey, 4,700
of the 7,215 residents of the county lived in two cities - Burns and
Hines. Computer calculations, using present patterns of land use in
the county, show a carrying capacity for construction to be 5,831
individuals for the present quality of life, and 7,490 fbr a standard

quality of life,
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There are no soils with cultivation as their major land use in
Harney County, so no carbohydrate supplies could be calculated. All
soils with range, pasture and hay as their major land use were con-
verted to the production of animal protein (beef). For the present
quality of life, 67,656 individuals could be‘provided Qith their
dietary animal protein needs. For a standard, but still acceptable
quality of life, 142,032 individuals could be supplied with their
dietary animal protein requirements.

The major limiting factor for Harney County is lack of an ade-
quate and dependable water supply. Actually, the large county canno;
benefit greatly by a few large water storage areas. A multitude of
small reservoirs which could extend the available water supplies
through the summer months would significantly increase the potential
carrying capacity for animal protein production. The short frost-
'free growing season in Harney County does not permit large plantings
of carbohydrate producing crops, so the residents will continue to
import carbohydrates for their dietary requirements.‘ However, large
quantities of animal protein supplies will continue to be exported

to other areas of the state.
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HOOD RIVER COUNTY

Hood River County was created June 23, 1908 and named for Hood
River which arises on Mt. Hood, flows through the county and into the
Columbia River. Mount Hood was named October 29, 1792 by Lieutenant
W.R. Broughton, R.N., Vancouver's chief lieutenant and second in
command.. The mountain was named for Lord Hood, an English.Nobleman,
for whom is also named Hood's Canal, an arm of Pugent Sound (Holman,
1910). It is bounded on the west by Multnomah County and a portion
of Clackamas County, on the south and east by Wasco County and on the
north by the Columbia River. It is the second smallest of Oregon's
26 counties, encompassing 338,560 acres of which 290,800 acres (85.9
percent) are classified and included in this study (Appendix A, Tables
A92 throuéh A98). More than 91 percent of the county's soils lie in
Hood Basin. The less than niné percent of the soils contained in the
Deschutes River Basin are heavily forested and unclassified.

For such a small county, Hood River has a wide variety of climates.
The effects of the high Cascades, the maritime breezes coming up the
" Columbia Gorge and the dry semi-arid Columbia Plateau all influence the
pattern of rainfall, the frost-free growing period and the types of
crops grown. Dense forests cover the Cascade Mountain crests where the
average annual rainfall is about 130 inches with from 0 - 30 day frost-
free growing periods. On and near the floor of the valley the rainfall
averages from 30 - 45 inches per year with about 180 frost-free growing
days., Along the éastern boundary of the county the average annaul

rainfall decreases to about 10 inches a year and the dense Douglas fir
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forests are replaced by more hardy ponderosa pine. Nearly 75 percent of
Hood River County is forested and when the unclassified (mostly water-
shed) land is added to the forested land, nearly 89 percent of the soils
in the small county are not available for cultivation nor residential
growth.

The county's terrain is rough and mountainous. More than 85 per-
cent of the classified soils have slopes greater than 30 percent and
the unclassified soils lie high in the Cascade Mountains. The densely
forested slopes are not good for grazing and most of the 3,000 cattle
and 500 sheep reported by the county's ranchers and farmers in 1970
(0.S.U., Commodity Data Sheets, Cattle, Sheep, 1972) grazed the 4,500
acres of soils with pastufe as their major land use and forests in
the eastern portion of the county.

Fifty different series and sub-series of soils were inventoried
(S.W.R.B., Appendix I-4, 1969). There were no cereal crops reported
harvested from the 27,400 acres of soils with cultivation as their
major land use and only 1,700 acres of hay were harvested. Almost
half of the cultivated soils are of Capability Class Ile with erosion
as the only limiting factor, and 19,800 acres are rated either
"excellent'" or 'good" for irrigability.

Most of the good soils support old and new orchards of apples and
pears. The orchards in the upper river valley are on the rolling hills
of the valley floor or extend up onto the base slopes of towering
Mount Hood. The county's most fertile soils are around Parkdale. Most

of the orchards are small (less than 50 acres) and are separated by
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deep, eroded ravines, poorly drained pastures or oak and fir thickets.
Fruit packing sheds and limber mills located at Parkdale and Odell,
with other mills in the area, process most of the fruit and timber of
the upper valley. While the greater measure of the good soils are
between Dee and Parkdale in the upper valley, good soils with their
corresponding orchards extent into the city of Hood River. 1In only a
few places have orchards been removed to be replaced by residential
dwellings. Most new residential home sites are located along the major
state and county highways rather than intrﬁding in clusters in typical
subdivision patterns. This pattern of growth will most probably con-
tinue because the high investments and anticipated returns from good
orchard land raises land values beyond the usual prices paid for
residential home sites.

Water supplies in the county are sufficient for present domestic,
municipal, indystrial and recreational uses. Records of surface water
runoff for the main stem of Hood River and its West Fork are the only
streamflow measurements of sufficient record‘to allow accurate antici-
pated supplies. Storage of water will be necessary to increase consump-
tive uses for the upper valley orchards, mills, and packing sheds, and
for domestic use. Increasing water supplies by developing storage
reservoirs will create complex natural silting problems in the county
where the stream gradients are so great. Suspended, glacial formed
rock dust will also contribute to the problems associated with increased

useage of the water.
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Carrying Capacity and Future Trends in Hood River County

The county's population has been remarkably stable since the 1940
census survey showed the presence of 11,580 residents. The 1970 census
recorded 13,187 residents, and the 1972 estimated population was 13,540
(Meyers, 1972). Computer calculations, using present patterns of land
use, show a carrying capacity for construction to be 13,906 individuals
for the present quality of life and 17,862 individuals for a standard
quality of life. Population growth will continue to be slow.

All soils with cultivation as their major land use were converted
to the production of carbohydrates (wheat). For the present quality of
life, the soils could provide 31,142 individuals with their dietary
carbohydrate needs. For a standard quality of life, 36,262 individuals
could be supplied their dietary carbohydrate requirements. All soils
with hay, pasture or range as their major land use were converted to
the production of animal protein (beef). For the present quality of
life, 897 individuals could be provided their dietary animal protein
needs. For a standard quality of life, 1,883 individuals could be
supplied their dietary animal proteinvrequirements.

Apple and pear crops are very compatable to the soil types and
terrain of Hood River County., The high carbohydrate content of the
fruit probably produces more of the nutrient than if the soils were
planted to wheat., Irrigation water is sdfficignt to adequately
supply most of the county's needs.

Hood River County presently exports carbohydrates but imports

animal protein supplies for its residents.
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JACKSON COUNTY

Jackson County was created January 12, 1852 and was named for
President Andrew Jackson (Holman, 1910). It is bounded on the west by
Josephiﬁe County, on the south by the State of California, on the east -
by Klamath Coﬁnty and on the north by Douglas County. About 160,000
acres (8.9 percent) lies in the Klamath River Basin and the remainder
is contained within the Rogue River Basin. It ranks 13th in size of
Oregon's 36 éounties, encompassing 1,802,880 acres of which 1,536,900
acres (85.2 percent) are classified and included in this study (Appendix
A, Tables A99 through AlO05).

The county experiences mild, wet winters and hot, dry summers. The
central Rogue River valley receives less rainfall than any other valley
west of the Cascade Mountains. The 1951 - 1960 average precipitation
at Medford was 21.71 inches with only 4.22 inches arriving in the May-
through-September growing season (U.S. Department of Commerce, Weather
Bureau, 1965). That portion of Jackson County near the Rogue River is
flat or has low rolling hills, but more than 80 percent of the county's
soils have slopes greater than 31 percent. Most of the terrain in the
Klamath and Cascade Mountains is steep and rough. The elevation at the
Medford airport is 1,312 feet, but less than half of the soils are below

3,700 feet, Many mountain peaks rise above 5,000 feet. Soils with

forests as their major land use occupy 67.1 percent of the county and,
if those acres not classified [N] were also considered forestland soils,

more than 80 percént of the total area would be forested.
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Fifty-two different soil series and sub-series were inventoried in
Jackson County (S.W.R.B., Appendix I-15, 1969). Soils with cultivation
as a major land use occupy only 35,700 acres, or less than two percent
of the total area. Pastureland soils occupy 267,400 acres -(14.8 per
cent). Livestock farms are more numerous than cereal crop farms and
42,000 cattle were reported in 1970. The 5,000 sheep also reported in
1970 were significantly fewer in numbers than were the 11,000 reported
in 1960 (0.S.U., Commodity Data Sheets, Cattle, Sheep, 1972).

Extensive userf the limited quantities of irrigation waters has
developed the cultivated acreage to be some of the most productive in
the state. Nearly 11,000 acres were in fruit, nuts and grapes in 1969,
most in the Bear Creek valley near Medford (U.S. Bureau of the Census,
Census of Agriculture, 1969). Pear orchards occupy most of this land.
Only 550 acres produced wheat in 1971, but their yields equalled the
- 44.9 bushels per acre - the.average state yield (0.S.U., Commodity Data
‘Sheet, Wheat, 1974). Pastures and hayland extend along the tributaries
of the Rogue River and are irrigated from the streams throughout the
hot, dry summer. The 1970 average yield of 2.3 tons of hay per acre
and the 1971 yield of 2.1 tons per acre (0.S.U., Commodity Data Sheet,
Hay, 1973) do not reflect the extensive use of the cropland. In most
fields, a single hay crop is harvested and the fields become pastures
for the remainder of the year.

Summer water supplies are nearly non-existent in many streams late
in the season. Water imported into the B ear Creek Valley from the

Klamath River aids in keeping summer stream levels from reaching near
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zero flows. Legal water rights for irrigation use far exceed the quan-
tity of water available during the summer months. During the winter and
spring months the,wéter runs rapidly from the steep slopes and floods
mﬁch of the basin area. Contamination of groundwater supplies by
flooding and irrigation practices further complicates the county's

serious water supply problems.

Carrying Capacitz¥and Future Trends in Jackson County

The county's population has grown from 36,213 residents in 1940 to
an estimated 100,100 in 1972 (Meyers, 1973). Computer calculations,
using present patterns of land use, show a carrying capacity for con-
struction to be 40,738 individuals for the present quality of life
and 52,326 individuals for a standard quality of life.

All soils with cultivation as their major land use were converted
to the production of carbohydrates (wheat). For the present quality of
life, 45,926 individuals could be provided their dietary carbohydrate
needs. For a standard but still acceptable quality of lifé, 53,477
individuals could be supplied their dietary carbohydrate requirements.
All soils with range, hay or pasture as their major land use were
converted to the production of animal protein (beef). For the present
quality of life, 22,918 individuals could be provided their dietary
animal protein needs, For a standard quality of life, 48,129 individ-
uals could be supplied their dietary animal protein requirements.

| The limiting factors for population growth in Jackson County are

numerous. Insufficient water supplies and the limited quantity of
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good soils are the major factors limiting nutrient production. Con-
struction limitations are evident, since only 55,900 acres of soils
(3.1 percent) have '"slight" or '"moderate" filter field drainage limita-
tions, mostly because of the flooding tendency of the valley soils.
Slides frequently occur on most sloping soils, which become fluid
during the winter rainy season.

At this time, Jackson County must import carbohydrate and protein
supplies for a population which increased by 27.8 percent between the
1960 and 1970 census survey (U.S. Bureau of the Census, 1970}, and{by
another 5.9 percent by 1972 (Meyers, 1973). The mild winters and the
natural beauty of the county's setting readily attract new residents.
The carrying capacity of the county has already been exceeded and, as
future growth is likely, the quality of life could decrease in the

area.
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JEFFERSON COUNTY

Jefferson County was created on December 12, 1914 from a portion
of Crook County. It was named after Mount Jefferson, the highest peak
of the Cascades wifhin its boundaries (Atlas, Jefferson County, 1973).
It is bounded on the west by the crests’of the Cascades where it shares
its county line with Linn and Marion Counties, on the north by Wasco
County, on the east by Wheeler Countv, on the southeast by Crook County
and on the soufh by Deschutes County. More than 88 percent of the
county lies in the Deschutes River Basin, nearly 10 percent lies in
the John Day River Basin, with the remainder draining from the crest
of the Cascades into the Willamette River Basin. Jefferson County is
the 19th largest of.Oregon's 36 counties, encompassing 1,148,160 acres
of which 1,014,400 (88.4 percent) are classified and are presented in
this study (Appendix A, Tables A106 through A112).

Precipitation varies from 70 inches a year along the crest of the
Cascades to a low of five or six inches annually on the semi-arid
plateau. In areas of cultivation, the average precipitation is 8 to 11
inches a year. The altitude through the central part of the county is
from 2,000 to 2,600 feet, but the influence of the snow-clad Cascades is
strong, and frost has been recorded every month of the year. The aver-
age frost-free period in the central, cultivated area is over 75 days.

Seventy-seven different soil series and sub-series were inventoried
for Jefferson County (S.W.R.B., Appendix I-5, I-6, 1969). The 11 per-
cent of soils with the major land use of forestry lie along the western

border on the eastern slope of the Cascades. Douglas fir is the
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dominant species high in the mountains, but on the gentler slopes the
trees are mostly ponderosa pine. Grazing is possible on the lower
forest floors, compatible with the selective logging management of
pine forests. Log and lumber production by Jefferson County is and
has been second highest in the Deschutes River Basin (Wasco County
being the leader).

Fifty-one percent of the soils have rangeland as their major land
use. The‘numbers of cattle have increased steadily since the 1940
report when 12,550 head were listed (compared to the 34,880 head listed
in the 1969 report). Sheep have decreased in numbers from 40,000 head
in 1940 to 1,985 head in 1969 (U.S. Bureau of the Census, Census of
Agriculture, 1969). Most of the grazing land is in the eastern part of
the county, where the climate is arid and production is low. The rough,
mountainous country toward the breaks of the John Day-Deschutes Ri#ers
watersheds is deeply dissected, but ranching has been successful in the
small stream bottoms draining the area, for over a hundred years. Most
stream bottoms have ﬁastures, hay fields and small fields of grain to
produce feed for the winter months. Most streams are intermittent and
undependable, but groundwater supplies are sufficient to carry through
the dry seéson.

The cultivated area from the county's southern boundary to the
north and west of Madras has been developed into fine irrigated fields
of pasture, alfalfa, potatoes and small grain. In 1969, 24,891 acres
of cereal grain, 8,923 acres of hay crops and 8,091 acres of potatoes

were harvested (U.S. Bureau of the Census, Census of Agriculture, 1969).
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Billy Chinook Lake impounds water for the area behind Round Butte Dam,
which contains the confluence of waters from the Metolius, Crooked and
Deschutes Rivers. An elaborate network of irrigation canals supplies
water from the reservoir to a large area. Twenty percent of the
county's soils are cultivable and more than 246,000 acres (21.5 percenf)
are of Capability Classes I through IV with erosion and excess water as
their major limiting factors. Specialty crops, such as mint and pota-
toes, are being grown in the area, and in normal years they have more
than sufficient water for their development. Although 142,700 acres

of soils are rated "excellent'" and 'good" for irrigability, only 53,771
acres were under irrigation in 1969 (U.S. Bureau of the Census, Census
of Agriculture, 1969).

Water supplies for Jefferson County are insufficient for present
use. The proximity of the Billy Chinook reservoir and the steady,
dependable flow of the Metolius River normally cares for the needs
around and downriver from Culver, Metolius and Madrés. However, the
Deschutes River supply from Deschutes County is fully utilized before
it reaches the lake and by midsummer consists mainly of return water
from irrigation. The undependable water supply from the Crookéd River
is contained in a deep gorge until it reaches the reservoir. Water
flowing into Crooked River from large springs on its lower reaches

would have to be lifted as much as 1,000 feet to be utilized.
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Carrying Capacity and Future Trends in Jefferson County

The population of Jefferson County has quadrupled from 2,042 resi-
- dents in 1940 to 8,548 residents in 1970 with an increase of nearly 20
percent since 1960. The largest city, Madras, increased in population
by 11 percent between 1960 and 1970. The 1972 estimated population of |
Madras did not show any increase during the decade, although the growth
in the county was nearly five percent during that time (Meyers, 1973).
‘One reason could be that rural non-farm homes and ranchettes are in-
creasing north of Culver, and have formed pincher-like settlements
around many agricultural areas. Some subdivision areas are in the
juniper clad hills, but most rural non-farm building is occurriﬁg

along the roads near and on the more fertile soils.

Computer calculations from this study, using present patterns of
land use, show a carrying capacity for conStruction to be>5,913 indi-
viduals for the present quality of life, and 7,595 for a standard
quality of life. There are sufficient vacant areas in existing urban
developments and enoﬁgh good soils adjacent to them to‘incorporate’
larger populations, should they evolve. However, the large number of
mobile homes on rural non-farm locations, in subdivisions and in mobile
home parks does not indicate that all present residents have identified
the arca as a permanent location,

All soils with cultivation as the major land use were converted to
the production of carbohydrates (wheat). For the present quality of
life, 159,394 individuals could be provided their dietary carbohydrate

needs., For a standard but still acceptable quality of life, 185,600
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individuals could be supplied their dietary carbohydrate requirements.
All soils with range, hay or pasture as their major land use were con-
verted to the production of animal protein (beef). For the present
quality of life, 1,111 individuals could be provided their dietary
animal protein needs. For a standard quality of life, 2,332 individuals
could be supplied their dietary animal protein requirements.

The animal protein supply calculated for the area is smaller than
is being produced, as many acrés classified with cultivation as their
major land use grow hay crops for winter livestock feed. Jefferson
County will continue to export large quantities of carbohydrate and
probably some animal proteins to other areas of the state.

The major limiting factor for Jefferson County is the shortage

of dependable water supplies close to the location of fertile soils.
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JOSEPHINE COUNTY

Josephine County was created January 22, 1856 from the western
portion of Jackson County. It is named for Josephine Rollins, a
daughter of an early miner in that part of Oregon (Holman, 1910). The
county is bounded on the west by Curry County, on the south by the
State of California, on the east by Jackson County and on the north by
Douglas County. It is completely contained within the Rogue River
Basin. The county is the 22nd largest‘of Oregon's 36 counties, encom-
passing 1,040,000 acres of which 978,900 acres (94.1 percent) are
classified and included in this study (Appendix A, Tables All3 through
AL19).

The county experiences mild, wet winters and hot, very dry summers.
The two narrow valleys near Grants Pass and Cave Junction received 3.38
inches of precipitation from May through September in 1971, nearly half
of that arriving during September. The total precipitation that year
was 30.86 inches (U.S. Department of Commerce, Weather Bureau, 1971).
Steep mountainsides with peaks above 6,000 feet occupy all lands except
in the two central valleys and a few areas alongside streams. Only 11.2
percent of the county's soils have slopes less than 31 percent. Winter
rains and the spring snow melt quickly leave the area, drained by the
Applegate and Illinois Rivers and other smaller tributaries of the
Rogue River. lHeavy forests cling to the mountainsides, with 84 percent
of the soils claiming forestry as their major land use. Most of these

soils are on too steep terrain to be grazed.
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Twenty-two different soil series and sub-series were inventoried
(S.W.R.B., Appendix I-15, 1969). Soils with cultivation as their major
land use occupied 33,100 acres (3.2 percent) and are mostly located in
the Grants Pass, Central Point and Cave Junction areas. Pastureland
occupied another 72,700 acres. Fifteen thousand cattle and 2,000 sheep
were reported on'Josephine County farms in 1970 (0.S.U., Commodity Data
Sheets, Catfle, Sheep, 1972). Some small grains are raised, as is hay
along-the many streams. Irrigation is essential during the dry summer
months when the streams are at their lowest flows.

The rocks in the mountains in this area of Oregon do not have the
capability to retain winter water supplies and slowly release them.
Neither are there quantities of rock which could offer groundwater
reservoir sites. Logs of wells near the Grants Pass area show severe
drawdown during the summer months (Wheeler, 1970). Most wells produce

adequate supplies for domestic but not for irrigation use.

Carrying Capacity and Future Trends in Josephine County

The county's population increased from 16,301 to 35,746 in 1970.
Between the 1960 and 1970 census years, the population increased 19.8
percent (U.S. Bureau of the Census, 1970), and another 7.7 percent
increase is indicated between the 1970 census and the 1972 estimated
population (Meyeré, 1973). Computer calculations, using present
patterns of land use in the county, show a carrying capacity for con-
struction to be 29;135 individuals for the fresent quality of life

and of 37,422 individuals for a standard quality of life.
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All soils with cultivation as their major land use were converted
to the production of carbohydrates (wheat). For the present quality of
life, 57,745 individuals could be provided thier dietary carbohydrate
needs. For a standard but still acceptable quality of life, 67,238
individuals could be supplied their annual dietary carbohydiate require-
ments. All soils with pasture or hay as their major lgnd use were con-

verted to the production of animal protein (beef). For the present

quality of life they could provide 6,134 individuals with their

dietary animal protein needs. For a standard quality of life, 12,881
individuals could be supplied their dietary animal protein requirements.
The quantities of carbohydrates which were calculated are higher than
actually exist, be;ause rural non-farm settlement has already removed

a considerable quantity of the productive land from that use.

The major limiting factors for future population growth in Jose-
phine County are inéufficient dependable water supplies and a limited
quantity of good soils. Frequent flooding and land slides restrict most
building to nearly level elevated soils. Direct competition for soils

exists between cultivation and construction processes.

Carbohydrate and animal protein supplies are imported into Jose-
phine County at the present time and the practice will continue in the

future. The county's population will most likely continue to increase

because of the natural beauty of the area and the presence of the only
highway servicing the southern Oregon and northern California coastal
region, It will become increasingly difficult to maintain an acceptable

quality of life for most residents,
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KLAMATH COUNTY

Klamath County was created October 17, 1882 from a portion of Lake
County. Its name is derived from the Klamath Lakes. The name of the
lakes and the Indian tribe whose habitat was near fhe lakes is spelled
‘"Clamitte" in Peter Skene Ogden's Journals when he was at or near there
in the autumn of 1826 (Holman, 1910). It is bounded on the west by
Lane, Douglas and Jacksqn Counties, on the south by the State of
California, on the east by Lake County and on the north by Deschutes
Coﬁnty. Seven and a half percent of the county is in Goose and Summer
Lakes Basin, 12.8 percent in the Deschutes River Basin, 81.4 percent in
the Klamath Basin and a small portion is in the Rogue River Basin. It
is the fourth largest of Oregon's 36 counties, encompassing 3,822,720
acres. The county's soils, tabulated by the 1969 State Water Resources
Board study in 1969, total 4,606,600 acres which is 120.5 percent of
the county's actual area. It includes land not otherwise classified in
the heavily forested divide along the Cascades on the western border
and inithe semi-arid range along the Deschutes and Lake Counties border
(Appendix A, Tables Al20 through’A126). |

The climate within the county's basin portion is semi-arid with
hot, dry summers, cold winters and temperate falls and springs. The
western portion of the county lies in the high Cascades where elevations
rise to over 8,900 feet on Mt, Scott and snowpacks are frequently more
than 150 inches deep at beautiful Crater Lake. Precipitation falling
on the cultivated éreas averages from 9 to 14 inches a year, with the

higher elevations along the county's eastern portion receiving up to
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20 inches. Frost may occur any month of the year throughout the county,
but during most years the cultivated areas have a 90 to 105 day frost-
free growing period. However, more than half of the soils have less
than a 50 day frost-free period. All soils in the county are at eleva-
tions greater than‘4,000 feet, and well over half lie nearly a mile
above sea levél. Clear, sunny days are typical throughout the year

in the central basin area.

Seventy-six different soil series and sub-series were inventoried
for this study (S.W.R.B., Appendix I-14, 1969). More than 55 percent
of the county's land is publicly owned and nearly 70 percent of that is
in national forests. Fofestry is the major land use in the county with
rangeland use being second in acreage. Ponderosa pine forest floors in
the county's northern and eastern portions furnish additional graze for
the large numbers of livestock. The county's ranchers reported 127,000
cattle and 32,000 sheep in 1970 (0.S.U., Commodity Data Sheets, Cattle,
Sheep, 1972). 1In addition to those raised in the area, 92,612 cattle
entered the county from California under permit for summer grazing in
1973 (Oregon Agri-Record, 1974).

In spite of the short growing season, many crops are grown on the
cuitivated soils. Potatoes, small grains, peas, grass and legume seed,
alfalfa hay, grass hay and pasture are the more common crops. Soils
with cultivation as their major land use total 171,100 acres with an
additional 273,700 acres in pasture. In 1964, 86 percent of the total
cropland was irrigated from the plentiful water supplies in the largest

body of frest water west of the Rocky Mountains, Klamath Lake. Yields
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are good, with wheat yielding nearly 47 bushels per acre in 1971 when
the state average yield was 44.9 bushels per acre. A total of 61,500
acres of wheat, barley and oats and 78,500 acres of hay were harvested
in 1971 (0.S.U., Commodity Data Sheets, Wheat, Barley, Oats, Hay, 1974).

Most of the presently irrigated lands have adequate water supplies
throughout the summer months. Some smaller streams flow near or at the
zero level under natural conditions, but few demands are placed on these
resources. Many major contributions to surface water yields are sup-
plied directly from spring flows. The groundwater resource is stable
and of major significance for domestic, livestock, irrigation, muni?

cipal and industrial needs (S.W.R.B., Klamath Basin, 1971).

Carrying Capacity and Future Trends in Klamath County

The population in Klamath County has slowly increased from 40,497
in 1940 to an estimated 51,940 in 1972 (Meyers, 1973). Computer cal-
culations, using present patterns of land use, show a carrying capacity
for construction to be 18,922 for the present quality of 1life and
24,304 for a standard quality of life. The discrepancies between the
present population in the county and the computer calculated carrying
capacity reflects the presence of high water tables in soils located
near the major urban centers in the southern portion of the county.
Soils located in the fragile areas on the head of the watershed near
Chemult, Crescent, Gilchrist and Crescent Lake are unable to tolerate

great disturbances. The 217,600 acres of soils with only '"slight"



140

and 'moderate' limitations for septic tank filter field locations are
mostly located some distance from present urban concentrations.

All soils with cultivation as their major land use were converted
to the production of carbohydrates (wheat). For the present quality of
life, 249,645 indiviudlas could be provided their annual dietary carbo-
hydrate needs. For a standard but still acceptable quality of life,
290,690 individuals could be supplied their dietary carbohydrate
requirements. All soils with range, hay or pasture as their major land
use were converted to the production of animal protein (beef). For the
present quality of life, 86,052 individuals could be provided their
animal protein needs. For a standard quality of life, 180,712 individ-
uals could be supplied their dietary animal protein requirements;

Nearly 100,000 acres of soils with a declared major land use of
cultivation are used for the production of hay invthis‘county. The
computer calculated this acreage as carbohydrate nutrients rather than
as a producer of animal protein. Therefore, the calculated carrying
capacities for carbohydrate production is higher and the animal protein
production is lower than actually occurs in the county.

The major limiting factors in Klamath County are the limited acre-
ages of good soils which readily permit construction, and the short
growing season. The construction problems may be overcome by concen-
trating populations close to existing municipal facilities.

Klamath County will continue to be a major producer of surplus
carbohydrate and animal protein supplies to other areas in the state

that are unable to raise these essentials for their residents.
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LAKE COUNTY

Lake County was created October 24, 1874 from a portion of
Jackson County. It derives its name from the numerous lakes contained
within its boundaries (liolman, 1910). It is bounded on the west by
Klamath County, on the south by the States of California and Nevada,
on the east by Harney County and on the north by Deschutes County.
Less than two perceht of the county lies in the Deschutes River Basin,
about 10 percent is in the Malheur Lake Basin and the remaining 87 to
88 percent. lies in the Goose aﬁd Summer Lakes Basins. It is the third
largest of Oregon's 36 counties, encompassing 5,292,800 acres of which
4,679,700 acres (88.4 percent) are classified and included in this
study (Appendix A, Tables Al127 through Al33).

The climate is semi-arid with hot, dry summers, cold winters and
temperate springs and falls. All soils in the county lie above 4,200
feet, with about 30 percent lying more than a mile above sea level.
Frost-free growing seasons are short, being less than 90 days in most
of the cultivated areas. Precipitation ranges from 8 to 12 inches in
the cultivated areas to a little over 20 inches in the forested uplands.
The county's terrain is mostly high and Quite flat plateau lands,
occasionally broken by sheer, formative cliffs where portions of land
have settled to lower levels, leaving the unmoved plateau several
hundred feet above the sunken area.

One hundred sixteen different soil series and sub-series were
inventoried in Lake County (S.W.R.B., Appendix I-12, I-13, I-5, 1969).

More than 67 percent of the soils have a major land use as range, with
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another 10.7 percent having forestry as their major use. Nearly all of
the forested areas are grazed. Livestock production is the major indus-
try with large stock ranches utilizing most of the range. In 1970,
88,000 cattle and 4,000 sheep were reported by the ranchers (0.S.U.,
Commodity Data Sheets, Cattle, Sheep, 1972). Nearly 75 percent of the
county's land is publicly owned with about 67 percent of this super-
vised by the Bureau of Land Management and 27 percent by the Fremont
National Forest.

More than 98 percent of Lake County lies within closed basins which
have no outside drainage. Natural precipitation percolates as deeply as
possible into the soil,\becomes saturated with minerals and then evapo-
rates, leaving the minerals in the tilth layer. As a result of this
natural process, most soils are quite alkaline and a calcium pan has
developed between 10 and 18 inches below the surface at the edge of the
percolation zone. 0nly a few more hardy trees and shrubs, such as
juniper and sage have roots which penetrate the pan and seek deeper
water supplies. The Bureau of Land Management is rehabilitating
different ranges by reseeding areas which respond to such treatment.
Rotation grazing management is practiced in areas which may become more
productive by natural reseeding. These efforts are sharply curtailed
by limited funds and personnel.

Soils with cultivation as a major land use occupy 132,500 acres
and those with pasture as their major land use occupy another 159,200
acres, Together they total only five and one-half percent of the

county's area. Most crops require irrigation, as the annual precipi-
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tation is insufficient for optimum plant utilization., The 184,000 acres
with legal surface water rights would consume about 97 percent of the
average stream»yields if they could be exercised. However, the average
water yields are inadequate to completely supply presently irrigated
lands (S.W.R.B., Goose and Summer Lakes Basin, 1963). More than

216,000 acres of land Are rated either "excellent' or "good" for
“irrigability. Most stock ranches irrigate some acreage for pastures

and hayland, Often, a haycrop is initially harvested and then the land
is pastured until irrigation is no longer possible from the lowering
streans,

Surface water supplies are less than the demand for their use
nearly every year. Large groundwater supplies are suspected to exist
below 500 feet, and many of the county's streams originate and are fed
by Springs.‘ However, wells are too scattered to yield a reliable
profile of groundwater in the basins. Excessive use of surface water
and groundwater for irrigation will tend to accelerate the natural
mineralization of the tilth layer. In area§ where flushing of the
soil is possible and the leached minerals can be drained, receiving
waters become vulnerable to increased mineral content. Caution must
also be exercised to avoid removing more groundwater from reservoirs
than may be recharged into them from the county's low annual precipi-
tation, although this is not evident as yet by a study of observation

wells (Wheeler, 1964).
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Carrying Capacity and Future Trends in Lake County

The population in Lake County has remained relatively stable since
1940 when 6,293 residents were reported. The 1970 census Survey re-
ported 6,343 residenfs and an estimated 1972 population was reported as
6,740 (Meyers, 1973). Computer calculations, using present patterns of
land use, show a carrying capacity for construction to be 4,798 indi-
viduals for the present quality of life and 6,163 for a standard
quality of life.

All soils with cultivation as their major land use were converted
to the production of carbohydrates (wheat). For the presént quality
of life, 44,413 individuals could be provided their annual carbohydrate‘
needs. For a standard but still acceptable quality of life, 51,714
individuals could be supplied their carbohydrate requirements. All
soils with range, hay or pasture as their major land use were con-
verted to the production of animal protein (beef). For the present
quality of life, 12,339 individuals could be proyided their dietary
animal protein needs and for a standard quality of life, 25,912
individuals could be supplied with their animal protein requirements.

All soil types which had cultivation as their major land use wefe
calculated into carbohydrate units by the computer. Of the 132,500
acres of soils with a declared major land use of cultivation, only
14,100 acres were reported harvested as small grains in 1971. Hay was
reported as a crop on 82,300 acres during the same year (0.S5.U., Commod-

ity Data Sheets, Wheat, Barley, Oatsl Hay, 1974). Therefore, the
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calculated carbohydrate supply was higher and the calculated animal
protein supply was lower than actually occurs.

The major limiting factors for Lake County are inadequate water
supplies and its location within closed basins. Ihpor;ing water into
the water deficient areas would eventually magnify the alkaline soil
problems in the county. Continuing efforts of rangeland rehabilitation
will increase the carrying capacity of the soils for livestock, and
Lake County will continue to be a substantial animal protein producer

for other areas of the state.
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LANE COUNTY

‘Lane County was created January 28, 1851 and was named for Joseph
Lane, the first Territorial Governor of Oregon who had been a distin-
guished Brigadier General in the Mexican War (Holman, 1910). It is
bounded on the west by the Pacific Ocean, on the south by Douglas
County, on the east by Klamath and Deschutes Counties and on the north
by Linn, Benton and Lincoln Counties. It is one of the two counties
in the state that encompasses soils from the crest of the Cascade
Mountains to those along the Pacific chan. Twenty-one percent lies
in the Mid-Coast Basin with most of the remainder in the upper Willa-
mette River Basin. Small portions also occupy fringe acreages in the
Deschutes and Umpqua River Basins. Lane County ranks sixth in size of
Oregon's 36 counties, encompassing 2,926,720 acres of which 2,384,238
acres (81.5 percent) are classified and included in this study (Appendix
A, Tables Al134 through Al40).

The climate in western and central Lane County is températe,
marine, and humid, with cool, wet winters and warm, dry summers. The
low divide in the Coast Range between the Willamette River Basin and
the Pacific Ocean is penetrated by the meanders of the Siuslaw River
where it eroded ité passage to the coast, Rain laden clouds are often
propelled up the Siuslaw River Valley and into the county by strong
winter winds. Average annual precipitation ranges from 80 inches on
the coast, more than 100 inches at the crest of the Coast Range, 40
to 50 inches in tﬁg central valley and from 60 to 80 inches along the

crest of the High Cascades (U.S. Department of Commerce, Weather Bureau,



147

1965). Most of the precipitation arrives between October and April
with only a small portion falling during the summer growing period.
Snowpacks in the Cascades last far into the summer, slowly melt and
contribute their water to the decreasing streamflows. Late spring and
early fall rains serve to temper the air masses and most of the county's
agricultural lands enjoy a 165 to 210 day frost-free growing period.

More than 64 percent of Lane County's classified soils have forests
as their major land use. The 18.5 percent of unclassified soils are in
forested areas. The total of the forested and unclassified [N] soils
would be 2,412,210 acres (82.6 percent) of the County's area, which
agrees closely with the 81.29 percent of land in forests published by
the Oregon Department of Planning and Development (Oregon Department of
Planning and Development, 1964). Some forested lands in the Cascades
are grazed but most are too dense for forage to grow well. The more
open and brushy foothill areas along the Calapooya Mountains to the
south and the east facing slopes of the Coast Range offer good grazing.
Moét of the 42,000 head of cattle and 24,000 sheep reported in Lane
County in 1970 (0.S.U., Commodity Data Sheets, Cattle, Sheep, 1972) are.
concentrated on the lower hills around the basin floor. Sheep grazing
is also managed on some grass fields in the northern part of the county.
Dairy herds are managed near the Eugene-Springfield area, along the
flood plains of the Siuslaw, and near Florence on the coast where they -
supply the urban population with their commodities.

Eighty-one different series and sub-series of soils were inventor-

jed (S.C.S., Lane County, 1973). Within these soil types, 209,590 acres
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are classified with cultivation as their major land use and another
292,900 acres have pasture as their major land use. The county's most
fertile soils lie on the flood plains along the lower McKenzie River

an on those along the Willamette River from Eugene to the county's
northern boundary. The soils have been deposited and reworked when
simultaneous flooding occurred in bothrmajor rivers and the silt laden
waters spread widely over the surrounding countryside. As the waters
slowly receded, some silts settled on the flooded soils of, where pond-
ing occurred in lower areas, all the silt remained as the waters per-
colated into the soil and deposited their load. Twenty-eight hundred
fifty acres of Capability Class I and another 133,200 acres of Capabil-
ity Class II with only erosion or water problems are located in the two
flood plains. These are Lane County's most fertile soils.

A total of 201,120 acres of Capability Class III soils with only
erosion or water problems as their limiting factors extend across the
western portion of the basin and north to the county border. Cereal
grains, grass seed and hay are their major crops. In 1971, 2,300 acres
of wheat, 4,000 acres of oats, 2,000 acres of barley, 33,900 acres of
hay and 23,600 acres of grass seed were reported harvested by Lane
County farmers (O.S.U., Commodity Data Sheets, 1974).

A wide variety of specialty crops are grown on the Class I and II
soils. Cannery crops, including beans, beets, carrots, rhubarb, squash,
pumpkins, berries and others, were grown on 5,235 acres in 1979. Fruit
and nut orchards and vinyards occupied another 5,035 acres (U.S. Fureau

of the Census, Census of Agriculture, 1969). Mint was harvested from
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another 3,000 acres (Loy and Mitchener, 1972). Most of the specialty
crops require irrigation waters for their harvests to be acceptable for
processing.

Surface water supplies are regulated in all of the county's major
streams except those in the Siuslaw River. Méjor dams retain waters
from winter rains and spring snowmelt and use them to maintain good
streamflows in the McKenzie, Willamette and Long Tom Rivers. Alluvial
beds underlie the more fertile soils along the rivers and are continu-
ally recharged by the lateral subsurface flows. One hundred sixty-four
thousand six hundred forty acres of the county's soils have 'excellent"
or "good' capabilities for irrigation. Application of water by sprink-
ler systems is the most common method used. About 49 percent of the
irrigation use consists of surface waters, 33 percent of groundwaters
and 18 percent are a combination of the two (Atlas, Lane County, 1973).
Most of the irrigable soils along the Siuslaw River and its tributaries
use surface water supplies. Streamflows which are not supplemented by
reservoir storage waters, dwindle during the late summer and early fall
months,

Groundwater supplies are plentiful when drawn from the alluvial
beds near the McKenzie and upper Willamette Rivers and from most of
their tributaries. Pollution of shallow well systems occurs where
livestock and human wastes percolate into the groundwaters. In areas
distant from the confluence of the two major rivers, groundwaters are
more difficult to obtain and are often of poor quality. The coastal

portion of Lane County has serious difficulty in obtaining sufficient
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groundwater supplies. Large stores of groundwater of poor quality are
available from the sand dunes along the coast from Mercer Lake to the

county's southern boundary.

Carrying Capacity and Future Trends in Lane County

The population in Lane County has increased from 69,096 residents
in 1940 to an estimated 227,200 in 1972 (Meyers, 1973). A 31 percent
increase in population was recorded between the 1960 and 1970 census
surveys (U.S. Bureau of the Census, 1970). Computer calculations from
this study, using present patterns of land use, show a carrying capacity
for construction to be 37,602 individuals for the present quality of
life and for 48,298 individuals for a standard quality of life.

All soils with cultivation as their major land use were converted
to the production of carbohydrates (wheat) and, for the preéent quality
of life, 262,448 individuals could be provided their dietary carbo-
hydrate needs. For a standard but still acceptable quality of life,
305,597 individuals could be supplied their dietary carbohydrate
requirements., All soils with hay or pasture as their major land use
were converted to the production of animal protein (beef) and, for the
present quality of life, 31,072 individuals could be provided their
animal protein needs. For a standard quality of life, 65,252 individ-
uals could be supplied their animal protein requirements.

The broad discrepancy which exists between the calculated carrying
capacity for consfruction and the present population in‘Lane County was

caused partly by the evaluations of the capability of the soils to
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absorb construction stresses, and partly by the concentration of the
population in the Eugene-Springfield area. Only 16,450 acres of the
county's nearly three million acres have only "slight" or "moderate"
limitations for septic tank filter fields. The expansion of rural
non-farm dwellings and subdivisions onto soils which cannot take such
a stress over a long period of time, seriously jepardizés the future
quality of life of the residents. Extensive building has occurred and
is proceeding on soils which periodically have flooded. The threat

of reoccurrence of a flood also decreases the quality of life of the
occupants of such soils.

The cities of Eugéne and Springfield as well as the smaller cities
in Lane County are extending their boundaries as rapidly’as possible in
order to bring more residents into municipal water and waste water
disposal districts. Land use planning is alleviating the rapid expan-
sion of rural.non—farm dwelling construction but has not stopped the
process. A decrease in the quality of life forkthe county's residents
is probable as the population continues to increase.

Lane County presently imports both carbohydrate aﬁd animal protein
dietary supplies from other areas in the state but could, if necessary,

raise sufficient carbohydrates for the present population.
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LINCOLN COUNTY

Lincoln County was created February 20, 1893. It is named for
Abraham Lincoln (Holman, 1910). It is bounded on the west by the
Pacific Ocean, on the south by Lane County, on the east by Benton and
Polk Counties and on the north by Tillamook County. Less than two
percent of the county's area lies in the Willamette Basin and the
remainder is contained in the Mid-Coast Basin. Lincoln County is the
27th largest of Oregon's 36 counties, encompassing 630,400 acres of
which 64;200 acres (10.2 percent) are classified and included in this
study (Appendix A, Tables Al41l through Al47).

The county is nearly 60 miles long and from 15 to 20 miles wide.
The eastern boundary closely follows the crest of the Coastal Mountain
Range which has peaks more than 3,000 feet high., The mountains form an
effective barrier that causes the rain-laden clouds from the ocean to
drop most of their load as rain in the fall, and oftentimes as snow in
the winter. Precipitation in the mountains usually exceeds 150 inches
a year while the coastline area receives from 66 to 100 inches annually.
Stream gradients are very steep at the headwaters, as are the mountain
slopes draining their waters into the streams. Flooding, siides and
erosion are common occurrences in all areas of the county. The climate
is humid during the winter rainy season and remains the same through the
summer, when coastal fogs penetrate the lower lying valleys almost every
night. About 150 to 195 frost-free days a year are common throughout

most of the agricultural area.
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Twenty-nine different soil series and sub-series were inventoried
(S.W.R.B., Appendix I-17 and 18, 1969). The classified soils lie on the
bottomlands and on streamside terraces, with a small amount on low slope
uplands and coastal plains. These areas include all of the acreage in
the county suitable for cultivated crops Or improved pasture production.
The remainder of the soils are on forested mountain uplands. Some of
the gentler mountain slopes and meadows are grazed, as are most of the
streamside meadows. Ten thousand cattle and 4,200 sheep were reported
by their owners in 1970 (0.S.U., Commodity Data Sheets, Cattle, Sheep,
1972).

Most of the 13,200 acres of soils with cultivation as their major
land use produce fofage for the livestock populations. Hay was harvest-
ed from 3,600 acres in 1970 but no harvested cereal crops were reported
(0.S.U., Commodity Data Sheets, Hay, Wheat, Barley, Oats, 1972). Many
types of horticultural specialty crops utilize a minor amount of area,
as do fruit and‘berry crops raised mostly for local markets. Most crops
not native to the area require large quantities of fertilizer and min-
erals to replace those leached from the soils during the rainy seagon.
This -added expense limits the type of crops to those that can offer
attractive economic returns.

Water supplies are very limited. The winter and spring runoffs
quickly drain from the area, mostly leaving via the county's five major
rivers - the Salmon, Siletz, Yaquina, Alsea and Yachats. Soils under
and near the rivers and other streams are quite impervious, so little

groundwater remains in the area. Most small streams and all of the
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rivers have very low flows during the late summer and fall months
during average water years and sometimes run dry during low water

years.

Carrying Capacity and Future Trends in Lincoln County

The county's population increased from 14,549 in 1940 to 21,308
in 1950, Since that time a slow but steady growth has brought the
estimated 1972 population to 26,100 residents (Meyers, 1973). Com-
puter calculations from this study, using present patterns of land use
in the couﬁty, show a carrying capacity for construction to be 8,009
individuals for the present quality of life and 10,287 individuals
for a standard quality of life, .

All soils with cultivation as their major land use were converted
to the production of carbohydrates (wheat). For the present quality
of life the soils could provide the dietary carbohydrate needs for
14,608 individuals. For a standard but still acceptable quality of
life, 17,010 individuals could be supplied their dietary carbohydrate
requirements., All soils with hay or pasture as their major land use
were converted to the production of animal protein (beef). For the
present quality of life, 3,266 individuals could be provided their
animal protein needs. For a standard quality of life 6,858 individuals
could be supplied their animal protein requirements,

| The discrepancies which exist between the calculated carrying

capacity for construction and the present population in the area were
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determined by the types and quantities of soils in the areas where
populations are concentrated. These soils are limitéd in quantity and
have severe limitations for use as septic tank filter fields.

The soils considered cultivable have not been used for cereal crop
production but are mostly used to produce forage for livestock. There-
fore, the number of calculated individuals that could be supported for
carbohydrate diet satisfaction should be very low and those calculated.
for animal protein satisfaction should be highér. Nevertheless, both |
dietary nccessities would be produced below the required need and the
county imports substantial quantities of these nutrients at this time.

The major limiting factor in the county is a dependable wéter
supply. Caution should be exercised in encouraging any increase in
population until this critical commodity has been assured for all

types of water years.
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LINN COUNTY

Linn County was created December 28, 1847. It is named for Senator
Lewis F. Linn of Missouri, a great friend of Oregon and the Ariginator
of the Oregon donation land law (Holman, 1910). It is bounded 6n the
west by the Willamette River and Benton County, on the southwest and
south by Lane County, on the east by Deschutes County and on the northA
by Marion County. It lies entirely within the Willamette River Basin.
Linn County ranks 14th in size among Oregon's 36 counties, encompassing
1,468,160 acres of which 956,350 acres (65.1 percent) are classified and
included in this study (Appendix A, Tables Al48 through Al54).

The climate is temperate with mild, wet winters and dry, warm
summers in the agricultural area. The eastern portion of tﬁe county
has elevations in excess of 5,000 feet along the crest of the Cascades
where seasons are short and climatic conditions are harsh. The average
precipitation near Albany is about 40 inches a year but it exceeds 80
inches a year in the Cascade Mountains. The frost-free growing period
in the valley is between 165 and 210 days a year.

The valley soils are quite level with 371,750 acres (25.3 percent)
having less than eight percent slope. The classified soils éxtend to
where the eroded Western Cascades yield to the steeper High Cascade
slopes. The lower mountain slopes contain many areas of open meadows ’
and park-like grazing sites. Most of the county's 41,000 cattle and
conéiderable numbers of the 40,000 sheep (0.S.U., Commodity Data Sheets,

Cattle, Sheép, 1972) grazed this area in 1970. The remainder of the

livestock grazed fields on the valley floor.
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Ninety-six different series and sub-series of soils were inven-
toried in Linn County (S.C.S., Linn County, 1973), Cultivation is the
major land use on 266,150 acres of the soils and pasture is the major
land use on 284,600 acres. Most of the cultivated soils are harvested
for grass seed, cereal crops and hay. ‘A total of 110,000 acres of grass
seed, 6,400 acres of wheat, 5,800 acres of oats and barley and 23,600
acres of hay were reported by Linn County farmers in 1970 (0.S.U.,
Commodity Data Sheets, Seed, Wheat, Oats, Barley, Hay, 1972). Another
15,385 acres of specialty crops including sweet corn, snap beans,
berries, tree fruits, nuts and others were harvested for fresh produce
and processing (Atlas, Linn County, 1973). Most of the specialty crops
required irrigation and were produced on the county's better soils.

A total of 159,200 acres of soils of Capability Classes I and II
with only erosion or water problems as their limiting factors are con-
tained in the county. Of these soils, 103,500 acres are rated ''excel-
lent" for irrigability. Another 101,400 acres are rated ''good"., These
soils lie along the Willamette River in rather narrow (one to three
mile) bands and in large areas where the Santiam River enters the
Willamette. The soils were laid down as silt deposits when the two
large rivers flooded concurrently and the coﬁbined waters slowly drained
away. Most are deep and respond well to irrigation. Interspersed with
the good soils are those that are poorly drained and have high water
tables during the winter and spring months, or when irrigated.

Streamflow in the Willamette River is regulated during the dry

summer and fall months by reservoir releases from waters impounded
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behind large dams in Lane County. Streamflows in the Santiam River are
regulated by releases of water from three reservoirs on the North
Santiam River. The streamflows in the South Santiam River are not
regulated. Flooding is frequent in many small sub-basins, wholly or
partially contained within the county.

Only 28,334 acres were reported under irrigation in 1969 (U.S.
Bureau of the Census; Census of Agriculture, 1969). Groundwater
supplies near the better soils are of sufficient QUantity to irrigate

large acreages of land (S.W.R.B., Middle Willamette River Basin, 1963).

Carrying Capacity and Future Trends in Linn County

The population in Linn County has grown steadily from 30,485 resi-
dents in 1940.to an estimated 75,540 residents in 1972 (Meyers, 1973).
Increased industrial activity in the vicinity of Albany has been the
most significant cause of the increase, but similar population increases
are evident in all of the county's other cities and towns. Computer
calculations from this study, using present patterns of land use, show
a carrying capacity for construction to be 60,177 individuals for the
present quality of life and 77,294 individuals for a standard quality
of life.

All soils with cultivation as their major land use were converted
to the production of carbohydrates (wheat) and, for the present quality
of life, 301,921 individuals could be provided their dietary carbohy-
drate needs. For a standard but still acceptable quality of life,

351,560 individuals could be supplied their dietary carbohydrate



159

requirements. All soils with hay or pasture as their major land use
were converted to the production of animal protein (beef) and, for the
present quality of life, 26,290 individuals could be provided their
dietary animal protein needs. For a standard quality ofrlife,_55,211
individuals could be supplied their annual dietary animal protein
requirements.

Linn County's current population is about equal to the cbn-
struction carrying capacity determiﬁed by this study. Careful utili-
zation of available methods for concentrating population growth close
to existing or proposéd municipal facilities could indefinitely extend
the quality of life enjoyed by residents in the area. More than
sufficient carbohydrates can be raised on the soils that presently
grow grass seeds. A considerable portion of these crops can be
exported to less fortunate areas. The calculated animal protein
supplies generated in the county are less than are evident in the
area. Some animal proteins will need to be imported to supplement

the inadequate quantity determined by this study.
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MALHEUR COUNTY

Malheur County was created February 17, 1887 from a portion of
Baker County. It is named for the Malheur River, which flows through
the county before entering the Snake River. Malheur is a French word
meaning misfortune, bad luck, disaster, literally '"evil hour". Peter
Skéne Odgen wrote in his '"Journal' under the date February 14, 1826,
... we encamped on River au Malheur (unfortunate river) so called on
account of goods and furs hid here discovered and stolen by natives."
(Holman, 1910).

The county is bounded on the west by Grant and Harney Counties, on
the south by the State of Nevada, on the east by the State of Idaho and
on the north by Baker County. Twenty-eight percent of the county lies
in the Malheur River Basin, 59.8 percent lies in the Owyhee River Basin,
and there are small portions of the county extending into the Goose and
Summer Lakes Basin and the Powder River Basin. It is the second largest
of Oregon's 36 counties, encompassing 6,316,800 acres of which 6,131,000
acres (97.0 percent) are classified and included in this study (Appendix
A, Tables AlSS through A161). Malheur County is rectangulér in shape,
roughly 64 miles wide and 177 miles long and is larger than either of
the States of Vermont or New Hampshire.

The'county's climate is semi-arid with hot, dry summers and cold
winters. Precipitation ranges from nearly zero in some desert areas to
almost 25 inches on the peaks of the Blue Mountains. Most of the culti-
vated areas average from six to eleven inches of precipitation annually.

Frost-free growing periods are more than 150 days in the county's more
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heavily cultivated northeastern portions, decreasihg in the southern
portions to 90 to 120 frost-free days. Still, 493,500 acres (an area
the size bf Polk County) have a zero to thirty day frost-free period.
More than 80 percent of Malheur County's soils lie above 4,000 feet in.
elevation. Slopes are steep along canyon walls and in the Strawberry
Range of the Blue Mountains on the northern border. However, more than
half of the county's area (3,293,000 acres) has slopes less than 13
percent, and nearly a half million acres are almost flat.

One hundred twenty-nine'different soil series and sub-series were
inventoried in Malheur County (S.W.R.B., Appendix I-10, I-11, and I-12,
1969). Rangeland is the major land use of 5,240,100 acres (83.0 per-
cent). Forests and their lumber products are not major industries in
this county, but the floors of the 17,200 acres of pine forest are
grazed, In 1970, 175,000 head of cattle and 23,000 sheep were reported
by Malheur County ranchers (0.S.U., Commodity Data Sheets, Cattle,
Sheep, 1972), Many areas of the rangelands have irrigable soils inter-
spersed among the lava plateaus. Some of these have had range improve-
ment programs, and others are planned by the Bureau of Land Management.
Stony soils which appear to have little vegetation generally have native
wheatgrass, needlegrass or Sandberg bluegrass growing amongst the lava
rocks, which serve as forage.

Most of the cultivated soils in the county are irrigated. Irri-
gating waters are limited, most of them generated from the Malheur
River, Willow Creek, Bully Creek and the Owyhee River. Waters from

the Owyhee Reservoir also service a large acreage in Idaho near Homedale.
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A wide variety of truck and specialty crops are produced, some of which
are potatces, onions, sweet corn, fresh vegetables, sugar beets, berries,
tree fruits and nuts, and others. In 1969, Malheur County harvested
39,600 acres of corn and cereal grains, 92,500 acres of hay, 15,500

acres of potatoes and 5,500 acres of sweet corn, not to mention-the

many other acres of crops necessary to supply one of the largest food
processing plants in the country and a large sugar refinery.

Most of the consumable water rights in the county are used for
irrigation. A total of 424,800 acres of soils are rated "excellent' or
"good" for irrigability. Another three-quarters of a million acres are
rated '"fair". Legal water rights are established on 306,590 acres of
soils, bﬁt the water stored or generated in the county is barely suffi-
cient for 273,900 acres at the present time (S.W.R.B., Malheur-Owyhee
Basins, 1969). ‘Groundwater supplies in the northern portion of the
county are appreciable and represent an important potential water source.
Many wells throughout the grazing areas yield high quantities of water
and are used for irrigating haylands. Others yield insufficient quanti-

ties for irrigation but sufficient for domestic and livestock uses.

Carrying Capacity and Future Trends in Malheur County

The population of the county has increased only slightly since 1940
when it had 19,767 residents to the 1972 estimated population of 23,380
(Meyers, 1973). 'Nearly half (11,250) of the 1972 population lived in
Ontario, Nyssa and Vale in the northern part of the county. Computer

calculations, using present patterns of land use in the county, show a
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carrying capacity fdr construction to be 16,175 individuals for the
present quality of life and 20,776 individuals for a standard quality
of life. |

All soils with cultivation as their major land use were converted
to the production of carbohydrates (wheat). For the present quality of
life, they could provide 387,504 individuals with their dietary carbo-
hydrate needs. For a standard but still acceptable quality of life,
the soils could produce dietary carbohydrate requirements for 451,214
individuals. All soils with range, hay or pasture as their major land
use were converted to the production of animal protein (beef). For
the present quality of life, 33,347 individuals could be provided their
dietary animal protein needs. For a standard quality of life, 70,031
individuals could be supplied their dietary animal protein requirements.

The major limiting factors in Malheur County are shortages of
dependable water supplies. There are areas close to existing urban
centers to accommodate future construction, providing municipal water
and waste water facilities are available, but water supplies will
continue to limit growth. Population increases may come about in the
northern county areas, but Malheur County will continue to be a signif-
icant provider of dietary carbohydrate and animal protein suppiies to

other areas in the state.
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MARION COUNTY

Marion County was one of the four original Districts or Counties
created on July 5, 1843, six years before Oregon became a U.S. Territory
and 16 years before statehood. Originally it was named Champooick Dis-
trict, but the name was éhanged on December 28, 1847 to Champoeg County.
The county received its present name on September 3, 1849 when it was
changed to honor General Francis Marion of the American Revolutionary
War (Holman, 1910). It is bounded on the west by Yamhill and Polk
Counties, on the south by Linn County, on the east by Deschutes County
and on the north by Clackamas and a portion of Yamhill County. It lies
entirely in the Willamette River Basin. Marion County ranks 25th in
size of Oregon's 36 counties, encompassing 750,720 acres of which
-532,856 acres (71 percent) are classified and included in this study
(Appendix A, Tables A162 through Al68}.

The county's climate is temperate with mild, wet winters and dry,
warm summers. The annual average precipitation ranges from about 40
inches at Salem to more than 100 inches in the mountains. The average
frost-free period is from 165 to 210 days in the agricultural areas but
is very short at the crest of the Cascades along the county's eastern
boundary.

The densely forested slopes of the high Cascades are dissected
with deep, long canyons with many rocky outcrops and sheer cliffs.
Melting winter snows and water releases from the pbrous basalt rocks
contribute to stréamflows during the dry summer months. The older

western Cascade Mountains have more gentle slopes and a softer profile.
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Open meadows and reforesting areas offer good grazing along the margin
of the valley. In 1970, 40,000 cattle and 26,000 sheep were reported by
Marion County farmers (Q.S.U., Commodity Data Sheets, Cattle, Sheep,
1972). Many flocks of sheep and some cattle are grazed in the 123,996
acres of classified pasture soils on the valley floor. Grass seed
fields are also grazed during the fall, winter and early spring months.
Eighty-eight different series and sub-series of soils were inven-
toried in Marion County (S.C.S., Marion County, 1973). More than a
quarter of a million acres (251,567 acres) have cultivation as their
major land use and 218,630 acres of these are of Capability Classes 1
and II with only erosion and water problems as their limiting factors.
The 159,575 harvested acres reported in 1969 (U.S. Bureau of the Census,
Census of Agriculture, 1969) included 25,000 acres of wheat, 10,000
acres of oats, 10,000 acres of barley and 46,050 acres of field seed
Crops. Other.county crops included corn, hay, mint, vegetable crops
for produce and processing, berry crops, tree fruits, nuts, grapes, and
others. Most of these good producing soils extend from a few miles
south of Salemvto the Clackamas County boundary to the north, between
the Willamette River and the foothills of the,westérn Cascades. The
fertile area is roughly 25 miles long and from 11 to 15 miles wide.
These deep, silty loam soils were deposited through historic times
while flood waters were waiting to pass through the narrow rock cleft
at Oregon City. Some of the soils are poorly drained and others are
located in depressions, each posing their particular problems during

wet years. The installation of the many large reservoirs on the major
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tributaries of the Willametfe River has decreased the threat of spring
floods and assured harvests on many acres of soils not previously con-
sidered for consistent production. Other good producing soils are
located in the Jefferson, Turner, Aumsville and Stayton areas. Several
processing plants freeze and can fruit and vegetables for export to
other areas.

Irrigation waters are needed to bring many crops to harvest.
‘Nearly 234,000 acres of soils are classified to have ''excellent" or
"good' irrigability characteristics but only 66,758 acres were reported
to have been irrigated in 1969 (U.S. Bureau of the Census, Census of
Agriculture, 1969). Streamflows are the source of water for about 50
percent of the irrigated acreage, groundwater is the source for about
45 percent, and reservoirs and ponds which include both surface and
groundwaters make up the remainder (Atlas, Marion County, 1974).

Surface water supplies are seasonal and undependable in most
streams close to the intensively farmed areas. Legal water rights
have overappropriated the available supplies during any normal water
year. Groundwater supplies are adequate in the Pudding River area
although severe drawdowns in the wells are experienced each summer
(Bartholemew and Debow, 1970). The major underground reservoirs are

recharged during the wet winter months.

Carrying Capacity and Future Trends in Marion County

The population in Marion County has steadily increased from 75,246

residents in 1940 to the estimated 157,200 residents in 1972 (Meyers,
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1973). Most of the urban centers have shown about the same percent of
growth'as has the county. Computer calculations.from this study, using
present patterns of land use, show the carrying capacity for construc-
tion to be 41,221 individuals for the present quality of life an&
52,946 individuals for a standard quality of life.

All soils with cultivation as their major land use were converted
to the production of carbohydrates (wheat) and, for the present quality
of life, 267,371 individuals could be provided’their dietary carbo-
hydrate needs. Fér a standard but still acceptable quality of life,
311,329 individuals could be supplied their dietary ;arbohydrate
requirements. All soils with hay or pasture as their major land use
were converted to the production of animal protein'(beef) and, for the
present quality of life, 16,588 individuals could be provided their
dietary animal protein needs. For a standard quality of life, 34,836
individuals could be supplied their animal protein requirements.

The discrepancies which exist between the calculated carrying
capacity for construction and the present recorded county population
were caused by the evaluations of soils with past histories of flooding.
Many of these soils presently support construction units and more are
being occupied. Comprehensive land use planning hasvbeen active in
Marion County since 1970 and great progress is being made in controlling
the patterns of urban and rural non-farm development. There are
sufficient areas for future population growth near most of the existing
urban centers, which would not remove large quantities of good soils
from agricultural production. These growth areas would require munic-

ipal water and waste water treatment services.
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The quéntities of carbohydrates produced by the county's soils at
this time may not equal the computed numbers. However, the potential
is present to change from producing grass seed crops to producing
cereal seed crops if it becomes necessary. The surplus carbohydrate.
supplies could be exported to less fortunate areas. Animal protein

supplies are presently being imported into the county.
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MORROW COUNTY

Morrow County was created February 16, 1885. It is named for
Jackson L. Morrow, an old resident who was a member of the Oregon
Legislature when the bill passed (Holman, 1910). It is bounded on
the west by Gilliam County and a small portion of Wheeler County,
on the south by Wheeler and Grant Counties, on the east by Umatilla
County and on the north by the Columbia River. Nineteen percent of
Morrow County lies in the John Day River Basin with the remainder
lying in the Umatilla River Basin, It is 15th largest of the state's
counties, containing 1,317,760 acres of which 1,192,700 acres (90.5
percent) are classified and included in this study (Appendix A, Tables
A169 through Al75).

The county's climate is temperate and semi-arid. Less than
eight inches of precipitation falls annually on the lower elevations
along the Columbia River, but along the county's southern boundary,
more than 20 inches a year fall on the heavily forested slopes of the
Blue Mountains. Violent rainfalls occur during the summer months,
which erode the loose soils and run off before percolating into the
soils; strong winds further erode the soils. Generally, frosts do
not occur during the summer months, and 78.5 percent of the soils |
average a frost-free growing season greater than 105 days.

Ponderosa pine is the major tree species in the 81,000 acres of
soils with forestry as their major land use. Grazing on the forest

floors and on the 480,000 acres of rangeland soils has been a major
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industry in the county for greater than 100 years. More than 36,900
cattle and 10,000 sheep were inventoried in the county in 1970 (0.S.U.,
Commodity Data Sheets, Cattle, Sheep, 1972).

Eighty-four different series and sub-series of soils were inven-
toried for Morrow County (S.W.R.B., Appendix I-6 and I-7, 1969). The
largest income of the county comes from cereal crops harvested from
the 638,700 acres of soils whose major land use is cultivation. Wheat
is harvested from more than 50 percent of this acreage. While average
yields of 31.6 and 24.8 bushels per acre respectively were not equal
to the 1971 and 1972 state averages of 44.9 and 41.9‘bushels per acre,
the county still produced 4,042,000 bushels of wheat in 1971 and
3,487,000 bushels in 1972 (0.S.U., Commodity Data Sheet, Wheat, 1974).

The acreages of soils planted to wheat vary from year to year,
governed by market prices and sometimes by the quantity of precipi-
~ tation which had accumulated during the summer fallow period. The
depth of the loessjmantle over the underlying rock governs whether
the soils will be used for grazing or cultivation. Roadcut and fieid.
examinations show a leached calcium pan a few inches from the surface
in grazing lands and from 15 inches to 30 inches below the surface in
most cultivated soils. Many marginal soils, now being used as range-
land, show evidence of being previously cultivated. Gullying is
evident in fallowing fields of even minor slopes, and mud drifts
along foads are common where the eroding topsoil has washed from

the fields. Dust storms are generated easily from the loose, fine
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soils, and equipment working in fallowing fields is sometimes barely
visible through the encompanying dust clouds.

Morrow County contains more than 15 percent of the state's Capa-
bility Class I soils. Morrow and ﬁmatilla Counties combined contain
more than 31 percent of this most versatile of the state's soils. Of -
the 628,700 acres of soils with cultivation as their major land use,
363,500 are in Capability Classes I, II and III with erosion and water
problems as their only limiting factors for extensive use. The more
versatile Class I and II soils respond readily to irrigation and pro-
duce a wide variety of crops. A shortage of adequate water supplies
limits the use of both cultivated and grazing lands.

Wafer supplies for grazing stock are sparse in the southern and
mid-central portions of the county. Streamflows are low during the
summer months and during the summer months most tributgries into
Willow and Little Butter Creeks become dry washes with occasional
pools. Quantities of available groundwaters are not generally known,
as wells are too scattered to yield a definite reservoir pattern.

Some observation wells have been drilled and records are being gener-
ated which will lead to better knbwledge for groundwater utilization
(S.W.R.B., Umatilla River Basin, 1963).

Irrigation is extensively used in the northern portion of the
county. Overhead sprinkling is more efficient, as the soils are sandy
with poor water holding capacity. Flood irrigation waters quickly
percolate through the root zone. The sandy soils are Very fine and

subject to wind erosion. Sand drifts are evident where the loose

soils have been left exposed.
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Carrying Capacity and Future Trends in Morrow County

The county's population has remained relatively stable from 1940
(4,337) to 1970 (4,465). The 1972 estimated population shows a slight
decrease to 4,320 residents (Meyers, 1973). However, considerable
activity around the Boardman area could rapidly increase the popula-
tion in the northern portion of the county (Oregonian, April 10, 1974).
Computer calculations, using present patterns of land use in the county,
show a carrying capacity for construction to be 10,256 individuals for
the present quality of life and 13,173 individuals for a standard

quality of life.

All soils with cultivation as their major land use were converted
to the production of carbohydrate (wheat) units. For the present
quality of life they could supply 442,290 individual dietary require-
ments. For a standard quality of life, 515,007 individual dietary
needs could be provided; All soils with range, hay or pasture as their
major land use were converted to the production of animal protein (beef).
For the present quality of 1life the county could provide 1,207 individ-
uals with their animal protein needs. For a standard quality of life,
2,534 individuals could be supplied with their dietary animal protein
requirements. The protein calculations do not reflect the large
numbers of beef grazed on fallowing soils nor on soils which are
marginal for cultivation and -are used as rangeland.

The greatest limiting factor in Morrow County is the lack of
dependable water supplies. Groundwater supplies near the Columbia

River could prove very beneficial if available. The second greatest
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limiting factor in the county is the makeup of the easily eroded soils.
The soils originated as wind blown silt and sand deposits and, unless
special care is exercised in erosion control, will as easily leave the
areas where they were deposited. With present use and including known
future plans for the uses of the light soils, the productive potential
of the fertile areas will probably decrease. Most grazing areas have
thin mantles of these same light soils. The productivity of these
range'soils could be significantly increased by selective range
plantings,

Morrow Couﬁty can support a larger population in some areas
without significantly decreasing its vital role as a supplier of
wheat and beef to less fertile counties in the state. The county's
value as one of the more fertile and productive in the state should

not be underestimated.
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MULTNOMAH COUNTY

Multnomah County was created December 22, 1854, ‘'Multnomah" is.
the Indian name for the Willamette River from‘the falls at Oregon City
to its mouth. It was also the name of a tribe of Indians whose princi-
pal habitat was at the upper end of Wappatoo (now Sauvies') Island near
‘the mouth of the Willamette River where it meets the Columbia (Holman,
1910). The county is bounded on the west by Columbia and Washington
Counties, on the south by Clackamas County, on the east by Hood River
County and on the north by the Columbia River. About 400 acres lie in
Hood Basin and the remainder is in the Willamette River Basin. It is
the smallest of Oregon's 36 counties, encompassing 271,360 acres of
which 201,350 acres (74.2 percent) are classified and inéluded in
this study (Appendix A, Tables Al176 through Al82).

Multnomah County has a temperate maritime climate with warm, dry
summers and mild, wet winters. The moist ocean breezes which penetrate
the Columbia River Gorge have a moderating effect on harsh seasonal
weather changes. The average annual precipitation at the Weather Bureau
in Portland is 43.5 inches, and at Bonneville Dam at the county's
eastern boundary it is 78.9 inches (U.S. Department of Commerce, Weather
Bureau, 1965). The annual precipitation often exceeds 100 inches a year
along the county's mountainous western and eastern boundaries. The
average frost-free growing period in the agricultural area is from 165
to 195 days.

Most of the céunty's‘terrain is gentle with rolling hills, typical

of a flood plain where two large rivers join. More than 60 percent of
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the county's soils are at less than 900 feet elevation with only a small
quantity above 1,000 feet. Slopes are gentle except in the mountains,
with more than 60 percent of the soils having less than a 20 degree
slope. Forest lands at lower elevations, brushy canyonland, riverbanks
and grassy hills are grazed by livestock. In 1970, 11,000 cattle and
1,100 sheep were reported by the county's farmers (0.S.U., Commodity
Data Sheets, Cattle, Sheep, 1972). The 73,000 acres of soils classifieq
as pasture are fragmented throughout the county, but a good portion of
these are close