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In the past there have been IWR Reports and Center Papers. All had
gold covers. Beginning 1 April 1974 IWR reports are of four general

types:

1. IWR Contract Reporis: These reports are prepared for IWR by
contractors in the performance of specific research tasks covered by
contractual agreements. The facts presented and the opinions expressed
in these reports are those developed by the contractor. IWR Contract
Reports are bound in gold colored paper. The public may purchase

them from the National Technical Information Service, U. S. Department
of Commerce, Springfield, Virginia 22151.

2. IWR Research Reports: These reports usually are prepared by

the staff of IWR, or other Corps of Engineers personnel or activities,
and ordinarily reflect the Institute's position on matters within its area
of responsibility, IWR Research Reports are bound in red paper covers.
The public may purchase them from the National Technical Information
Service, U. S. Department of Commerce, Springfield, Virginia 22151.

3. IWR Papers: These papers report progress of research and
investigations underway in the Institute or in agencies with which the
Institute has close working arrangements. They are considered working
papers or interim reports and ordinarily are distributed only to

- participating research groups and individuals. They are bound in light

tan paper. Many of these reports will be made available to the general
public through the National Technical Information Service.

4. IWR Review Drafts: The Institute usually has many unfinished
reports in a review stage. They are identified by blue paper covers

and are marked "Review Draft.!" They are intended for review purposes
only and are ordinarily available only to specific reviewers.
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PREFACE

The ideas expressed by the writer in this dissertation have
evolved during the last five years, The writer's eiperience while
working with the U.S. Army Corps of Engineers, the U,S, Bureau of
Reclamation, and the Idaho Water Resource Board heiped to generate
‘the initial ideas,  Many individuals in these organizations helped
to mold the writer’s thinking concerning river basin'élanning;

The writing of papers in the graduate finance seminars clari-
i'ied the subject of the dissertation and led to the desigh of the
study, In the writer's opinion, meaningful theory should be forged
in the furnace of reality, This study offered the opportunity of
refining the theory and applying the theory to reality,

Appreciation is extended to the U,S., Army Corps of Engineers
and the University Research Committee for théir financial support -and
to the membars of my cormittee and Dr, Bruce F, Baird, Associate Dean,
College of Business, for their advice and .suggestions,

Special appreciation is extended to William E. Torget, Chief
Fronomics Branch, North Pacifie Division, Corps of Engineers, and to
Lr. Ramon E, Johnson, Chairman of my committee, for their generous

support,
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ABSTRACT

River basin plamning for capital budgeting derlsions requires
a careful analysis of a‘ combination of hydrologie, engineering,
econamic, ahd financial considerations.. Simulatioﬁ offers an
analytical technique which allows each of these disciplines to be
integrated into a model for the evaluation of multi-purpose
projects fo.r comprehensive geogfaphic aréas. Similation also
offers the opportunity to evaluate a large number of alternatives
within less time than a segmented analysis,

The simulation model in this study is applied to the Grande
Ronde River Basin which is located in northeastern Oregon, The
exogenous variables in this study include: (1) hydrology data as
based on 41 years of historical hydrology (uncontrollable exogenous
variable); (2) capital sets as determined for three different sizes
of two reservoirs or nine combinations (partially controllable
exogenous variable); and (3) operating procedures as determined
for three scales of irrigation development (partially controllable
exogenous variable), The model has been refined to allow for
stochastic variation in both the cost data (original outlay,
replac.zement,. and anmal operation and maintenance) and the benefit
data (as related to hydrologic phenomena), The functional relation-
ships for benefits entail relationshii)s between hydrologic phenomena

and benefits for seven uses of water, These seven uses include:
vi



(1) irrigation; (2) mmicipal and industrial water supply; |
(3) recreation; (4) salmon reared in reservoir; (_5) resident trout
in reservoir; (6) flood control; and (7) anadromous. fishy The
endogenous variables resulting from ruming the model include net
present benefits and benefit-cost ratios for nine reservoir
combinations and three operating procedures (a decision set of 27),

Analysis of variance is applied to the results from the
sinmlation runs to determine significant differences among c#pital
sets, operating procedures, e.ﬁd combinatiqns of the two,

The results from the runs indicate that some decision sets
are clearly superior to others, Operating procedures two (74,000
irrigated acres) and three (92,000 irrigated acres) are superior
to one (55,000 irrigated acres) in terms of both net presemt
benefits and benefit-cost ratics, In temms of an optimal set within
the model, no one set is obviously optimal, Using analysis of
variance at the ,05 level of significance, there are no significant
differences among the three sets with the highest net present
benefits, This analysis, therefore, reduces the choice set fram
.27 to three,

If the data gathering by various govermmental agencies were
oriented to the simulation approach, .this analytical framework could
be applied to a variety of governmental decisions, In the future,
water resourcé development may be expected to carry a significant
role in the development of strong analytical techniéues for govern-

mental decision making.
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I INTRODUCTION

’

Each year benefit-cost analysis plays a more important role
in the governmental decision process at the federal level in the
United States, Presently expenditures for just goods and services
alone at the federal level account for about 100 billion dollars.l
In the 1970 calendar year, the Federal Government purchases of

_goods and services were close to 10 percent of the gross natiocnal

product, Although water resource projects include only a small
portion of this total, the analytical techniques used in their

evaluation are beginning to prevail on other areas of the budget,

The application of benéi;it-cost analyslis is rapidly inereasing,
In the fall of 1965, President Johnson announced to cabinet members
and other heads of agencies that a new budgeting system was to be
introduced, This system is called the "Plamming-Programming-Budget-
ing System or PPBS." This system incorporates mich of the work |
generated in benefit-cost analysis for water resource development
into other areas of governmental decisions, Benefit-cost analysis

has been used most extensively for the analysis of water development

1 .
U.,S, President, et. al,, Economic Report of the President _
Together with the Annual Report of the Council of Economic Advisers,

ZWashington, D.C.: Government Printing Office, 1971), p. 197.



projects; Yet, the validity of this tool has been severely criti-

2 The

cized in that area where it has been used most extensively,
limitations inherent in benefit-cost3 analysis as it is applied to
water resource development are likely to carry into th_e applications
to other govermmental decisions, Arthur Maass points out this
consideration,
The problem is to combine the advanced state of the art
of efficiency benefit-cost analysis, as found in water re-
sources planning, with an equally sophisticated technique

for relating efficiencz benefits and costs to those stemming
from other objectives,

During the period 1950-1960, the trend with respect to

application of benefit-cosﬁ analysis has been toward strict appli-

2

Robert H, Haveman, Water Resource Investment and the Publie
Interest: An Analysis of Federal enditures in Ten Sou ern States
(Nashville, Tenn,: Vanderbilt University Press, T§33, . 117,
Haveman points out that, according to his analysis, 63 of 147 projects
bui’t in the south from 1946-1962 representing $1,169,000 of com-
mitted federal funds (44 percent of the total pro:)ects of the Corps of
Engineers for the period) should not have been undertaken,

3The benefit-cost ratio as it is applied to water resource
development is of the following form:
where R - benefit-cost ratio

R = Z: (E + 1)0 B - expected annual benefit
s — - rate interest
E life of project
(T+ )T fixed investment cost
amnual operation, mainte-
nance, and repair cost

O X' c+ ke

ll- '
Arthur Maass, "Benefit-Cost Analysis: Its Relevance to Public

Investment Decisions,” Planning, Programming, Budgeting: A Systems
A%Eroach to _Management ed. Wﬂﬁam F. Trent and Ernest G. Miﬁer

icago: Markham Publishing Co., 1968), p. 223,



cation of economic efficiency on limited projects, MBre recent em-
phasis has been toward a more liberal interpretatiah'of benefit-cdst
applications for multiple purposes and bfoader areas such as river
basins,

Recenﬁ'emphasis on the need for comprehensive river basin
planning for multiple purposes and the limitations of'present tech-
niques have resulted in an attempt to formulate various new tech-
niques for analyzing decisions at a more comprehensive level,

Simulatign models of river basin systems iﬂcorporate the
comprehensive viewpoint, The first problem in this study is con-
cerned with the application of the technique of similation to a given
river basin system. The second problem in this stuéy 1s concerned"
with the further development of the model to incorporate stochastic

processes for capital budgeting decisions into the simlation ﬁodels.

Objectives
The main objective of this study is to apply the technique of

simulation for capital budgeting to a specific geographical location,

A second objéctivé is to examine the potential for improvements in the
tnalytical technique. To accomplish these broad objectives, four
specific research objectives are identified: (1) to AGfelop'a sim-
lation model for the Grande Ronde River Basin; (2) to use the model to
analyze the sensitivity of designs and operating procedures for alter-
native projects in the river basin on resultiﬁg benefit-cost relation-

ships; (3) to test hypotheses concerning the results of the similation

™ins using analysis of variance; and (4) to refine the model to account



for stochastic variation in the constructs,

Scope of the Research

In geographical scope, the research covers the Grande Ronde
River Basin, This Basin is located in the northeastern portion of
Oregon, The actual Basin has been determined in cooperation with the
U.S. Army Corps of Engineers, This Basin has been selected for sev-
eral reasons as follows: (1) the Basin is under investigation by the
Corps of Engineers for project development; (2) data are available for
analytical purposes; (3) the proposed projects in the Basin are mul-
tiple purpose projects; and (4) the Corps of Engineers is willing to
provide data and financial support for the study, The delineation of
the boundary has been determined by the directidn of flow of water,
P"i.guré I-1 shows the location of the Grande Ronde River Basin,

Scope of the research includes analysis of the entire river

hasin including hydrology, costs, and benefits for multiple purposes.

This 2nalysis covers an in depth examination of relationships and
alternatives for capital budgeting decisions and accdmpanying benefit-
sust data through the utilization of a simlation model.

The scope of the project does not include an evaluation of the

5

procedurss for generating specific benefits. Musgrave” points out some
of the limitations and advantages associated with benefit-cost analysis

and the associated difficulties inherent in the measurement of benefits,

5Richard A. Musgrave, "Cost-Benefit Analysis and the Theory of

Fublic Firance' Journal of Economic Literature, VII (September, 1969)
pT) . 797-806 "




FIGURE | - 1
LOCATION OF THE GRANDE RONDE BASIN
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The writer is aware of these difficulties and the problems associated
with the measurement of benefits., Both the benefits and costs incor-
porated into this study represent the best estimates of well-informed
individuals who are working directly in the area of project evaluations.
The scope of the study also excludes the interest rate argument (deter-
mination of the correct social time preference or public development
discount rate) and argument of project life, The study attempts to
relate benefits (as generated by the Corps of Engineers) to the hydro-

logic phenomena of a given river basin,

General Method of Aggroach

The major task of the study is to analyze the relationships
arﬁong capital sets, opei-ating procedures, anc_i benefit-cost derivations
for the Grande Ronde River Basin, The capital sets include three sizes
for each of two dam sites, The operating procédures comprise the
control:of the hydrology in the river basin system for three levels of
irrigation development, _

The simulation médel is used to examine the sensitivity of
changes in controlled exogenous and selected status variables on the

andoganous variables and resulting benefits and costs,

v genization of the Study

.

The study is organized into six chapters. Chapter IT examines.
the theoretical contributions which provide a framework for both the
decisions and objectives, It also analyzes the criteria or objectives
set forth by Congress for both water resource development and related

aconomic objectives, Chapter II also presents recent models which have



been used for both water planning and capital budgeting, and this
chapter also expresses some results of these models,

Chapter III includes the experimental design, the hypotheses,
experimental model, and the method of testing the .}\ypotheses.

Chapter IV contains a description of the simulation model and
a flow chart for runs analyzing the river basin system. The form of
hydrologic data is set forth in detail, the form of the benefit func-
tions is set forth in detail, and the method of determining the sto-
chastic functions is given,

Chapter V shows the results of the model which are generated
with alternative capital designs and alternative operating procedures,
Chapter V also shows an analysis of the data which are derived from
the computer runs, Statistical tests are applied to the results of the
simlation runs,

Chapter VI summarizes the results of the study and examines

the implications of the study for river basin plannihg.



IT BODY OF CURRENT THEORY

The Federal Goverrment first entered the water development
field during the period 1826-1839.1 Since that date, the evolution
of water resource objectives and the body of theoretical knowledge has
been intertwined, As Prest and Turvey point out, the utilization of
benefit-cost analysis requires ",,.drawing on a variety of traditional

sections of economic study--welfare economlics, public finance, resource

* economics--and trying to weld these components into a coherent whole, n2

E..arh ' Develm ments
In the Post Civil War period, recognition of the need to attach
henefits with costs became explicit.3 Flood control and power develop-

ments evolved into the sphere of the Federal Government, Comprehensive

basin development and multiple purpose planning as concepts for analysis

were set forth,.

_ U.S. Congress, House, Science Policy Research Division,  Technical
Information for Congress, Report to the Subcommittee on Science Research
and Dovelopment of the Cormittee on Science and Aeronautics, 91lst Cong.,
1-t Sess,, 1969, p. 430, Chapter 16 of this publication entitled "Con-
:ressional Decisions on Water Projects" presents a comprehensive review
of water resource development,

2 - -
A, R, Prest and R, Turvey, "Cost-Benefit Analysis: A Survey,"

Economic Journal, LXXV (December, 1965), p. 1.

J0p, cit., p. 430.



Five sets of benefits were mentioned as follows: "(1) Flood
Control; (2) Power; (3) Silt-reduction downstream; (4) Stabilization of
low flow (for eventual downstream irrigation a.nd.municipal use); and
(5) Recrea.i’.:i.oﬁ":LP Boulder Dam was built under these benefit criteria,
The program under the Temnessee Valley Authority serves as an example
of coinpreheﬁsive basin development, During World War II, no new starts
were made for water resource projects, Following World War ITI, the
management responsibilities with respect to water resource development
became segnentéd. State, Regional, and Federal jurisdictional divisions
became apparent, Agency Jjurisdictions also became apparent, and in
spite of prior emphasis on total basin planning, géographical Juris
dictians (different levels of government) and agency Jurisdiotioms
(different agencies of government) appeared to negate this objective,

The economic obJectives of the nation are set forth in the Full
Employment act of 1946, This act specifies that the Federal Government
is responsible "to promote maximum employment, production,. and pur- |
chasing power," Inherent in this responsibility are the three objec-
tives of budget policy as set forth in a simplified framework by"M‘us.-
gfava.'s These objectives include: (1) allocation of rescurces (the
allocation of resources b_e'tween the public and private sectors of the
economy) : (2) disiribution of income and wealth (the changes in distri-

bution or redistribution among individuals); and (3)‘ economic stabili-

uIbidzg po 431-
5

Richard A, Musgrave, The Theory of Public Finance: A Study in
Public Economy (New York: McGraw-Hill Book Company, Inc., 1959), P. 3.
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zation (the maintenance of full _employment-with price stability and
growth), This framework provides perspectiv_e for viewing the develop-
ments 'concerning objectives and criteria for benefit-cost gna]_.ysis |
for water development projects,

The allocation of goods between the pﬁblic_ and private sectors
might be compared with the étrict economic efficimcy assumptions in-
herent in water resource planmning, The redistribution of wealth might
be compared with the redistributional aspects of c§ngressional activities
or equity considerations (either measured by transfers among income
brackets or transfers among geographical lo¢ations), The economic
stabilization might be compared with two phases of benefit-cost analysis
as follows: (1) the utilization of expenditures to maintain a full
employment level in the economy if the eoconcmy is operating at less
than full employment (the Keynesian model) and (2) the added benefits
provided withéut the associated costs when there is _substantial unemn=-
ployment, In such a case, the strict economic"'-effioiency assumption
does not hold,

Historically, the United States Congress has generated volumes
of hearings and é\faluations conicerning ben_efit-ébst analysis, In ex=-
amining these writings, .one observes conﬂicting trends as follows:
(1) conflicts between public and private development; (2) conflicts
between national and regional interest; (3) conflicts among federal
agencies; and (4) conflicts between resource development and conservae

tion,



1

During the period 1950-60, the trend was toward strict appli-
cation of economic efficiency.on limited projects as coritr_asted with
a more liberal interpretatior (including indirect berefits) of benefit |
cost applications for multiple purposes and broader areas such as river
basins.' The "Green Book"6 which was issued.in 1950'was composed
primarily of quantitative techniques for prc.>j'ect evaluation with the
emphasis on econamic efficiency, However, it did mention that some
effects oould not be quantified, and these effects should not be over=

looked, The interpretation of the "Green Book" became largely one of

economic efficiency with rather strict interpretation,

The Bureau of the Budget issued ciré_u-lar No. A-47 on December

1953 were to conform to the circular, This ciréular placed further
emphasis on tightening the precision of quantitati_v_e' benefit-cost
;;nalysisb? _

Circular No, A-4#7 had a definite "d&np'ening effectr on new
starts, and the circular received much criticism because of this effect,

Criticisms inciuded:

(a) The inclusion of tax losses incurred by the construction of
a project as a cost;

Subcommittee on Benefits and Costs: Federal Inter-Agency River
Basin Committee,

roposed Practices For Economic Analysis of River Basin
Projects, (Washington, D.C,, n.p., 1950). THis 1is re%erred to as the

"Green Book", -

Technical Informmation for Congress, p. 443,

' ' 31,-1952, The Bureau declared that all reports submitted after July 1,
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'(b) The arbitrary imposition of a 50-year amortization
ceiling on projects presumed to have a longer life;

(¢) The emphasis on tangible benefits;
(d) The criterion that projects not incorporate power genera-

tion features unless power could be produced from them

more cheaply than by any alternative federally financed
source; .

(e) The shift from the incremental method to the separable
costs=remaining benefits method og figuring costs and
benefits of hydroelectric plants,

Benefit-cost analysis became central to many of the conflicting
issues, In 1959, the Select Committee on National Water Resources was
ostablished, The efforts of this committee were directed largely toward
the suppiy and demand for water, Thelir report stressed the need for

Federal, Basin, and State planning for w_omnrejhensive water resource

- development,

Water Plé.nning Objectives ‘

As early as 1955, Jewsll J, Rasmussen’ pointed out the need for
comprehensive basin planning for multipurpose projects.

On May 29, 1962, a new set of polic:\.es and procedures for. the
;‘;e?relopment of water resourcés was set forth in Senate Document No, 97,

This document set forth the objectives of planning as follows:

8Ib:\.d. s DP. 4H4LUS,

9Jewell J. Rasmussen, "Criteria for Determining the Economic
Justification of Water Development Prolectsm (paper presented to the
American Society of Civil Engineers Irrigation and Drainage Sub-
division, Denver, Colorado, Sept,, 8, 1955).
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“At Development .
National economic development, and deirelopment of each
region within the country, is essential to the maintenance

of national strength and the achivement of satisfactory
levels of living, '

B: Preservation

Proper stewardship in the long-term infe_rest of the nation's
natural bounty,..

C: Well-being of peoplelo |

Senate Document No, 97 differs substantially from Circular A-47,
The emphasis shifts toward relaxing the assumptidns of strict economic
efficiency and shifts toward the inclusion of intangibla benefits,
Emphasis also shifted to iﬁclusion of multipurpose planning, and the
permissible period of analysis was extended from 50 years to 100 years,
The emphasis became that of "stewardship" toward natural resources and
development based on needs,

Senate Dooument No. 97 stresses the impoftance_ of comprehensive

basin planning with multipurpose projects for water resource development,

Recent River Basin Plarming

Recent emphasis on the need for comprehensive river basin plan-
ning for multiple purposes and the limitations of present techniques
have resulted in an attempt to formulate variocus new techniques for

analyzing decisions at a more comprehensive level,

1OU.S. Congress, Senate, Policies, Standards and Procedures in

the Fornulation, and Review of Plans for Use and Development of Water
and Related Land Resources, S, Doc, 97, 87th Cong,, Zn 1 3

d Sess., 1962,
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11 -
The Harvard Water Program utilized simmlation techniques as

applied to a simplified river basin system, This project utilized a
hypothetical river basin systern with hydrology based ori the Clearwster
River in northerm Idaho, This study illustrates_ the merits of uti-
lizing such a technique for project design. The authors point out that

eosWe rMust acknowlsdge that at this stage of develop-
ment the models are embryonic and that substantial simplifi-
cation is required in their use.,

The science of production economies is not sufficiently
advanced to deal fully with complex stochastic functions such
as those created by the variable nature of streamflow, Hence
the task of uniting engineering and economics in system design
is a formlidable one, We have made certain contributions to

this area of knowledge, we believe, but we hasten to point to
the need for considerably more research,1?

In a later study which was completed in 1966 under the Harvard
Water Program, the technique of simulation was applied to the Lehigh
River system“ and the Delaware Bas:Ln.13 This study utilizes simulation
to attempt to evaluate the changes in hydrology on benefit-cost relation-
ships, The authors conclude that simulation would probably be useful
in the detailed planniﬁg stage.lu The required inputs for simulation
are moire likely to be available at the detailed planning stagé. The

tectriiue:.also appears to be useful to test alternative project and

1 :

1 Arthur Maass, et,al,, Design of Water Resource Systems
(Cambridge, Mass.: Harvard Universfnﬁ Press, 1962),

12Ibid., p. 8. -

13MzaLyerd M. Huf'schmidt and Myron B, Fiering, Simulation Techniques

for Design of Water Resource Systems (Cambridge. Mass.: Harvar
University Press, 1966), _

M pta,, p. 198,
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system designs, The authors point out that "One possibility that
remains to be explored is the development of simulation programs to
serve as tools both for design and for system operétibn,"15

Another simulation model was completed for the Calapooia River
Basin.' ‘This model was -1ess comprehensivé than the Hérvard s_tudy. The
Calapooia study utilized the DYNAMO model to evaluate a cambined dam
and channel capacity, The model provides valuable insight concerning
the potential for simulation for river basin plé.nning.

The authors of the Calapooia study conclude:

(1) Simulation as an approach to river basin planning
appears to be promising, It appears to be the only way com-
prehensive planning can occur, if in fact comprehensive
planning can be done, Sirmmlation provides a visible inte-
gration of the hydrology and the technology with economiecs
of a plarning problem and illustrates how all three aspects
affect the ocperation of a system and vice versa, -

(2) -simulation is a practical approach to the piecemeal

planning philosophy wherein trial and error leads to improve-
ment in the systems operation,

(3) Simulation appears to be a method of encouraging the
assembling of all relevant information and data that may im-
pinge upon the development of a comprehensive plan,

(4) simdation encourages the planner to be exp]icit
about his assumptions,l6 _

Capital Budgeting

During the first part of the decade of the 1950's, Frederich and

51pia, , P. 200,

16, . N. Halter and S. F. Miller, River Basin Planning: A Simi-
lation Approach (Corvallis, Ore,: Agricultural Experiment Station and
Oregon State University, 1966), p. 84, : :
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Vera L{xtzl? summarized and expanded the body of theory dealing with
capital tudgeting, During this same period, Joel Dee.n'la completed his
work in the area of capital budgeting, _Theésé two works provided much
of ﬁe thrust for the implementation of strong analytical techniques
in the area of capital budgeting during the 1950's and 1960°s.

An analytical technique for dealing with risk and uncertainty'’
is still oné of the controve'rsial areas in finance, The concept of
risk and uncertainty was explored by Lutz and Lutz in their classical
workao which indicates a need for using a probabilistic approach for
capital budgeting decisions, The Lutz and Lutz book points out, how-

ever, that in practice because of the lengthy computations based on a

17F.. Lutz and V, Iutz, Theory of Investment of the Firm (Prince-

ton, N.J.: Princeton University Press, 1 . _
187061 Dean, Capital Budgeting: Top-Management Policy on Plant,
Fﬂu:l%gent, and Product DeveIomen'E (New York: Columbia University Press,

19The literature in the area of finance contains some confusion
concerning definitions of "risk" and "uncertainty", Under "certaintyw,
there 1s only one outcome to a particular course of action, and this
outcame is lknown., Under nriskn, some authors specify that there are
two or more outcomes, and the probability of each is known, but under
muncertainty®, the probabilities are not known, Other authors use the
words "uncertainty" and nrisk" as substitutes for one another since
docision makers have some feeling about the probability of future events
and are neither completely ignorant nor do they know the probabilities
of future events, For an example of the latter use, see C. Jackson :
Grayson, Jr,, "The Use of Statistical Techniques in Capital Budgetingn,Fi-
nancjal Research and Management Decisions, ed, by Alexander A. Robi-
chek (New York: Jobn Wiley and Sons, 1907), pp. 90-91, Grayson uses
the terms "uncertainty" and "risk" interchangeably. This study will
adhere to the latter definition and use "risk® and "uncertainty" inter-
changeably, '

20Lutz and Lutz, Theory of Investment of the Firm, pp. 179-192.
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large number of probability distributions, »,,,the mere burden of
the work of making such accurate calculations consti-ains him (the
decision maker) to use much cruder met‘.hods_."21

Through the use of computer simulation, the burden of the work

of making such calculations can be removed,

Recent Capital Budgeting Models

During the first half of the decade of the 1960's, the analyti-
cal techniques for the inclusion of risk in the capital budgeting
area were critically evaluated and expanded. Frederick Hillier pointed
out that procedures generally in use »,,,suffer the disadvantage of
suppressing the information regarding the risk of the proposed in-
'sr<asi"meni'.."'22 Hillier indicated that for cﬁpital budgeting purposes
"...in addition to an estimate of the expected value of a prospective
cash flow, the inexactitude of the estimate (should) be deseribed by
an estimate of the standard deviatioh.'.'23

John F. Magee?'*2% 11lustrated a methiod of examining capital

wudgeting relationships for altefnative investments over time, Magee

2lryid,, p. 192.

22Fre<:ler:’|.ck S, Hillier, The Derivation of Probabilistic Infor-
mation for Evaluation of Risky Investments," Managememt Science, IX No,

23ibid., p. 456,

quohn F. Magee, "Decision Trees for Decision Making,» Harvard
Business Review, XLII (July-August, 1964), pp. 126-138,

2530hn F. Magee, "How to Use Decision Trees in Capital Investment,»

Harvard Business Review, XLII (September-October, 1964) pp. 79-96.
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used an expected value approach with decision trees to evaluate capital
investman.tl over time, A main advantage of this appréach to capital
budgeting is its.ability to recognize expl:lc.a:i.'t.l:yj each of the outcomes
and to provide an expected present value cdéh flow figure for each out-
come, A limitation of the decision tree approach is that it does not
provide information concerning the risk associated with the outcomes,

The data utilized for the evaluation of capit.ﬁl budgeting de-
clsions are usually accompanied by uncertainty. David B. Hertz _pointed
out that "Each assumption involves its own degree--often a high degree--
>f uncertainty; and taken together, these cambined uncertainties ocan
multiply into a total uncertainty of critical propor‘l::i.ons."26 The user
of the single value estimate may be only vaguely aware of the relative
risks associated with a given alternative or. é.mong a set of alterna-
tives,

Hertz proposed the development of a frequency distribution or
probability curve for the possible ranges of values of each of the
input factors in the analysis of a capital budééting dec:i.s:lon.z7 The
rosults include sets of subjective probability distributions, During
1 mputer simulations runs, each value in the range can be weighted by

its chance of occurence,

2..Dav:ld_ B. Hertz, "Risk Analysis in Capital Investment,"
Harvard Business Review, XLII (January - February, 1964), p. 95.

2'FIb:i.d,, See page 102 for a pictoral display of a simulation

for investment planning,
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28 oombine the analytical

In a later work, Hespos and Strassman
frameworks of the decision tree and risk analy'sié; The Hespos and
Strassmann model (stochastic decision trees) captures the advantages -
pf both decision trees and risk analysis, The stochastic decision

tree offers features as follows:

1. All quantities, including chance events, can be repre-
seni_:gd by contimuous, empirical probability distributions.

2. The information about the results from any or all

possible combinations of decisions made at sequential
points in time can be obtained in a probabilistic form,29

The analytical framework of the stochastic decision tree offers
the analyst the capability of evaluating the results from all possible
combinations of decisions,

Although both the partially developed analytical framework and
the physical capability (high speed caﬁputers) are available, sim-
lation for the use of sensitivity analysis for govermnmental decision
making in water resource development is limitéd. To the writer‘'s know-
ledge, sensitivity analysis is not being used in that area of govern-
mental decision making whére much of the structure of benefit-cost_
analysis originated.

28P.ichard F, Hespos and Paul A, Strassmann, n"Stochastic Deci-
sion Trees for the Analysis of Investment Decisions, "Managanent
Science, XI (August, 1965), pp. 24k4-259,

291b4d,, p. 253.



IIT EXPERIMENTAL DESIGN

The question to be answered by the model is as follows: What |
are the effects of changes in sets of capital and Opex;ating procedures
on the resulting benefits and costs for the development of a given
river basin system? An important aspect of the model includes an
attempt to assess the relative risks assoclated with a given project and
with changes in sets of capital and operating procedures,

Zxperimental Model

One method of ansvlrering the above quesfion is the use of a
similation model, The model serves as an abstx;action of the important
relationships which extst in the actual system, The elements of a
model can be separated into components, variables, and functional re-
‘Lationships.l Components of a model can include major sectors 6f the
system or the entire system, Variables cah be further separated into
exogenous variables, status variables, and endogenous variables,
Exogenous variables arise outside the component, Status variables de-
suribe the component at a given point in time, En&ogenous variables
are generated by the component., The functional relationships express

the way in which the variables are related to one another,

Component for the Study
_The component for this study is a river basin system (The Grande

1
Guy H. Orcutt, "Simulation of Econamic Systems," The American
Economic Review, L (December, 1960), pp. 893=907.. '



Ronde' River Basin),

The exogenous variables for this study are amounts of capital,
operating procedures, and hydrologic data, The amounts of capital
including _assoqiat"ed probability distributions are examined for origl-

nal outlay costs, periodic replacement costs, and cperation and

maintenance costs,

ﬂx_n_ctibﬂﬂ Relationships
The functional relationships for this study inelude the re-

lationships among amounts of capital, operating procedures, and
resulting bensefits for seven major uses, These uses include the fol-
lowing: (1) irrigation, (2) ahadrcmous f:lsh,. (3) reoreation, (U4) resi-
déiat trout in reservoif, (5) salmon reared in reservoir, (6) municipal
and industrial water supply, and (7) flood control,

Functional relationshipé describe the interactions among the
variables of the component, These relationships apply to the analysis
of the river basin system as follows: (1) size of investment and asso-
clated probability distribution (exogenous--partially controllable);
(2) hydrologic flows (exogenous uncontrollable); (3) diversion require-
ments ('.status--partially controllable); and (4) benefit-cost relation-
ships (endogenous--resulting from the simﬂatimsj.

General Hypotheses
The hypotheses of this study are concerned with the effects of
changes in the controllable exogenous variables (capital sets and

operating procedures) on the endogenous variables, -
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In general, the null hypotheses are set forth as no significant

differences in mean net present benefits and benefit-cost ratios for

alternative reservoir combinations and operating procedures, The

alternate hypotheses are expressed in the form of significant dif-
forences in mean net present benefits and benefit-cost ratios associated
with alternative reservoir combinations and operating procedures, The

individual hypotheses are stated explicitly in Chaptér V.

Purpose and Methodology of Simulation
The methodology of the study is probabilistic utilizing histori-

cal hydrologic data for simulation of water flows and probability
distributions for amounts of capital investment and annual operation
and maintenance costs,

The purpose of the study is to assess the ei.‘fects' of changes in
the controllable exogenous variables on the endogenous variables,

The resulis will be tested for significant differences at the .05
level of significance using analysis of vdﬁance in Chapter V,

The value of simulation lies in its ability to aid in the under-
standing of the relationships among the variables of cBmplerx systeams
and to provide more meaningful analysis of alternatives concerning
the design or use of such systems, The utility of simulation has been
improved substantially through the use of the computer, In fact,
similation of camplex systems can be accomplished only through the use
of the computer,
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River Basin Similation Model

As mentioned, the hypotheses to be tested by the model include
two major relationships, One relationship is concerned with capital
sets, Another relatlonship is concerned with operating procedures,
The capital sets for the model include three different scales for two
different reservoirs; The capital sets include a combination of three
reservoir sizes taken two at a time, or nine capital Sets. Three
different levels of operating procedures are examined within the
system, These three operating procedures are concerned with three
alternative levels of agricultural development within the basin and
their required diversions for development, The resulting set entails
27 different combinations of reservoir sizes and operating précedures.
These 27 cambinations require 27 different computer runs to determine
the resulting benefits, A matrix of these 27 combinations is sho_wn
in Table III-1.

Capital Budgeting Simulation Model
The benefits resulting from the river basin sirmulation are used

as input for the capital budgeting simulation model, A set of costs

is associated with each reservoir combination, Thesé costs and beneﬁts
serve as the input for a sensitivity a.na'l.ys:té of each of the 27 combi-
nations, A discounte_d cash flow model using the prob_ability distributions
of benefits, initlal outlay costs, replacement costs, and annual opera-

tion and maintenance costs serves as the framework for the analysis,



TALLE ITI-l

MATRIX SHOWING THE COMBINATIONS OF OPERATING PROCEDURES
AND RESERVOIR SIZES FOR COMPUTER RUNS

omem—
———

s S eGP

—— R —
M ST ——

Operating ' )
Procedures Reservoir Size Combinationsa
1,4 1,5 1,6 2,4 2,5 2,6 3,4 3,5 3,6
1 14 151 161 2 251 261 341 351 361
2 142 152 162 242 252 262 342 352 362
3 143 153 163 2l3 253 263 ‘3‘*3 353 363

asize designations for the first reservoir (Catherine Creek) are designated as 1, 2, and 3,
Size designations for the second reservoir (Grande Ronde) are designated as 4, 5, and 6, An ex-
ample of a given combination is as follows: ’

Catherine Creek - size 1
‘ - Grande Ronde - size 4 _
] —— Operating Procedure - number 1l
141 .

e
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The results from the capital budgeting runs ineclude a probability
distribution of the net present benefits for each of the 27 combinations,

Tosts of Hypotheses

The results of the 27 computer runs are tested for significant
differences at the .05 level using analysis of variance, The results
from the runs also offer a picture of the risk associaf.ed with the in-
dividual combinations and the project as a whol'e.. The probability of
any combination®'s being successful, (having a positive net present
benefit) can be examined carefully for each of the combinations,

Surmary

This chapter describes the experimental design for the models
and the hypotheses for the models, Chapter IV gives a complete
description of variables and functional relationships included in the
models, These variables and functicnal relationships provide the
input for both the river basin simulation model and the capital

budgeting model, Chapter IV also provides a flow chart for the com-

puter runs,



IV DESCRIPTION OF THE MODEL

The analytical framework for the study is a probabilistiec
decision model, The dynamics of the model are generated by moving
the system through time with computer simulation,

Capital Sets
Early in the investigation of a river basin, attempts are made

to evaluate all of the potential sites for development, Each of the
potential dam sites is evaluated somewhat crudely. 'i‘hose sites with
extremely inferior cost—benefit-relatimships are eliminated at this
stage, |

The remaining sites are subjected to a more rigorous analysis

in an attempt to determine the design with the highest benefit-cost

relationship, At the present stage of investigation of the Grande
Raonde Basin, three different designs for each of two reservoir sites
appear to merit consideration, These three designs for each r;esei'VOir
site comprise the nine combinations of design sets for the similation
model, The reservoir sizes for the Grande Ronde Reservoir are listed
in Table IV-1, and the reservoir sizes for Catherine Creek are listed

in Table IV-2,
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TABLE IV-1

PROPOSED DAM SIZES FOR CATHERINE
CREEK RESERVOIR2

Identification . Reservoir Size

Number ‘ ' (acre feet)
#1 ..I.......I‘I.......I.............. uz’ooo
#2 .lA...I.............I...'....I..... 65,000

#3 000 0000000000000 NIRNOOIROBNOONOIPOPOEONOOES 87’000

. 87,5, Army Corps of Engineers, Walla Walla District, Walla
Walla, Washington,

TABLE IV-2

PROPOSED DAM SIZES FOR GRANDE
RONDE RESERVOIR®

Identification | o Reservolir Size
Number (acre feet)

#u.......O.'......C....ll........... 160’000
#5 00 0000000000000 00000000000000r0000 190’000
#6 0000000000000 00000 0000000000000 00 0 220,000

ay,S. Army Corps of Engineers, Walla Walla Di‘strict, Walla
Walla, Washington, '
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Oﬂ%l Outlay, R?lacement, and Annual
Operation Maintenance Costs _

‘The costs associated with each design set (feservoir size) are
estimated by the design engineers, The aécuracy of each component of
costs has been estimated for the purposes of this study., These costs
and associated accuracies have been obtained from a civil engineer
in the projé_ct_ planning section at Walla walla, Washingfon's District
Corps of Engineer's office, The costs and associatéd accuracles of
different size reservoirs for Catherine Creek Dam and Grande Ronde
Dam are listed in Table IV-3, IV-4, IV-5, and IV-6, Once a design
set is selected, these assoclated costs and gcmﬁciés serve as un-
controllable endogenous variables for the system-fof the one hundred
year life of the project. The discount rate foi' evalﬁa_i',ion of the re-
lationships includes the 34 percent established by Congress for the

project,

Envirormental nguts-E_IEoloa

The hydrology data are uncontrollable exoéenous variables for
the model, The hydrology data (defined as surface water flows in this
study) are available by month for six stations for 41 years for the

' Grande Ronde Basin, A period for the l\vdrologic analysis in the

study is a specific month, The flow diagram f;r the hydrology -appears "
in Chart IV-1l, This flow diagram is the flow dlagram used for control-
ling the computer simulation of water flows through the Grande Ronde
River Basin, The flow diagram contains two reservdir‘s, six inflow

points, twelve diversions, and twelve control points, The reservoir
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TABLE IV-3 _
COST ESTIMATES FOR ANNUAL OPERATING EXPENSE AND ORIGINAL
OUTLAY COSTS FOR ALTERNATIVE SIZES FOR
CATHERINE CREEK RESERVOIR2
m et e S —— S —
Annual Operation
and Maintenance Expense Original Outlay

Reservoir ' Accuracy of Cost of .
Size AccuracyP Componentb Camponent

(acre feet) (percent) (dollars) (percent) (dollars)
42,000 420 138,50 450 50,0000
' +40 120, 000d
+35 307.200"
33 91, 500f

+30 732,0008

325 1,810,700R

420 3,195, 4001
+15 1.155.33011

¥10 1, 580,400

65,000 +20 138, 500 +50 50,000°
- 40 130,800d
335 346,800
+33 99,800f

330 762 6008

+25 1,696, 500h

I 420 3,990,0001

. 15 1,406, 7oo.1

410 1,%39,%0
' 4 9
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TABLE TV-3--Contimied
Annual Operation
and Maintenance Expense Original Outlay

Reservoir Accuracy of Cost of
Size Accuracy? Component? Component
(acre feet) (percent) (dollars) (percent) (dollars)
87,000 +20 138, 500 +50 50,000¢
- 142, >800d
_35 376, 8000
133 109, 3508
+30 805, 6008
*25 1,682, 300h
+20 4,733,300%
+15 1,574,800J

¥10 1,86%,200k

8Calculated from: Engineer's Estimate, Catherine Creek Dam and
Reservoir - Scoping Study, June 24, 1970,

Djccuracy of estimates was determined by Walter Styner, Civil
Engineer, Project Plamning Section, Planning Branch, Walla Walla
Distriet, Corps «f Engineers, Walla Walla, Washington, December 17,
1970, The accuracy of sach cost estimate is based on the assumption
that the distribution of the estimate is normal, The percent de-
viation (e,g, + 50%) is the expected deviation within a 90 percent
confidence level, Engineering, supervisory, and administrative costs
are estimated as 20 percent of original outlay costs, Estimated con-
struction time is 3% years,

Cfhis component includes dewatering of core trench,

dItems in this component include: foundation curtsin, dril-
ling, and grouting, '

oThis component includes rock excavation for tunnel.
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TABLE IV-3--Continued

fTtems in this component include: land and improvements under
lands and damages; and land for fish and wildlife under lands and
damages,

EItems in this component include: excavation of rock under
relocations; reservoir boundary survey; stripping and excavation for
dam; core excavation of rock; gates, holsts, and electrical system;
electrical installation, hatches and airvents; range management fenc-
ing and non game fish control; entrance gate, operating equipment
and piping; grading and landscaping; miscellaneous permanent oper-
ating equipment; plug for bypass; and temporary fish transportation,

hTtems in this camponent include: excavation of rock for
spillway; bridge over spillway; bulkhead gate, slide gates, gate
guides, selector gates and trash rocks; valve installation; concrete
for structures and pier for bridge and tower; slide gates for fish
and fish transportation facilities; concrete for fish passage; hoist
guides and transfer pipe; recreation facilities and bridge; water -
supply -and distribution; hydrologic reporting network; stripping for
cofferdam; and bulkhead gate for diversion tunnel,

1Ttems in this component include: relocations including com-

mon excavation, embankment, base course, culverts, bridge, and road
relocation; reservoir clearing: dam including gravel, rockfill, and
core excavatlon; mass concrete for spillway, drains, weepholes,

excavation, levee £ill, and riprap; outlet works including concrete
conversions and trash rocks, excavation, steel spray shield, access
road to tower, recreation access road, circulatory road, site roads,
pover lines, telephone lines, cofferdam filter zone and impervious,
coacrete lining for diversion tunnel; and rock bolts, - :

JItems in this component include: impervious core, floors .
and walls, and foundation preparation for dam; fence; concrete slab
for bridge tower and fish trappings; concrete floors and walk for .
fish passage; service buildings and operator's house; bypass for
diversion tunnel; and excavation for diversion channel, .

KItems in this component include: administrative acquisition
costs for lands and damages; leveling course and surface for relo-
cations; guardrail, clearing and grubbing for dam; sand filter and
gravel filter for dam; slurry grout and foundation preparation,
crushed rock, mass concrete for chute and pier, and reinforced steel,
and cement for dams, bridge tower, and fish passage,
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TABLE IV-4
COST ESTIMATES FOR REPLACEMENT COSTS FOR COMPONENTS
- FOR CATHERINE CREEK RESERVOIR®
Accuracy of Life of Cost of
Componentb Camponent Component
(percent) (years) (dol_lars)
+30% . Lo 60,000¢
ijoﬁ 25 | 30,0004
+258 | 40 43,0008
+256° 25 . . 82,600f
+258 10 18,0008
+20% | 40 118,0000
+158 50 . | 67,0001

8Calculated from: Engineer's Estimate, Catherine Creek Dam and
Rsservoir - Scoping Study, June 24, 1970,

bjocuracy of estimates was determined by Walter Styner, Civil
~..xineer, Project Plamning Section, Planning Branch, Walla Walla
Dis'rict, Corps of Engineers, Walla Walla, Washington, December 17,
1970. The accuracy of each cost estimate is based on the assumption
that the Jistribution of the estimate is normal, The percent de-
viation (e.g, + 30%) is the expected deviation within a 90 percent
confidence level,

CItems included in this component are hatches and airvents,
dThis component includes miscellaneous operating equipment,

eItems included in this component are valve installation,
machinery in well, water pumps, and fingerling transfer pipe,

fTtems included in this component are bucket transfer trolley,
transfer frame, diffusion grating, filling pump controls and pipe, and
hydrologic reporting network,



.

33

TABLE IV-4--Continued
€This component is a tank truck,
hThis camponent is a steel spray shield,

iItems in this component include: garage, service building,
and operator‘s house,
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TABLE IV-5

COST ESTIMATES FOR ANNUAL OPERATING EXPENSE AND ORIGINAL
OUTLAY COSTS FOR ALTERNATIVE SIZES FOR
GRANDE RONDE RESERVOIR2 :
e e S

Annual Operation

and Maintenance Expense Original Outlay

Reservoir Accuracy of Cost of
Size Accuracy? ComponentP Component
(acre feet) - (percent) (dollars) (percent) (dollars)
160, 000 420 233,000 450 50,000¢
+40° u56,0004
+30 382,200°
425 2,414, 000f
+20 7,842,8008
+15 1,522,400h

+10 1,%%;.8001
. ] ?

190,000 +20 233,000 +50 50,000
+40 488,0004
+30 391,200°
+25 2,500,300f
+20 8,967, 5008
415 1,620, 600h

+10 1, gzs, 1001
9 ?
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TABLE IV-5--Continued
Annual Operation
_and Maintenance Expense Original Outlay

ReserVoi'r Accuracy of Cost of
Size AccuracyP Componentb Component
(acre feet) (percent) (dollars) (percent) (dollars)
220,000 420 233,000 +50 50,000€
| +40 520,000d
+30 407,700@
+25 2,479,000
+20 10, 539,2008
+15 1,753,200h

+10 1,;03,2001
. 9 9

8Calculated from: Engineer's Estimate, Lower Grande Ronde Dam
and Reservoir - Scoping Study, June 29, 1970,

bpccuracy of estimates was determined by Walter Styner, Civil
Engivser, Project Planning Section, Planning Branch, Walla Walla
District, Corps of Engineers, Walla Walla, Washington, December 17,
197C., The accuracy of each cost estimate is based on the assumption
thay the distribution of the estimate is normal, The percent de-
riation (e.g., + 50%) is the expected deviation within a 90 percent
confidence level, Engineering, supervisory, and administrative costs

are estimated as 20 percent of original outlay costs, Estimated con-
struction time is 3% years.

CThis component includes dewatering core trench.

dTtems in this component include drilling and grouting,
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TABLE IV-5--Continued

©Ttems in this component include: reservoir boundary survey,
stripping for dam, electrical installation, elevator stalrways, doors
and hatches; valve installation; fencing for fish and wildlife; non
game fish control, grading and landscaping of buildings and grounds;
miscellanecus operating equipment; and fish transportation facilities,

fTtems in this component include: access road, land, exca-
vation of rock, gates, and guides; concrete for base, wall and pier;
fish bucket, tank for Bucket, frame steelwork, pump controls, machin-
ery in well water pumps, and fingerling transfer pumps; recreational
facilities; water supply distribution; hydrologic reporting network;
and stripping for cofferdam,

€Iltems in this component include: relocation of highways and
utilities, reservoir clearing, excavation for dam; mass conocrete for.
dams, anchor bars, concrete trash racks, and drains; steel spray
shield, riprap, and concrete structure for fish trapping; circulatory

roads, site roads, access roads, power line; telephone line; and fil.
ter zone,

hTtems in this component include impervious £ill, clearing and
grubbing, backfill, foundation preparation, concrete for floors and
walls, deck and surfacing, concrete slab for fish trapping; and garage,
service bullding, and operator's house,

iItémé in this component include administrative acquisition
costs for lands and damages; and structural concrete, reinforced steel,
and cement for dam,
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TABLE IV-6
COST ESTIMATES FOR REPLACEMENT COSTS FOR COMPONENTS
FOR GRANDE RONDE RESERVOIR®
Accuracy of Life of Cost of
Componentb Component Component
(percent) (years) ' (dollars)
+30% 40 105,000¢
+30% 25 30,0004
+25% ' Lo 420,0008 |
+25% 25 | 110, 400F
+25% 10 o 18,0008
+20% 40 ; 223,600h
+15¢ - 50 | 67,0001

8Calculated from: Engineert's Estimate, Lower Grande Ronde Dam
and Reservoir - Scoping Study, June 29, 1970,

bpccuracy of estimates was determined by Walter Styner, Civil
Engineer, Project Planning Section, Planning Branch, Walla Walla
District, Corps of Engineers, Walla Walla, Washington, December 17,
1970, The accuracy of each cost estimate 1s based on the assumption
that the distribution of the estimate is normal, The percent de-
viation (e.g. + 30%) i: the expected deviation within a 90 percent
confidence level,

CTtems in this component include elevator stairways, doors,
hatches, and valve installation,

dTtems in this component include miscellaneous permanent
operating equipment,

eTtems in this component include mach:\.nery in well, water
pumps, and fingerling pipe, ,



TABLE IV-6--Continued

fItems in this component include bucket trolley, frame steel-
work, diffusion grating, pump controls, and hydrologic reporting net-
work,

8This component includes a tank truck,

hTtems in this component include garage, service building,
and operator*s house,
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| CHART IV - 1
FLOW CHART OF HYDROLOGY FOR GRANDE RONDE RIVER BASIN

v

Catherine Creek Reservoir Grande Ronde Reservoir.
Catherine Creek Diversion 20 Below Grande Ronde Dam
Catherine Creek at Upstream Diversion —> Grande Ronde Diversion

Catherine Creek Existing Rights Diversion 29 Grande Ronde at La Grande

— Grande Ronde Existing Rights
Diversion

Catherine Creek at Union and Existing Rights

Grande Ronde at Existing Rights
Diversion

Catherine Creek Below Union

Return Flow Return Flow

Catherine Creek at State Ditch

@ Grande Ronde at State Ditch

Alicel Irrigation Diversion and Return Flow

Alicel Pumping Plant

Q Inflow | — Imbler Existing Rights Diversion
O Control Point QD Imbler Exisﬁn.g Rights .
~—» — Diversion —> Imbler Return Flow
—#- Return Flow GD Grande Ronde Above Willow>Creek
> Imbler Irrigation Diversion and Return Flow

36 Imbler Pumping Plant



sites are represented by single digit numbers (1 - Catherine Creek
Reservoir and 2 - Grande Ronde Reservoir), Tine inflows are represented
by two digit odd numbers, and the control points are represent;ed by
two digit even numbers, The two digit numbers for the Catherine Creek
drainage have a first digit of 1 (the nmumber of Catherine Creek
Reservoir), The two digit numbers for the Grande Ronde drainage have a
first digit of 2 (the number of Grande Ronde Reservoir), The two digit
numbers for the confiuence have a first digit of 3.. This coding allows
the researcher to look at any control number in a computer-print-out
and identify the location of the control number, Each control number
represents an actual point in the Grande Ronde River Basin,

The hydrology data are available for 41 yearé. These 41 years
of data are listed in Appendix A by inflow point, by number, and by

month,

Reservoir Levels

In a river basin system, decisions are made periodically con-
cerning the quantities of water which should be held in the reservoir,
‘hese decisions are important during certain seasons of the year, Prior
to the potential flood periods and drouthy periods, the reservoir
levels are critical, The control of the reservoir system includes
making a decision concerning stream flows and reservoir levels for each
month, These reservoir levels are an integral part of the control nof
a given reservoir system, The reservoir levels can be cﬁanged each

month for a given size of reservoir, and the reservoir levels can be

changed with a new capital set (different reservoir capacity).
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Space within a reservoir can be allocated to various uses,

The model for this study uses four levels, Level one in the study is

minimum pool size, Level two allows the twe reservoirs to be evacuated
evenly, Level three is the bottam of the exclusive flood control
space, Level four is the maximum pool size, Chart IV-.2 shows an ex-
ample of the various relationships among the levels, minimm pool

space, Joint use space, and flood control space,

Benefit Functions

Benefits for the Grande Ronde water developinent project are
related primarily to three types of hydrologic phenomena, These three
include: (1) d;"l.versions of water from the system for a specifi.c use
(irrigation and runicipal and industrial water supply); (2) use of
reoservoir space in the reservoir (recreation, salmoﬁ reared in reser-
voir, resident trout in reservoir, and flood control).; and :(3) stream
flows through system with and without the project ( anadromou; fish),

Trrigation benefits are a function O.f the diversions at a
specific point in the system. A given level of development of agri-
lture- (numbér oi acres) requires a given amount qf water for full.

.-':ne.’..;its. The functional reiationships between benefits and diver-

sions by month are shown for three differemt levals of agricultural
development in Table IV-7, Table IV-8, and Table IV-9,

Municipal and industrial water bemefits are a function of

diversions at a specific point, The municipal and industrial water

diversions for the Grande Ronde Basin are for supplemental water

during the late summer months of July, August, and September, This
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CHART IV - 2
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TABLE IV=-7
FONCTIONAL RELATIONSHIP BETWEEN AGRICULTURAL BENEFITS AND
DIVERSIONS BY MONTH FOR AN AGRICULTURAL DEVELOPMENT
OF 55,000 ACRES IN THE GRANDE RONDE BASIN2

Control v
Point Diversion Benefit
Number Month (cubic feet per second) (thousands of dollars)

10 May 0 0
10 May 81 14
10 May 999 14
10 June 0 0
10 June 111 18

10 June 999 18

I

' 10 July 24 0
10 July 122 20 -

' 10 July 999 20
10 August 22 : 0
10 . August 112 18

l 10 August 999 18
10 September 0 0

10 September 79 14
10 September 999 14

22 May 0 ' 0

2 May 161 16
2z May 999 16
22 June 0 0
22 June 205 ' 20
22 June 999 20

22 July 46 0
22 July 227 : 22
22 July 999 .2z
22 August L2 0
22 August 208 20
22 August 999 - 20

22 September 0 0
22 September 156 _ 15
22 September 999 15

8Calculated from: Data provided by Glemn H, Masters, Economist-
Supervisor, U,S. Bureau of Reclamation, Boise, Idaho, February 5, 1971,



TABLE IV-8

FUNCTIONAL RELATICNSHIPS BETWEEN BENEFITS AND DIVERSIONS
BY MONTH FOR AN AGRICULTURAL DEVELOPMENT OF 74,000
ACRES IN THE GRANDE RONDE BASIN®

"]
Control

Point Diversion Benefit
Number Month (cubic feet per second) (thousands of dollars)

10 May 0 0
10 May 116 ' 19
10 May 999 ' 19
10 June 0 0

10 June 148 - 2l
10 June 999 2

10 July 33 0
10 July 163 : 27
10 July 999 27
10 August 30 0
10 August 150 25
10 Auvgust 999 25

10 September 113 18
10 September 999 18

22 May ' 0 0
22 May 215 ' 21
22 May 999 . 21
22 June 0 0
2 June 273 26
22 June 999 .26

22 July 61 0
22 July 303 30
22 July 999 30
22 August 56 0
22 August 277 27
22 August 999 27

22 September 0 : 0
22 September 208 20
22 September 999 20

8Calculated from: Data provided by Glenn H, Masters, Economist-
Supervisor, U.S. Bureau of Reclamation, Boise, Idaho, February 5, 1971.

' o 10 September 0 0
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TABLE IV-9
I FUNCTIONAL RELATIONSHIPS BETWEEN BENEFITS AND DIVERSIONS
BY MONTH FOR AN AGRICULTURAL DEVELCPMENT OF 92,000
ACRES IN THE GRANDE RONDE BASIN®
Control
I Point Diversion . Benefit
Number Month (cublic feet per second) (thousands of dollars)
—10 May 0 0
l 10 May 145 24
10 May 999 . 24
10 June 0 0
l 10 June 185 29
10 June 999 29
' 10 July 41 . ' 0
10 July - 204 33
10 July 999 : 33
10 August 38 : 0
l 10 August 188 A
10 August 999 ' 31
l 10 September 0 ' 0
10 September 141 22
10 September 999 - 22
l 22 May 0 . 0
22 May 268 26
l 22 May 999 26
22 June 0 0
22 June 341 33
. 22 June 999 . 33
22 July 76 0
22 July : 379 37
I 22 July 999 37
22 August 69 0
22 August 346 : 34
l 22 August 999 34
22 September 0 0
22 September 261 25
l 22 September 999 . 25
l 8Calculated from: Data provided by Glenn H, Masters, Economist-
Supervisor, U.S, Bureau ©f Reclamation, Boise, Idsho, February 5, 1971.



water is diverted at Union and LaGrande, The benefit functions for
municipal and industrial water are shown in Table IV-10,

Recreational benefits are a function of the water lsvel in a
specific reservoir during a specific month, .The recreational bemefits
for the Catherine Creek Reservoir and the Grande Ronde Reservoir ;re
shown 'in Table IV-11,

Benefits for salmon reared in reservoir are a function of res-
ervoir level in a specific reservoir, Of the two reservoirs (Catherine
Creek and Grande Ronde), only Catherine Creek is amenable for rearing -
salmon, The benefit functions for salmon reared in Qatherine Creek
Reservoir are shown in Tabie Iv-12, ‘

Benefits for resident trout in reservoir are a function of
reservoir level in a specific reservoir, Two factors have been
considered which influenc; the relationship between benefits for resi. -
dent trout and reservoir level, As the reservoir area increases,
arcess is more convenient, As the surface area of the reservoir in-
creases, however, a given fish population is more dispersed, and the
fisﬂ catch (which influences fisherman days) decreases, These two
offsetting influences are apparent in the benefit functions for resi-
den® trout in reservoir which are shown in Table IV-13.

Flood control benefits can be related to the size of flood
that a specific reservoir is capable of controlling and to the alloca-
tion of the available space in the reservoir to exclusive flood control

and Joint uses,. The flood control benefits become a function of reser-

volr size, exclusive flood control space, and Joint use space, The



TABLE IV-10

u7

RELATIONSHIP BETWEEN DIVERSIONS AND BENEFITS FOR
MUNICIPAL AND INDUSTRIAL WATER USE IN THE

GRANDE RONDE RIVER BASIN&

——

e e et

—————

S

Control
Point Diversion Benefit
Number Month (cubic feet per second) (thousands of dollars)

14 July 0 0
14 July 5 L
14 July 999 b
14 August 0 0
14 August 5 b
14 August 999 b
14 September 0 0
14 September 6 4
14 September 999 3
20 July 0 0
20 July 17 7
20 July 999 4
20 August 0 0
2G August 18 8
20 August 999 8
20 September 0 0
20 Septcunber 19 9
20 September 999 9

4Calculated from: Data provided by Ronald Barrett, Project

Enginesr, Project Planning Section, Planning Branch, Walla Walla
District, Corps of Engineers, Walla Walla, Washington, February 23,

1971,




TABLE IV-1l

RELATIONSHTP BETWEEN RESERVOIR LEVELS AND
- BENEFITS FOR RECREATIONAL WATER USE IN

THE GRANDE RONDE RIVER BASIN®

Catherine Creek Res_ervoir

Control Point

Reservoir Level

Benefit

Number Month (acre feet) (thou sands of dollars)
1l March 0 0
1 March 9,000 3
1 March 87,000 6

1 April 0 0
1 April 9,000 )
1 April 87,000 6
1l May 0 0
1 May 9,000 6
1 May 87,000 26
1l June 0 0
1 June 9,000 13
1 June 87,000 26
1 July 0 0
1 July 9,000 19
1 July 87,000 38
i August 0 0
1 August 9,000 19
1 August 87,000 38
1 September 0 0
1 September 9,000 10
1 September 87,000 19
1 October 0 0
1 October 9,000 3
1 October 87,000 6



TABLE IV-ll--Continued

|

—
—_———

Grande Rornde Reservoir . .

Control Point

Reservoir Level

Benefit

Number Month (acre feet) (thousands of dollars)
2 March 0 0
2 March 27,000 by
2 March 220,000 9
2 April 0 0
2 April 27,000 4
2 April 220,000 9
2 May 0 0
2 May ° 27,000 9
2 May 220,000 18
2 June 0 0
2 June 27,000 18
2 June 220,000 35
2 July : 0 0
2 July 27,000 26
2 July 220,000 53
2 August 0 0
2 August 27,000 26
2 August 220,000 53
2 September 0 0
2 September 27,000 13
2 September 220,000 26
2 October 0 0
2 October 27,000 by
2 October 220,000 9

&Calculated ' from:

Catherine Creek Dam - Economiec Analysis,
November 10, 19703 Grande Ronde Dam - Economlc Analysis, February 5,
1971; and data provided by B,C. Christensen, Chief, Land Use Planning
Saction, Planning Branch, Walla Walla District, Corps of Engineers,
Portland, Oregon, February 22, 1971,




TABLE IV-12

RELATIONSHIP BETWEEN RESERVOIR LEVELS AND BENEFITS
FOR SAIMON REARED IN RESERVOIR FOR THE
CATHERINE CREEK RESERVOIR2

Control Point
Number Months

April-January
April-Jamiary
April-January
April-January
April-January

T S = R S S S Ry

April~January

Reservoir Level
(acre feet)

Benefit
(thousands of dollars)

0
9,000
40,000
50,000
60,000
87,000

0
13
16
16
17

: .

8Calculated from: Catherine Creek Dam - Economic Analysis, November 10, 1970; and data
provided by Edward Maines, Fisheries Research Biologist, North Pacific Division, Corps of Engineers

Portland, Oregon, February 22, 1971,
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TABLE IV-13

I RELATIONSHIP BETWEEN RESERVOIR LEVELS AND BENEFITS FOR
RESIDENT TROUT IN RESERVOIRS FOR CATHERINE CREEK
l AND GRANDE RONDE RESERVOIRS2
, W
l Catherine Creek Reservoir
Control Point Reservoir Level Benefit
l Number Month (acre feet) ~ (thousands of dollars)
. 1 April 0 0
1 April 9,000 ?
1 April 30,000 : 11
1 April 40,000 10
I 1 April 50,000 : 10
1 April 60,000 10
1 April 87,000 9
l 1 May 0 0
1 May 9,000 _ 11
1 May 30,000 .17
| ' 1 May 40,000 . 17
1 May 50,000 : 17
1 May - 60,000 16
i 1 May 87,000 15
1 June 0 0
I 1 June 9,000 11
1 June 30,000 : 17
1 June 40,000 17
1 June 50,000 _ 17
I 1 June 60,000 - 16
1 June 87,000 15
I 1 July o . 0
1 July 9,000 . 9
1 July 30,000 14
I 1 July 40,000 14
1 July 50,000 _ 14
1 July 60,000 13
I 1 July 87,000 12
1 August 0 0
1 August 9,000 - 9
l 1 Auvgust 30,000 14
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TABLE IV-13--Continued

U e S s SP= S s il ——

Nt N —
g — —— - s ——— R

Control Point

Reservoir Level Benefit
Number Month (acre feet) (thousands of dollars)
1 August 40,000 : 14
1 August 50,000 14
1l August 60,000 . 13 ’
1 August 87,000 ’ 12
1l September 0 0
1 September 9,000 5
1 September 30,000 7
1 September 40,000 7
h September 50,000 7
1 September 60,000 7
1 September 87,000 6
1 October 0 0
1 October - 9,000 2
1l October 30,000 4
1 October 40,000 3
1 October 50,000 3
1 October 60,000 3
1 October - 87,000 3
Grande Ronde Reservoir
2 April 0 0
2 April 27,000 6
2 April 100,000 39
2 April 130,000 39
2 April ‘ 160,000 38
i April 180,000 36
2 April 220,000 34
2 May 0 0
2 May 27,000 43
2 May 100,000 : 65
2 May 130,000 65
2 May 160,000 62
-2 May 180,000 60
2 May - 220,000 56
2 June 0 0
2 June 27,000 43



53

TABLE IV-13--Continued

Control Point Reservoir Level Benefit

Number Month (acre feet) (thousands of dollars)
2 June 100,000 ' 65
2 June 130, 000 65
2 June 160,000 . 62
2 June 180, 000 60
2 June 220,000 56
2 July 0 ' 0
2 July 27,000 35
2 July 100, 000 52
2 July 130, 000 52
2 July 160,000 50
2 July 180, 000 8
2 July 220,000 45
2 August 0 _ 0
2 August 27,000 35
2 August 100,000 52
2 August 130, 000 52
2 August 160,000 50
2 August 180,000 L8
2 August 220,000 45
2 September 0 : 0
2 September 27,000 17
2 September 100, 000 26
2 September 130,000 26
2 September 160,000 25
2 September 180,000 24
2 September 220, 000 22
2 October 0 : 0
2 October 27,000 9
2 October 100,000 13
2 October 130,000 13
2 October 160,000 12
2 October 180,000 12
2 October 220,000 11

2Calculated from: Catherine Creek Dam - Economic Analysis, Nov-
ember 10, 1970; Grande Ronde Dam - Economic Analysis, February 5, 1971;
and data provided by Edward Maines, Fisheries Research Biologist, North
Pacific Division, Corps of Engineers, Portland, Oregon, February 22, 1971.
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- relationship among reservoir size, exclusive flood control space,
Jjoint use spé.ce, and benefits for flood control for Catherine Creek

" and Grande Rorde Reservoir are shown in Tables IV-14 and IV-15 respec-

tively,

Anadromous fish benefits are a function of the differemce
between the regulated river flow and the unregulated river flow, If
the regulated river flow is less than the unregulated river flow during
critical months, benefits can be lost during these periods, The re-
lationships betweet_n regulated and unregulated flows and anadromous |
fish benefits are shown in Table IV-16,

Operating Procedures

. The control of the hydrologic flows through the system com-
prises a given operating précedure. Three specific' operating pro-
cedures are specified in this model, The major controlling factor in
each operating procedure is the specification of diversions for agri- |
cultural development in the basin, The desired diversions for agri-
cultural development for each of the three operating procedures is

showa in Table TV-17,

The Simulation Models

The simulation flow charts for the analyses are shown in Chart
IV-3, The simulations have beem completed in two sepé.rate stages,
The first stage has been completed for the derivation of the benefits, '
The second staée uses the output of the first stage (benefits in the

form of punched cards) together with cost data to determine the benefit-



TABLE IV-14

REZATICNSRIPS - NG EXCLUSIVE FLOOD CONTROL SPACE, JOINT
USE SPACE, RESERVOIR SIZE, AND BENEFITS FOR FLOOD
CONTRCL FOR CATHERINE CREEK RESERVOIRE

Reservoir Annual
Size Benefit
(000 of Reservoir - (000 of
acre feet) Space End of Month Space in Thousands of Acre Feet dollars)

Oct Nov Dec Jan Feb Mar Apr May June Juf? Aug Sept.

42 . Fldod 6 25 25 25 25 25 25 6 6 6 6 6 434
Control
_ Joint Use 27 8 8 8 8 8 8 27 27 27 27 27
65 Flood 8 30 30 30 30 30 30 8 8 8 8 8 452
: Control

Joint Use 48 26 26 26 26 26 26 48 48 48 48 48

87 Flood . 10 35 35 35 35 35 35 10 10 10 10 10 453
Control : . ' o

Joint Use 68 43 43 43 43 43_ 43 68 68 68 68 68

a8Robert Rickel, Supervisory Hydraulic Engineer, Hydrology Section, Planning Branch, Walla
Walla District, Walla Walla, Washington, February 10, 1971,
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TABLE IV-15

RELATICWSHIPS AMONG EXCLUSIVE FLOOD CONTROL SPACE, JOINT
USE SPACE, RESERVOIR SZZE, AND BENEFITS FCR FLOOD
CONTROL FOR GRANDE RONDE RESERVOIR2

e ———— e — —— ———
— e M——— —

Reservoir Annual
Size Benefit
(000 of Reservoir (000 of
acre feet) Space End of Month Space in Thousands of Acre Feet dollars)
0ot Nov Dec Jan Feb WMar Apr May June July Aug Sept
160 Flood 9 70 70 70 7 70 P 9 9 9 9 9 664
Control
Joint Use 124 63 63 63 63 63 63 124 124 124 124 124
190 - Flood 12 80 80 80 80 80 80 12 12 12 12 12 666
Control
Joint Use 151 83 83 83 83 83 83 151 151 151 151 151
220 Flood 15 90 90 90 90 90 90 15 15 15 15 15 667
Control - '
Joint Use 178 103 103 103 103 103 103 178 178 178 178 178

a8Robert Rickel, Supervisory Hydraulic Engineer, Hydrology Section, Planning Branch, Walla
Walla District, Walla Walla, Washington, February 10, 1971.
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TABLE IV-16

FUNCTIONAL RELATIONSHIPS BETWEEN BENEFITS FOR ANADROMOUS
FISH AND REGULATED AND UNREGULATED FLOWS BY MONTH
FOR THE GRANDE RONDE RIVER

Mw
Control |

Point Diversion Benefit
Number Month (cubic feet per second) (thousands of dollars)

22 May 0 0
22 May ' 20 2
22 May 40 5
22 May 60 10
22 May 100 17
22 May 130 21
22 May 999 21

22 June 0 _ 0
22 June 70 4
l 22 June 120 AL
22 June 160 - 25
' 22 June 200 37

22 June 275 ks
22 June 999 ks

22 July 0 0
2z July 100 5
22 July _ 170 15
22 July 220 27
22 July 280 )
2% July ' o . 67
22 July 999 - 64

22 August 0 0
22 August 80 5
22 August 140 15
22 August 200 28
22 August 270 %]
22 August 390 64
22 August 999 6k
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TABLE TV-1é--Continued

Control
Point Diversion . Benefit
Number Month (cubic feet per second) (thousands of dollars)

22 September 0 0

22 September 45 [

22 September 80 12

22 September 100 : " 19

22 September 140 : 26

22 September 180 29

22 September 999 29

8Calculated from: Grande Ronde Dam - Economie Analysis, Feb-
ruary 5, 1971: and data provided by Arthur Gerlach, Fisheries Biologist,
North Pacific Division, Corps of Engineers, Portland Oregon, February
18, 1971, '



TABLE IV-17

DESIRED DIVERSIONS FOR AGRICULTURAL DEVELOPMENT
T THE GRANDE RONDE BASIN®

Diversions in Acre Feet by Month

Size of
Development Control Point
(acres) Number
May
55,000 10 54552
22 9,848
74,000 10 7,402
22 13,131
92,000 10 9,252
- 22 16,414

June

6,857
12,163

. 9,143

16 217

11,429
20,271

July

7,60“
13,816

10,138
18 422

12,672
23,028

Auggst

7,175
12,730

9,567

16 973

11,959
21, 216

September

5,246
9,305

6,994
12,407

‘8,742
15,509

8Calculated from: Data provided by Glenn H, Masters, Econanist.-Supervisor, U.S. Bureau

of Reclamation, Boise, Idaho, February 5, 1971,
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FLOW CHAKT FOR SIMULATION OF RIVER BASIN SYSTEM
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cost relationships, The flow chart for the capital Budgeting model and
the routine for selecting from the various distributions is shown in
Chart IV-4, This chart expresses pictorially what the computer program
accomplishes numerically, Each of the frequency distributions repre-
sents a specific distribﬁtion which serves as input into. the computer
model, The parameters for the cost distributions for original outlays
and replacements are derived from Tables IV-3, IV-4, IV-5, and IV-6,
These tables give the mean value and associated accuracy for a 90
percent eonfidence level, The standard deviation has been derived

for each distribution, The mean and standard devié.tion serve as direct
inputs into the computer model.

The frequency distri;tsution of benefits is derived from the
operation of the hydrology model, The model relates hydrological
phenamena to benefits as expressed in Tables IV-7, IV-8, IV-9, IV-10,
Iv-11, Iv-12, IV-13, IV-14, IV-15, and IV-16, The benefits associated
with these tables are derived from the simulation of the water flows
as expressed in Appendix A, The water flows are controlled by a

specific operating procedure which diverts water for irrigation.

Summary

This chapter examines the variables and functional relation-
ships for the simmlation models, It also presents the flow chart of
of the computer program used for the model., The model and cormputer

program serve as means of generating data for testing the hypotheses,



CHART IV-4
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FLOW CHART OF CAPITAL BUDGETING SIMULATION
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The objective of the model is to analyze the results associated

- with the different designs (sets of capital) and operating procedures

in order to determine the effects of changes in these variables on the
resulting benefits and costs, This chapter examines the model.
Chapter V examines the results of the model and determines the extent
of the support for the hypotheses,



V DESCRIPTION AND ANALYSIS OF THE RESULTS

The last two chapters have given a descriptiqn of the experi-
mental design, a description of the model, and the techniques for opera-
tion of the model through computer simmlation, This chapter covers a
detailed account of the results from running the rﬁc;del and from making
changes in the model according to the experimental design. The re-
sultant effects of changes in the controllable exogenous variables

(capital sets and operating procedures) on the resulting endogenous
variables (net present benefits and benefit-cost ratios) is given,

An analysis of the results is included, The implications for river
basin planning ars examined in the following chapter,

Results from the Runs
The results from the computer runs include 500 iterations for

sach cfll in the design., The marginal computer costs for additional
samples are minimal, and the size of the sample has been limited to
the capability of analyzing the results from the rather extansive.
runs with an analysis of variance program, The results from the runs
‘n~lnde a frequency distribution for net present benefits and a fre-

eney distrihtion for the benefit-cost ratios. The results for the
27 runs are shown in Tables V-1 and V-2, Table V-1 gives frequency
distributions of net present benefits, Table V-2 giveé frequency
distributions of benefit-cost ratios, These tables hé.ve been generated
by the contpute:;, and these frequency distributions provide a detailed

description of outcomes from a sample of 500 for each of the 27 cells



TABLE V-1
FREQUENCY DISTRIBUTIONS OF NET PRESENT BENEFITS FOR ALTERNATIVE OPERATING PROCEDURES AND
RESERVOIR COMBINATICNS FTOR CATHEZRINE CREEK RESERVOIR AND GRANDE RONDE RESERVOIR_a_

141 151 - . 161
Dollars Dollars . Dollars
(Thousands) Frequency (Thousands) Frequency (Thousands) Frequency
11,997 - 12,416 3 10,198 - 10,682 1 8,115 - 8,607 2
12,416 - 12,834 1 10,682 - 11,166 3 8,607 - 9,099 2
12,834 - 13,253 9 11,166 - 11,650 b 9,099 - 9,591 7
13,253 - 13,672 2 11,650 - 12,134 1 9,591 - 10,083 b
13,672 - 14,090 6 12,13% - 12,618 3 10,083 - 10,575 3
14,090 - 14,509 11 12,618 - 13,102 12 10,575 - 11,067 12
14,509 - 14,927 16 13,102 - 13,586 11 11,067 - 11,559 22
14,927 - 15,346 17 13,586 - 14,070 21 11,559 - 12,051 29
15,346 - 15,765 33 14,070 - 14,554 35 12,051 - 12,543 22
15,765 - 16,183 26 - 14,554 - 15,038 38 12,543 - 13,035 37
16,183 - 16,602 34 15,038 - 15,522 49 13,035 - 13,527 34
16,602 - 17,020 47 15,522 -~ 16,006 59 13,527 - 14,019 43
17,020 - 17,439 43 16,006 - 16,490 50 14,019 - 14,511 56
17,439 - 17,858 52 16,490 - 16,974 56 14,511 - 15,003 - 50
17,858 - 18,276 45 16,974 - 17,458 39 15,003 - 15,495 50
18,276 - 18,695 45 17,458 - 17,942 k2 15,495 - 15,988 - 4y
18,695 - 19,113 28 17,942 - 18,426 27 15,988 - 16,480 27
19,113 - 19,532 35 18,426 - 18,910 20 16,480 - 16,972 17
19,532 - 19,951 19 18,910 - 19,394 15 16,972 - 17,464 11
19,951 - 20,369 10 19,394 - 19,878 b 17,464 - 17,956 12
20,369 - 20,788 8 19,878 - 20,362 4 17,956 - 18,448 6
20,788 - 21,206 é 20,362 - 20,846 2 18,448 - 18,940 5
21,206 - 21,625 1 20,846 - 21,330 2 18,940 - 19,432 1
21,625 - 22,044 0 21,330 - 21,814 1 19,432 - 19,924 2
22,044 - 22,462 3 21,814 - 22,298 1 19,924 - 20,416 2
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TABLE V-l--Continued

24 251 ' 261

Dollars Dollars ; Dollars
(Thousands) Frequency (Thousands) Frequency (Thousands) Frequency
12,308 - 12,728 L 10,604 - 11,098 Y 8,129 - 8,629 2
12,728 - 13,149 2 11,098 - 11,592 6 8,629 - 9,130 1
13,149 - 13,570 1 : 11,592 - 12,085 3 9,130 - 9,630 5
13,570 - 13,990 L 12,085 - 12,579 7 9,630 - 10,131 5
13,990 - 14,411 10 12,579 - 13,073 b 10,131 - 10,631 9
14,411 - 14,832 8 13,073 - 13,567 1n 10,631 - 11,132 17
14,832 - 15,252 14 13,567 - 14,061 27 11,132 - 11,632 22
15,252 - 15,673 27 14,061 - 14,555 29 11,632 - 12,133 29
15,673 - 16,094 29 . 14,555 - 15,049 46 12,133 - 12,633 31
16,094 - 16,514 25 15,049 - 15,542 30 12,633 - 13,134 39
16,514 - 16,935 37 15,542 - 16,036 48 13,134 - 13,634 5k
16,935 - 17,356 46 16,036 - 16,530 43 13,634 - 14,135 47
17,356 - 17,776 48 16,530 - 17,024 62 14,135 - 14,635 i
17,776 - 18,197 43 17,024 - 17,518 50 14,635 - 15,136 by
18,197 - 18,618 42 . 17,518 - 18,012 39 15,136 - 15,637 38
18,618 - 19,038 ¥y 18,012 - 18,506. 30 15,637 - 16,137 29
19,038 - 19,459 25 . 18,506 - 19,000 22 16,137 - 16,638 26
19,459 - 19,880 N 19,000 - 19,493 15 16,638 - 17,138 18
19,880 - 20,300 27 19,493 - 19,987 1 17,138 - 17,639 18
20,300 - 20,721 7 19,987 - 20,481 9 17,639 - 18,139 14

20,481 - 20,975 18,139 - 18,640
20,975 - 21,469 18,640 - 19,140

20,721 - 21,142 2 - 4
1 - 4
21,469 - 21,963 n 19,140 - 19,641 2
0 - 0
1 - 1

21,142 - 21,562
21,562 - 21,983
21,983 - 22, Lok
22,404 - 22,824

21,963 - 22,457 19,641 - 20,141
22,457 - 22,951 20,141 - 20,641

[}
DO EFdwn
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TABLE V-1l--Continued
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341 351 361
Dollars Dollars ; Dollars
(Thousands) Frequency (Thousands) Frequency - " (Thousands) Frequency

11,304 - 11,715 3 10,128 - 10,666 5 7,079 - 7,566 3
11,715 - 12,126 2 10,666 - 11,205 4 7,566 - 8,053 3
12,126 - 12,537 1 11,205 - 11,74% 6 8,053 - 8,540 2
12,537 - 12,948 2 . 11,744 - 12,282 14 8,540 - 9,027 9
12,948 - 13,360 8 12,282 - 12,821 17 9,027 - 9,514 11
13,360 - 13,771 12 12,821 - 13,360 23 9,514 - 10,001 11
13,771 - 14,182 20 13,360 - 13,898 48 10,001 - 10,488 19
14,182 - 14,593 13 13,898 - 14,437 34 10,488 - 10,974 15
14,593 - 15,004 26 14,437 - 14,976 51 10,974 - 11,461 22
15,004 - 15,415 22 14,976 - 15,514 59 11,461 - 11,948 38
15,415 - 15,826 38 15,514 - 16,053 45 11,948 - 12,435 41
15,826 - 16,237 29 16,053 - 16,592 53 12,435 - 12,922 b5
16,237 - 16,648 37 16,592 - 17,130 [ 12,922 - 13,409 43
16,648 - 17,059 57 17,130 - 17,669 34 13,409 - 13,896 bl
17,059 - 17,470 38 17,669 - 18,208 24 13,896 - 14,383 35
17,470 - 17,882 50 18,208 - 18,746 17 14,383 - 14,870 37
17,882 - 18,293 41 18,746 - 19,285 9 14,870 - 15,357 37
18,293 - 18,704 33 19,285 - 19,824 7 15,357 - 15,843 29
18,704 - 19,115 25 19,824 - 20,362 3 15,843 - 16,330 22
19,115 - 19,526 10 20,362 - 20,901 0 16,330 - 16,817 10
19,526 - 19,937 12 20,901 - 21,440 1 16,817 - 17,304 14
19,937 - 20,348 12 21,440 - 21,978 1 17,304 -~ 17,791 L4
20,348 - 20,759 2 21,978 - 22,517 0 17,791 - 18,278 2
20,759 - 21,170 3 . 22,517 - 23,056 0 18,278 - 18,765 3 3
21,170 - 21,582 4 23,056 - 23,596 1 18,765 - 19,251 1



TABLE V-l--Continued

142 152 162
Dollars Dollars Dollars
(Thousands) Prequency (Thousands) Frequency (Thousands) Frequency
13,183 - 13,569 1 - 10,610 - 11,077 3 7,547 = 8,071 1
13,569 - 13,955 b4 11,077 - 11,544 0 8,071 - 8,59 0
13,955 - 14,341 b4 11,544 - 12,011 2 8,594 ~ 9,118 2
14,381 - 14,727 11 12,011 - 12,479 4 9,118 - 9,641 1
14,727 - 15,113 12 12,479 - 12,946 9 9,641 - 10,165 1
15,113 - 15,498 14 12,946 - 13,413 9 10,165 - 10,688 5
15,498 - 15,884 17 13,413 - 13,880 14 10,688 - 11,212 13
15,884 - 16,270 1 ~ 13,880 - 14 347 24 11,212 - 11,736 15
16,270 - 16,656 30 14,347 - 14 814 28 11,736 - 12,259 19
16,656 - 17,042 29 14,814 - 15,282 26 12,259 - 12,782 21
17,042 - 17,428 by 15,282 - 15,749 26 12,782 - 13,306 23
17,428 - 17,814 37 15,749 - 16,216 b3 13,306 - 13,830 43
17,814 - 18,200 (%] 16,216 - 16,683 Iy 13,830 - 14,353 52
18,200 - 18,586 4] 16,683 ~ 17,150 51 14,353 - 14,877 51
18,586 - 18,971 Ly 17,150 - 17,617 Ly 14,877 - 15,400 61
18,971 - 19,357 31 17,617 - 18,085 42 15,400 - 15,924 55
19,357 - 19,743 26 18,085 - 18,552 36 15,924 - 16,447 32
19,743 - 20,129 23 18,552 - 19,019 38 16,447 . 16,971 22
20,129 - 20,515 25 19,019 - 19,486 20 16,971 -~ 17,404 28
20,515 - 20,901 20 19,486 - 19,953 17 17,494 - 18,018 21
20,901 - 21,287 7 19,953 - 20,420 7 18,018 - 18,541 15
21,287 - 21,673 12 20,420 - 20,888 9 18,541 - 19,065 12
21,673 - 22,059 b 20,888 - 21,355 3 19,065 - 19,588 1
22,059 - 22,444 3 21,355 - 21,822 0 19,588 ~ 20,112 4 &
22,444 . 22,830 2 : 21,822 - 22,290 1 20,112 - 20,636 2



TABLE V-1l--Continued

242 - A 252 262
Dollars Dollars Dollars
(Thousands) Frequency (Thousands) Frequency (Thousands) Frequency
12,982 - 13,392 [ 11,185 - 11,656 1 8,851 - 9,342 n
13,392 - 13,803 2 11,656 - 12,128 2 9,342 -~ 9,832 b
13,803 - 14,214 1 12,128 - 12,599 5 9,832 - 10,323 2
14,214 - 14,624 5 12,599 - 13,070 7 10,323 - 10,814 6
14,624 - 15,035 7 13,070 - 13,542 8 10,814 - 11,304 b
15,035 = 15,446 11 13,542 - 14,013 12 11,304 - 11,795 1
15,446 - 15,857 16 14,013 - 14,485 17 11,795 - 12,286 20
15,857°- 16,267 14 14,485 - 14,956 21 12,286 - 12,776 22
16,267 - 16,678 36 14,956 - 15,428 33 12,776 - 13,267 30
16,678 - 17,089 27 15,428 - 15,899 29 13,267 -~ 13,758 13
17,089 - 17,500 L 15,899 - 16,370 b7 13,758 - 14,248 39
17,500 - 17,910 38 16,370 - 16,842 51 14,248 - 14,739 53
17,910 - 18,321 bs 16,842 ~ 17,313 51 14,739 - 15,230 4
18,321 - 18,732 48 17,313 - 17,785 45 15,230 - 15,721 46
18,732 - 19,143 49 17,785 - 18,256 45 15,721 - 16,211 46
19,143 - 19,553 b2 . 18,256 - 18,728 38 16,211 - 16,702 28
19,553 - 19,964 28 18,728 -~ 19,199 32 16,702 - 17,193 33
19,964 - 20,375 23 19,199 - 19,670 29 17,193 - 17,683 18
20,375 - 20,785 20 19,670 - 20,142 8 17,683 - 18,174 14
20,785 - 21,196 14 20,142 - 20,613 6 18,174 - 18,665 18
21,196 - 21,607 10 20,613 - 21,085 6 18,665 - 19,155 vé
21,607 - 22,018 7 21,085 - 21,55 I 19,155 - 19,646 1
22,018 - 22,428 5 21,556 - 22,028 1 19,646 - 20,137 3
22,428 - 22,839 0 22,028 - 22,499 1 20,137 - 20,627 2 )
22,839 - 23,249 i 22,499 - 22,971 1 20,627 - 21,119 [



TABLE V-1--Cantimied
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342 352 ‘ 362
Dollars Dollars Dollars
(Thousands) Frequency (Thousands) Frequency (Thousands) Frequency
11,707 - 12,164 2 9,325 - 9,843 1 7,438 - 8,008 3
12,164 - 12,620 3 9,843 - 10,362 1 8,008 - 8,579 2
12,620 - 13,076 1 10,362 - 10,880 1 8,579 - 9,149 3
13,076 - 13,532 3 10,880 - 11,398 3 9,149 - 9,720 3
13,532 - 13,989 5 11,398 - 11,917 3 9,720 - 10,290 5
13,989 - 14,445 8 11,917 - 12,435 8 10,290 - 10,861 16
14 445 - 14,901 16 12,435 - 12,953 9 10,861 - 11,431 22
14,901 - 15,358 28 12,953 -~ 13,472 16 11,431 - 12,001 30
15,358 - 15,814 31 13,472 - 13,990 22 ' 12,001 - 12,572 38
15,814 - 16,270 39 13,990 - 14,508 27 12,572 - 13,142 53
16,270 - 16,727 . 32 14,508 - 15,027 I 13,142 - 13,713 43
16,727 - 17,183 35 15,027 - 15,545 1 13,713 - 14,283 49
17,183 - 17,639 Sh 15,545 - 16,063 48 14,283 - 14,854 55
17,639 - 18,096 W 16,063 - 16,582 58 14,854 - 15,424 b9
18,096 - 18,552 47 16,582 - 17,100 61 15,424 -~ 15,995 32
18,552 - 19,008 37 17,100 - 17,618 ) - 15,995 - 16,565 27
19,008 - 19,464 3 17,618 - 18,137 42 ' 16,565 - 17,136 24
19,464 - 19,921 22 18,137 - 18,655 23 17,136 - 17,706 12
19,921 - 20,377 25 18,655 - 19,173 17 17,706 - 18,277 18
20,377 - 20,833 11 19,173 - 19,692 17 18,277 - 18,847 6
20,833 - 21,290 7 19,692 - 20,210 10 18,847 - 19,417 4
21,290 - 21,746 vé 20,210 - 20,728 3 19,417 - 19,988 3
21,746 - 22,202 b 20,728 - 21,247 1 19,988 - 20,558 2
22,202 - 22,659 0 21,247 - 21,765 0 20,558 - 21,129 0 3
22,659 - 23,115 3 21,765 - 22,283 1 21,129 - 21,699 1



TABLE V-1l--Continued
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143 153 ' 163
Dollars Dollars Dollars
(Thousands) Frequency (Thousands) Frequency (Thousands) Frequency
11,832 - 12,286 3 9,840 - 10,359 2 7,592 - 8,097 =1
12,286 - 12,740 1 10,359 - 10,877 2 8,097 - 8,602 1
12,740 - 13,194 1 10,877 - 11,396 1 8,602 - 9,107 1
13,194 - 13,648 b 1,396 - 11,915 - 2 9,107 - 9,611 5
13,648 - 14,102 3 11,915 - 12,433 b 9,611 - 10,116 &
14,102 - 14,555 8 12,433 - 12,952 6 10,116 - 10,621 [
1%,555 - 15,009 6 12,952 - 13,470 13 10,621 - 11,126 8
15,009 - 15,463 20 © 13,470 - 13,989 11 11,126 - 11,631 14
15,463 - 15,917 30 13,989 - 14,508 22 11,631 - 12,136 21
15,917 - 16,371 45 14,508 -~ 15,026 20 12,136 - 12,640 25
16,371 - 16,82k 38 15,026 - 15,545 39 12,640 - 13,145 29
16,824 - 17,278 46 15,545 - 16,064 43 13,145 - 13,650 50
17,278 - 17,732 42 16,064 - 16,582 51 13,650 - 14,155 by
17,732 - 18,186 53 16,582 - 17,101 62 14,155 - 14,660 34
18,186 - 18,640 38 17,101 - 17,620 53 14,660 - 15,165 - 52
18,640 - 19,004 45 _ 17,620 - 18,138 - 48 15,165 -15,670 - 47 . -
19,094 - 19,547 35 - 18,138 - 18,657 37 - . 15,670 - 16,174 - '35 .
19,547 - 20,001 24 18,657 - 19,176 32 16,174 - 16,679 ko
20,001 - 20,455 18 19,176 - 19,694 25 16,679 - 17,184 25
20,455 - 20,909 13 19,694 - 20,213 12 17,184 - 17,689 21

20,909 - 21,363 17 20,213 - 20,731 8 17,689 - 18,194 11
21,363 - 21,817 7 20,731 - 21,250 3 18,194 - 18,699 11
21,817 - 22,270 2 21,250 - 21,769 2 18,699 - 19,203 10
22,270 - 22,72k 0 21,769 - 22,287 1 ' 19,203 - 19,708 4 ~
22,724 - 23,178 1 22,287 - 22,807 1 19,708 . 20,214 3




TABLE V-1--Contimed
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243 253 263
Dollars Dollars Dollars
(Thousands) Frequency (Thousands) Frequency (Thousands) Frequency
12,237 - 12,685 1 10,349 - 10,815 1 6,677 - 7,201 1
12,685 - 13,134 1 10,815 - 11,282 0 7,201 - 7,725 1
13,134 - 13,583 0 11,282 - 11,749 b 7,725 - 8,250 0
13,583 - 14,031 1 ‘ 11,749 - 12,216 3 8,250 - 8,774 0
14,031 - 14,480 3 12,216 - 12,683 I 8,774 - 9,298 3
14,480 - 14,928 10 12,683 - 13,149 b 9,298 - 9,823 1
14,928 - 15,377 13 13,149 - 13,616 6 9,823 - 10,347 3
15,377 - 15,825 27 13,616 - 14,033 15 10,347 - 10,871 7
15,825 - 16,274 2l 14,083 - 14,550 15 10,871 - 11,396 8
16,274 - 16,723 29 14,550 - 15,017 17 ~ 11,396 - 11,920 11
16,723 - 17,171 36 15,017 - 15,483 21 11,920 - 12 444 25
17,171 - 17,620 54 15,483 -~ 15,950 36 12,444 . 12,968 27
17,620 - 18,068 42 15,950 - 16,417 46 12,968 - 13,493 29
18,068 - 18,517 5 16,417 - 16,884 48 13,493 - 14,017 46
18,517 - 18,965 iy 16,884 -~ 17,351 53 14,017 - 14,541 47
18,965 - 19,414 ks 17,351 - 17,817 50 14,541 - 15,066 38
19,414 - 19,862 32 ' 17,817 - 18,284 s 15,066 - 15,590 63
19,862 - 20,311 30 18,284 - 18,751 33 15,590 - 16,114 51
20,311 - 20,760 21 18,751 - 19,218 31 16,114 - 16,639 4o
20,760 - 21,208 17 19,218 - 19,685 22 16,639 - 17,163 27
21,208 - 21,657 11 19,685 - 20,151 25 17,163 - 17,687 26
21,657 - 22,105 2 20,151 - 20,618 10 17,687 - 18,211 16
22,105 - 22,554 5 20,618 - 21,085 3 18,211 - 18,736 13
22,554 - 23,002 2 21,085 - 21,552 11 18,736 - 19,260 n ~
23,002 - 23,452 2 21,552 - 22,018 1 19,260 - 19,784 6 ™



TABLE V-1--Continued

343 353 363

Dollars Dollars Dollars
{Thousands) Frequency (Thousands) Frequency _ (Thousands) Frequency

11,899 - 12,303 1 568 - 10,18 1 7,279 - 7,782 1
12,303 - 12,707 2 10,138 - 10,597 2 7,782 - 8,285 1
12,707 - 13,111 3 - 10,597 - 11,057 1 8,285 - 8,788 2
13,111 - 13,515 5 11,057 - 11,517 0 8,788 - 9,291 3
13,515 - 13,919 7 11,517 - 11,976 2 9,291 - 9,794 1

13,919 - 14,323 9 11,976 - 12,436 L 9,794 - 10,297 10
14,323 - 14,727 22 12,436 - 12,896 10 10,297 - 10,800 8
14,727 - 15,131 13 12,896 - 13,35 11 10,800 -~11,303 12
15,131 - 15,535 26 13,35 - 13,815 16 11,303 - 11,806 28
15,535 - 15,939 27 13,815 - 14,275 21 11,806 - 12,309 24
15,939 - 16,343 2k 14,275 - 14,735 31 12,309 - 12,813 37
16,343 - 16,747 ) 14,735 - 15,194 27 12,813 - 13,316 54
16,747 - 17,151 46 15,194 - 15,654 46 13,316 - 13,819 45
17,151 - 17,555 37 15,654 - 16,114 36 13,819 - 14,322 ik
17,555 - 17,959 43 16,114 - 16,573 58 14,322 - 14,825 43
17,959 - 18,363 L ' 16,573 - 17,033 L8 14,825 - 15,328 47
18,363 - 18,767 32 17,033 - 17,493 43 15,328 - 15,831 39
18,767 - 19,171 36 17,493 - 17,953 42 15,831 - 16,33+ - 28
19,171 - 19,575 23 17,953 - 18,412 26 16,334 - 16,837 25
19,575 - 19,979 20 18,412 - 18,872 31 16,837 - 17,340 19
19,979 - 20,383 10 18,872 - 19,332 16 17,340 - 17,843 12
20,383 - 20,787 16 19.332 - 19,791 17 17,843 - 18,346 6
20,787 - 21,191 7 19,791 - 20,251 7 18,346 - 18,849 6
21,191 - 21,595 4 20,251 - 20,711 2 18,849 - 19,352 b 3
21,595 - 21,999 2 20,711 - 21,171 2 19,352 - 19,856 1 b



TABLE V-1--Continued

4The reservoir size and operating procedure codes are as follows: The first digit is '
Catherine Creek Reservoir with sizz 1 = 42,000 acre feet, 2 = 65,000 acre feet, and 3 = 87,000 acre
feet, The second digit is Grande Ronde Reservoir with size 3 = 160,000 acre feet, 4 = 190,000 acre
feet, and 5 = 220,000 acre feet, The third digit is operating procedure with 1 = 55,000 acres,
2 = 74,000 acres, and 3 = 92,000 acres., An example of a given combination is as follows:

Catherine Creek -~ size 3
l Grande Ronde - size 6
él —— Operating Procedure - number 1
361

ur



TABLE V-2

FREQUENCY DISTRIBUTZONS OF BENEFIT-COST RATIOS FOR ALTERNATIVE OPERATING PROCEDURES AND
RESERVOIR COMBILNATIONS FOR CATHERINE CREEK RESERVOIR AND GRANDE RCNDE RESERVOIR®

141 . 151 161
Benefit-Cost Benefit-Cost ) Benefit-Cost
Ratios Frequency Ratios Frequency Ratios Frequency

1.2558 - 1,2701 3 1,2087 - 1,2245 2 1,1577 - 1,1722 3
1.2701 - 1,2845 3 1,2245 - 1,2403 5 1,1722 - 1,1867 4
1.2845 - 1,2989 8 1,2403 - 1,2561 1. 1,1867 - 1,2012 7
1,2989 - 1,3132 7 1,2561 - 1,2719 b 1,2012 - 1,2157 .5
1,3132 - 1.3276 11 1,2719 - 1,2877 T 1k 1,2157 - 1,2302 15
1.3276 - 1,3420 17 1.2877 - 1.3035 18 1.2302 - 1,2447 24
1.3563 - 1,3707 34 ' 1.3192 - 1.3350 35 1.2592 - 1,2737 35
1,3707 - 1,3851 32 1.3350 - 1.3508 48 1,2737 - 1,2882 36
1,3851 - 1,3994 39 1,3508 - 1,3666 . 65 1,2882 - 1,3027 39
1,3994 - 1,4138 b7 1,3666 - 1,3824 53 1.,3027 - 1,3172 55
1.4281 - 1,4425 53 1,3982 - 1.4140 .36 1.3317 - 1.3462 55
1, 4425 - 1,4569 42 1,410 - 1,4298 U2 1.3462 - 1.3607 L4 -
1,4569 - 1.4712 35 1,4298 - 1,445 28 1.3607 - 1,3752 29
1.4712 - 1,485 - 30 : 14456 - 1,4614 23. '1,3752 - 1,3897 20
1.4856 - 1,5000 30 1.4614 - 1.4772 13 1.3897 - 1, 4042 12
1,5000 - 1,5143 18 1,4772 - 1.4930- - 10 _ 1.4042 - 1,4187 9
1,5143 - 1,5287 10 1.4930 - 1,5088 2 1.4187 - 1.4332 8
1.5287 - 1,5431 8 1.5088 - 1.5246 3 1.4332 - 1,4477 6
1,5431 - 1,5574 5 1,5246 - 1,5404 2 1. 4477 - 1,4622 4
1.557% - 1,5718 2 1, 5404 - 1,5562 2 1.4622 - 1,4767 2
1,5718 - 1,5862 1 1.5562 - 1,5720 0 1,4767 - 1,4912 2
1,5862 -~ 1,6005 0 1.5720 - 1,5878 1 1.4912 - 1,5057 0 3
1,6005 - 1,6149 3 1.5878 - 1,6036 1 1.5057 - 1.5203 2



TABLE V-2--Continued

241 251 ' 261
Benefit-Cost Benerit-Cost ~ Benef1t-Cost
Ratios Frequency Ratios - Frequency , - Ratios Frequency

1,2566 - 1,2708 5 1,2116 - 1,2273 5 . 1,1533 - 1,1675 3
1,2708 - 1,2850 2 1,2273 - 1,2430 6 1,1675 - 1,1817 2
1,2850 - 1,2992 3 1,2430 - 1,2588 8 1,1817 - 1,1959 )
1.2992 - 1,3134 11 1,2588 - 1,2745 6 1,1959 - 1,2101 9
1,313% - 1,3276 9 1.2745 - 1,2902 16 1,2101 - 1,2243 21
1,3276 - 1,3418 22 1,2902 - 1,3059 29 1,2243 - 1,2385 28
1.3418 - 1,3561 28 1,3059 - 1,3217 Ly 1,2385 - 1,2527 27
1.3561 - 1,3703 27 1,3217 - 1,3374 b2 1.2527 - 1,2669 Ly
1.3703 - 1,3845 33 1.3374 - 1.3531 4 . 1,2669 - 1,2811 57
1,3845 - 1,3987 L6 1,3531 - 1,3688 39 1,2811 - 1,2953 50
1.3987 - 1,4129 50 1.3688 - 1,3846 65 1,2953 - 1,3095 43
1,129 - 1,4271 51 1.3846 - 1,4003 52 1,3095 - 1,3238 31
1,4271 - 1,4414 32 1,4003 - 1,4160 by - 1,3238 - 1,3380 50
1,4810 - 1,4556 b6 1.4160 - 1,4318 . 29 1,3380 - 1,3522 29
1,455 - 1,4698 W 1.4318 - 1,4475 25 ' 1,3522 - 1,3664 27
1,4698 - 1,4840 30 1,.4475 - 1,4632 18 1,3664 - 1,3806 21
1,4840 - 1,4982 26 1,4632 - 1,4789 8 1,3806 - 1,3948 21 .
1,4982 - 1,5124 18 1.4789 -~ 1,4947 9 1,3948 - 1,4090 12
1,5124 - 1,5266 7 . 1.4947 - 1,5104 6 1,4090 - 1,4232 9
1,5266 - 1,5409 3 1,5104 - 1,5261 2 1.4232 - 1,4374 3
1,5409 -~ 1,5551 11 1,5261 - 1,5418 1 1.4374 - 1,4516 L
1,5551 - 1,5693 3 1.5418 - 1,5576 0 1.4516 - 1,4658 1
1,5693 - 1,5835 1 1.5576 - 1,5733 0 1.4658 ~ 1,4800 1
1,5835 - 1,5977 1 1.5733 - 1,5890 0 1.4800 - 14942 0 3
1,5977 - 1,6119 1 - 1.5890 - 1,6048 1 1.4942 - 1,5084 1



TABLE V-2--Continued

341 351 ' 361
Benefit-Cost . Benefit-Cost ‘ Benefit-Cost
Ratios Frequency Ratios Frequency Ratios Frequency

-1,2283 - 1,2410 L 1,1967 - 1,2137 7 1,1291 - 1,1420 3
1,2410 - 1,2537 1 1,2137 - 1.2307 L 1,1420 - 1,1549 L
1,2537 - 1.2664 2 1,2307 - 1,2477 18 1,1549 - 1,1678 6
1.2664 - 1,2791 8 1,2477 - 1,2648 20 1,1678 - 1,1807 14
1,2971 - 1,.2919 12 1.2648 - 1,2818 30 1,1807 - 1,1936 13
1.2919 - 1,3046 22 ©1,2818 - 1,2988 ' 56 1.1936 - 1,2065 21
1,046 - 1,3173 18 1,2988 - 1,3158 b6 1,2065 - 1,2194 19 .
1,3173 - 1,3300 26 1,3158 - 1,3328 63 1.2194 - 1,2323 31
1.3300 - 1,3427 23 1,3328 - 1,3498 43 1.2323 - 1,2453 42
1.3427 - 1.3555 42 1.3498 - 1.3669 64 1.2453 < 1,2582 43
1.3555 - 1,3682 31 1.3669 - 1,3839 b7 1,2582 - 1,2711 48
1,3682 - 1,3809 4 1,3839 < 1.4009 27 ; 1,2711 - 1,2840 45
1.3809 - 1,3936 b7 1,4009 - 1,4179 - 29 ' 1.2840 -~ 1,2969 42
1,3936 - 1,4063 39 1.4179 - 1,4349 19 01,2969 - 1,3098 34
1,5063 - 1.4190 b 1.4349 - 1,4519 7 01,3098 -1,3227 @ 29
1,4190 - 1.4718 36 1.4519 = 1,4690 ¥ 1.3227 - '1,335%6 = 30
1.4318 - 1,445 29 11,4690 - 1,4860 ' 1,3356 - 1,3485 31
14445 - 1,4572 20 _ 1,4860 - 1,5030 1 1.3485 - 1,3614 13
1.4572 - 1,4699 9 1,5030 - 1,5200 0 1.3614 - 1,3743 .9
1,4699 - 1,4826 13 1,5200 - 1,5370 2 1,3743 - 1,3872 13
1.4826 -~ 1.4954 7 1,5370 - 1,5540 0 1.3872 - 1,4001 3
1,4954 - 1,5081 5 1.5540 - 1,5711 0 1,4001 - 1.4131 2
1,5081 - 1,5208 L 1,5711 - 1,5881 -0 1,4131 - 1,4260 3
1.5208 - 1,5335 1 1.5881 - 1,6051 0 1,4260 - 1,4389 1 3
1.5 4 1,6051 - 1,6221 1 1.4389 - 1,4517 1

335 - 1, 5463



TABLE V-2--Continued

142 : 152 162

Benefit-Cost Benefit-Cost Benefit-Cost
Ratios Frequency Ratios Frequency Ratios Frequency
1,2856 - 1,2993 2 1.2153 - 1,2301 3 - 1,1831 - 1,1582 1
1,2993 - 1,3130 3 1,2301 - 1,2448 0 1.,1582 - 1,1733 1
1.3130 - 1,3268 11 1.2448 - 1,2596 5 1.,1733 - 1,1884 2
1.3268 = 1,3405 14 1,2596 - 1,2743 8 1.1884 - 1,2035 1
1,3405 - 1,3542 15 1,2743 - 1,2891 11 1,2035 - 1,2186 5
1.3542 - 1,3680 20 1.2891 - 1.3038 18 1.2186 - 1,2337 20
1,3680 - 1,3817 23 1.3038 - 1.3186 28 : 1.2337 - 1.2488 15
1,3817 - 1,3954 27 1,3186 - 1,3333 34 1,2488 - 1,2639 22
1,3954% - 1.4091 49 1.3333 - 1,3481 24 1.2639 - 1,2790 25
1,4091 - 1,4229 38 1,3481 - 1,3628 28 1,2790 - 1,2941 43
1,4229 - 1,4366 40 1,3628 - 1.3776 43 1,2941 - 1,3092 51
1,4366 - 1,4503 4o 1.3776 - 1.3923 57 1,3092 - 1,3242 48
1.4503 - 1,4640 38 11,3923 - 1,4071 -39 1,3242 - 1.3393 5?7
1,460 - 1,4778 b2 1,4071 - 1,4218 48 1.3393 - 1,3544 57
1.4778 - 1.4915 25 1.4218 - 1,4366 33 1.3544 - 1,3695 36
1.4915 - 1,5052 24 . 1,4366 - 1.4514 34 1.3695 - 1,3846 26
1.5190 - 1,5327 18 1,4661 - 1,4809 14 1.3997 - 1,848 15
1.5327 - 1,5464 18 1,4809 - 1,4956 15 1.4148 - 1,.4299 18
1.5601 - 1,5739 9 1,5198 - 1,5251 7 1.4450 - 1,4601 10
1.5739 - 1,5876 5 1,5251 - 1.5399 L4 1.4601 - 1,4752 2
1.5875 - 1,6013 5 1.5399 - 1,5546 3 1,4752 - 1,4903 3.
1,6012 - 1,6150 1 1,5546 - 1,5694 0 1,4903 - 1,5054 2 A
1,615¢ - 1,6288 1 1

1,5604 - 1,5842 L 1,505 - 1,5204



TABLE V-2--Continued

. ol2 252 ' 262
Benefit-Cost Benefit-Cost ' Benefit-Cost
Ratios Frequency Ratios Frequency Ratios Frequency

1,2701 - 1,2837 5 . 1,2206 - 1.2356 1 1.1667 - 1,1807 2
1.2837 - 1.2974 1 1.2356 - 1,2507 4 1.1807 - 1,1946 1
1.2974 - 1,3110 2 1.2507 - 1,2657 6 1,1946 - 1.2086 8
1,3110 - 1,3246 10 1,2657 - 1,2808 12 1.2086 . 1,2225 4
1,3246 - 1.3383 11 1,2808 - 1.2958 13 1.2225 - 1.2364 14
1.3383 - 1.3519 16 1.2958 - 1,3109 21 1.2364 -~ 1,2504 25
1,3519 - 1.3655 22 1,3109 - 1,3259 26 1.2504 - 1,.2643 27
1,3655 - 1,3792 37 1.3259 - 1,3410 38 1,2643 - 1,2783 37
1.3792 - 1,3928 29 1,3410 - 1.73560 39 1,2783 - 1,2922 45
1,3928 - 1,4064 4s 1.3560 - 1.3711 53 1.2922 - 1,3061 32
1,45064 - 1,4201 39 1,3711 - 1.3861 - 51 1.3061 - 1,3201 60
1.4201 - 1,4337 45 1,3861 - 1,4012 50 1.3201 - 1,3340 45
1.4337 - 14474 47 1,4012 - 1,4162 48 1.33%0 - 1,3479 52
14474 - 1,4610 bo 1.4162 - 1,4312 37 1.3479 - 1.3619 29
1.4610 - 1,4746 35 L 1.4%12 - 1,4463 29 1.3619 - 1,3758 30
14746 -~ 1,4883 25 © 1,463 - 1,4613 4 1,3758 - 1,3898 28
1.4883 - 1,5019 24 . 1.4613 - 1.4764 13 1,3898 - 1.4037 15
1.5019 - 1,5155 15 1.4764 - 1,4914 10 1,4037 - 1,4176 9
1,5155 - 1.5292 17 - 1.4914 - 1,5065 -2 14176 - 1,4316 15
1,5292 - 1,5428 5 1,5065 - 1,5215 6 1,4316 - 1,4455 7
1,5428 - 1, 5564 10 1.5215 - 1,5366 4 1,b455 - 1,4595 1
1,556 - 1,5701 L 1.5366 - 1,5516 1 1,4595 - 14734 2
1,5701 - 1,5837 3 1,5516 - 1, 5667 1 1.4734 - 1,4873 2
1,5837 - 1.5973 1 1,5667 - 1.5817 0 1,4873 - 1,5013 1 N
1,5973 - 1,6111 3 1,5817 - 1,5967 1 1,5012 - 1,5151 4



TABLE V-2—Continued

342 352 362
Benefit-Cost : Benefit-Cost - ~ Benefit-Cost :
Ratios Frequency Ratios - Frequency Ratlios Frequency

1,2349 - 1,2404 2 T 01,1759 - 1.1911 2 1.,1351 - 1,1509 3
1,2404 ~ 1,2638 4 1,1911 - 1.2063 0 1.1509 - 1,1667 5
1.2638 ~ 1,2783 3 1.2063 ~ 1,.2215 3 ' 1,1667 - 1,1824 3
1.2783 - 1,2927 5 1,2215 - 1.2367 L 1,1824 - 1,1982 7
1.2927 -~ 1.3072 - 9 1,2367 - 1.2520 10 1.1982 - 1,2140 2l
1.3072 -~ 1,3216 19 1.2520 - 1.2672 12 1.2140 - 1.2298 26
1.3216 - 1.3361 . 29 1.2672 - 1.2824 21 1.2298 -~ 1.2455 36
1,3361 - 1.3506 42 1,2824 - 1,2976 .27 1,2455 - 1,2613 59
1.3506 - 1,3650 40 1.2976 - 1,3128 3h 1,2613 - 1,2771 48
1.3650 - 1,3795 32 1,3128 - 1.3280 46 1.2771 - 1.2929 50
1.3795 - 1.3939 50 . 1.3280 - 1,3433 Lo 1,2929 - 1,3086 52
1.3939 - 1.4084 49 1,3433 - 1,3585 54 1,3086 - 1,324 = 351
14084 - 1,4228 39 1.3585 - 1,3737 59 1.32484 - 1,3402 37
1.4228 - 1.4373 ho 1.3737 - 1,3889 51 1,3402 - 1,3560 25
1.4373 - 1,4517 37 1,3889 - 1,4041 4y 1.3560 -~ 1,3717 24
1,4517 - 1.4662 27 ' 1. 4041 - 1,4193. .29 1.3717 - 1.3875 10
1,4662 - 1,4806 22 "1,4193 - 1.,4346 16 1,3875 - 1.4033 13
1.4806 - 1,4951 20 1,4346 - 1,4498 16 1.4033 - 1.4191 14
1.4951 - 1.5095 10 1,408 - 1,4650 14 1.4191 - 1.4349 5
1.5095 - 1,5240 7 1,4650 - 1,4802 7 1.4349 ~ 1,4506 4
1.5240 - 1.5384 3 1,4802 - 1.4954 3 1.4506 - 1,4664 2
1,5384 - 1.5529 5 1,954 - 1,5106 0 1.4664 - 1,4822 1
1.5529 - 1.5673 3 1,5106 - 1,5259 1 1,4822 - 1,4980 0 .
1.5673 - 1.5818 2 1.5259 - 1.5411 0 1.4980 - 1,5137 0 o
1.58 1 1,5011 - 1,5563 1 1.5137 - 1,5295 1

18 - 1.5962



TABLE V-2-<-Continued

——— g

143 153 ' 163

Benefit-Cost Benefit.Cost Benefit-Cost
"Ratios Frequency _ Ratios Frequency Ratios Frequency
1,251 - 1,2698 3 1,1967 - 1.,2135 2 1,1444 - 1,1589 1
1,2698 - 1,2855 2 1,2135 - 1,2303 3 1,1589 - 1,1733 2
1,2855 - 1,3012 4 1.2303 - 1,2471 1 1,1733 - 1,1878 L
1,3012 - 1,3169 4 1,2471 - 1,2639 5 1,1878 - 1.2023 5
1,3169 - 1.3326 10 1.2639 - 1,2807 8 1,2023 - 1,2168 7
1.3326 - 1,3483 10 1,2807 - 1,2976 15 1.2168 - 1,2313 9
1,3483 - 1,3640 26 1,2976 - 1,3144 17 1,2313 - 1,2458 21
1,3640 - 1,3797 47 1,31484 - 1,3312 25 1,2458 - 1,2602 28
1,3797 - 1,3954 Iy 1,3122 - 1,3480 37 1.2602 - 1,2747 28
1,395 - 1.4111 ly 1,3480 - 1,3648 47 1,2747 - 1,2892 45
C1.4111 - 1,4268 yly 1,3648 - 1,3816 46 1.2892 - 1,3037 45
1.4268 - 1,4425 57 1,3816 - 1,3984 63 1,3037 - 1,3182 . 38
1,4425 - 1,4582 3 1,3984 -~ 1,4152 59 1.3182 -~ 1,3327 48
1,4582 - 1,4739 45 1.4152 - 1,4320 45 1,3327 - 1,3472 46
1.4739 - 1,4896 34 1.4320 - 1,4488 36 1,3472 - 1,3616 38
1,4896 - 1,5053 27 _ 1,4488 - 1,4657 28 1,3616 - 1,3761 37
1.5053 - 1.5210 18 1,4657 - 1,4825 27 1,3761 - 1,3906 4
1,5210 - 1,5367 13 1,4825 - 1,4993 19 1,3906 - 1,4051 14
1,5367 - 1,5524 10 1,4993 - 1,5161 5 1.4051 - 1,4196 13
1.-552% - 1,5681 15 1,5161 - 1,5329 6 1,4196 - 1,434 10
1,5681 - 1,5838 6 1,5329 - 1,5497 1 1,431 - 1,4486 10
1,5838 - 1.5995 2 1,5497 - 1,5665 3 1.4486 ~ 11,4630 7
1,6152 -~ 1,6309 0 1,5833 - 1,6001 0 1,4775 - 1.4920 L %
1,6309 - 1,6465 1 1,6001 - 1,6169 1 1,492¢ -~ 1,5066 2
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TABLE V-2--Continued

243 253 263
Benefit-Cost Benefit-Cost T Benefit-Cost -
Ratios Frequency Ratios Frequency Ratios Frequency

1,2535 - 1,268% 1 1,2002 - 1,21k4 1 1,1211 - 1.1351 2
1.2684 - 1,2833 1 1,214 - 1,2286 0 1,1351 - 1.1490 0
1,2833 - 1,2981 0 1,2286 - 1,2428 5 1,1490 - 1,1630 0
1,2981 - 1,3130 5 1.2428 - 1,2569 i 1,1630 - 1,1770 3
1,3130 - 1,3279 13 1.2569 - 1,2711 L 1.1770 - 1.1910 1
1,3279 - 1,3428 12 1,2711 - 1,2853 9 1.1910 - 1,2049 6
-1,3428 - 1.3577 32 1,2853 - 1,2995 17 1.2049 - 1,2189 10
1,3577 - 1.3725 28 1,2995 - 1,3137 18 1.2189 - 1,2329 10
1,3725 - 1,3874 37 1,3137 - 11,3279 18 1.2329 - 1,2468 23
1.3874 - 1,4023 48 1.3279 - 1.3421 21 1.2468 - 1,2608 20
1,4023 - 1,4172 51 1,3421 - 1,3563 51 1,2608 - 1,2748 36
1,4321 - 1,4469 49 1.3705 - 1,3846 57 1,2887 - 1.3027 [
14469 - 1,4618 k6 1,3846 - 1,3988 46 1,3027 - 1,3167 W2
1.4618 - 1,4767 34 --1,3988 - 1,4130 B, 1.3167 - 1,3306 55
1,4767 - 1,4916 28 1.4130 - 1,4272 [ 1.3306 - 1,3446 51
1,4916 - 1,506k - 25 14272 - 1,4414 32 : 1,3446 - 1,3586 40
1, 5064 - 1,5213 20 1,841 - 1,4556 2 . 1,3586 - 1,3725 29
1,5213 - 1,5362 15 1,4556 - 1,4698 20 1.3725 - 1,3865 22
1,5362 - 1,5511 5 1,4698 - 1,4840 20 1,3865 - 1,4005 22
1.5511 - 1, 5660 1 1,48L0 -~ 1,4982 11 1.4005 - 1,4145 13
1.5660 - 1,5808 " 5 1,4082 - 1,5123 4 1,4345 - 1,4284 9
1,5808 - 1.5957 1 1,5123 - 1,5265 11 1.4284 -1, 4424 12
1.5957 - 1,6106 2 1,5265 - 1.5407 2 18424 - 1, L564 5 @

2 1,5407 - 1.5549 1 145604 - 1,k702 5

1,6106 - 1,6254



TABLE V-2--Continued_

343
Benefit-Cost
Ratios Frequency
1,217 - 1,2560 2
1.2540 - 1,2664 4
1,2664 - 1,2788 4
1,2788 . 1,2911 8
1,3035 - 1,3158 22
1,3158 - 1,3282 17
1.3282 - 1,3406 31
1,3406 - 1,3529 26
1,3529 - 1,3653 25
1.3653 - 1,3777 50
- 1,3777 - 1.3900 i3
1,3900 - 14024 4y
1,4024 - 1,4147 37
14147 - 1,427 36
14271 - 31,4395 35
1,4395 - 1,4518 28
1.4518 -~ 1, 4642 20
1. 4642 - 1, 4766 17
1,4766 - 1,4889 9
1,4889 - 1,5013 14
11,5013 - 1,5136 8
1.5136 - 1, 5260 4
1,5260 - 1,5384 3
1.5384 - 1,5506 3

353

Benefit-Cost
Ratios

Frequency

1,183F - 1,1965
1,1965 - 1,2096
1,2096 - 1,2226
1,2226 - 1,2357
1.,2357 - 1,2488

1,2488 - 1,2618
1,2618 - 1,2749
1.,2749 - 1,2880
1,2880 - 1,3010
1,3010 - 1.3141

1.3141 - 1,3272
1.3272 - 1,3402
1.3402 - 1,3533
1.3533 - 1.3664
1.3664 - 1,379

1.379% - 1,3925
1.3925 - 1,4056
1,4056 - 1,4186
1.4186 - 1.4317

S 1,4317 - 14447

1,8447 - 11,4578
lo 4709 - 10 L"839
1.4839 - 1.4970
10 @70 - 1055100

1, bbe2

363
Benefit-Cost )
Ratios Frequency

1,1318 - 1,1451 1
1,1451 - 1,1584 3
1.1584 - 1,1716 2
1.1716 - 1,1849 2
1.1849 - 1,1981 1
1,1981 - 1,2114 10
- 11,2114 - 11,2246 16
1.2246 - 1,2379 33
1.2379 - 1.2511 30
1,2511 - 1,2644 L6
1,2644 - 1,2776 61
1,2776 - 1,2909 35
1,2909 - 1,3041 45
1.3041 - 1,3174 4
1.317% - 1,3306 43
1.3306 - 1,3439 27
1.3571 -~ 1.3704 19
1.3704 - 1,3836 15
1.3836 - 1,3969 12
1,3969 - 1.4102 L
1,4102 - 14234 6
14234 . 1,4367 2
1.4367 - 1,4499 3
- 14631 1



TABLE V-2--Continued

aThe reservoir size and operating procedure codes are as follows: The first digit is
Catherine Creek Reservoir with size 1 = 42,000 acre feet, 2 = 65,000 acre feet, and 3 = 87,000 acre
feet. The second digit is Grande Ronde Reservoir with size 3 = 160,000 acre feet, 4 = 190,000 acre.
feet, and 5 = 220,000 acre feet, The third digit is operating procedure with 1 = 55,000 acres,
2 = 74,000 acres, and 3 = 92,000 acres, An example of a given combination is as follows:

Catherine Creek ~ size 3 .
I Grande Ronde - size 6 .
6I ~——0Operating Procedure - number 1
361

b)
o

i
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in the experiment_ai design, The writer is aware that the measurement
of the input data may not Justify the four place accuracy in the results
expressed in .Ta'ble V-2, The data a.re.-azqar_essed in this form tu
indicate the scope of the frequency distributions within the sample,

Mean Net Present Benefits

The means for net present benefits for each of the cells for
the experimental design are plotted in Chart V-1, .T!;le means are charted
for each reservoir combination for a given operating procedure,

The reservoir combinations shown in Chart V;l are charted from
the smallest combination (1 for Catherine Creek Dam ﬁth 42,000 acre
feet and 4 for Grande Ronde Dam with 160,000 acre feet) to the
larg.est combination (3 for Catherine Creek Dam with 87,000 acre féet
and 6 for Grande Ronde Dam with 220,000 ac_:r_en'. feet). The mean values for

net present benefits indicate that operating procedures two and three

give a consistently higher net present benefit than .operatiﬁg proéedure |
one, A cursory examination indicates that operating procedures two and
three are not significantly different from one another, Operating pro-
cedure two results in a higher mean net present .be:nef_it than operating .
procedure three with those combinations of reservoirs which are of most
interest (combinations with the highest net present benefifs).

Reservoir combinations (1,4), (2,4), and (3,4) sﬁow higher mean
net present benefits than the other reservoir combinations for each of
the three operating procedures,

On the basis of the maximum net present benefit criteria and

mean figures, reservoir combination (2,4) and operating procedure two



CHART V-]
MEAN VALUES OF NET PRESENT BENEFITS FOR ALTERNATIVE RESERVOIR
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result in the optimal selection from the 27 cells included in the

experimental design,

Mean Benefit-Cost Ratios

The means for benefit-cost ratios for each of the cells for the
experimental design are shown in Chart V-2, The means are charted in
a fashion similar to Chart V-1, The results fram the charting of
benefit~cost ratios are similar to those from the charting of net
present betnefits. One interesting divergence, however, includes a
different optimal reservoir combination as based on the highest mean
benefit-cost ratio, Reservoir combination (1,4) gives the highest
mean benefit-cost ratio,

The two combinations of (1,4) and (2,4) are very close, and

signifidant differences are not readily apparent from Chart V-2,

The Analysis of Variance of Net
Present Benefits

The means for the cells in the experimental design provide in-

sight into the patterns of each of the reservoir combinations and oper-

ating procedures, In order to test the hypotheses as set forth in the

design, however, statistical tests are necessary to determine which
changes in the experiemental design caused results to differ signifi-
cantly from one another, Analysis of variance and multiple range tests
are the statistical techniques which are used to a.nélyze the results

of the experiment and to determine the importance of selected changes,



CHART V -2
MEAN VALUES OF BENEFIT—COST RATIOS FOR ALTERNATIVE RESERVOIR

COMBINATIONS AND OPERATING PROCEDURES IN THE GRANDE RONDE BASIN
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The assumptions for this analysis and the use of analysis of
variance includes nomaiity of the population distribution; homo-
geneily of variance; and continuity and equai inte_fvals of measures,
Kerlinger poiﬁts out that "The evidence to date is that the importance
of normality and homogenity is overrated..."l | _

Cochran*s test for homogeneity of variances and Bartlett's tests
for homogeneity of variances serve as tests for homogeneity. Cochran's
test has been used in this study because ",..the use of the Bartlett
test, which is 'nonrobust,' has been likened to going to sea in a
rowboat to see if an ocean liner would be safe, "2 The results from
Cochran*s tests are shown in Table V-3, Since'data. for a sample of
500 are not available, no attempt is made to interpolate between 145
and infinity, If the maximum variance for the set divided by the sum-
mation of the variances for the set is less than the F distribution,
the assumption of homogeneity is accepted,

There are nine reservoir combinations, three operating
procedures, and a sample of 500 for each cell. The experiment for one
Variable, therefore, includes the analysis of 13,500 sample entries,
This analysis covers two variables (net present benefits and benefit-cost

ratios), and therefore the total number of individual samples is 27,000,

1Fred N. Kerlinger, Foundations of Behavioral Research (New
York: Holt, Rinehart, and Winston, 1 s Do .

2Thid,



TABLE V-3

COCHRAN'S TEST FOR HOMOGENEITY OF VARIANCES
FOR NET PRESENT BENEFITS2

et o——— ——— ——
———— —— — - ——— —

Cochran's Test for Homogeneity

k F Distributiond
Sample Number of Max, si2 /| S si?
size(n) Variances(k)‘ i=1 n = 145 n = o0
500 27 .04843 .0512 .0375
500 18 .07192 ' . 0820 .0568

aTests are for the .05 level of significance,

. byilliam H, Beyer, ed,, Handbook of Tables for Probability and Statistics (Cleveland, Ohio:
The Chemical Rubber Co,, 1968), p. R gures are interpolated for number of variances included
in the test, : '

/

04
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Because of the size of the analytical task, the computer is used to
perform the computations for the researcher to analyze,
One null hypothesis for the analysis of variance for net present |
benefits is as i‘callows:3 |
By: A1 =H1s <H16 Hfon <Mos <H26 A <435 4%
: The alternate hypothesis is: _
Byl #4015 #4116 #4f2h #4025 25 1426 $ 458 i35 36
This null hypothesis implies that means for the population for dif-
ferent resewoir combinations (columns) are not significantly dif-
ferent from one another. If the means for columns are equal to one
another, the sub-populations can be assumed to be ohe large population,
Using analysis of variance on columns (reservoir combinations),
the degrees of freedom are elght and the F ratio is 871, The differ-
ences among columns (reservoir combinations) are significant at the
.001 level,
An important consideration in the analysis, however, is whether

or not any one mean net present benefit is significantly different fram

the other means, A multiple range test can be used to compare each
individual rﬁean to each of the other means in the set, The mean net
present benefits for each reservoir set are shown in rank order from
lowest to highest in the first part of Table V-4,

Table V-4 also gives the results of the multiple range test,

As an example, the mean for reservoir set 36 is significantly different

3 The subscripts for this mull hypotheslis represent various
reservoir combinations (see footnote b of Table V-4),
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TABLE V-4

RESERVOIR COMBINATIONS OF CATHERINE CREEK RESERVOIR AND GRANDE
RONDE RESERVOIR WITH NET PRESENT BENEFITS FOR MEANS MULTIPLE
RANGE TEST FOR SIGNIFICANT2 DIFFERENCES

o Ry

Mean Net Present Benefits

Reservoir Setb (dollars)
36 13,822,911
16 - 14,577,097
26 : 14, 647, 537
35 16,003, 542
15 16,546,099
25 - 16,785,893
34 | 17,242,858
14 . 17,7m8,7m
2 18,042,262

Res, Set 36 is not equal to: Res, Set 16 Res. Set 26 Res, Set 35
Res, Set 15 Res. Set 25 Res, Set 34
~Res, Set 14 Res, Set 24 :

Res, Set 16 is not equal to: Res, Set 35 Res. Set 15 Res. Set 25
Res, Set 34 Res, Set 14 Res. Set 24

Res, Set 26 is not equal to: Res, Set 35 Res, Set 15 Res. Set 25
Res., Set 34 Res, Set 14 Res. Set 24

Res, Set 35 is not equal to: Res, Set 15 Res, Set 25 Res. Set 34
Res. Set 14 Res. Set 24

Res, Set 15 is not equal to: Res, Set 25 Res. Set 3% Res. Set 14
Res, Set 24

Res, Set 25 is not equarl to: Res., Set 34 Res., Set 14 Res, Set 24
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TABLE V-4--Continued

|

Reservoir SetP

Res, Set 34 is not equal to: Res, Set 14 Res, Set 24

Res, Set 14 is not equal to: Res, Set 24

apifferences are tested at the ,05 significance level,

bReservoir combinations are as follows: 1 = Catherine Creek
with 42,000 acre feet; 2 = Catherine Creek with 65,000 acre feet;
3 = Catherine Creek with 87,000 acre feet; 4 = Grande Ronde with
160,000 acre feet; 5 = Grande Ronde with 190,000 acre feet; and 6 =
Grande Ronde with 220,000 acre feet, :



ok

from the means for reservoir sets 16, 26, 35, 15, 25, 34, 14 and 24
with a ,05 probability of a type 1 error, Those.reservair sets which
are not listed in the right side groupings of Table V-l are not sigrd-
ficantly different than the tested reservoir set, In a comparison of
reservoir set 16 to the other reservoirs, reservoir set 26 does not
appear in the list of reservoir sets to the rigﬁt; this means that

there is no significant difference between mean net present benefits for
reservoir sets 16 and 26,

Reservoir set 24 is of most interest because it has the highest
net present benefits, It also differs significantly from each of the
other sets at the ,05 levél. Reservoir set 24 can be observed in each of
the sets in the right side groupings of Table V-4, |

A second mull hypothesisu for net present benefits is as follows:
m: A1 =Af2 M3 '

The alternate hypothesis is:

Ho: M1 2 3 o

This null hypothesis implies that means for the population for dif-
ferent operating procedures (rows) are not significantly different
from one another, If the means for net present benefits for rows are
equal to one another, the sub-population can be assumed to be one

large population,

. < s

L

The subseripts for this null hypothesis represent various
operating procedures as follows: 1=55,000 irrigated acres; 2=74,000
irrigated acres; and 3=93,000 irrigated acres, '
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. Using analysis of variance on rows (operating procedures), the
degrees of freedom are two and the F ratio.is 182, The d_ifferehces
among rows (operating procedures) are significant at the ,001 levei,

A rmﬁ.tiple range test at a ,05 level of significance orn row
means for net present benefits gives results as follows: The mean net

present benefit for operating procedure one is not equal to those of

. operating procedure two or operating procedure three,

With respect to differences between operating procedures two
and three, the two do not differ significantly at tﬁe .05 level,

Since operating procedures two and three show no significant
differences, these sets were subjected to further analyses, A treat-
ment means multiple range test at the ,05 significance level gives
results as shown in Table V-5,

Treatment 143 for net present benefits differs significantly
from treatments 142, 243, and 242 at the ,05 level, Treatments 142,
243, and 242 show no significant differences from one another at the
.05 level,

he sis of Variance
of me 1t-Cost Ratios

The results of Cochraﬁ's test for homogeneity of variances is
shown in Table V-6, The explanation of this test is included in the
previous section,

The null hy‘pothesiss for the analysis of variance for benefit-

5

The subscripts for this null hypothesis represent various res-
ervoir combinations (see footnote b of Table V-4),
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TABLE V-5
RESERVOIR COMBINATIONS AND OPERATING PROCEDURES FOR CATHERINE
CREEK RESERVOIR AND GRANDE RONDE RESERVOIR WITH NET
PRESENT BENEFITS FOR TREATMENT MEANS MULTIPLE RANGE
TEST FOR SIGNIFICANT2 DIFFERENCES

Reservoir Set and Mean Net Present Benefits

Operating ProcedureP ' - (dollars)
362 , 14,108, 341
363 14,120,982
163 14,670,728
162 : . 14,865,709
263 - 14,920,519
262 ' ' 14,921,638
352 ' 16,206,881
353 16,363,093
152 ' . 16,718,989
153 ' ' 16,772,359
252 16,948,037
253 ' 17,115,525
343 : 17,354,211
342 17,559,294
143 _ . 17,740,168
142 18,065,689
243 : 18,161,410
242 . 18,263,123

362 is not equal to: 163 162 263 262 352 353

152 153 252 253 343 342
143 142 243 242 :

363 is not equal to: 163 162 263 262 352 353

152 153 252 253 343 342
143 142 2L3 2li2

163 is not equal to: 352 353 152 153 252 253
343 342 143 142 243 242

162 is not equal to: 352 353 152 153 252 . 253
' 343' 342 143 142 _ 243 2h2

263 is not equal to: 352 353 152 153 252 253
343 342 143 142 243 242
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TABLE V-5--Continued
Reservolr Set and
Operating Procedureb
262.1s not equal to: 352 353 152 153 252 253
343 342 ]_.43 142 243 242
352 is not equal to: 152 153 252 253 343 342
143 142 243 242
- 152 is not equal to: 253 343 342 143 142 . 243
: _ 242 _ _
153 is not equal to: 253 343 342 143 142 243
242 v
252 is not equal to: 343 342 143 142 243 242
253 is not equal to: 342 143 142 243 242
343 is not equal to: 143 142 243 242
342 is not equal to: 142l 243 242
143 is not equal to: 142 243 242

apifferences are tested at the ,05 significance level,

PReservoir Combinations and operating procedures are as follows:

' The first digit represents the size of Catherine Creek Reservoir with

1 = 42,000 acre feet, 2 = 65,000 acre feet, and 3 = 87,000 acre feet;
The second digit represents Grande Ronde Reservoir with 4 = 160,000 acre
feet, 5 = 190,000 acre feet, and 6 = 220,000 acre feet; The third digit
represents. operating procedures and their accompanying required irri-
gation diversions for acres with 1 = 55,000 acres, 2 = 74,000 acres, and
3 = 92,000 acres, An example 1s as follows:

Catherine Creek Reservoir - 42,000 acre feet
——Grande Ronde Reservoir - 160,000 acre feet
l ——Operating Procedure - 92,000 irrigated acres
143



. TABLE V-6

COCHRAN*S TEST FOR HOMOGENEITY OF VARIANCES
FOR BENEFIT-COST RATIOS®

Cochran's Test for Homogeneity

. ' k 5 F Distributionb
Sample Number of Max, Si2 / > si _
Size(n) Variances(k) i=1 n = 145 n =90
500 27 04255 .0512 .0375
500 18 .06287 .0820 .0568

aPgsts are for the ,05 level of significance,

byi1liam H, Beyer, ed,, Handbook of Tables for Probability and Statistices (Cleveland, Ohio:
The Chemical Rubber Co,, 1968), p. . gures are erpola or number ol variances included
in the test,

86
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cost ratios is as follows:
Hy: A1 =415 <46 =424 =M25 =426 =434 A35 =436

The alternate hypothesis is: '
Hy: A4 $415 4416 424 #425 426 £434 1435 #4/36
The null hypotheslis implies that means for the populations for dif-
ferent reservoir combinations (columns) for benefit-cost ratios are not
significantly different from one another,

Using analysis of variance on columms (reservdir combinations),
fhe degrees of freedom are eigh:t and the F ra.tio is 1070, The dif-
ferences among columns (reservoir combinations) are significant at the

001 level,

Using a mltiple range test and a level of significance of ,05,
the differences among colurm means can be examined, The results from
the column means multiple range test for benefit-cost ratios are shown
in Table V-7, Reservoir combination 14, which results in the highest
mean benefit-cost ratio, differs significantly from the other reservoir
combinations at the ,05 level, '

. A second null hypothesis6 for benefit-cost ratios is as follows:
Hy: A1 =Mz =45
The alternate hypothesis is:

Hy: MLt #4053

6The subscripts for this null hypotheslis represent various
operating procedures with acres for irrigation diversions as follows:
1=55,000 irrigated acres; 2=74,000 irrigated acres; and 3=92,000
irrigated acres,
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RESERVOIR COMBINATIONS OF CATHERINE CREEK RESERVOIR AND GRANDE
RONDE RESERVOIR WITH BENEFIT-COST RATIOS FOR MEANS MULTIPLE
RANGE TEST FOR SIGNIFICANT2 DIFFERENCES

v

S ———

et
—

Reservoir Setb

Res,
Res,

Res.
Res,

Res,

36
26
16
.35
25
15
34
24
14

Set 36 is not equal to:

Set 26 is not equal to:

Set 35 is not equal to:
Set 25 is not equal to:

Set 15 is not equal to:

AR

Res,
Res,
Res,

Res,
Res,
Res,

Res,
Res,

Res,
Res,

Res,

set 26
Set 25
Set 24

Set 16
Set 15
Set 14

Set 25
Set 24

Set 15
Set 14

Set 34

Mean Benefit-Cost Ratio

Res,
Res,
Res,
Res,
Res,
Res,
Res,

Res,

Res,

1,2868

1.3136
1,3231

1,3500
1.3793
1.3866
1,3925
14254
1.4323

Set 16
Set 15
Set 14
Set 35
set 34

Set 15
Set 14

Set 34

Set 24

Res,
Res,

Res,
Res,

Res,

Res,

Res,

Set 35
Set 34

Set 25
Set 24

Set 34

Set 24

Set 14
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TABLE V-7--Continued

RS —

Reservoir SetP

Res, Set 34 is not equal to: Res, Set 24 Res, Set 14

Res, Set 24 is not equal to: Res. Set 14

apifferences are tested at the ,05 significance level,

bReservoir combinations are as follows: 1 = Catherine Creek
with 42,000 acre feet; 2 = Catherine Creek with 65,000 acre feet;
3 = Catherine Creek with 87,000 acre feet; 4 = Grande Ronde with
160,000 acre feet; 5 = Grande Ronde with 190,000 acre feet; and 6 =
Grande Ronde with 220,000 acre feet,
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This null hypothesis implies that means for benefit-cost ratios for the
population for different operating procedures (rows) are not signifi-
cantly different from one another,

Using analysis of variance on the rows (operating pr‘ocedures),_
the degrees of freedom are two and the F ratio is 99,2, The differ-
ences are significant at the ,001 level,

A maltiple range test at a ,05 level of significance on row
means for benefit-cost ratios gives results as follows: The mean
benefit-cost ratio for operating procedure one is not equal to those
of operating procedure two or operating procedure three,

With respect to differences between operating procedures two
and three for mean benefit-cost ratios for operating procedures the
two do not differ sigqificantly at the ,05 level,

The operating pi-ocedures for two and three were subjected to
further analyses by completing a-treatment means multiple range test
at the ,05 level, The results for the treatment means mltiple range
test are shown in Table V-8,

The-reséwoir set and operating procedure of most interest
(the one with the highest benefit-cost ratio) is 142, Its benefit-
cost ratio differs significantly from the other reservoin sets and
operating prc.x:edures at the ,05 level, Based on the éri’teria of
benefit-cost ratios and the mean benefit-cost ratio, 142 is thé
optimal selection with a ,05 level of significance, - |
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TABLE V-8

RESERVOTR COMBINATIONS AND OPERATING PROCEDURES FOR CATHERINE
CREEK AND GRANDE RONDE RESERVOIR WITH BENEFIT-COST '
RATIOS FOR TREATMENT MEANS MULTIPLE RANGE
TEST FOR SIGNIFICANTa2 DIFFERENCES

Reservoir Set and Mean Benefit-Cost Ratio

Operating ProcedureP

363 . 1.2929
362 1,2932
263 1,3193
262 - 1,3196
163 1,3243
162 1.3299
352 1,354
353 1,3585
252 1,3821
253 1,3875
152 1.3903
153 1.3926
343 ' 1.3936
342 . 1,4007
243 1,4276
2u42 ° 1.4303
143 1.4330
142 ' . 1,4417
363 is not equal to: 263 262 163 162 352 353

252 253 152 153 343 W2
243 242 143 142

362 is not equal to: 263 262 163 162 352 353

252 253 152 153 343 342
2L3 2u2 143 142

263 is not equal to: 162. 352 353 252 253 152
' 153 343 W2 243 242 143

W2
163 1s not equal to: 352 353 252 253 152 153

343 U2 243 242 143 142
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TABLE V-8--Continued

Reservoir Set and
Operating Procedure?

162 is not equal to: 352 353 252 253 152 153
343 342 213 2l2 143 142

352 is not equal to: 252 253 152 153 343 342
2U43 2U2 143 142

353 is not equal to: 252 253 152 153 33 32
2143 2li2 143 142

252 is not equal to: iﬁg 33 32 2l3 242 143

253 is not equal to: 2 243 242 143 142

152 is not equal to: W2 243 2U2 W3 | 142

153 is not equal to: 243 2U2 143 142

343 is not equal to: 243 2u2 143 142

342 is not equal to: 243 242 143 142

243 is not equal to: 142

242 is not equal to: 142

143 is not equal to: 142

apifferences are tested at the .05 significance level,

bReservoir Combinations and operating procedures are as follows:
The first digit represents the size of Catherine Creek Reservoir with
1 = 42,000 acre feet, 2 = 65,000 acre feet, and 3 = 87,000 acre feet;
The second digit represents Grande Ronde Reservoir with 4 = 160,000 acre
feet, 5 = 190,000 acre feet, and 6 = 220,000 acre feet; The third digit
represents operating procedures and their accompanying required irri-
gation diversions for acres with 1 = 55,000 acres, 2 = 74,000 acres,
and 3 = 92,000 acres, An example is as follows:

Catherine Creek Reservoir - 42,000 acre feet
‘ r———Grande Ronde Reservoir - 160,000 acre feet
14 3r-—Opez'ad'.ing Procedure - 92,000 irrigated acres
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VI SUMMARY AND CONCLUSIONS

Chapter V gives the results of the simulation model and an
analysis of the results, Chapter VI summarizes the results of the

study and points out some of the implications involved,

Surmary of the Results

The simulation model provides a framework for the analysis of
decision variables for river basin planning., The results from the
runs indicate that some decision sets are clearly superior to others,
Operating procedures two and three are superior to one in terms of both
net present benefits and benefit-cost ratlos, Reservolr combinations
14 and 24 are superior to the other combinations in terms of both net
present benefits and benefit-cost ratios,

In terms of an optimal set within the model, no one set is
obviously optimal, Based on the criterion of net present benefits,
there are no significant differences among sets 142, 243, and 242,

This analysis reduces the choice set from 27 to three, If there is
same form of capital rationing, the criterion of benefit-cost ratlos
may be used, Using this criterion, 142 differs significantly from each
of the other sets and may be considered optimal among the choice sets,

This analysis includes only those reservoir combinations which
are under investigation by the Corps of Engineers, If ‘data were availe.
able, the cholce sets aoould be extended to include a reservolr of

smaller soale for the Grande Ronde Reservoir, A smaller scale reser-
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voir for the Grande Ronde ~ould possibly lead to a higher net present
benefit for the river basin system, Since data for a smaller scale of
the Grande Ronde Reservoir are not available. such a cholice set is

beyond the scope of this study,

General Agglicabiliﬂ of the Model

The model for this study is applicable to the Grande Ronde
Basin, The analytical framework, however, could be used for the anal-
ysi_s of any river basin, River basin plamning should consider the
variability of stream flows and cost estimates, The analytical ap-
proach of this study allows such variability to be takemn into con.
sideration. within the context of the planning framework,

The results from the runs in this study are approximately
normally distributed, If different assumptions concerning input
variables (for example highly skewed distributions) are included in the
analysis, the results could be very meaningful, but they may not be
subject to analysis of variance since the required assumptions may be
violated,

Implications for River Basin Planning
River basin planning requires a careful analysis of a combination

of hydrologic, engineering, economic, and financial considerations,
Simulation allows each of these disciplines to be combined into a model,
This model encompasses two decision variables (net present benefits and
benefit-cost ratios).
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A model for river basin planning appears to be valuable in
terms of two aspects, First, the model can give a better decision
(increases the probability that the solution is optimal), Second,
the model can allow the evaluation of many alternatives in less time
than a segmented analysis, The researcher has strived to incorporate
both of these advantages into this model,

In an ideal application of the model, the extreme sizes of
reservoir combinations (both very large and very small reservoirs)

should be included,

Areas of Future Research

The researcher visualizes a heuristic model that includes a
feedback mechanism to change the decision vaiiables internally, After
a run has been completed for a given number of trials, the decision
variable could be changed internally, and as long as the result was
more favorable, the decision variable would continue to be changed by
incfements. This approach would allow.the progrem to approach an op-
timal set intermally. ' _

This study could serve as a first step for such a model, Such
a model would also require extensive changes in the formmlation of
input data, Input data would have to be specified in the form of func-
tional relationships over meaningful ra.nées.

If the data gathering by variocus gcveﬁmmtal agencies were
oriented to the simulation approach, this analytical framework could be

applied to a variety of governmental decisions., In the future, water
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resource development may be expected to carry a significant role in the

development of strong analytical techniques for governmental decision
making,
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MONTHLY HYDRILOGY DATA FNR GRANDE RONDE PIVER BASIN.

CONTROL POINT

WITH WATER FLOWS IN HUMDREDS CF ACRF FEET FEOM 1928-1968

NUMSER YEAP ncy NIV DEC JAN FER MAR APR MAY JUN JLY AUG SEP
B 21 1942 78 192 272 160 91 244 778 704 284 117 24 16
25 1942 4 43 77 32 50 133 254 n Qs 23 L0 oA
' 1942 ° 33 36 77 a7 . 44 51 244 227 170 2 27 18
7 1942 s 5 12 6 1.8 50 4R 27 7 4 3
19 1947 7 3 17 < 10 17 b1 25 20 11 5 3
- ¥ | 1942 13 70 26 1% 20 2e 105 Se 11 a I U {*
21 1943 n 30 122 124 213 351 762 478 1e2 119 27 RS
25 1943 7 14 78 115 156 245 398 162 56 15 1 i
_ 11 1943 16 23 24 23 %2 ____50 196 209 193 105 29 19
17 1943 2 E} 4 4 6 [ 40 44 a1 11 4 3
— 19 1943 A 5 .5 n LB . 44 .50 25 20 5 - I T
37 1943 13 13 20 24 32 a7 115 42 1 8 9 10
21 1044 18 26 24 10 29 152 311 197 108 33 10 10
25 1944 3 1 3 i) 9 30 149 79 27 5 2 2
1 1944 70 21 6 15 19 32 113 176 118 %2 19 15
17 1944 3 3 2. 2 2 5 23 37 18 4 3. 2
17 1944 5 s 4 “ 5 24 35 21 12 6 3 2
37 1944 13 13 12 13 15 24 52 22 a 8/ 9 10
21 1945 12 15 2 &2 6T _ 153 375 545 243 33 11 12
25 1945 4 S [ kY 47 109 260 194 ¢ 4 3 %
_ 11 1945 13 5 12 2« 25 3R a6 2RR 202 60 23 18
17 1945 2 2 2 4 4 6 20 60 a2 6 3 3
19 1945 ? 4 2 5 L) 7n 3R 38 21 7 5 3
27 1945 13 13 13 15 18 24 63 44 19 a 9 10
A 1946 14 27 35 B ™ B Y Bo2 ang 1473 49 13 19
- —25 V36 5. .. 8 30 35 .26, 120 333, 216 . 86 11 L3 2
1n 1946 17 21 22 22 19 S6 200 a8 140 54 23 18
17 1046 3 3 3 3 3 22 41 67 22 5 .3 3
19 1046 - & 5 s & 5 an 48 39 15 7 5 2
a7 1946 12 13 13 17 18 25 92 35 9 [ 9 10
L 21 _ 1947 27 . 51 _2¢7 73 2ns 271 384 274 159 33 12 13
25 1947 5 16 162 5% 156 165 186 81 a7 7 1 1
RS § W _heser .18 ?2 . .82 a2 57 €7 139 268 . 1en (40 20 18
17 1947 El 3 R’ ) Q 14 29 S6 12 4 3 3
19 1947 ul 8 Ay e T )Rk 29 33 12 6 4 2
37 1947 13 13 76 74 33 37 o1 26 a ? Q 10
27 1948 22 103 140 188 132 172 697 1182 652 104 34 “ia
25 1948 4 47 76 100 110 113 350 483 138 19 34 2
11 1944 728 4 41 49 25 33 146 456 366 3 31 21
17 1948 4 5 SN Sy A, SRR AU 3o 4 - LI 5 3
1a 194p B 7 a ¥] 5 54 T Ta4n 56 £13 9 5 3
37 1948 13 12 20 24 26 20 105 96 16 8. 9 10 _

CSPURCT: UL,S. ARMY CORPS NF FNGIMEERS, WALLA WALLA DISTRICT, WALLA WALLA, WASHILGTON _

¢it




_ APPENDIX A -- Continved

T e T MCHTHLY AYDRALOGY DATA FOP GRANUE RONDE RIVIR BASTH
— e o —_ WITH WATEP FLOWS _IN HUNDREDS OF ACRE-FELT FROM 1926-196R - P

CONTROL POINT

NUMBER YEAR ocT NOV DEC JAN FER MAK APR MAY AUG SEP
1 T9%a 24 29 EY] 25 an 443 557 12 12
2% .19 .3 7T .. _3 . .2 o268 —0
11 1949 20 20 19 1 21 19 16
17 1949 a 2 3 2 3 3 2
19 1949 5 5 5 2 5 5 2
S X SR _ 1949 I - S V- 13 15 18 ! 9 10
o2 1950 19 28 29 42 164 B 25 14
25 1950 2 6 9 - 79 4 2
11 1950 18 22 23 17 25 28 17
17 1950 3 3 3 3 4 % 3
SRR & SOV o () e 3 5. 5 4 B 3 ___._3
37 1950 13 i3 13 15 26 10
T2 . 1951 27 62 119 117 274 308 621 400 12 S
25 1951 3 1 38 54 134 151 281 . 166 0 0
1 1951 20, 73 27 73 a6 41 173 757 20 15
_________ A NSy A B A A S R 36 e 3k
19 1951 5 5 6 5 9 29 %3 32 3 2
.3V o _19sy 13 \3 13 _ . 1® 33 3L . _92 . 3_. .9 10
21 1952 23 22 30 29 36 199 485 653 15 11
25 1952 3 7 15 5 ) 118 il6 192 3 3
U 1§ | e . d952 26 023 20 Pe .22 . %3 257 360 L2619
17 1952 4 3 4 4 3 a 53 ™ 4 3
i 19 1952 6 .5 T 5 41 65 46 . -
37 1952 13 13, 13 1% 15 26 83 37 9T TIo
2 1953 T1 12 198 282 571 %98 514 ~ Vs Z5 15
e 25 _..1es3_ 1 _ 162 __ _18e 287 236 1385 18 L
11 1963 16 17 42 56 142 282 L0 132 38 2277
I i 1953 ° 2 3 6 12 . 29 59 53 14 6 S 3
19 1953 4 4 a 55 4a 34 34 1677 6 Ty
37 1953 12 13 21 46 83 46 16 8 9 10
Y 1 S 1954 18 25 _ 11 .53 152 171 359_ 249 _ 222 55 ___ .19 15
25 1954 2 4 2 2% [T 81 182 65 47 ) F 2 R
R ) N, 1. 1. 22 ?22___ 24 23 31 4l 102 - 192 118 %0 25 17
17 195¢ 3 3 2 s [ 21 4 18 5 & B
19 1954 5 5 5 5 6 29 _ 25 24 12 7 4 2
37 1954 i3 13 17 T8 76 7% 60 24 io 8 9 —10
- 21 1956 B & 13 ié 16 44 359 524 248 60 B 11
.2 195 3y .58 __ I 2 I 7 193 290 95 15 2 2
1N 1955 is 1% 16 15 13 16 48 181 201 51 v T WY T |t
17 1955 2 2 2 2 2 a 10 28 ar 5 3 3 H
19 1955 3 4 % 5 3 77 20 21 21 7 Y  — o
[ L 1958 13 W13 13 13 15 17 61 46 10 8  _.....9 . _1lo



APPENDIX A -. Continved

e 7T MONTHLY HYDROUGGY ©ATA FNR CRENPE RONDE RIVER BASIN
_WITH WATER FLOAS _IA HUNDREDS CF ACRE FEET FFCM 192871968

CONTROL_POINT
NUMBEP YEAR ocT NGV DEC JAN FEE MAP. APR MAY JUN JLY AUG SEP
2% 1956 18 49 287 L8RS 103 486 946 Qg9 305 57 25 16
75 ... Y956 2 . 15 9% =82 5T 282 «70 35  Mle 14 3 3 ___
11 1956 19 2% 39 44 25 XS 210 154 182 59 25 18
17 1956 3 4 6 7 4 14 43 T4 29 6 L3 3
19 1956 B B 9 10 ] 48 52 44 19 7 5 2
v . 1956 S 3 _y3 03 26 .22 .42 . 139 _.80 _ _ 1L 8 .9 10
— 2} . A85T 22 .25 .. 8T . 3 113 __ 346 . 590 L1120 )8e 3T 14 12
25 1957 3 7 37 1R 67 137 2R4 271 42 7 2 1
11 1957 19 17 34 22 27 77 154 336 178 43 20 15
17 1957 3 3 S 3 4 16 32 70 28 % 3 2
19 _ ... 1957 - B 4 r S & &1 %0 &Y 19 6 3 2
a7 1957 13 13 13 15 22 35 90 52 Q 8 9 10
21 1958 29 25 105 T4 479 204 759 724 228 62 15 13
25 1958 4 7 45 L 42 287 110 365 254 60 13 2 1
I 1958 21 18 26 23 70 5% 12¢ 422 204 51 25 19—
A? 1958 I s . S 10 1L . 26 84 32, .. S o _4_ 3 .
19 1958 5 S 6 ) 16 41 42, 52 21 7 5 2
37 .. 1958 o113 13 13 17 45 35 112 49 10 8 .9 . aA0_.___
g1 1959 13 52 22% 244 12¢ 214 292 363 149 28 14 23
25 1959 2 14 96 131 76 115 18R 178 4D 6 1 3
S § I 1959 19 Y T3 62 . 49 157 225 206, 52 __ 29 3%
17 1959 3 & 11 10 6 10 32 48 a3 5 5
19 1959 5 # 16 13 K 40 40 20 21 7 B T T
37 1959 13 13 24 27 26 29 67 34 9 8 9 10
1960 64 81 38 18 29 %13 470 584 214 31 18 14
1960 10 22 17 9_ 17 223 ..e2r 05 RT ___...._6& 2 1
1960 95 60 44 28 30 102 175 lo8 171 43 24 18
_.._Ise0 13 a 7 _ 4 4 21 35 42 27 4. 4 3
1960 19 14 10 6 [ 43 45 25 18 6 5 2
1960 13 13 14 15 15 38 76 50 10 A 9 10
21 - 19e1 __ _ _ .20 _ 23 263 300 265 339 _ 14l _ 22 10__ 1 L, 2
25 1961 23 23 145 162 127. 119 37 4 1 1
11 1961 17 da_ 0 .31 %2 .88 ____21¢ 183 _ _ 35 LY 17
17 1961 3 a 5 q 18 45 29 4 3 3
19 1961 4 5 6 29 28 27 19 [ 3 1
37 1961 13 15 a5 31 52 31 9 8 9 10
21 1962 16 Q9 a7 171 485 a7 159 27 14 11
N 25___ .. w1962 2 R 53 . .52 ... _92 | . 233 130 42 S5 b oY
N 1962 18 30 30 k) 166 184 158 49 20 16
17 1962 3 4 5 5 34 30 25 5 3 2
19 1962 5 b 6 2R 42 22 17 7 % 2
a7 1962 13 18 20 24 76 27 9 8  _.__9 ... 10 _

TRICT, WALLA_WALLA, WASHINCTCH =
~



APPENDIX A .. Continued

T MARTHLY HYDROLOGY DATA FOR GRANDE RONDE PIVER BASIH
WITH WATFR FLOWS IN HUNDREGS OF ACRE FFET_FROM 1928-1968

CONTRNL POINY

NUMRER YEAR ocT NOV DEC. JAM FER MAR APR MAY I [T T TR AUG SEP

21 1963 26 a8 85 37 212 164 281 426 107 .t 15 15
__ _25 _ 1963 4 10 36 20 127 as 135 149 20 ) [ 2 2

11 1963 25 30 32 21 41 41 65 164 ' 16 15777

17 1963 4 4 5 3 6 . A 13 34 2 > 2 2

19 1963 5 6 7 5 ) 23 16 20 ir ] 3 1

37 1963 13 13 14 15 __ 31 24 52 38 _ R a9 10

21 1964 14 24 Z4 21 26 99 420  3m 258 2 .20 17

25 1964 2 6 10 12 16 54 202 130 69 11 2 2

11 1964 12 16 16 l6 15 1R 70 173 223 58 24 17

17 1964 2 2 2 2 2 3 14 36 40 6 [3 3
— __19 . 1964 2 3 4 P, 2 4 29 26 .21 22 .1 A 3___

37 1964 13 13 14 15 15 20 67 32 10 [ 9 10

21 1965 15 i9 24R 517 i70 233 689 499 252 el 37 23 T

25 1965 2 5 106 279 222 125 332 175 X 13 4 3

11 1965 T3 15 29 54 60 %46 161 279 728 63 29 20

17 1965 2 IS . SR .} G T3 .56 _23, & 3

19 1965 2 3 1 42 12 42 49 39 13 6 5

37 1965 _ . N T B 4 .24 29 _ _..20 ___ _S56 __.__ 96 44 8 _ ._._8_ . ___.8 10

21 1966 17 21 12 le 12 143 246 136 54 23 8 11

25 1966 3 o 5 9 T 77 127 %8 15 5 1 1

11 1966 18 19 17 15 13 .34 81 1210 .51 22 12 10

17 1966 3 3 2 2 2 B 17 24 ) 2 2 1

19 1966 - . . S SRR 25 20 L2y e 3 2

37 1966 13 13 13 13 15 20 40 15 TR 8 T8 8

71 1967 16 32 95 167 132 226 255 669 245 %3 12 10

25 1967 4 B 37 67 60 102 110 177 _ 35 3 0 1

11 1967 13 18 22 27 28 39 54 258 256 YA 22 15
AT X% 2 I S h . .6 n___..S2 26 L 3 2

19 1967 2 3 5 6 6 28 15 45 45 “ie” B I B

a7 1967 13 13 26 24 33 37 61 26 9 8 9 10

21 1968 17 18 71 72 263 148 108 157 75 17 16 15

25 1963 3 6 34 25 ia% 62 33 3 A R ] 3 I

11 1968 18 16 19 25 62 69 68 183 150 38 24 21

17 196R 3 2 3 3 9 11 1% 377 15 L [3 3

19 1968 3 3 5 6 13 16 49 45 27 9 5 5 -

Kk 1968 3 13 I3 T3 18 7% 52 22 L ] g 10

SOURCF: U.S. ARMY CORPS NF ENGINEERS, WALLA WALLA DISTRICT, WALLA WALLA, WALI~GTUR

81T



Name
Birthplace
Birthdate
College

Universities

Degrees

Awards

Organizations

VITA

Gary Ray Wells
Pocatello, Idaho
29 January 1938

Idaho State College
Pocatello, Idaho
1956-1960

Brigham Young University
Provo, Utah
1960-1961

University of Utah
Salt Lake City, Utah
1961-1963 1969-1971

B.S., Business, Idaho State College
M.S., Economics, Brigham Young University
Ph,D,, Finance, University of Utah

Teaching Assistantship
Brigham Young University
Provo, Utah

1960-1961

Teaching Assistantship
University of Utah
Salt Lake Clty, Utah
1961-1963

N.D.E.A, Doctoral Fellowship
University of Utah

Salt Lake City, Utah
1969-1971

American Finance Association
Operations Research Society of America
American Economlc Association



120

Positions Research Associate
. Bureau of Economic & Business Research
University of Utah
Salt Lake City, Utah
1963-1965

Assistant Professor & Assistant Director
Bureau of Business Research

Idaho State University :

Pocatello, Idaho

1965-1967

Assistant Professor & Project Director

Idaho Economie Base Study for Water Requirements
Idaho State University

Pocatello, Idaho

1967-1969

Assistant Professor

School of Business and Economics
University of Puget Sound
Tacoma, Washington

1971

Publications nUtah Food Camning Industry® (with K.L. Lueck and
0.L. Harline)., Utah Economic and Business Re-
view, Volume XXIV, Number 11, November, 1963,

»1963 Business in Utah Counties,® Utah Economic
and Business Review, Volume XXIV, Number
April, 19

vMultiple Dwelling Construction in Utah" (with
L. Uno). Utah Econamic and Business Review,
Volume XXIV, Number 7, ’ .

A Statistical Abstract of Utah's Econamy: 1964
!wit_h H.B. Greens. Bureau of Economic and Busi-
ness Research Publications: Studies in Business °
and Economics, Volume XXIV, Number 3, 1964,

"Changes in Utah Retail Trade, Utah Economic
and Business Review, Volume XXV, Number 2, Feb-
ruary, 19



121

Southeastern Idaho Municipal and Industrial
Water Study, Bureau of Business Research: Pre-
ared for the U.,S. Bureau of Reclamation Region
0ffice, Idaho State University, 1966,

p _

t of Air Services in Idaho (with S.N, Wong
and F,D, Seelye), Bureau of Business Research:
Prepared for the Idsho Legislative Council,
Idaho State University, 1966,

Yolume T Changes in Employment, Population, and
cipal and Industrial Water uirements
Ewiifﬁ G.D. Jeffery and R.T. Petersong. Bureau
of Business Research: Prepared for Idaho Water

Resource Board, Idaho State University, 1969,

Idaho Feconomic Base Study for Water Requirements:
Volume IT Agriculture, Mining, Fores and Asso-
e . reau of Business Research: Prepared

for Idaho Water Resource Board, Idsho State Uni-
versity, 1969,
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