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ABSTRACT
COMPLEMENTARY-COMPETITIVE ASPECTS OF WATER STORAGE

KEY WORDS: Allocatioﬁ; Flow Auémentation; Marginal Analysis; Planning;
Reservoir Operation; Simulation; Temperature Control;
Water Pollution; Water fuality

Allocation of scarce water for flow augmentation to enhance water quality
and other beneficial uses conflicts with other water demands. An
analytical model is proposed that is capable of allocating water to
competing demands on the basis of economic efficiency. The value of
water is determined from the slopes of the benefit functions for water
uses and an algorithm, based on the theory of marginal analysis,
allocates water after considering the complementary and competitive
uses of available water, Operations strategies may be selected and
revised throughout the demand period regarding the amount of water to
remain in storage, or stored and then released for downstream uses or
downstream diversions, Results predict the frequency and magnitude

of shortages for each beneficial use of water.

Simulation of the hydrologic and economic systems of the proposed Holley
Reservoir in the Willamette Valley in Oregon was used to test the
effectiveness of the proposed analytical model and the results appear
very good. A daily streamflow model and a relationship between reservoir
operation and recreational attendance were developed to produce an
accurate simulation of the basin., Planners, designers, and operations
personnel are provided with a method of allocating water in proposed

and existing systems., This method indicates the value, extent and
magnitude of the complementary and competitive aspects of water storage
for water quality control.

This report was submitted in fulfillment of Project 16090 DEA between

the Federal Water Pollution Control Administration and the Sacramento
State College Foundation.
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SECTION 1
SUMMARY
CONCLUSIONS

An analytical model has been developed and tested that is capable
of indicating the extent and magnitude of the complementary and
competitive aspects of water storage for water quality control.
Techniques of marginal analysis are used to analyze the benefit
functions of water uses and allocate scarce water on the basis

of economic efficiency.

A daily streamflow simulator has been developed and tested which is
capable of generating daily nonhistoric flow sequences with
statistical properties and hydrographs similar to historical flows.

Reservoir recreation attendance has been analyzed and a definite
relationship was developed regarding the influence of reservoir
operation on recreational attendance for the area studied.

Results from the simulation of the hydrologic and economic systems

of the basin studied include a response surface showing the maximum

net benefit contours for water quality combinations of dissolved

oxygen concentrations of 4, 5, and 7 mg/l and coliform bacteria

MPNs of 240, 1000, 2400, and 5000 per 100 ml. Associated costs

to achieve the water quality objectives are included. Optimum
objectives agree closely with the objectives of the Oregon State
Sanitary Authority.l The minimum flow objective (6000 cfs) on the basis
of economic efficiency was higher than the State's objective (5500 cfs);
however, the State's appears to be more realistic in view of the
shortages associated with optimum conditions derived from economic
simulation models. Water quality management plans based on the State's
minimum flow objective would achieve fewer and less severe failures

to meet water quality objectives than a higher flow objective.

Flow augmentation, as shown by this research project, is an economic-
ally feasible means of achieving and maintaining water quality objectives.
The extent of flow augmentation is a function of the shape of the
hydrograph, the degree of treatment provided, the cost of alternative
means of waste treatment, and the value of complementary and competitive
beneficial uses of available water.

Reliability of flow augmentation is a function of other project
purposes and other facilities in the basin. Directly downstream of
a reservoir, annual demands should be met or almost met every year.
In a large, highly regulated system, with many reservoirs where

1
The name of this agency has since been changed to the 'Oregon Department

of Environmental Quality".



demands for the release of water for flow augmentation many occur

only during water short years, a new system may not be too reliable.
During water short years, if reservoir operations are based solely

on marginal benefit analysis, competing demands may provide greater
returns or may have priority in order to meet contractural commitments.
Even 1f water was legally appropriated for specific beneficial uses

on the basis of economic efficiency, sufficient water may not be
available to meet all of the appropriation demands during drought
periods.

_Storage of water for temperature control accompanied by selective
withdrawal both compete with demands for flow augmentation to

meet other water quality objectives during certain periods of the
year. Frequency and magnitude of shortages in the minimum conser-
vation pool should be similar to shortages in downstream flows in
order to achieve maximum fishery enhancement benefits. Available
water for fisheries should be allocated between demands to meet
flow and also temperature target objectives. The sacrifice of either
objective for the other would cause considerable losses, even
though one of the objectives was achieved. Therefore, the several
demands for fisheries must all be met to some degree since they are
all necessary conditions for downstream fishery enhancement.

Small, frequent shortages will be encountered by water users and
occasional damages from floods will be encountered when economic
efficiency 1s the objective 1f structural inputs are sized, target
outputs are selected, and operational procedures are established on
the basis of economic simulation models or mathematical optimization
techniques.
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RECOMMENDATIONS

Techniques are needed to develop accurate benefit functions to
describe the economic losses incurred by water users when water
shortages occur and/or water of insufficient quality must be used.

The feasibility of dynamic allocations of water must be examined.

In the future the value of water associated with beneficial uses
will change as well as the demands for use., Increased leisure time
is expected to be accompanied with more recreational use of water.
Higher degrees of treatment will alter the wvalue of water for water
quality control, A study of this problem should be attempted and
should consider trends in water uses, advances in waste treatment
technologvyand the influence of an increasing population and an
expanding economy on all affected water quality indicators. Current
projects should be capable of reallocating water in the future,

Institutions are needed that are capable of basin-wide regulation
of waste discharges and of land use if available water resources
are to be allocated in an optimal fashion,

Negative benefits from storage of water for water quality control
should he evaluated. Stored water is essentailly the wash water
from a basin., When stored water is released for water quality
control, the turbidity of downstream waters frequently increases
due to suspensions in the wash water and algal growths, If pro-
visions are not made for selective withdrawal, then downstream
temperatures could increase or the released water could be low in
dissolved oxygen., Existing water contact sports could be curtailed
when downstream temperatures are lowered for fishery enhancement,

Water quality benefits should be associated with water use benefit
functions, rather than to water quality per se as allowed in

Senate Document 97 (27). Application of Senate Document 97 allowing
benefits to be equal to the cost of external alternatives could
justify water quality objectives with excessively high associated
costs that might not receive sufficient evaluation,



SECTION 2

INTRODUCTION

STATEMENT OF THE PROBLEM

When water is stored and subsequently released for water quality control,
two conflicting situations arise, Released water not only normally
improves downstream water quality, but also enhances those other down-
stream beneficial uses of water dependent upon water quality and higher
flows, Stored water improves reservoir recreation and fishing, provides
head for the production of hydroelectric power and furnishes a con-
servation pool for regulating the temperature of released water. When
water is released for water quality control, a competitive relationship
develops, not only between reservoir storage needs, but also between the
dwmstream demands for water to be diverted for such purposes as irrigation,
If water is stored for water quality control, the extent and magnitude

of the complementary and competitive aspects should be known. An
associated problem during water short periods is how much water should
be released for what purposes, and when should it be released, as well

as how much should remain in storage., Reservoir storage space for the
regulation of potential floods frequently conflicts with reservoir
filling schedules essential for meeting water demands during low flow
periods,

SCOPE AND OBJECTIVES

The specific aim of this project was to investigate the complementary
and competitive aspects of water stored for water quality control. To
achieve this objective, a rational analytical model using marginal
analysis was developed., This model allows the extent and magnitude of
the complementary and competitive aspects to be quantified by a com-
parison with the probability density function:- of the maximum reservoir
storage and expected reservoir inflow during a critical low flow period.
A simulation model of the hydrologic and economic systems of a test
basin verify the adequacy of the model.

Actual physical, hydrologic, and economic data to test the model were
obtained for the Calapooia River near the middle of the Willamette

River Basin in Northwestern Oregon. Potential project benefits from

the development of the proposed Holley Reservoir in addition to water
quality include flood control, irrigation, drainage, downstream fisheries,
reservoir sportfishing, and reservoir recreation, Other minor benefits
include downstream hydroelectric power generation and navigation which
were not included in this study because of their minimal influence in
relationship to the other potential project purposes.

Water quality benefits from flow augmentation were estimated on the basis
of the postponement of the construction of treatment facilities and the
avoidance of maintenance and operation costs of these facilities if the
target water quality flow objective was met., This procedure is in
accordance with standards for the measurement of water quality control



benefits as outlined in Senate Document 97 (27). Currently most project
planners prefer to evaluate water quality benefits by determining the
direct effects of water quality on specific beneficial uses.

Inclusion of flow augmentation in any federal project currently must

be in accordance with Section 3 (b) of the Water Pollution Control

Act, as amended (33 U.S.C. 466 et seq.), which states that the storage
and release of water for flow augmentation shall not be provided as a
substitute for adequate treatment or other means of controlling the waste
at the source. FWPCA policy has been to interpret "adequate treatment’
to mean no less than the equivalent of secondary treatment.

The degree of treatment required to meet combinations of water quality
objectives for dissolved oxygen concentrations of 4, 5, and 7 mg/l and
coliform bacteria MPNs of 240, 1000, 2400, and 5000 per 100 ml for
different minimum flow objectives was determined in two phases. Non-
linear programming was used to determine the minimum cost to remove or
treat an estimated sufficient amount of waste to achieve the water
quality objectives (16). The results were in terms of an allowable
discharge for each significant waste discharger (20 municipalities and

7 pulp mills) in the Basin. These results were inserted in an oxygen
sag model of the basin by Worley (28) and a coliform die-off model by
Kerri (17) and the response of the river system was checked to determine
whether the water quality objectives were met. The input data consisted
of field data collected during 1963 (4), and cost figures for the 1963-
1965 period (17).

Although the model used a minimum cost solution, the results from
current loadings would probably not be too different from the results
obtained by establishing a uniform effluent requirement. Current
Federal Water Pollution Control Administration policy stresses the
highest degree of treatment possible, which is consistent with the
approved Water Quality Standards for the Willamette River and Multnomah
Channel. Current approved standards require "at least 85% removal of
BOD and suspended solids plus effluent chlorination' (20). Provisions
are included to require a higher degree of treatment if necessary.

Industrial expansion and population growth will cause the 85% removal
requirement to be inadequate in the future. If the uniform effluent
requirement is accepted and enforced, then at some time in the future
all waste dischargers will have to increase their degree of treatment

to the 90 or 95% level of BOD and suspended solids removal. At this
point, the benefits from the alternative of releasing water for water
quality control will be extremely high. A review of previous enforcement
action indicates that, with the exception of the city of Portland and
the older pulp mills, the Oregon State Sanitary Authority successfully
concentrated its early activities along the lower, critical reaches

of the Willamette River and on the larger municipalities. This enforce-
ment is consistent with the results from minimum cost models.

A daily streamflow simulator was developed to simulate hydrologic
conditions in the basin (21). Originally, it was written in FORTRAN



and then in DYNAMO.2 DYNAMO was found to be a superior computer language

than FORTRAN and a very effective research tool for this type of problem.
Consequently, the economic system and analysis section of the simulation
model were written in DYNAMO, Flow diagrams and copies of the programs
are contained in Appendix V.

This project model is not intended to be definitive of Holley Reservoir,
but is developed to accomplish the aims of this research project and in
order that it be useful for water resource projects of this general
nature. At the time (December 1969) this report was completed alter-
native cost and benefit functions for Holley Reservoir were being
developed and reviewed. The actual Holley data lend reality to the
investigation and make the results more clearly understood.

2DYNAMO is a simulation language developed at MIT by J. W. Forrester
(6) to study problems in industrial dynamics.



SECTION 3

ANALYTICAL MODEL3

To identify the extent and magnitude of the complementary and competitive
aspects of water storage for water quality control, an algorithm is pro-
posed that incorporates the concepts of dynamic programming and marginal
analysis. In the process, available water is allocated to those
beneficial uses that produce the greatest return,

Hall, using techniques developed by Bellman (3), has used dynamic pro=-
gramming as the optimizing procedure for selecting the capacity of an
aqueduct (7), the design of a multiple-purpose reservoir (8), and water
resources development (9). The proposed algorithm is an extension of
Hall's observation that the number of calculations could be "drastically
reduced" by developing a table of incremental benefits for each function
under consideration and selecting the largest remaining increment of
benefit for each additional increment of water (7). Beard (2) also has
indicated the feasibility of the proposed approach,

An allocation and incremental benefit table provides an excellent
illustration of water demands and associated benefits, The proposed
model is dynamic from the standpoint that during low flow periods, at

the end of each time increment past and expected inflows, available
storage, and remaining demands are reviewed and allocations redistributed
if necessary to optimize output,

ALGORITHM
1. Identify the time span during which water must be released (low flow
period) from storage for beneficial uses, The time of maximum reservoir

level will vary from year to year, but the beginning of the demand
period can be approximated,

2, Develop benefit functions for beneficial uses creating demands
during the low flow period., The benefit functions will show the
losses resulting from failure to meet target outputs.

3, Determine the value of water for each segment of the benefit function
in dollars per acre=foot.

4, Rank the values of the segments in descending order,
Allocation of Water
5. Begin allocation of water by assuming an empty reservoir,

6. Assume increasing volumes of water available for allocation., The

3

The theory and derivation of this model are contained in Appendix I,
Theory of Optimum Allocation of Water,



initial increments may have to be stored before full advanatage

may be taken of the most valuable segments of the benefit functions.
The sequence of allocation of the segments of the benefit function
cannot be ignored because sometimes a low value increment may be
associated with minimal storage.

7. Assign priorities to water demands., The total benefit for all
possible uses of each increment must be estimated, Possible uses
include (1) storage, or storage and then release for either (2)
downstream use or (3) downstream diversion., Whichever of the three
possibilities that produces the greatest value receives the increment
of water under consideration, This step is repeated until all
demands are satisfied or the maximum possible volume of available
water has been allocated.

8. Estimate the extent and magnitude of the shortages for any beneficial
use from the probability or frequency density function of the

expected volumes of water available for storage or release. (Reservoir

storage plus expected inflow,)

9, Compare results from the algorithm with and without water quality
demands. The frequency and quantity of the shortages with and
without water quality as a project purpose will indicate the extent
and magnitude of the complementary and competitive aspects,

Verification of these results should be obtained from a simulation model
of the project under study. Simulation is essential because the
response of the basin can be observed using historical or simulated

flow sequences.

APPLICATION OF ANALYTICAL MODEL

Planners and designers will find the analytical model an excellent
screening tool, The model will be helpful not only in identifying the
extent and magnitude of the complementary and competitive aspects, but
it will be also applicable to estimating sizes of structural inputs,
target outputs, and operating procedures, The model will not be
particularly useful in determining flood storage and filling rates
because of the importance of flow sequences in determining these
factors, Simulation, combined with marginal analysis, is effective in
attacking this type of problem,

A very important use of the model should be in determining operational
procedures in simulation models and then applying the results to

actual facilities, If benefit functions in the simulation model are
prepared on the basis of percent target met and percent target benefit,

then varying target outputs and appropriately adjusting target benefits
will not change the priorities because the slopes of the benefit

function will remain the same (Figure 1), Figure 1 shows a typical
benefit function where economic losses are encountered whenever the
target output (thus the target benefit) is not met,

10
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Existing systems can be reviewed using the analytical model. Users

will have to recognize institutional constraints and delivery contracts.
During periods of extreme shortages, the model could be used to allocate
the water on the basis of economic efficiency. These results could be
compared with alternative means of meeting specific critical demands,
such as domestic needs,

In applying the model, either static or dynamic conditions may be
assumed. Static conditions consider the situation for the entire
critical period without regard for events within the period. Dynamic
conditions consider actual inflows, storage and releases on a daily,
weekly, or monthly basis within the critical period under consideration
and continually revise allocations for maximum economic efficiency.

This is consistent with the Bureau of Reclamation's procedure of meeting
contractual commitments and then maximizing hydroelectric power
production at their facilities (24),.

12



SECTION 4

SIMULATION MODEL4

To test the analytical model, a simulation model (Fig. 2) of the
hydrologic and economic systems of the Calapooia River Basin (Fig. 3)
was developed and tested, Daily increments were used to accurately
describe low flow conditions as well as estimating peak flood flows and
the routing of the flood hydrographs through the reservoir. Analyses
of 200 years of simulation runs (Section 5) indicated that similar
results could be obtained from 50-year runs in terms of the expected
annual net benefits,

In the hydrologic system, streamflows were generated at the proposed
reservoir site (designated upstream hydrology) and at a downstream
gaging station three miles above the confluence of the Calapooia
River with the Willamette River, Flows in the Willamette River were
simulated only during low flow periods at Salem, Oregon, the location
of the minimum flow objective station in the Willamette River. Con-
sideration was given to the regulated releases from the other 13
authorized reservoirs in the Willamette Basin System.

Reservoir operational procedures were developed on the basis of two
techniques, Releases of storage volumes during low flow periods were
allocated to downstream demands and reservoir needs on the basis of
results from the analytical model, The complementary and competitive
aspects were accounted for in allocating volumes of water for storage
and release, Flood control storage and filling schedules were derived
on the basis of applying the method of steepest ascent to the results
from the simulation model (Section 5).

Economic benefits from meeting water demands for beneficial uses were
calculated in the economic model on the basis of a percentage of the
target output which was successfully met, Benefit functions (Figure 1
and Appendix IV) attempted to estimate losses incurred by failures to
achieve the target output. Losses were measured by subtracting actual
benefits from target benefits, where actual benefits are determined from
the percent target output met, Project purposes included drainage,
flood regulation, irrigation, downstream anadromous fishery enhancement,
reservoir sport fishing, recreation, and water quality. Annual costs
associated with the project purposes are calculated on the basis of the
interest rate,” life of facilities, and maintenance and operational costs.

AA summary of the sources of input data is found in Appendix IV. For a

detailed description of the model, flow dilagrams, and the computer
programs in FORTRAN and DYNAM)O, see Appendix V, Good explanations of
the DYNAMO language may be found in the DYNAMO Users Manual (22) and in

a paper by Krasnow and Merckallio (18). For applications of DYNAMO see
references 10 and 11,

5Any interest rate may be tested in the model and rates between 3 and
5% were studied by this project,

13
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Performance of any proposed system of structural inputs, target outputs,

and operational procedures is evaluated by the economic analysis section

of the simulation model, Reservoir operation is measured in terms of how
cluse the reservoir came to being full each year, as well as its ability

to maintain the minimum conservation pool for temperature control, Spill
data and flood regulation ability are also recorded,

Various sized channels below the reservoir are evaluated in terms of

the channel's ability to contain reservoir releases and local inflow
durineg flood periods. Also considered are the flows in the channel

during the drainage season when the average channel level must be

below 30 percent of the channel capacity to receive full drainage benefits,

Irrigation capability is recorded on the basis of the percent irrigation

target met, Recreation and water quality are evaluated on a similar
basis.

For each project purpose, the economic analysis section records the
frequency and magnitude of the shortages for every simulation runm,
Analysis of these results indicates how the system may be improved to
aleviate shortages or increase the maximum net benefits,

Shortage Indices (1) for each project purpose also were calculated to
assist with the analysis of the project performance., Shortage indices
assume that losses from failures to meet target objectives can be
estimated on the basis of the square of the percent water shortage,

16



SECTION 5

DESIGN OF EXPERIMENT AND SENSITIVITY ANALYSIS

This section describes the method of economic analysis, design of experi-
ment, sampling procedures, sensitivity analysis, and optimization
techniques used to search the average annual net benefit response sur-
face of the system being studied.

LECONOMIC ANALYSIS

Two types of economic analysis models are possible in simulation studies--
static and dynamic (13)., In a static model, all capital facilities are
assumed to be installed at the start of the simulation period and the
demands (for water) remain constant throughout the time period under
consideration., A dvnamic model is characterized by capital inputs and
levels of target outputs changing during the simulation period. Demands
may be increased annually or they may be held constant for a particular
demand period~~say the first fifteen years, and then the size of facilites
and the demand could be increased and held constant for another time or
demand period,

In planning studies which require estimation of future demands and
consideration of the facilities necessary to meet these demands a dynamic
model should be used. However, this is a research project whose objective
is to develop a model that will produce a rational analytical approach

to the evaluations of the magnitude and extent of the complementary and
competitive aspects of water storage and release for water quality
control. These aspects could become 'clouded" if the growth rates used
in a dynamic model for the different demands and beneficial uses were

not realistic and similar to those that actually could be encountered

in the future. Also, in a dynamic model which discounts benefits to

the present, severe floods or droughts at the beginning or end of the
economic life of the project may have considerable influence on the
results, For these reasons, a static economic model was regarded as

the better approach to carry out the objectives of this research project,

LENGTH OF SIMULATION RUN

To determine the minimum acceptable length of simulation run while
searching the response surface and still expect to approach the population
mean annual net benefits, two l00=-year simulation runs were compared,

The first 100 years used the regular random number generator while a
noise element was inserted in the random number generator for the second
100-year run, A noise element will vary the sequence of random numbers
generated, thus altering the hydrology by changing the random component

in the daily flow simulator and changing the times (years) of occurrence
of low flow demands in the Willamette River, Results of the runs are
summarized in Table 1 and are shown in Figure 4,

Examination of Table 1 reveals similar answers and 5J years appeared to
he a sufficient time period for a simulation run., The simulation runs

17



TABIE 1.

SUMMARY OF AVERACE ANNUAL NET BENEFITS
FOR 200 YEARS OF SIMULATION

AVERAGE ANNUAL NET BENEFITS, $1000

Year Regular Run Run With Neise
Flement Included
0 - 50 1916 1949
51 - 100 2053 2032
0 -- 200 1988

18




(s x10%)

ANNUAL NET BENEFITS

AVERAGE

it
.
[ ]

200
s YEAR AVERAGE

W

X WITHOUT NOISE ELEMENT

200 YEAR AVERAGE
yd

X WITH NOISE ELEMENTY

20 40 60 80 100

YEARS

Fig. 4, Two=-100 Year Simulation Runs

13



were vroken down into four 50-year perlods by separating the second 50
years in both the regular and noise element runs, and the results
compared favorably with the 200-year average,

At vptimum conditions, the noise element (change in hydrology) caused
a shift of 0.7 percent ($2009.,7 vs, $1995,9) in the average annual net
benefits for a 50=year period., A longer simulation run at optimum
conditions will provide anm indepth analysis of the system and better
indicate its response to adverse conditions,

SENSITIVITY OF BENCFIT FUNCTIONS

Sensitivity of benefit functions is reflected by the slope of a benefit
function (Fig. 1), A considerable change in the slope of any benefit
iunction would be required to shift the orders of most demand priorities
as Jetcrmined by the analytical model, because many of the priority
values are weiphted due to the complementary aspects of water use,

Changiny of target outputs does not change the priorities as long as

the bencfit functions in the simulation model are described in terms of
the percent target output and percent target benefit, provided appro-
priate adjustments are made in the target benefit, Using this technique,
the slopes of the benefit functions remain constant, In this simulation
mode |, the only exception was recreation which was a function of the
reservoir capacity, ‘

INTEREST RATES

Although the maximum net benefits dropped considerably with increasing
interest rates, the structural inputs, target outputs, and operating
procedures at optimum conditions were surprisingly stable (Table 2),
Current (1969) high interest rates were not anticipated when this study
was undertaken, Unless otherwise noted, all results reported are for
an interest rate of 3-1/4%.

2Q



TABLE 2. MAXIMUM AVERAGE ANNUAL NET BENEFIT,
STRUCTURAL INPUT, AND TARGET OUTPUT
FOR DIFFERENT INTEREST RATES

Interest Reservoir Irrigation
Rate Capacity Target
% 1000 Ac~ft, 1000 Ac~-ft,
3 140 84
4 138 34
5 138 82
SENSITIVITY
5 140 84

Average Net
Benefit
$1000
2084,1
1780,2

1465,7

1453.,8

21




Under the sensitivity entry in Table 2 the optimum reservoir capacity
(target input) and irrigation target (target output) at a three percent
interest rate were used to find the average annual net benefit if the
interest rate increased to five percent. The change in average annual
net benefits was a decrease of less than 0.5 percent from the optimum
net benefits obtained by changing the inputs and outputs to adjust for
the increase in interest rates. The importance of these results is
that an apparent optimum technological mix exists for this particular
basin which is not significantly influenced by varying interest rates.

MFETHOD OF STEEPEST ASCENT

To find optimum structural inputs, target outputs, and operational
procedures, a form of the method of steepest ascent was used. Initially,
the methods used by Hufschmidt (12) were attempted. Results were
acceptable, but calculations did not produce new bases which were con-
verging on optimum conditions as rapidly as desired. A visual examination
of the results and application of the concepts of the method of steevest
ascent proved to be the most efficient approach to converging on the
maximum net benefits.

OPERATING RULE CURVES

Considerable interest has developed recently in the field of reservoir
operation to optimize reservoir yields. James (14) economically derived
operating rules which maximized benefits. A stochastic linear programming
model was structured by Loucks for defining reservoir operating policies
(19). Jaworski (15) and Young (29, 30) used dynamic programming to
develop operating rule curves. Young (31) presents a numerical flow
routing approach for assessing reservoir requirements for insuring that
releases equal or exceed those flows necessary for nollution control,
The approach used in this project to determine operating rule curves
considers flow sequences, costs of storage, and benefits from water,
including economic losses resulting from shortages.

During critical low flow periods, water was allocated, stored, and
released on the basis of the analytical model. Flood control storage
and filling schedules were developed using the previously described
modification of the method of steepest ascent.

Critical decision variables included the volume of flood control storage,
when filling should commence, and the rate of filling. Different
combinations of these variables were tried using the concepts of the
method of steepest ascent in the search for the optimum operating
procedures during the flood season and reservoir filling period.

Another approach is to operate the reservoir during the flood and
filling seasons on the basis of the condition of the basin. A series of
rule curves based on the API (antecedent-precipitation index) or the
snow pack are other possible approaches which have application in
practice, but could not have been incorporated in the model due to the
method of simulating streamflows. For example, if the snow pack is
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significant, then capacity should be provided to contain a sudden runoff,
Operations decisions also should be aided by weather forecasts. These
other approaches are particularly helpful to action agencies whose
design criteria require the routing of historical records. If the
historical records include a late winter or early spring flood which
must be regulated, then it is extremely difficult to fill a reservoir
during dry years to meet low flow demands, without using the API or

a similar concept to operate a reservoir,

Figure 5 shows the first rule curve attempted and final optimum rule
curve, A total of 16 different curves were tested., Of particular
importance was the filling schedule, On October 1 (Day 1), the beginning
of the water year, the actual reservoir level was usually slightly above
the minimum conservation pool. Some water should be available for

f ishery releases and to maintain the pool. The flood season usually
begins around November 15 (Day 45). Note that gradual filling of the
reservoir begins on December 15 (Day 75), before the most severe floods
usually occur, Gradual filling of the reservoir continues until the
summer demand period which starts around June 1 (Day 242),

Analysis of the final rule curve reveals that low flow demands produce
greater benefits than the reduction of damages due to occasional large
floods. Personnel with action agencies have indicated that it is
difficult to economically justify providing flood control storage for
large floods (26) ; however potential loss of life is a constraint on
the reduction of flood control capacity.
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SECTION 6

RESULTS AND DISCUSSION

Contained in this chapter is the insertion of actual data from the
proposed Holley Reservoir Project into the algorithm of the analytical
model, Results from the model are compared with results from the
simulation of the hvdrologic and water resource related economic systems
of the basin., A discussion of the complementarv and competitive aspects
of water storage for water quality control is based on interpretation

of results,

Optimum combinations of water quality objectives are illustrated by a
response surface showing the average annual net benefits for combinations
of dissolved oxvgen concentrations of 4, 5, and 7 mg/l and coliform
bacteria levels of 240, 1000, 2400, and 5000 per 100 ml, Flow augmentation
objectives should be selected on the basis of the shape of the low flow
hydrograph, the value of competing demands, and the costs of waste
treatment and water storage, Optimum water quality objectives determined
by the proposed analytical model agree closely with actual water quality
standards adopted by the Oregon State Sanitary Authority and approved

by the Federal Water Pollution Control Adpinistration., A serious
shortcoming of mathematical optimization techniques is found in the
frequent, small water shortages that are encouztered at optimum inputs,
target outputs, and operational procedures,

RESULTS FROM ANALYTICAL MODEL

To test and verify the proposed analytical model, the authorized U,S.
Army Corps of Engineers Holley Reservoir project was selected on the basis
of previous work in the area and the availability of data, Results are
not intended to be definitive of Holley, but will be useful for water
resource projects of this general nature. At the time (December 1969)
this report was completed, alternative cost and benefit functions for
Holley Reservoir were being developed and reviewed, Verification of

the proposed model was accomplished using the mathematical simulation
model of the hydrologic and water related economic svstems in the
Calapooia River Basin. Details of the input data and benefit functions
are contained in Appendix IV, A description of the simulation model,
computer flow diagrams, and the actual programs are found in Appendix V,

Results of the application of the proposed anmalytical model to Holley
data are outlined in the following section, The numbering of the steps
corresponds to the algorithm outlined in Section 3, Analytical !odel,

Algorithm Procedures

1. Identify critical demand period,
Stored water must be released from Holley Reservoir to meet irrigation
demands and downstream fishery enhancement during the months of April,
and !May, During June, July, August, and September, the dry season,
shortages may become acute because of demands to store water for
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17,

temperature control, recreation, and reservoir sport fishing, as
well as additional releases for flow augmentation for water quality
control, Consequently June, July, August, and September were
identified as the critical time period,

Develop benefit functions, Results are outlined in Appendix IV.

The values of water for each segment of the benefit functions are
summarized in Table 3,

Rank the values of the segments of the benefit functions in
descending order as shown in Table 4.

Begin allocation of water by assuming an empty reservoir,

Assume increasing volumes of water available for allocation as shown
in Table 5. Note that priorities A and B are allocated to reservoir
storage in order to gain some control over the temperature of
released water to enhance the downstream fishery,

Assign priorities to water demands, The benefit for all possible
uses of each increment must be estimated., Possible uses include
(1) storage, or storage and then release for either (2) downstream
use or (3) downstream diversion. Incremental values are obtained
from Tables 3 and 4 and the benefits estimated for each of the
three possible types of uses, In priorities 1, 2, 5, and 6,
maximum benefits were obtained by storing a portion of the water
for temperature control for anadromous fish and releasing some of
the water to maintain a minimum flow and also to improve the DO
level to enhance the anadromous fishery,

Estimate the extent and magnitude of the shortages for any beneficial
use from the probability or frequency density function of the

expected volumes of water available for storage or release, (Reservoir

storage plus expected inflow.) See Table 4.

Examination of Table 5 allows a visual comparison of the extent and
magnitude of shortages with and without water quality as a project
purpcse. If water quality was not a project purpose, then irrigation
priorities 3 and 6 should be inserted ahead of priorities 1 and 2,
Removal or omission of the water quality project purpose would

cause a loss in the anadromous fishery due to dissolved oxygen
deficiencies and loss of temperature control,

Verification of the results using the algorithm are checked using the
mathematical simulation model of the basin, Results may be compared
in Table 4. Frequencies of shortages were closely estimated by

the algorithm as compared with results from simulation of the system,
Fewer shortages were expected by the algorithm because its estimates
are based on perfect knowledge, whereas in simulation and actual
practice, the exact sequence of future flows is not known,
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TABLE 3,

INCREMENTAT, DOLLAR BENEFITS FROM USES OF WATERL

Value2

Incremental Volume

2

Irrigati03

Fish

Recreation
R AdL Y

water Juality

$14,2 per ac-ft
11,0 per ac~ft

Reservoir Sport Fish
$ 0.80 per ac-ft
2,30 per ac-ft
6,00 per ac~ft
3.00 per ac=ft
0.80 per ac-ft

Anadromous Fish (Release)
Base Release, No Benefit
£50.90 per ac~ft
17.00 per ac-ft
4,20 per ac~ft

Anadromous Fish (Storage)
Base Storage, No Benefit
$24,80 per ac=ft
8.30 per ac~-ft
2,10 per ac=ft

$ 7.70 per ac-ft
3.30 per ac=ft
2.80 per ac=ft
2,00 per ac-~ft
1.85 per ac-ift
1,45 per ac=ft

$12,20 per ac=-ft
8.20 per ac-ft
4,90 per ac~ft

67,200 ac=ft
16,800 ac-ft

10,200
10,200
10,200
20,400
10,200

10,000
5,000
10,000
5,000

20,400
10,200
20,400
10,200

20,090
40,090
10,000
10,000
20,000
40,010

2,900
4,800
38,900

ac=ft
ac~ft
ac=ft
ac=ft
ac~ft

ac~ft
ac~ft
ac-ft
ac~-ft

ac-ft
ac~ft
ac=ft
ac=ft

ac~ft
ac=ft
ac~ft
ac-ft
ac~ft
ac=~ft

ac=ft
ac~ft
ac-ft

1, This table is a summary of benefit functions in Appendix IV,

2, The values and volumes associated with each henefit are ranked in
order of allocation, i.e,, the first value results from the first

incremental volume allocated to the beneficial use,
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TABLE 4. RANKED SEGMENTS OF BENEFIT FUNCTIONS

Rank | Fish Fishl Irrig. Recre=~ | Water Vol. Cum,
Res, Anad, ation | Qual, Ac-ft. Vol,
1 16,82 ras3) 15,200 | 15,200
2 14,2 r | 59,100 74,300
3 12,2 r| 2,900 77,200
4 11,0 r | 14,900 92,100
5 8.2 r| 4,800 96,900
6 7.7 s | 20,000 | 116,900
7 | 6.0 , s | 10,200 | 127,100
8 5.6 r&s | 30,400 | 157,500
9 4.9 r | 38,900 196,400
10 3.3 s | 40,000 | 236,400
11 3.0 s | 20,400 256,800
12 2.8 s | 10,000 | 266,800
13 | 2.3 s | 10,200 | 277,000
14 2,0+ s | 10,000 | 287,000
15 1.85 s { 20,000 307,000
16 1,5 s | 40,000 | 347,000
17 1.4 r&s | 15,200 | 362,200
18 | 0.8 s | 10,200 | 372,400
1. Approximately one-third of volume is released (5000 ac~ft) and two-

thirds stored (10,200 ac~ft)

2. Computed as follows from TABLE 3

($50,90/ac=ft) (5000 ac-ft) + ($24.80/ac-£t) (10,200 ac-ft)
(15,200 ac=ft) 2%

*2 is used to average benefit between storage and release,

$16.8 =

3. r, releasej s, storage,
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TABLE 3.

ESTABLISHUMENT OF OPERATIONAL PRIORITIES
BASED ON COMPLEMENTARY USES

Total
Cum, Cum, Increment Increment.
Pri- | Volume Storage Release | Benefit benefits
ority| Ac.ft, Ac.ft. Ac.ft. $/Ac.ft. $/Ac.ft, Uses
s r
A 10,000s | 10,000 8.5 7.7 Recreation
0.8 Res,.Sport Fish
B 10,000s | 20,000 5.0 7.7 Recreation
10,000r 10,000 2.3 Res.Sport Fish
0 0 Anadrom,Fish
1 6,100s | 26,100 27,0 12.2 | water Qualityl
2,900r 12,900 6.0 Res,Sport Fish
2.4 25,4 | Anadrom, Fish
3.3 Recreation
2 4,500s | 39,600 25.6 8.2 | Water Quality
2,100r 15,000 6.0 Res.Sport Fish
2.4 25.4 | Anadrom.Fish
3.3 Recreation
3 59,100r 74,100 14,2 14,2 | Irrigation
4 10,200s | 40,800 12,1 6.7 | Water Quality
5,000r 79,100 3.0 Res,Sport Fish
4,2 8.5 | Anadrom,Fish
3.3 Recreation
5 10,2008 | 51,000 11.4 4,9 | Water Nuality
5,000r 84,100 3.0 Res,Sport Fish
4,2 8.5 | Anadrom,Fish
3.3 Recreation
6 14,990r 99,000 11.1 11.1 ] Irripation
7 10,200s | 61,230 5,7 4,9 | Water Quality
5,000r 104,000 0.8 Res,.Sport Fish
1.0 2,1 | Anadrom,Fish?
3.3 Recreation
8 16,600r | 61,200 | 120,600 4.9 4.9 | Water Nuality
9 8,800s | 70,000 2,8 2,8 Recreation
10,000s 80,000 2,0 2.0 Recreation
20,000s 130,000 1.8 1.8 Recreation
40,000s [140,000 1.5 1.5 Recreation
3 = Store r = Release

1, Water for irrigation, water quality, and anadromous fish must be stored
before it is released for downstream use; therefore, recreation will

benefit during the storage period.

These benefits are assigned

directly to the recreation benefit to aveid double counting.,

2, Not all of the releases for anadromous fish are applicable to water

quality,

During some years, the minimum flow target in the Willamette

River is met independent of releases below the reservolr for down-
stream fishery enhancement,
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TABLE 6. FREQUENCY DENSITY FUNCTION OF WATER
AVAILABLE FOR ALLOCATION
Shortages
: No, of No, of

Available Expected Table V Times Times

Volume, Freq. From Cum, Expected (Simulation
1000 ac=ft | in 50 yrs | Priority | Demand (algorithm) Run)

125-130 4 119,900 0 0

120-135 1 5 135,100 1 6

135-140

140~-145 1

145-150 3 6 150,000 5 10

150-~155 3

155-160 22 ‘

160-165 17 7 165,200 47 50

165-170 1

170-175 2
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To check the ability of the analytical model to properly establish pri-
orities, the most sensitive priorities in Table 5 were switched. The
difference between the marginal benefits of priorities 5 and 6 is

$0.3 per ac-ft. When priorities were established from Table 5 the
average annual net benefits were 1995.9 thousand dollars. Reversing
priorities five and six caused a decrease in average annual net benefits
to 1991.9 thousand dollars. Therefore results from a simulation with
reversed priorities verified the original order and the analytical model.

DISCUSSION OQF COMPLEMENTARY AND COMPETITIVE ASPECTS

Complementary features of storing and releasing water can be visualized
by comparing the data in Tables 4 and 5 as shown in Figure 6. Note

that the benefits from available water are greater for the smaller
volumes because of the multiple uses whereas the competitive benefits
(each demand considered individually) are higher for higher volumes
because these uses were not combined with earlier demands that have
already been met. Marpinal costs of storage also are provided for compar-
ison purposes.

To illustrate the contribution to the maximum net benefits, Figure 7
shows the increase in net benefits if water quality is a project purpose.
This contribution is measured by avoided treatment costs; however, other
beneficial uses also would suffer if adequate water quality in the
receiving waters was not maintained.

Particularly disturbing is the high standard deviation at maximum net
benefits and at other combinations of inputs and outputs. The standard
deviation is a measure of the stability of a particular design. The

lower the standard deviation, the greater the utility of the project

to the persons influenced by it in terms of a reduction in the uncertainty
of the response of the project. DNorfman (5) has proposed that the cost

of uncertainty be subtracted from the expected net benefits. The cost of
uncertainty is a measure of the loss of utility suffered by water users
resulting from the losses they may encounter in the future due to water
shortages. If we measure the cost of uncertainty as

Cost of Uncertainty = vao//f; S 0 )

where v_ is the normal deviate with probability a of being exceeded, a

is the specified probability that a fund to cover the costs of uncertainty
will be exhausted, o is the standard deviation of the annual net benefit
distribution, and r is the rate of interest. If v_ = 0.05 is 1.645 and

r is 3.25%, then the cost of uncertainty is 6.50.

Examination of the results from the simulation model showed that a major
portion of the standard deviation was contributed by the flood control
benefits. In some years there were no flood threats and thus, no

flood benefits from the project, whereas in other vears the project
reduced damages from very serious flood threats.

31



(43

($/ AC-FT)

AND BENEFITS

MARGINAL COSTS

20

10

M.B. COMPETITIVE —
M .B. COMPLEMENTARY ——
MARGINAL COSTS~— -

—— —
) |

l i 1

100 200 300 400

Figc 6.

TOTAL VOLUME (103 AC-FT)

Illustration of Value of Complementary Factors



(10° $)

X; AVERAGE ANNUAL NET BENEFITS

DEVIATION (10° §)

STANDARD

-
r

20

X WITH w.aQ.

OPTIMUM CONDITIONS ;
W.Q.~6000 cfs, DO=5 mg/|

MPN 10600 /7100 ml
MIN. RES. LEVEL =51000 AC-F

ﬁ

15
Ll —
X WITHOUT w.aQ.
10
5=
S WITH W.a.
=
S WITHOUT w.aq.
[ 1 L
120 140 160

RESERV

Fig. 7. Average Annual Net Benefits and Standard beviaticas,

Wi

OIR CAPACITY (103 AC-FT)

th and Without Water Quality

33



To examine the sources of losses, the losses from the inability to meet
water demands were examined, Losses were recorded every year for
recreation from the inability to keep the reservoir full during the
entire recreation season because of competitive demands, Shortages
also were recorded occasionally resulting from insufficient water to
meet water quality demands, storage for temperature control, releases
for minimum downstream fish flows, and irrigation demands. At maximum
net benefits the average annual loss was $133,600 with a standard
deviation of $166,000 with a minimum loss of $45,800 from recreation
losses only to a maximum of $489,500 for all uses, Increasing the
reservoir capacity from 140,000 ac.ft. to 160,000 ac.ft. reduced the
average annual loss to $89,500 and the standard deviation of the losses
from shortages to $71,100, The minimum annual loss was $31,100 and the
maximum was $346,200, The average annual net benefit dropped from
$1,995,900 to $1,914,800. Annual losses may be seen in Figure 8.

WATER QUALITY RESPONSE SURFACE

An important water quality management decision is the establishment

of water quality objectives or standards and a minimum target for flow
augmentation, Average annual net benefits for combinations of water
quality objectives of a dissolved oxygen concentration of 4, 5, and 7
mg/l and coliform bacteria most probable numbers of 240,1000, 2400 and
5000 per 100 ml were determined by the simulation model, A minimum
flow objective of 6000 cfs at Salem, Oregon, produced the maximum net
benefit,® To account for the associated costs to soclety for treat-
ment to achieve the water quality objective, The minimum level of
treatment for the objectives under consideration (DO = 4 mg/l and MPN =
5000/100 ml) was selected as a base, and the additional annual cost of
treatment to each waste discharger was subtracted from the average

net benefits from the simulation model, Figure 9 shows the resulting
response surface,

Probably the greatest deficiency in the resulting water quality response
surface was the method of estimating water quality benefits, Measure-
ment of water quality benefits "by the most likely alternative" (27)
essentially insures the benefits exceed the costs, This approach also
favors higher water quality objectives due to the higher costs that

could be avoided by flow augmentation, These higher costs may not
reflect the true benefits to society from higher levels of water quality
which could create a better aquatic environment for fishing and swimming,

The shape of the response surface in Figure 9 is not similar to a
benefit response surface with benefits increasing as quality improves

6Normally one would expect the minimum flow augmentation target to vary
with water quality objectives, but 6000 cfs was the optimum target
in this situation because it is the flow target regulated by the
releases from thirteen other reservoirs,
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for several reasons. Associated costs have a profound influence when
included in a response surface. These costs of treatment incurred by
each waste discharger in order to achieve and maintain the water quality
objectives in a basin at the optimum level of flow augmentation may

be extremely high in comparison with the benefits associated with high
levels of water quality. Other factors influencing the response

surface include the method of measuring benefits and actual benefits
associated with each level of water quality. Interest rates and

fixed and variable costs of waste treatment also are influential.
Theoretically one would expect the response surface of Figure 9 to
reveal an optimum combination of dissolved oxygen and coliform bacteria
by exhibiting a distinct peak somewhere on the response surface, but this

did not occur due to some of the reasons given above which influence
the response surface.

Examination of the response surface and a review of the data plotted

show that the optimum combination of water quality objectives would be a
dissolved oxygen concentration of 7 mg/l and a coliform bacteria level

of 1000 per 100 ml. A drop in the dissolved oxygen objective to 5 mg/l
would cause the project benefits to drop 3 percent. Optimum water quality
objectives were selected at a dissolved oxygen concentration of 5 mg/l

and an MPN of 1000/100 ml because the drop in benefits would be slight

and the fact that the benefits were believed to be more accurate at this
level.

FEASIBILITY OF FLOW AUGMENTATION TFOR WATER QUALITY CONTROL

Flow augmentation for water quality control is usually feasible when
low flow hydrographs are V-shaped (minimum flows occur during a short
time period) and its effectiveness is reduced when the hydrographs
become U-shaped, such as could be expected in basins with several
reservoirs and where flows are highly regulated, These different
shapes of hydrographs are shown in Fig. 10.

If in two identical basins all conditions were alike with the exception
of the shape of the hydrographs, then the optimum level of flow
augmentation could be considerably different. Comparison of the two
hydrographs in Figure 10 reveals that the volume of water (shaded area)
necessary to increase the minimum flow level is relatively small for
the V-shaped hydrograph in comparison with the U-shaped hydrograph.

If benefits are estimated on the basis of different levels of target
minimum flow, then the small volume of water in the V-shaped hydrogranh
becomes very valuable because it i3 very effective in increasing
benefits.

The large volume of water required by the U-shaped hydrograph is not
very valuable on a dollar per ac-ft basis (determined from total
benefits) and this volume may not even be available for distribution
because of higher valued competitive demands. In this case, the cost
of additional waste treatment may be considerably less than the cost
of additional storage.
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When evaluating flow augmentation targets, the complementary and
competitive aspects must he carefully examined as previously outlined
in this chapter. The shape of the hydrograph is an important indicator
of the potential value and extent of flow augmentation; however, each
situation must be studied individually.

Selection of a minimum flow target is proposed in this report on the
basis of economic efficiency. When target outputs are selected on

this basis, shortages are usually greater and more frequent than allowed
by current design standards (23). A simulation model could be used to
indicate to water quality managers the loss in net benefits if a
reduction in shortages appears desirable.

COMPARISON OF OPTIMUM WATER QUALITY OBJECTIVES WITH ACTUAL STANDARDS

To compare optimum conditions obtained from the analytical model and
the simulation model, the Adopted Water Quality Standards, Willamette
River and Multnomah Channel, Oregon State Sanitary Authority, February,
1967, (20), will be reproduced in part below.

“The following standards are based on a minimum gauped river flow of
5,500 cfs at Salem.

1. ORGANISMS OF THE COLIFORM GROUP (MPN or equivalent Millipore
filter using a representative number of sampleswhere associated
with fecal sources). Average less than 1,000 per 100 ml with
20 percent of the samples not to exceed 2400 per 100 ml.

2. DISSOLVED OXYGEN
No wastes shall be discharged and no activities shall be conducted
which either alone or in combination with other wastes or activities

will cause in the waters of the Multnomah Channel or the
Willamette River:

a) (Multnomah Channel and main stem Willamette River from
mouth to the Willamette Falls at Oregon City, river mile
26.6.)

D.0. concentration to be less than 5 mg/l

b) (Main stem Willamette River from the Willamette Falls to
Newberg, river mile 50.)
D.0. concentration to be less than 7 mg/l

¢) (Main stem Willamette River from Newberg to Salem, river
mile 85.)

D.0. concentration to be less than 90 percent of saturation.

d) (Main stem Willamette River from Salem to confluence of Coast
and Middle Forks, river mile 187.)
D.0. concentration to be less than 95 percent of saturation."”
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Minimum Flow Target at Salem. A slight discrepancy exists between the
minimum flow of 5500 cfs used by the State Sanitary Authority (20)

and 6000 cfs objective used by the Corps (25). In routing 30 years
(1926 through 1955) of monthly historical flows through the authorized
Willamette River system the Corps failed to meet their objective of
6000 cfs six times. Minimum routed flows were 4580 cfs, 4600 cfs,

4600 cfs, 4840 cfs, 5400 cfs, and 5895 cfs.

Although the simulation model indicated 6000 cfs was the optimum flow
objective to maximize net benefits, the model failed to meet the
objective seven times in 50 years. Minimum flows were 4710 cfs, 4720
cfs, 4790 cfs, 4800 cfs, 4830 cfs, 5815 cfs, and 5830 cfs. The flow
objective of the State of Oregon appears more realistic in terms of
reducing the frequency and magnitude of damages resulting from failures
to meet water quality objectives caused by flows below the augmentation
target.

Organisms of the Coliform Group. The results from the simulation model
agree with the objective of the State.

Dissolved Oxygen. Dissolved oxygen profiles from Worley's (28)
simulation of the response of the Willamette River to possible waste
loadings indicate that the simulated results (16) would meet the State
Standards with the possible slight exception of the lower reaches of
the Newberg pool (part b).

Comparison of Degrees of Treatment Required.

"At least 85% removal of BOD and suspended solids removal plus effluent
chlorination” (20) are required in the Willamette River Basin by the
Oregon State Sanitary Authority. Degrees of treatment used in the
simulation model were determined by nonlinear programming with the
objective being the minimum cost of waste treatment. Input data were
based on 1963 waste loadings and Willamette River responses during

1963 (4). 1If current or future waste loadings were ugsed, the degrees
of treatment would probably be very similar to current requirements.

SUMMARY

Particularly disturbing is the inability of the optimal system (in

terms of economic efficiency) to provide additional water for flow
augmentation during critical flow periods. During periods of very

low flows, other water demands produce greater benefits than the release
of water for flow augmentation. This situation could be expected in

gan basins with highly regulated flows, such as in the Willamette River
asin.

In a basin where a single reservoir regulates the downstream flow, the
situation would not be as acute. Minimum flow objectives for fish

enhancement below the proposed Holley Reservoir in the Calapooia River

and the minimum conservation pool objective for temperature control

were consistently met, with a few minor shortages (6 in 50 years) at

optimum conditions. All of the shortages were only 5 percent or less

of the target value.
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Serious consideration should be given to the number and magnitude of
shortages in actual projects. Proponents of systems analysis (13)

claim this approach produces greater maximum net benefits than designs by
action agencies using conventional design standards. The difference
apparently stems from the fewer shortages allowed by current design
standards. Action agencies are expected by society to control floods

and meet irrigation contracts and power commitments. In view of the

loss in utility caused by shortages and floods which are probably not
accurately reflected by loss functions, current design atandards are
considered superior in the opinion of the Project Director.

The question still remains——at what frequency and magnitude do shortages
become intolerable? This level varies with individuals and may be

examined by the use of indifference curves and the concepts of utility
resulting from a reduction in uncertainty (5). Subtracting the cost

of uncertainty caused by shortages is one approach to evaluating alternative
designs. A major contribution to this problem by systems analysis lies

in the fact that simulation models can provide society with incremental
costs and benefits associated with different designs and levels of
shortages. From this additional information, society can select the design

which offers a desired degree of security and sufficient returns from
project expenditures.
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APPENDIX 1

THEORY OF OPTIMUM ALLOCATION OF WATER

Statement of the Problem

A technique is needed to aid planners, designers and operations personnel
determine the optimum allocation of scarce water. During periods of high
demands and low supplies of water, critical decisions must be made
regarding how much water should be released and for what purposes, as well
as how nuch should be stored for future releases or to be held to maintain
a minimum pool, Water quality frequently deteriorates to extremely
serious levels throughout water short periods. Frequently the only

method readily available to maintain a suitable water quality for aquatic
life and many other downstream beneficial uses is the release of stored
water for water quality cortrol,

Release of water for water qualitv control conflicts with demands for
municipal and industrial water supplies, irrigation, head for hydroelectric
power production, and reservoir fishing and recreational uses, Water stored
for future releases will complement these competing demands until released,
When released for water quality control, many downstream uses, including
aquatic life, will be complemented or will benefit, Proposed in this

report is an analytical model capable of identifying the extent and
magnitude of the complementary and competitive aspects of water storage

for water quality control.

Theory

Economists have used mathematical optimization techniques to study and
explain the actions of a rational entrepreneur in their literature known
as the "Theory of the Firm'" (3)., The entrepreneur's objective function
may be to (1) maximize output subject to a budget constraint (2) minimize
cost of production for a prescribed level of output or (3) maximize
profits,

These same concepts can be applied to a river basin, To optimize water
resources development or the economy within a basin or region, an
institution must be functioning that is capable of regulating or con=-
trolling all pertinent actions within the system under consideration,

In the United States such an institution is rare, but there are trends

in this direction (4). Fortunately these optimization techniques can

be applied to programs or even a specific project with a basin by careful
definition of the system to be optimized.

To illustrate this flexible system concept, two examples will be briefly
outlined, One svstem could consist of a completed project with all
structural inputs (reservoir size and conveyance structures) fixed and
all target outputs already determined (crops planted, generators intalled
and municipalities connected to a distribution system), The critical
decision is the allocation of available water. Another system could be
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in the planning or design stages and neither the mangitude of the
structural inputs nor the target outputs have been established, In
either system, the operational decision is still the same-~the allocation
of water to maximize the objective function or minimize costs., The main
difference is that the planning or design system has more decision
variables and fewer constraints than an existing system.

Derivation

Economists define production as "any activity intended to convert
resources of given forms and location into other resources of forms

and locations deemed more useful for purposes of further production or
consumption" (2), The term "location" is four dimensional, because

in water resource deveiopment water must be available where and when
needed. In any system the production or output is a function of an
input or set of inputs, This relationship is described by a production
function, In its simplest form the output, Y, is a function of an
input X,

Y = £(X), (1)

To illustrate this concept, let Y (output) represent the production of
rice and X (input) represent water, If all other inputs, including
water quality, are constant, then the production function shown in
Figure 1 could result,

OUTPUT, Y
(Rice)

INPUT, X
(Water)

Simple Production Function
Fig. 1
Examination of Figure 1 reveals that points above the locus of points
describing the production function are physically impossible and all

points below the production function are inefficient,.l Figure 1 also
shows that excess water could result in a decrease in production,

lpor a certain amount of water applied during the growing season, there
is a maximum output of rice when all other variables are held constant,
Also, if this volume of water is applied during the growing season

and the production of rice is less than the output indicated by the
production function, then the water was used inefficiently,
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This simple relationship can be expanded to be applicable to any water
resource system. Rearrange equation 1 to

Y - £(X) = 0. (2)

The production function for any water resource system is now written
in the implicit form and expanded to

H (Yl,oonS. Xl’ xz;-:xn) = 0. (3)

where Y represents outputs (1, 2,,..8) resulting from sufficient water
of suitable quality being delivered when needed. X represents the n

input variables which include structural, nonstructural, and operational
input variables.

To simplify the notation, let Yr+j = Xj (3 =1, 2,..n)

'Y » I . =-X

s+1 1

Yorz = o

and Ys+n = -Xn.

The production function may now be rewritten as
F(S’l. Y2’|4§Ym) = ()
where m = nts

To maximize the net benefits of a water resource system, the objective
function may be represented by the maximum net benefits,

m
n=_. p.Y, (4)
i=1 %
where P.,. =T (j = 1,2,44.m),

st] ]

The value Pi» normally representes the price or value of the outputs,
Y, but in the implicit form used here, also represents the costs (r,)
of the inputs, X, In equation 4, the outputs contribute positive
values to the objective function and inputs are negative terms,

The optimum combination of inputs and outputs is located on a response
surface described by the production function., Therefore, the objective
function is optimized subject to the production function contraint.

m
J=i:l piYi+)\F(Yl, Yz.ofngm)o (5)

The necessary or first-order conditions for maximization are
5J

S5 = py +AF =0 (1 =1, 2,..0m) - (®
i
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-l
where Fi aYi

and aJ . =
= F(Y;,¥p,00:Y) = 0. @)

A, Both Variables Outputs

To obtain a physical meaning for the nedessary conditions for maxi-
mization, select any two of the first m equations from equation 6 and
obtain

?l:l - ;.1 - '—?,—,’EE. (Gok = 1,2,...m), (8)
k k 3

The minus sign stems from the fact that if one output is increased,
the other must be decreased.

If both variables are outputs (j and k both < s) then equation 8
represents the relationship between all outpiits of optimum conditons,
Therefore, at optimum conditions, the rate of product transformation
(RPT)2 for every pair of outputs (holding the levels of all other
outputs and inputs constant) must equal the ratio of their prices.
For example

MB
i § LYk
RPTjk MBk where RPTkj 5—&7 (9)

In this example, at optimum conditions, if the inputs are held constant
and one output is decreased an increment and the unused inputs transformed
(applied) to increase another output an increment, then this rate of
product transformation is equal to the ratio of the prices or value of

the outputs,

This relationship can be visualized by examining equation 8, Assume

the value or price of output j 1is low in comparision with k, At

optimum conditions, a large increment of output j could be transformed
into a small increment of output k, The loss in net benefits from
reducing j would be equal to the increase in net benefits from increasing
k., This relationship will hold for all pairs of benefits at optimum
conditions and is sometimes referred to as "equating marginal benefits.,"

B, One Variable an Input and the Other an Qutput

Assume that the j th variable 1s an input and the k th variable remains
an output.

2’Ihe term rate of product transformation (RPT) is used because it is

more descriptive than the commonly used marginal rate of transformation
(MRT) and also because the use of marginal and rate in the same phrase
is redundant (3).
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Substitute Py = rj—s
where s = number of outputs
and an = BXJ_S
from YS+j = _ch
From equation 8 obtain
Iims o 2k
Pk ¢ j~s
3Tg k = 1,2
or r = p J ( ’ .iocs)
j-S K }Xj-S (j = S‘”-,.-»m). (10)

Equation 10 states that at optimum conditions the value of the marginal
products (MP) of an input with respect to every output (p, Y ) must

be equated to its cost, Therefore uX,
j=s
MC, = MB, (MP)
3 k jk?
or MC,
sl = P, . 1i
AB, jk (1

The marginal product is the rate at which the Y, output can be increased
(or decreased) with respect to its inputs. Equation 11 states that

at optimum conditions the cost of an incremental input X must be equal
to the price or value of the resulting output Y. This relationship

is sometimes known as "equating marginal benefits to marginal costs."

C. Botu Variables Inputs

1f both variables are inputs, then equation 8 can be written in the form

Ties o _ 2Xkes (12)
rk_s ij-!-
where (j, k=8 + 1,.ven),

The minus sign reappears because at maximum conditions if one input
is increased, then the other must be decreased, At optimum conditions,
equation 12 indicates that the rate of technical substitution (RTS)
for every pair of inputs (holding the levels of all outputs and all
other inputs constant) must equal the ratio of thelr prices,

MC,

RTS. = -J— . (13)
X j MC,

3The term rate of technical substitutioa (RTS) is used becausc it is
more descriptive than the commonly used marginal rate of substitution
(¥RS) and also because the use of marginal and rate in the same phrase
is redundant (3).
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This relationship can be visualized by examining equation 12, At
optimum conditions if all variables are held constant with the exception
of two inputs, then the reduction in cost resulting from decreasing

one input an increment must be equal to the cost of increasing or
substituting the other input, This relationship is sometimes known

as "equating marginal costs."

These conditions are the necessary or firste-order conditions based on
the theory of maximization of differential calculus. They were
determined by setting the first partial derivatives equal to zero
(equations 6 and 7). Solving these equations produces either

maximum or minimum values for the response surface because the first
partial derivative describes the slope of the response surface, (Fig. 2)

’ (a) slope = 0
7,$ and decreasing (=) (c) Corner solution

(b) Slope = 0
and increasing (+)

Vector X, Y

Fig. 2. Two-dimensional response surface,

In Figure 2, the necessary or first-order conditions would not indicate
whether the results represented a maximum, such as (a), or a minimum,
such as (b),

To differentiate between maxima and minima on a response surface (or
points (a) and (b)) the sufficient or second-order conditions must be
determined. These conditions reflect the change of the slope of the
response surface. At maximum conditions the slope is decreasing (~),
whereas at minimum conditions, the slope is increasing (+). Therefore,
at maximum conditions the slope is decreasing or the sufficient or
second-order conditions are negative,

The second-order conditions for the maximum net benefits require that
the relevant bordered Hessian determinants alternate in sign:

AFll AFlz F1 AFll"' AFlm Fl
- () - m
)\F21 AFZZ FZ >0 ,.noa.( l) kaluol-Ame Fm > O.
Fy F2 0 Fl... Fm 0

Multiplying the first two columns of the first array and the first m
of the last by 1/}, and multiplying the last row of both arrays by A,
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Fll F12 Fl F11 Flm Fl
. . mm—]_ L0 I B B I S R N BRIy
A le F22 F2 > 0 ,uu---,(‘l) A .
n o >
ml Fwn 1'm 0.
¥ F
1 T 0 1 B0 (15)

Since *<0 from equation (6), the second order conditions require that

i fi2 |y Flie v oo e o i

PeN et e NP IOLPEYISBOOSEESY <Ol
F21 Fzz Fz < Q Jereeaey le Y me Fm
F, F, 0 Fl cavees F. 0 | (16)

This derivation is based on the theory of maximization of differential
calculus and therefore also is subject to the limitations of the theory.
These shortcomings can be seen in Figure 2, The problem of differentiating
between maxima and minima can be overcome by checking the sufficient
conditions for maxima. Two other problems remain, When a maximum is
located, it is difficult to determine whether it is the global maximum
or possibly one of several local maxima, The other problem is that the
maximum may be a "corner solution'" (Point (C) on Figure 2). Corner
solutions are found in economic problems because physical variables

must be positive and also because of other constraints, such as budget
orlegal. Consequently, a solution may be at the maximum on a response
surface and not meet the necessary conditions,

Agglication

To apply the preceding derivation to the optimization of water resources
development equation © wmust bhe written in explicit mathematical terms,
mn
J ‘ pY, + Ty, Yz,‘..Ym). (5)
i=] m
In equation (5} the objective is to maximize the net benefits ( L )
subject to the production function constraint F(Yl,Yz...,Ym). i=1

To accomplish this feat the price or value ot each of the outputs and
costs of each of the inputs would have to be expressed mathematically,
The price people are willing to pay for water depends on the amount
available or supply and the cost of inputs varies with the amount
needed or demandea, The magnitude of the inputs ig a function of the
water handled and the size of the target outputs depends upen consumer
demand and the availability of sufficient water of suitable quality
when needed, Streamflow is a stochastic process, consequently uncertainty
is always involved regarding the allocation of volumes of water for
beneficial uses. Finally demands and prices change seasonally.
Obviously the task of expressing the situation in a water resource
system is formidable,



To avoid some of these problems, researchers have developed simulation
techniques to describe a water resource system (1, 4, 6, 8, 9).
Simulation models attempt to generate stochastic process on high speed
computers similar to events that could occur in nature. The models
attempt to predict how proposed or existing systems might respond to

the stochastic processes., Various structural inputs, target outputs, and
operational procedures may be tested by the simulation model to approach
a region on the response surface of optimum conditionms.

Common mathematical searching techniques include the method of steepest
ascent and other methods using incremental or marginal analysis
(gradient techniques), These methods essentially change the inputs,
outputs, or operational procedures by small increments, continuously
trying to improve the objective function, The approaches normally
will not locate an exact maximum (even if one existed) but produce a
combination of inputs, outputs, and operational procedures within the
limits of accuracy of the input data, A limitation of these searching
techniques, similar to a limitation of differential calculus, is that
it may be difficult to differentiate between local maxima and the
global maximum,

A major advantage of simulation models is their ability to generate
streamflows (stochastiec processes) similar to what could occur in

the future, because the sequence of flows is of vital importance to
water users. In simulation models, it is easy to estimate the response
of the gystem to different inputs, outputs, and operational procedures
once a suitable simulation model has been developed and tested,

Early simulation models tended to use fixed operational procedures (7)
due to the complexities involved. Naturally this shortcoming was
recognized and numerous researchers delved into this area, Dynamic
programming was applied by many, not only to develop operational pro=-
cedures, but also to size inputs and target outputs, The number of
computations using dynamic programming is high because of the iterative
procedure of tracing many possible sequences,

Simple, realistic procedures for practicing engineers have not evolved
because of the complexities of the complementary and competitive aspects
of water storage and the understanding of higher mathematics required
to comprehend and apply proposed techniques. The proposed Analytical
Model (Section 3) proposes a simple, straightforward technique capable
of identifying the extent and mangitude of the complementary and
cametitive aspects of water storage for water quality control, The
model contains a step by step procedure for the allocation of scarce
water to various beneficial uses which is essentially a rational
searching procedure to identify the optimum conditions (Equations 9,11,
and 13).
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DAILY STREAMFLOW SIMULATION

By Kip Payne,! W. R. Neuman,? A. M. ASCE, and
K. D. Kerri,3 M. ASCE

INTRODUCTION

Daily streamflow simulation offers engineers an opportunity to study the
response of water resource systems to synthetic daily flow traces. The regu-
lation and routing of floods, and the release of water for water quality control
and fisheries during low flow periods, canbe of special interest. The objective
herein is to develop a multiple-station daily streamflow generator capable of
simulating daily flow sequences with frequency characteristics similar to
those of the historical records. The hydrographs within each month are rear-
ranged to reduce the variability of the recorded flows, Flows are simulated
on the basis of the statistical parameters computed from the rearranged daily
flows. The adequacy of the technique is tested by comparing the frequency
distributions of the important statistical properties of the historical flows with
those of the simulated flows.

Other Flow Simulators.—Halter and Miller (8)¢ developedadaily flow sim-
ulator using a linear regression model which generated 30 flows each month,
on the basis of the mean monthly flow and the standard error of the monthly
flow. The simulated hydrographs were not adequate because the serial cor-
relation between previous flows was not incorporated in the generator, with
the exception of recession curves. Flows followed a recession curve when a
generated flow exceeded an assumed high flow value, Some of the variation
between daily flows probably could have been reduced by using a variance
computed from the flows within a month and also based on a function of the

Note.—Discussion open until December 1,1969. To extend the closing date one month,
a written request must be filed with the Executive Secretary, ASCE. This paper is part
of the copyrighted Journal of the Hydraulics Division, Proceedings of the American So-
ciety of Civil Engineers, Vol. 95, No. HY4, July, 1969, Manuscript was submitted for
review for possible publication on August 23, 1968.

1Research Assoc., Sacramento State Coll., now Sanit. Engr., Los Angeles County
Sanitation District, Calif.

2 Assoc. Prof., Dept. of Civ. Engrg., Sacramento State Coll., Sacramento, Calif.

3Prof., Dept. of Civ. Engrg., Sacramento State Coll., Sacramento, Calif.

4Numerals in parentheses refer to corresponding items in the Appendix I.—
References.
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simulated monthly mean. Examination of historical records reveals that
months with high flows usually exhibit a higher variation of flows within the
month than months with low flows.

Beard (2) has developed a daily streamflow simulator for a single station.
His model generates daily flows during the flood season using a second-order
Markov chain and the frequency characteristics of the daily flows within a
calendar month. Daily flows are adjusted to agree with the simulated monthly
flows. The proposed simulator is an extension of a monthly simulator de~
veloped by Beard (3), but differs from Beard’s daily model in two respects:
(1) Historical hydrographs are rearranged; and (2) simulation of monthly flows
are not necessary. Operational monthly flow generators have been developed
and successfully tested by Thomas and Fiering (16), Harms and Campbelil
(10), Beard (3), and Fiering (5). Additional streamflow simulation methods
have been proposed by Matalas (13), Quimpo (15) and Young and Pisanc (19).
Yevdjevich (18) has reviewed simulation models.

Arvangement of Data.—Daily flows during certain seasons are apt to be
extremely variable. The variance computed for any particular day for a num-
ber of years is likely to be very high. If raw historical data for a season with
highly stochastic flows were analyzed, the means would be similar, the vari-
ances high, and the regression and correlation coefficients low, Attempts to
simulate flows from these statistical parameters would not produce hydro-
graphs with statistical properties similar to historical ones, because the
ascension and recession curves would not be simulated,

To preserve the ascension and recession curves of hydrographs, the his-
torical flows should be rearranged prior to analysis. The procedure for
rearrangement consists of the following steps:

1., Divide the annual flows into time spans of particular concern, depending
on the use of the simulator. Appropriate time spans could be months or
seasons. '

2. Search the historical records of each time span and identify important
hydrologic events, such as peak flows, minimum flows, or trends. During a
flood month, the magnitude and number of flood or peak flows and the time
between peaks are of extreme importance,

3. From an examination of important hydrologic events in each time span,
determine the expected day or days of occurrence. Consideration also must be
given to the expected time between events,

4. Rearrange the historical hydrographs around the peak or important ex-
pected day of the month, If a peak flow is expected on a certain day during a
time span, then all historical peak flows for the time span should be rear-
ranged around this day. As many of the ascension and recession curves of the
historical hydrograph as possible should be rearranged around the peak day.
The remaining segments of the hydrograph should be rearranged to preserve
as great a portion of the historical hydrograph as possible. The same pro-
cedure-is applied to minimum flows or trends.

Some streams may exhibit flow characteristics from twopopulations during
a particular time span, suchas a winter month with relatively steady, low flows
during ice or snow conditions and fluctuating high flows during periods of heavy
precipitation and runoff. Another possibility would be flows resulting from
two sources, such as ground water and snowmelt, If two populations are
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distinct, they should be separated, if possible, and the simulator can then be
programmed to generate flows from one population or the other, or both,
based on the probability and characteristics of each event.

Development of Daily Flow Simulator.—The rearranged historical flows for
each day usually are not normally distributed. The log-Pearson Type III
method is used to generate flows because it is the recommended technique
for determining flood flow frequencies (1,4), The step-by-step procedure for
developing a daily flow generator is outlined in the following section. Beard
has prepared detailed explanations of the analysis calculations (11), the syn-
thesis procedure (12) and he has also developed computer programs to per-
form these operations.

ANALYSIS SECTION

Convert all rearranged flows, @, to corresponding natural logarithms, L.
Calculate mean, M, standard deviation, §, and skew g for each day from the
natural logs.

N
2 In
M= h=]’\.f ..................................... (1)
N N 2
Ly - ( 2 Lh> N
52 = h=1 Nh=; ......................... (2)
N N N N :
N2 Y L - 3N D Ly L Lh+2( ) Ly
g = h=1 k=1 h=1 h=r L (3)

N(N-1) (N-2) S8

in which N = the number of years of record;and Z indicates the summation of
all values (k) for a particular day.

Calculate a & (Pearson Type III standard deviate) value for each daily flow
by subtracting the mean from the flow value and dividing by the standard
deviation,

Transform the » value to the normal standard deviate, X, using the skew
coefficient and the Pearson Type III function by the following approximation:

~ 6 g 173 g
Xh_g_[(-ékh-i-l) - +6 ...................... (5)

Treat these X values as variables and solve for the regression coefficients,
the standard deviations for the variables, and the correlation coefficients (R)
for each day.
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(L (2) )
Xiyj = 04,5 Xjmryj + 04,5 Xijar v oo by Xy (6)
in which X = logarithm of the daily streamflowtransformed toanormal stan~
dard deviate; b = regression coefficient; first subscript, 7, represents the
day number; the second subscript, j, represents the station number;andthe
superscript represents the independent variable number. A regression con-
stant does not appear in the normalized form of the regression equation.

Convert the regression coefficients to beta coefficients, B, in which

® 1

Si_.
i, = bi,j %;‘-—J ............................... )

i,7

B

SIMULATOR SECTION

Simulation of flows begins with the generation of a random normal standard
deviate, RN (mean zero and variance unity) as in the following equation

1) (2) G +1)
Xi, B,,] Xi-], j + Bz]Xi,j-l + ... Bt] Xi.l + (1 - Rz)u's (RN) (8)

in which B = the multiple correlation coefficient,
Convert the normal standard deviates, X, to Pearson Type III dev1ates k,
by the following approximation:

2 (& (x-%) + 1]" - 1E ........................ )

k = -
g
This approximation is not correct under certain circumstances and must
be checked with Fig, 1 to determine the value of &' in Eq. 10,
Calculate simulated flow, @, in cubic feet per second.

In Q= M+—kc—s ................................. (10)

or@ = exp [M + ('S/C)] in which C = a coefficient depending on the stream,

=
i
~
x
m]||r!:
s
L
£
by
liv
NN
et
i
x>

FIG. 1.—FLOW CHART FOR VALUES OF &'
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the rearranged flows, and whether %' is positive or negative, This term is
used to reduce any remaining excess variability in the simulated flows. A
trend component could be incorporated in Eq. 10 if one were detected in the

historical flows. )
If today’s simulated downstream flow is less than yesterday’s simulated
upstream flow, appropriate adjustments can be made by considering travel

times and channel storage.

TEST BASIN

Description ,~The proposed daily streamflow simulator was developed and
tested using the flow records for two gaging stations on the Calapooia River,
a tributary of the Willamette River in Oregon (Fig. 2). The headwaters of the
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FIG, 2.—CALAPOQOIA RIVER BASIN

Calapooia are located near the crest of the Cascade Mountains, Snow gen-
erally falls during the winter months and melts during the spring months. The
stream travels through a rather narrow canyonfromthe headwaters, and then
past a potential dam site at Holley, the upstream gaging station. Below Holley,
the river enters the Willamette Valley at Brownsville. It then meanders across
the flat Willamette Valley, until the river reaches its confluence with the
Willamette River at Albany. The downstream gaging station is located three
miles above the mouth.

The Calapooia River, which is fed by snowmelt and runoff from rainfall,
could be described as a typical stream on the western slopes of the Cascade
Mountains in the Pacific Northwest, The flow is influenced by rainfall from
winter storms which can cause short duration floods.Sometimes, runoff from
a rain will be accompanied by high flows from melting snows. During early
spring, runoff is high due to melting snow. Flows gradually decrease through-
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out the summer, and gradually increase during the fall as storm activity in-
creases. Peak flows of short duration are observed during the fall and spring
when a rain storm passes over the basiu.

Avrvangement of Data.—Historical flows were rearranged inaccordance with
the procedures outlined previously. Monthly time spans were selected because
these time periods appeared to group similar imporiant hydrologic events.

Thus, the procedure for rearranging the historical flows depended on the
month under consideration, For a particular month, the days which exhibited
peak flows were recorded for each year of historical record. In the fall, the
months frequently displayed one peak near the end of the month., Winter
months usually had two or three peak flows, while spring months generally
had one peak early in the month. During the summer the flows gradually de~
creased throughout the month, because the stream was fed by snowmelt,

To rearrange the flows during a particular month, one or more days were
selected as the peak, and all historical flows were rearranged about it, For
example, the average peak day in November occurred on the 23rd, and most

HISTORICAL
REARRANGED ___

st N
/ \

riow (163 CFs)

DAY

FIG. 3.~TYPICAL JANUARY HISTORICAL HYDROGRAPH AND SAME HYDROGRAPH
REARRANGED ABOUT PEAK DAYS FOR ANALYSIS

Novembers experienced only one storm producing a significant peak. The flows
for every November of record were rearranged with the peak flow on the 23rd.
The flow sequences of the original hydrograph were maintained, as closely as
possible, with special priority given the ascensionandrecession curves. This
procedure was repeated for the spring. ‘

Winter months having two significant peak flows, naturally had both the
highest and next to highest peak flows occurring around the fifteenth of the
month, on the average. This unrealistic event was eliminated by calculating
the average time between peak flows. For example, in January the average
time between peak flows was 11 days; therefore, the highest peaks were re-
arranged around the 20th day of the month and the next to highest peaks rear-
ranged around the ninth of the month. Fig. 3 shows a typical historical flow
and the resultant rearranged flow,

During the summer months, the flows gradually decreased throughout each
month, except when a few, scattered storms occurred. Since not many peak
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flows occurred, the summer flows were not rearranged.

Development of Daily Flow Simulatov.—The rearranged historical flows
for each day were not normally distributed. In an attempt to transform the
rearranged flows to normal distributions, twotransformations were examined.
Both a natural log and a normal standarddeviate, based on a Pearson Type III
function transformation, were studied. A chi-squared goodness of fit test was
used to test for the normality of the transformed flows. The transformations
both apparently followed the normal distribution, atthe 5% level of significance.
Therefore, the use of the log-Pearson Type III method is justified.

A trend component was not incorporated into Eq. 10, because none was
detected in the historical flows. Summer flows were decreasing at the down-
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FIG. 4.—PLOT OF MAXIMUM AND MINIMUM AVERAGE DAILY HISTORICAL FLOWS
ON LOG PROBABILITY PAPER, UPSTREAM STATION

stream station due to increased irrigation activity, butthe natural flows were
reconstructed (17).

Approximately once a year the simulated downstream flow was slightly
less than the previous day’s upstream flow., On these occasions, the down-
stream flow was set equal to the upstream flow, because the travel time be-
tween the stations was one day.

Test of Model .~To test a flow simulator, two questions must be answered:
(1) What tests should be used; and (2) how is it decided whether or not the
statistical distributions of the flows generated are close enough to historical
distributions? The tests used to examine the similarity between historical
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and generated flows were comparisons of statistical parameters. These
parameters reflected important flow sequences, from the standpoint of
operating the water resource system and of the beneficial uses served by the
system. The daily flow generator was deemed sufficient, when plots of the
simulated data approximated those of the historical records. Important
parameters selected included the distribution of annual mean flow, maximum

TABLE 1.—FINAL C VALUES

Deviation, k' Upstream Downstream
(1) (2) (3)
Negative 1.35 1.45
Positive 1.1 1.2
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SIMULATED ===
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2800 | *
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T v w = = Ty e ww m w
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FIG. 5,—TYPICAL JANUARY HISTORI- FIG. 6.—TYPICAL JULY HISTORICAL
CAL AND SIMULATED FLOWS AND SIMULATED FLOWS

and minimum daily flows, maximum three-day average flow, minimum seven-
day average flow, and minimum average summer flow (June, July, August,
and September). These properties were plotted on normal, log, and extremal
probability papers. All of them plotted closest to a straight line (Fig. 4) on
log~probability paper. Originally, the analysis of the generatedflows revealed
that the distribution of the annual mean flow was successfully retained, but

71



HY 4 STREAMFLOW SIMULATION 1171

the simulated maximum and minimum daily flows exhibited greater variation
than the historical flows, i.e., higher maximums and lower minimums, To
reduce these variations, the coefficient C in Eq. 10 was introduced.

After an initial trial, the distribution of the simulated maximum flows cor-
reaponded closely to historical ones, but the simulated minimum flows re-
mained slightly low. To correct this situation, two different C values were

TABLE 2.—SUMMARY OF EXTREME VALUES OF HISTORICAL AND SIMULATED
FLOWS, UPSTREAM STATION, IN CUBIC FEET PER SECOND2

Maximum Maximum Maximum | Minimum | Minimum | Minimum | Minimum Annual
Run 1-day 3-day 10-day 1-day 7-day 30-day 120-day average
1) @) (3) (4) (5) (6) (7 @) 9)
1 13,460 10,460 5,866 18.7 24.0 26.8 47.4 471.8
2 12,050 8,820 5,490 15.0 19.8 26.5 47.5 469.3
3 15,340 10,760 6,710 16.4 21.4 27.3b 42.8 487.4
4 9,380° 6,230¢ 3,456° 14.0 21.6 25.5 48,10 457.7
5 15,600 10,890 5,941 10.9 17.5 25.5 43.5 455.5
8 12,490 10,360 5,850 12.7 18.1 22.2 47.1 454.2¢
7 10,250 7,060 5,169 18.3 24.0 24.2 39.1 49747
8 14,490 10,180 5,849 8.2¢ 11.9¢ 18.6° 34.2 480.6
9 18,6700 14,1400 7,585 11.5 15.7 22.4 44.9 478.7
10 15,200 11,560 6,394 19.3 24.5P 23.9 41.5 468.4
Historical 11,000 8,830 5,487 20.0? 24.0 22.8 32.5¢ 465.8
. . '
4N = 24 for all runs and historical record; Upstream (-k') —:Ti’ (+&"Y) ’;—? ; Downstream (-&') 5_455’ (+ &7 %

b Maximum,
© Minimum.

TABLE 3.—SUMMARY OF EXTREME VALUES OF HISTORICAL AND SIMULATED
FLOWS, DOWNSTREAM STATION, IN CUBIC FEET PER SECOND?2

Simulation | Maximum Maximum Maximum | Minimum | Minimum | Minimum | Minimum Apnual
run 1-day 3~day 10-day 1-day T-day 30-day 120-day average
6] (2) (3) (4} (5) (6) (7 (8) )

1 27,400 22,140 15,550 21.8 32,10 34.3 67.2b 982.3
2 34,990 29,090 19,440 17.6 27.3 34.6 61.3 986.6
3 29,800 24,070 18,530 18.8 26.0 35.1b 65.4 1,015.0
4 28,800 18,990¢ 10,430° 18.7 27.9 32,1 64.6 949.5
5 42,130 33,210 17,870 11.2 23.0 31.4 63.0 941.6¢
[ 44,1800 36,8400 20,940b 5.6° 23.0 27.9 €4.4 949.3
7 28,910 24,36C 14,670 21.0 29.1 30.2 53.7 1,068.0P
8 34,010 26,760 13,360 11.4 15.3¢ 23.5¢ 45.4 1,019.3
9 31,660 29,930 16,570 15.1 19.9 28.7 64.4 1,000.3
10 32,310 26,660 15,950 24.1b 297 29.9 60.6 978.3
Historical 26,800¢ 21,970 13,880 11.0 277 26.5 42.9¢ 949 4
a . . v v v )
N 24 for all runs and historical record; Upstream (-k') ‘;—335, (+&") -kT—f i Downstream (-&') {%, (+&") kTg
b Maximum,
¢ Minimum.

selected for each station, and the value applied depended on whether the term
containing the deviation (%' in Eq. 10) was added to, or subtracted from, the
rearranged mean of the log of the historic flow. The final C values are shown
in Table 1.

Results.—Typical simulated and historical flows for the upstream and
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downstream stations for a winter month and a summer month are shown in
Figs. 5 and 6. The generated flows at both stations appear similar to the
historical hydrographs with respect to smoothness between daily flows, ran-
domness in reductions and increases in the flow rate. Fig. 6 indicates the
ability of the simulator to generate a dry July. The relationships between the
daily means of the rearranged flows and typical historical and simulated wet
flows can be examined in Fig. 7.

T T

——=— MEAN OF REARRANGED
HISTORICAL FLOW
————  SIMULATED FLOW
a0 T 7™ TYPICAL HISTORICAL
FLOW

@
°

rLow (103 crs)
0
[-]
T

' L .
133 145 tas 183 173
DAYS

FIG. 7.—~PLOT OF DAILY MEAN FOR REARRANGED FLOWS AND TYPICAL HYDRO-
GRAPHS FOR HISTORICAL AND SIMULATED WET FLOWS
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UPSTREAM STATION

Comparisons of the distributions of the parameters of the simulated flows
with the historical flows are shown in Figs. 9 through 14 and Tables 2 and 3.
Five 50-yr sequences were generated and compared with the 24 yr of historical
record. Figs. 8 and 9 show that the envelopes of the simulated annual mean
flows at both stations, agreed very closely with the historical annual mean
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flows. The maximum average days atboth stations were distributed similar to
the historical maximum average daily flows. Figs. 10 and 11 indicate that the
historical maximum 3-day and 10-day average flows are contained within the
envelopes of the five 50-yr simulated values. The minimum one-day (Fig. 12),

oo T T T T T T T T T3

80~ -
-
ar0 ® |
v .
weof . . o
Sso 8

')
L .

Baol 3 |
] 00 o 0
< °..
» 30 c,... 1
: 200

20 ~ N
2 PY redld o
v ¢ oo
« P
x . o® @ ENVELOF OF 3 50 YEAR
3 . SIMULATED ~FlOWS
]

e 0 26 YEAR HISTOME MOW

L ©

7

7§ 16 20 36 36 60

CUMULATIVE PROBABILITY

FIG. 11.—DISTRIBUTIONS OF HISTORICAL AND SIMULATED MAXIMUM AVERAGE
TEN-DAY FLOWS, UPSTREAM STATION

T T T T LA S A i T T T
sof
-

(CES)
$§ 884
LA

MIN AVE DAILY FLOW
3 8
T LI
o
L 3
-

»
\
L]
2
.
L 1

b

F s 21

O 24-YEAR HISTORIC PLOW

& ENVELOPE OF 5 30-YEAR

10— SIMULATED riOws

(33 ~

s .

gL l Ly ) 1 1
2 5 0 20 30 40 50 &0 7O 80 90 ¥ 9

CUMULATIVE PROBABILITY

FIG. 12.—DISTRIBUTIONS OF HISTORICAL AND SIMULATED MINIMUM AVERAGE
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7-day (Fig, 13), and 30-day historical flows for both stations were fairly well
contained within the five 50-yr simulated flows.

The distributions of the 120-day summer flows were slightly flatter (Fig.
14), indicating that the extremes were not as great as the historical, possibly
due to some loss of monthly correlation. However, correlation between spring
(March, April, May) and summer (June, July, August, September) runoff was
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greater for the simulated flows than the historical flows (R = 0.412 versus
R = 0.162 for N = 25 and N = 29 respectively, for the upstream station), which
can be attributed, in part, to the rearrangement. Fig. 7 also illustrates the
ability of the simulator to retain monthly flow properties. If a significant loss
of monthly correlation was evident, a monthly simulator could be used to
generate monthly flows, and the generated daily flows could be adjusted ac-
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cordingly. The same procedure could be extended to annual correlations (10).
Tables 2 and 3 reveal the numerical relationships between simulated and
historical maximum and minimum flows for both stations, Historical records
were available for 24 yr for both stations, and a simulation run was divided
into 24 yr periods. In most cases, the historical values were contained within
the range of the generated flows.
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EXAMINATION OF DATA

A valid question is, what would have been the results if raw, historical
flows had been analyzed and simulated, instead of the rearranged flows? In
the test basin, the low flows were not rearranged; consequently, the simulated
minimum flows would be the same. Fig. 15 shows the difference in the sta-
tistical parameters of the raw and rearranged flows for January, a month with
highly stochastic flows.

Simulation of five 50-yr periods, using the results of the analysis of the raw
historical records and the final C coefficients, reproduce a distribution of
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(] ) 35 36
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3

FIG. 15.—COMPARISON OF STATISTICAL PARAMETERS FOR RAW AND REAR~
RANGED HISTORICAL FLOWS FOR JANUARY, UPSTREAM STATION

annual flows very similar to Figs. 8 and 9. The maximum average daily flows
plotted considerably below the historical flows, but the slope was similar.
When the length of the time span for the maximum average flow increased (3
days and 10 days), the simulated flows approached the historical flows, but
the slope of the plotted flows became steeper. Therefore, to preserve the
distributions of the maximum flows when simulating the daily flows in the test
basin, it is necessary to rearrange the raw historical flows in a manner that
will preserve the ascension and recession curves of the hydrographs.

As in most simulation models, this one requires considerable time to pre-
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pare the input data, this primarily involves the conversion of recorded daily
flows to a form for computer input. The rearranging of historical flows,
analysis of these flows, the flow simulation, and the analysis of the simulated
flows can be accomplished by computers. The selection of C coefficients to
adjust the simulated flows to historical flows, isa limitation of this approach,
Different people might select different C values from the same data. Other
problems common to most simulation models of this type include errors in
measuring observed flows and random sampling errors resulting from short
records of historical flows.

To reduce the variability of the daily flows, coefficient C was introduced
in Eq. 10. Consequently, this adjustment is not reflected to other stations or
subsequent time periods. If the simulated normal standard deviate (X3, i, Eq.
8) was adjusted, then this regulation would be reflected in other stations and
later time periods. Adjustments in the simulated flows were applied in Eq. 10,
because this was the easiest location to alter the flows so that flows with
statistical distributions similar to historical flows could be produced.

Adverse, potential flow sequences are easily simulated by the proposed
model, If greater variability than historical flows are determined desirable
to investigate, the C value can be reduced. This procedure would allow the
study of the response of a design under consideration, to extremely high and
low flows. If the historical data were suspected of representing abnormally
wet or dry years, the simulated flows could be appropriately increased or
decreased and again the response of different plans or designs could be
scrutinized,

Daily streamflow generators have been writtenin FORTRAN and DYNAMO,
a simulation language (6), (7), (14). Most computers readily handle FORTRAN,
but the generator was more difficult to debug in comparison with DYNAMO.
DYNAMO is adaptable only to certain computers, and the program requires
considerable talent to be made operational on any computer. In contrast to
FORTRAN, the DYNAMO language was written for simulation, and programs
are very easy to debug because of the checking capabilities incorporated inthe
DYNAMO program. FORTRAN compilers are toolaconic for efficient debug-
ging for many programmers. DYNAMO’s limitations include an inability to
store large amounts of data and to use exogenous data, FORTRAN programs
apparently canhandle larger or more complicated basins; however, DYNAMO
has been usedin a study of the Susquehanna River Basin (9). The cost of sim-
ulation by either language seems tobe a function of the computer on which they
are used, rather than any discernable differences in operating efficiencies.
The computer time to simulate and analyze the simulated flows for a 250-yr
period, required approximately 7-minutes on a Control Data Corp. (CDC) 6600
computer,

Other streams were not simulated by the proposeéd generator, because of
its empirical nature. The writers believe that most unregulated streams can
be simulated by the methods proposed. Recent developments in computer
technology that allow visualization of results, virtually permit engineers to
converse with computers, and C values (Eq. 10) can be quickly adjusted or
examined to the satisfaction of the user.

CONCLUSION

A daily multistation streamflow simulator has been proposed which is
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capable of generating both nonhistoric flow sequences with statistical proper-
ties and also hydrographs similar to historical flows. Planners, designers,
managers, and operations personnel have a tool which can help them analyze
the response of proposed and existing water-resources systems to potential,
nonhistorical flow sequences of longer duration than historical records.
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APPENDIX II.—NOTATION

The following symbols are used in this paper:

T g Oy

Tnozzm

L~

Beta coefficient of regression equation;

regression coefficient;

dampening constant, depends on sign of &';

skew of natural logs of flow;

annual subscript for natural log of flow for a particular day;
time subscript (day);

station subscript;

difference between natural log of flow and mean divided by standard de-
viation (Pearson Type III standard deviate);

adjusted # value depending on magnitude of skew, g;

natural logarithm of flow;

Mean of natural logs of flow;

number of years of record;

rearranged natural flow;

multiple correlation coefficient;

random normal standard deviate;

standard deviation of natural logs of flow;

normal standard deviate; and

summation of all values for a particular day.
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APPENDIX III

RECREATION AND RESLRVOIR OPERATION

Introduction

Water resource developers and recreation planners are confronted with

a conflict between the beneficial use of water impounded in reservoirs
for reservoir recreation or for release for downstream purposes, such

as water quality contrel and irrigation. To develop benefit functions
for recreation associated with a reservoir, the response of recreational
attendance caused by reservoir operation should be known,

Hufschmidt and Fiering (3) and the Outdoor Recreation Resources Review
Commission Study Report No, 10 (6) both stress the urgent need for
information revealing the response of recreational attendance to
reservoir fluctuations. T['llman (5) has indicated the need for statistical
analysis to demonstrate the influence of reservoir fluctuation on
recreation, This appendix repcrts findings of a study of Folsom,
Isabella, Milierton, Whiskeytown and Shasta Reservoirs in California,
Unfortunately, only Folsom Reservoir provided sufficient, accurate data

to report results with a degree of statistical confidence.

Numerous factors are known to contribute to the recreation attendance

of a reservoir in addition to fluctuations in the surface level,
Climate, topography, vegetative cover, water quality, and other environ=
mental influences also affect attendance, The type of recreation, the
proximity of population centers, and the availability of alternatives
are also important. Discussions of the factors that influence attend-
ance are available in work by others (1, 3, 53, 6).

Observations

Current opinion on the influcnce of reservoir operation on reservoir
attendance for recreational purposes is based apparently on personal
observations., The ORRRC Study Report 10 (6) states that "the fact
that at low stages an unsightly, often muddy and trash-littered shore=~
line is exposed apparently does not appreciably decrease the number

of people who come to enjoy the water,'" The Report points out that
the quality of the recreational experience is decreased because of the
lowering of the surface level,

The TVA (4) has observed that it is not clear the extent to which
surface fluctuations influence attendance, TVA notes that other
factors also influence recreation and that water skiers and boaters
appear not to be bothered too much by reservoir fluctuations,

Considerable insight regarding the influence of reservoir operation
on recreation can be obtained from examining data from Whiskeytown
Reservoir, During its first recreational season tne surface only
fluctuated approximately one foot in order to maintain the optimum
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head on a hydroclectric power plant, Attendance was high early in
May when fishing season opened, It decreased and then increased when
the weather warmed in June and then continuously decreased during the
latter part of July and August, This latter decrease could have been
caused by the required drive in a hot car from population centers to
the reservoir, thus a reducation in the quality of the experience. An
increase in attendance was recorded during the Labor Day week end,

The reservoir surface level at Isabella increased during the spring
to a maximum during June and then continuously decreased during the
remainder of the recreational season., Monthly attendance figures
produced distribution curves similar to monthly Whiskeytown data and
probably for the same reasons,

Observations on Shasta Lake indicate that attendance figures drop
after a vear when the level is unusually low, Evidently people plan
to enjoy their summer vacation at Shasta and if the level is low, many
do not return the following year,

Folsom Reservoir

Tolsom Reservoir is located approximately 20 miles east of Sacramento,
California, During the recreational season, from the third week end in
Mlay through the third week end in September, the reservoir surface has
fluctuated from the maximum operating surface at elevation 466 (surface
area, 11,500 acres) to elevation 390 (surface area, 6,180 acres) during
the operating period from 1958 to 1965, In the spring the reservoir
fills and reaches a peak pool around the middle of June, The surface
then gradually recedes throughout the remainder of the recreation season,
Figure 1 depicts the level=-duration diagram for Folsom Reservoir.

To furnisn an indication of the recreational environment at Folsom
Reservoir, the results of an evaluation by the California Department
of Parks and Recreation (1) is presented in Table I, The point svsten
emploved was developed by the Department to estimate the value of
recreation benefits,

Surface water quality samples during tne recreational season near
Granite Bay yielded ranges of temperature from 22 to 26°C and dissolved
oxygen from 7 to 9 mg/l, The pH was usually slightly above 7 and the
water was clear (one turbidity reading of 987% light transmission).

An indication of the magnitude of the use of the entire Folsom Lake
State Recreation Area is the fact that during fiscal 1965-66, 4,667,199
visitor-days were recorded in cowmparison with 1,817,000 visitor-days

at Yosemite National Park.

Accurate attendance counts, in terms of the number of automobiles,

are available for week ends during the recreation season at the Granite
Bay checking station, People use the Granite Bay area primarily for
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TABLE I. DESCRIPTION O RECREATION ENVIRONMENT
AT FOLSOM RESERVOIR (1)

VALUE POINTS

Maximum Folsom
Factor Points Reservoir
Reservoir Operations 20 13
Location of Site 30 19,6
Variety and Quality of Recreation 30 24,3
Esthetic Qualities of Site _20 13
Total 100 70 (rounded)
DOLLAR EVALUATION
Basic Value Value Points Total Value
$ 0,50 70 $ 1,20
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launching boats and swimming, Good access is provided to all facilities,
The launch ramps are paved and well maintained and are satisfactory until
the pool drops below elevation 403. Well developed accommodations are
maintained in the swimming area, with adequate parking and picnicking
space and modern comfort stations., Figure 2 shows the beach (slope
approx. 4.5%) and shade trees in the picnic area.

Attendance data in terms of automobile counts was converted to visitor-
days by multiplying the number of automobiles bv four, The third week
end in May, June, July, August, and September and Labor Day week end
provided sample data for this investigation. The monthly week ends were
selected in an attempt to avoid any bias which might be created by

three or four-day week ends caused by lemorial Day or July Fourth,

Labor Day week end was included because it is always a three-day week
end and would allow the opportunity to observe attendance on a holiday,
To compare Labor Day with the other week ends, attendance figures

were multiplied by two-thirds,

Population changes in the area served by Folsom Reservoir were accounted
for by dividing attendance values by the population of Sacramento

County during the year they were recorded (Equation 1), This approach
transformed recorded values into dimensionless expressions of attendance
that would relate each year to a common base, Figure 3 illustrates

the relationship between adjusted attendance and the beach length,
measured from the high water line to the water surface,

Adjusted Attendance = Recorded Attendance (1)
County Population During Year Recorded

Variables considered influencing attendance at Folsom Reservoir in this
statistical analysis included reservoir operation, temperature, wind,
and time of year. Reservoir operation can be measured by a change in
reservoir surface level, surface area, or length of beach. This study
used the slope distance from the high water mark, which coincided with
the location of shade, picnic facilities, and comfort stations, to the
existing water line, This distance was considered the most accurate
description of the influence of reservolr operation on the recreational
experience at Granite Bay on Folsom Reservoir.

Regression analysis was performed on the data to determine if
statistically significant relationships (test hypothesis 8 = 0) and
correlations existed between attendance and the other measured variables,
Results of the analyses are summarized in Tables II and III (2). All
data were used to compute the results in the entire season row.

Simple regression analysis revealed that no statistically significant
relationship existed between wind and attendance at Folsom Reservoir
with the exception of Labor Day week end. The maximum wind recorded
during the study period was 25 mph and it is highly probable that
areas experiencing high winds could expect a significant reduction in
attendance during windy periods.,
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CORRELAT

GRANITE BAY, FOLSOM LAKE, 1958-1965

TABLE II
ION COEFFICIENTS

Attendance vs.

Surface Ma ximum Me x1mum

Month Elevation Temperature Wind
vy 5050 .7250 -.5L07
June -.8Lh7 T57h .1718
Julr ~.6393 -.4459 .6193
Lutugt .5539 .1395 -.2298
Labor Day .3805 -.5582 -.7870
September 3322 ~.3651 -.7343
Bntire
Season 7155 .3009 ~.0823
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TABLE III

F TEST VALUES

GRANITE BAY, FOLSOM LAKE, 1958-1965

Month
May
June
July
August
Labor Day

September

Surface Ma ximum
BElevation Temperature
2.05 665

14495 8.08
415 1.49
2.66 0.12
1,02 2.72
0.74 0.92

Adjusted Attendance vs. :

For the 5% level of significance, the
with 1 and 6 degrees of freedom.

For the 1% level of significance, the
with 1 and 6 degrees of freedom.

Ma ximum
Wind

1.65
0.12
2,19
0.22
6,51
.68

F value is 5.99

F value 1s 13.75

Entire
Season

48,26

For the 5% level
with 1 and L}6 degrees

For the 1% level
with 1 and L6 degrees

.58
of significance, the
of freedom,

of significance, the
of freedom.

F value 1is L.06

F value is 7.24
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In general, temperatures in the seventies coincided with low attendance
figures and higher attendance figures were recorded when the temperatures
were in the eighties. A significant relationship apparently exists
between temperature and attendance early in the recreational season,
Significant relationships also occurred at Beals Point, an area
frequented by families with small children, in May and at Granite Bay

in May and June, a swimming and boating area attractive to adults and
teenagers,

Multiple regression analysis did not yield any results not revealed
by siwple regression analysis, consequently the results are not
reported,

Examination of the statistical analyses of attendance and reservoir
operation (expressed as length of beach) yields some interesting
results, Tle high, negative correlation coefficient in June could
indicate that perhaps there is an optimum length of beach, Examination
of Figure 3 shows that for the third week end in June (X), attendance
increased if the beach length increased from zero, i,e,, if the surface
elevation was below the maximum pool elevation.

A significant relationship existed between attendance and reservolr
operation (Figure 4) during the entire recreational season for the
entire period of record. This result would lead one to accept the
hyvpothesis that reservoir operation does influence attendance at Folsom
Reservoir, Inspection of the results for a particular time period
(such as the third week end in August) during the recreational season
reveals that the attendance was not influenced by reservoir operation.

Why are the results contradictory? Evidently people who attend Folsom
Reservoir are cognizant of the gereral seasonal trend in the operation
of the reservoir, Whether the level is especially high or low during

a particular month is evidently not too important to the visitors, but
the relevant factor is the relationship of the level to last month or

next month,

Why does attendance continually drop during the summer, similar to the
drop in surface level or when the length of beach increases? Folsom
Reservoir loses its attractiveness to swimmers during the summer
because of the increasing distances from shade and facilities to the
water, At low surface levels, the bathing area becomes muddv and
wasps and insects become pests.,

Another factor that contributes to the reduction in attendance at
Folsom Reservoir is the availability of alternative opportunities.
During the late summer the lakes and reservoirs in the high Sierras
become more attractive due to better climatic conditions and the
State Fair during the Labor Day week end also attracts many persoas,

This study started to be a quantitative investigation of the influence
of reservoir operation on reservoir recreational attendance.
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Attendance at Folsom Reservoir apparently drops during the summer
because of a reduction in the quality of the recreational experience.

Evidently the average operating curve (Figure 4) is an approximation

of the quality of the recreational experience, When the water level
increases, the quality of the recreational experience increases and

more visitors are attracted to the site, When the water level decreases,
marginal users cease to use the area and probably visit alternative
sites,

Use of Results

How can the results of this investigation be applied to the develop-
ment of benefit functions for recreation associated with a reservoir?
The writer proposes that for reservoirs similar to Folsom, the average
oper ition curve (length of beach) could be used to reflect the quality
of the recreational experience and the expected distribution of

at tendance during the recreation season,

During periods of extreme drought, the benefits from recreation would
be reduced, If a decision had to be made between maintaining a pool
level for recreation or releasing water for downstream uses, an
indication of the anticipated change in attendance would be available,
Hlowever, it must be remembered that during periods of normal pool
levels, the attendance is not significantly influenced by reservoir
fluctuations,

The proposed approach would be most applicable for planning purposes.
Different operations studies could be simulated and different

operating curves would produce different attendance estimates and

thus, different recreation benefits., Sensitivity analysis could help
settle conflicts between recreational uses of stored water and releases
for downstream beneficial uses.

Conclusions

At Folsom Reservoir, seasonal attendance is influenced by the general
quality of the recreational experience, The average operating curve
or length of beach can be used to develop the expected seasonal
fluctuations in attendance., Evidently attendance during a particular
time period during the recreational season is not significantly
influenced by reservoir operation, but attendance is influenced by the
overall, seasonal pattern of fluctuations,

Extrapolation of these results to other reservoirs must be conducted
with due caution, For reservoirs offering similar recreational
experience and operational characteristics, the results should prove
helpful to recreation planners and reservoir operators,
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APPENDIX IV

INPUT DATA
Summary
I. Hydrology
A, Upstream Hydrology
B. Downstream Hydrology
C. Willamette River Hydrology
D. Evaporation
E. Flows Required ian Calapcoia River fo: Fishery Benefits
F. Irrigation Demands (Full Developnment)
G. Recreation Demands (Ultimate Development)
1. Recreation ATtendance
2, Influence of Reservoir Operation on Recreation Attendance
H, Expected Summer Inflow to Reservoir

I1.,

Economic Model

A,

B,

Drainage Benefits

1. Drainage Benefits

2. Drainage Benefit Function

3, Drainage Costs

Flood Control Benefits

1, Estimation of Peak Instantaneous Flows
2. Conversion of Flows to Flood Stages
3., Flood Damages (Calapooia Basin)

4, Flood Damages (Willamette River)
Irrigation Benefits

1, Target Benefit

2, Irrigation Benefit Function

3. Irrigation Costs
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D.

E.

Fishlife Enhancement Benefits

1. Surmary of Annual Benefits

2. Enhancement Costs

3. Fisherv Benefit Tunctioms

Water Quality Benefits

1. Procedure

2, 1Incremental Water Quality Benefits
3. Water Quality Benefit Function

4, Incremental Annual Associated Costs
5. Water Quality Values for the Analytical Model
Recreation Benefits

1, Vigitation Value

2+ Recreation Benefit Function

3, Cost Estimate

Reservoir Costs

1. Initial Reservoir Costs

2. Operation, Maintenance, and Repair
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INPUT DATA
TO BASIN MODEL

HYDROLOGIC AND ECONOMIC

The purpose of this Appendix is to identify the original sources of
input data used in the Calapooia River Basin Simulation Model and to
indicate the method and extent of modification and extrapolation,

I. Hydrology

A,

Upstream Hydrology

(Flow at Holley, Oregon, proposed reservoir site.)

Daily flows were obtained from

1. U.S. Geological Survey Water-Supply Papers, Surface Water
Supply of the United States, Part 14, Pacific Slope Basins
in Oregon and Lower Columbia River Basin, U,S. Government
Printing Office, Washington, D, C, 1936 through 1963,

2. U.S. Geological Survey Surface Water Records of Oregon,
U.S. Geological Survey, Portland, Oregon, 1961 through 1964,

Flows were rearranged and analyzed according to procedures outlined in
Appendix II, Daily Streamflow Dimulation.

B,

C.

Downstream Hydrology

(Flow three miles above confluence of Calapooia with Willamette
River near Albany, Oregon,)

Daily flows were obtained from the same sources as the upstream
hydrology and were rearranged in a similar manner,

Willamette River Hydrology

(Generation of low flows at Salem, Oregon. U,S. Army Corps of
Engineers, "Willamette River Reservoir Regulation Study."
Portland, Oregon, 1959 (Unpublished).

In this study the Corps routed 30 years of monthly historical
flows (1926-1955) through the authorized 14 reservoir Willamette
Basin System, During six of the 30 years the target flow of
6000 cfs at Salem, Oregon was not achieved, These routed,
insufficient historical flows were drawn by distribution free
methods to simulate low flow conditions, Values were adjusted
when necessary to vary linearly on a daily basis and still
maintain the monthly average.,
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SUMMARY OF ROUTED HISTORICAL MONTHLY LOW FLOW YEARS
hillamette River at Salem - W.R.
Release from proposed Holley Reservoir - H.
Flow at Salem without release - F.S.

(used to simulate Willamette River low flows)

Year June July August September
1926

W.R. 4600 4600 4600 5731

H. 100 50 50 65

F.S. 4500 4550 4550 5666
1930

W.R. 7278 6000 5895 6624

H. 100 187 211 51

F.S. 7178 5813 5684 6573
1934

W.R. 5500 4600 4726 6683

H. 100 50 50 50

F.S. 5400 4550 4676 6633
1940

W.R. 5640 4840 4873 6175

H, 100 198 193 140

F.S. 5540 4642 4680 6035
1941

W.R. 7161 4580 4647 7661

H. 100 50 50 191

F.S. 7061 4530 4597 7470
1944

W.R. 7173 5400 5400 6758

H. 100 50 396 34

F.S. 7073 5350 5004 6704

Water quality demands are composed of flows or volumes of water necessary

to increase simulated flows to target minimum flows in the Willamette River.
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D. Evaporation

Month ER, SFM/AC® Temp, °FP
April 0.00300 50,8
May 0.00495 56.1
June 0.,00595 60.9
July 0.008390 66,6
August 0.00690 65.9
September 0.00460 61.5
October 0.001%0 53.2
a., U.S., Army Corps of Engineers, "Report on Redistribution of

b,

Irrigation and Other Water Resource Benefits' Portland, Oregon,
Rev, No. 1960, Chart 4.

Evaporation from Reservoirs in the Willamette Vallev was con-
verted to ac-ft per day per acre of reservoir surface area., The
monthly averages piven in the table were adjusted to vary linearly
on a daily basis and still preserve the monthly average.

U.S. Department of Commerce, Climatolegical Data, National
Summary. llean monthly temperatures at Eugene, Oregon, were
available but not incorporated in this model,

Evaporation in the simulation model was treated as a function of surface
area and time of year. Considered in the evaporation rates were expected
water temperatures, wind velocities, humidity, and cloud cover.

1.

b.

i

Available Data

Pool Elevation, Storage,? Surface Area.b
ft, m,s.1l. ac-ft Ac
694 186,000 -——
685 169,000 2,850
660 97,000 -
645 —— 1,720
590 — 500

Wilcox, B. E., Personal communication NPPEN-PL-9, dated
8 July 1966,

U.S. Army Corps of Engineers,'Preliminary Recreation Reconnaisaunce,
Calapooia River, Holley bam Site, undated, Received 24 July 19h5,
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2, 1Interpolated Input Data

Pool Elevation Storage, Surface Area
ft. m.,s,1, ac-ft Ac
699 200,000 2,975
692 180,000 2,910
685 160,000 2,850
677 140,000 2,690
669 120,000 2,431
661 100,000 2,221
651 80,000 1,914
638 60,000 1,559
620 40,000 1,159
602 20,000 763
560 0 0

L. Tlows Required in Calapooia River for Fishery Benefits?

Date Minimum Desirable Flows, cfs
Holley Dam to Brownsville Diversion
Brownsville Diversion to Willamette River
Sept. 1 to 'ay 31 130b 1300
June 1 to June 15 250¢ 130d
June 16 to Aug. 31 250¢ 90e

Maximum Temperature of Water Released from Reservoir
October 1 - 55°F
Summer - 60°F

a, All data obtained from Mr, Kenneth Johnson, U.S, Army Corps
of Engineers during meeting on July 28, 1966, in Portland, Oregon.,

b, Little or no irrigation releases for fish spawning,
¢, High flows for fishery and irrigation,.
d, Minimum flow for fishery,

e, Lower minimum flow for fishery in lower reach because figh have
moved upstream,

Simulation model used minimum flows in lower reach as fishery target

flow because irrigation releases provided sufficient flows to exceed
minimum flow target for fishery in upper reach,
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Irrigation Demands (Full Development)
Downstream irrigation demands were obtained from Halter and Miller's

work,® Original data were provided by the Corps of Engineers from
estimates by the Bureau of Reclamation.

Downstream Irrigation

Month Demand, Ac-ft
April 2,100

May 5,400

June 14,000

July 24,800
August 21,300
September 2,300
Total Demand 69,900 Ac-ft

Demands were incorporated in the simulation model on a daily basis,
The daily demand varied linearly within 15 day periods on the basis
of a percentage of the target output,

a, Halter, A, N, and S, F, Miller, "River Basin Planning: A
Simulation Approach," Special Report 224, Agricultural
Experiment Station, Oregon State University, Corvallis,
Oregon, November, 1966, 117p,

Recreation Demands (Ultimate Demand)

1. Recreation Attendance
Recreation Potential for 685-foot Pool Elevation?
(Storage, 160,000 ac-ft; Surface Area, 2,850 acres)

Estimated Usage, Visitor-Days,
Without Project With Project
Time or Parks
Present 5,900 NA
3 years after - 100,000
construction b
100 years after 10,9000 500,200
construction

a. Wilcox, B, L., Personnel communication NPPEN-PL-9, dated
8 July 1966,

b. Expected attendance used in simulation model.

2. Influence of Reservolr Operation on Recreation Attendance
A definite reduction in visitor=days was shown in a study
reported in Appendix III, A statistical analysis of attendance
data and width of beach (distance from high water line to water surface
showed) - that attendance drops as the distance to water increases
at the Granite Bay State Recreation Area on Folsom Lake, near
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metropolitan Sacramento., These relationships were extended to
a potential recreaticn site at Holley in this simulation model,
The recreat.cn scason for both areas was assumed to be from the
day before Memorial Day (May 30) through September 15,

Comparison of Holley Reservoir and Folsom Reservoir Recreation,
potential and existing

Item Holleyd FolsomP
Slopes in recreation 3 to 20%, Used 10% 3% at Granite
area on basis of U,S.G.S. Bay

topo map contours in
potential area,

Change in pool elevation Max, 685 Max, 470
during recreation season Min. 645 Min. 390
Elev, 40 ft Elev, T80 ft
Anticipated Usage 500,000 persons within During Folsom Study.
1 hour's driving time Sacramento County
now, Estimate threefold Population
increase in next 50 years, 1955 - 374,300

H.

1965 - 617,200

To approximate the Corps annual attendance estimate of 500,000
man~davs (ultimate demand) 100 years after construction of the
dam,? this simulation model assumed a daily attendance of 5000
visitors (actualiy the daily average for a week) when the
reservoir if full, Attendance drops linearly to zero as the
width of beach increases to 1500 feet, The beach will never
reach this width; therefore, even if the reservoir is empty,
there will be some visitors,

a. U.S. Army Corps of Engineers, "Preliminary Recreation
Reconnaisance, Calapooia Fiver, Holley Dam Site, Undated,
Received 24 Julv 1965.

b, Apostolos, John A,, "Factors Influencing Recreation on
Reservoir," paper submitted to 1967 ASCE Student Content,
Reno, Nevada.

Expected Summer Inflow to Reservoir

To allocate available water during the flow periods the expected

flow during this time span should be considered. A prediction
equation was developed using regression analysis to estimate summer
inflow on the basis of spring flows.

Expected Summer Inflow, sfd = 8260 + (0.029)(Sum of three previous

months, sfd)
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II.

The regression coefficient (0,029) indicates that the flow during the
three months before the low flow season does not exert a large
influence on the low flows and/or the spring flows are much larger
than the summer flows., To avoid over estimating expected flows which
could cause severe losses in benefits if the expected flows were not
available, safety factors from 0.8 to 1,0 were applied to the expected
flows with virtually no change in the average annual net benefit.

The value of 0,9 was the optimum safety factor.

Economic Model
A, Drainage Benefits

1, Drainage Benefits a
Maximum Annual Drainage Benefits, Calapooia River, 1964 Dollars

Channel Capacity, Maximum Annual BenefitsP
cfs Dollars
5,000¢ 0
11,000 200,000
21,000 500,000

a. lalter, A, N, and S. F, Miller, "River Basin Planning: A
Simulation Approach," Special Report 224, Agricultural
Experiment Station, Oregon State University, Corvallis,
Oregon, November, 1966, 1ll7p.

b. Estimated by Corps of Engineers

c. Natural channel size,

Benefits from channel sizes other than values listed above
were assumed to vary linearly in the gsimulation model. Values
were not extrapolated beyond a channel capacity of 21,000 cfs

nor an annual benefit of $500,000,

2,.¢Drainage Benefit Function?
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3.

8,

a, Ualter, A, N. and S, F, Miller, "River Basin Planning:
A Simulation Approach, "Special Report 224, Agricultural
Experiment Station, Oregon State University, Corvallis
Oregon, November, 1966, 117 p, .

Crop production can be increased if drainage is provided soils
with poor drainability, TFull drainage benefits can be achieved
if the average channel level during the drainage season (March
April, May, and June) is below 30 percent of the channel '
capacity, VWhen the average channel level exceeds 30 percent

of the channel capacity the drainage benefit function is
reduced as saown above,

Drainage Costs
Costs of Improving or Increasing Channel Capacity?

Calapooia River, 1964 dollars

Channel Capacity, Total Construction Cost,P
cfs Dollars x 106
5,000¢ 0.1
11,000 1.6
21,000 8.0

Operation, maintenance and repair are estimated at 10 percent
of the authorized costs (life of 100 years assumed)?

a, Halter, A. ¥. and S, F, Miller, "River Basin Planning:
A Simulation Approach,”" Special Report 224, Agricultural
Experiment Station, Oregon State University, Corvallis,
Oregon, Novenmber, 1966, 117p.

b, Estimated by Corps of Engineers

¢, Natural channel capacity, Some channel improvement will be
necessary to accommodate reservoir releases,

Costs listed above are solely for channel improvement and increase
in channel capacity., These improvements and increases in channel
capacity also will reduce flood losses. The costs of actually
draining the land are not included., The greater the channel
capacity and the lower the average channel level, the more
effective will be the drainage outlets,

Flood Control Benefits

1, ELstimation of peak instantaneous flows.
Flood damages were estimated on the basis of peak instantaneous
flows, Peak flows were calculated from simulated average
daily flows. Regression analysis of historical data? yielded
the following relationships.
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2,

Channel
Flow,
cfs
0
10,000
20,000
30,000
40,000
50,000
60,000
70,000
80,000
90,000

Downstream Station, Albany

Inst, Peak, cfs = =846 + 1,209 (Ave, Daily Flow, cfs)
Correlation Coef., r = 0,954 and n = 24,

Upstream Station, liolley

Inst, Peak, cfs = 515 + 1,162 (Ave, Daily Flow, cfs)
Correlation Coef., r = 0.967 and n = 24,

a., U.S. Geological Survey Water Supply Papers and Surface
Water Records of Oregon (See ref, 1 & 2, Section lA of
this Appendix.)

In the simulation program, a table was prepared from the
regression equations and the peak flows were obtained from
the table on the basis of the simulated average daily flow,

Conversion of Flows to Flood Stages
Relationship between Channel Flow and Flood Stage at Shedd?

Flood Stage at Shedd, ft
Channel Capacity, cfs

5,000 11,000 21,000
10.0 10,0 10,0
15,75 14,0 11.0
16,6 15.75 14,0
16.9 16.35 15.1
17.15 16.6 15,75
17.3 16.75 16,15
17.5 16,9 16.35
17.65 17.05 16.5
17.82 17.15 16,6
18.0 17.25 16,7

a. Halter, A, N, and S, F. Miller, "River Basin Planning: A
Simulation Approach,” Special Report 224, Agricultural
Experiment Station, Oregon State University, Corvallis,
Oregon, November, 1966, 117p,

Flood stage at Shedd is used because flood stages at the

downstream simulation station are influenced by backwater
resulting from flows in the Willamette River
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3. Flood Damages (Calspooia Basin)
Flood Damages Based on Flood Stage at Shedd

Flood Stage Flow at Shedd, Damage Dama
at Shedd, ft Existing Channel Halter-M?liera Wilcgib Thigagigiec:
cfs Dollars Dollars Dollars

10 0 0 0
11 1,000 0
12 1,800 2,200 2,200
13 3,000 5,500
14 4,500 16,000 16,000
15 6,700 40,000 40,000
16 12,000 135,000 200,000 200,000
17 34,000 1,400,000 1,400,000
18 90,000 550,000 4,400,000
20 1,000,000

a, Halter-Miller, Corps of Engineers estimates based on 1964
stage of development

b, Wilcox, B. E., Personal communication NPPEN-PL=9 dated
13 December 1966,

Data in Wilcox column taken from "Discharge-Damage Curve,
Willamette River Basin, Calapooia River, Zone B, Discharge

at Shedd, April 1, 1966, 1965 Prices and Development" The
curve contained the 1964 flood which had a discharge of 22,500
cfs and caused $780,000 in damages (values taken from plot

on curve),

The flood stage at Shedd is used to indicate flood damages
resulting from Calapooia River flows because the flood stage
at Albany is often influenced by backwater from the Willamette
River,

4. Flood Damages (Willamette River below confluence with
Calapooia River)
"Benefits creditable to lolley Reservoir for flood damage
reduction along the Willamette River are based on all 14
authorized Willamette Basin reservoirs being cperated as a
system, Distributicn of benefits to various reservoirs is
in proportion to each reservoir's contribution to reduction
of average annual flood damages. At 1965 prices and develop-
ment, these benefits would amount to approximately $610,000
annually for 90,000 acre-feet of flood control storage at
Holley Reservoir," Wileox, B. E., Personal communication
NPPEN-PL-9 dated 13 December 1966.

To incorporate average annual flood benefits for damage
redyction along the Willamette River was a problem, since
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only 1 of 14 reservoirs was being studied., Reductions in
flood damages should be recorded in the simulation model
when they occur, rather than on an annual basis. The
necessity of providing storage of 90,000 ac-ft for flood
control was questioned, A review of historical records
indicated that most severe floods on the Calapooia River

had a duration of three days (3 days of high flows). Omne
hundred years of reservoir inflows were simulated and yielded
the following results:

Rank Largest Mean Volume,
3~Day Flow, cfs Ac-ft

1 14,139 84,834

2 11,562 69,372

3 10,897 65,382

4 10,758 64,548

5 10,457 62,742

These results indicated that if no flows were released from
the reservoir during a severe flood, a flood storage capacity
of 60,000 ac-ft could hold most floods. Even under the worst
condition, the average release would be approximately 4100 cfs,
(neglecting any surcharge storage) which would be small in
comparison with the total flow in the Willamette River,
Consequently flood benefits from a reduction in flows in the
Willamette River were reduced proportionally, based on the
unavailability of storage available to contain a three-~day
runoff of 60,000 acre feet, When ilolley reservolr is

operated as an integral part of the Willamette Basin reservoir
system, it may be required to hold a major portion of flood
flows longer than three days,

To allow for a flood benefit from reduced flows in the
Willamette River, an annual flood benefit of $160,000 was
arbitrarily selected simply to be conservative, Since this

is a fixed, annual value, the size of the reservoir and other
target outputs would not change 1f another value was inserted,
only the maximum net benefits and benefit/cost ratio would
change.

Wwill, River Flood Benefit = $160,000/yr (L2rget Flood Storage 60,000 Ac-ft
60,000 ac-ft + Insuf, Capacity

Insufficient Capacity, Ac-ft = 3-day Inflow - Available Flood
(zero or positive) Storage

C. Irrigation Benefits

l, Target Benefits

Irrigation Capability, acre? 53,400
Annual Net Benefits, $/acred $10.35
Total Annual Net Benefits $552,690
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2.

3.

Benefits of $552,690 would result if the irrigation target
tput
of 69,900 ac-ft was met, g get outpu

a. Provided Corps of Engineers by Bureau of Reclamation

b. Halter-Miller Report

In the simulation model, the target benefit was adjusted pro-

portionally on the basis of the target output for irrigation
water in ac~ft,

Irrigation Benefit Function

If sufficient water 1is not available to meet irrigation demands,
losses in net benefits result, The magnitudy of the dollar loss
is a function of the severity, duration, and time of the shortage.
The selection of a loss function for the simulation model was

a compromdse between loss functions published in two different
references as shown in the following figure (Halter-Miller

report and Bower, Blair T. in "Design of Water Resource Systems,"

by Maass A., et al, llarvard University Press, Cambridge, 1962,
ppP. 263-298),

Irrigation Costs

Irrigation Capability, acre? 53,400

Construction Costs, $/acre? $ 17,44
Total Construction Cost $931,296

Operation, maintenance, and repair are estimated at 7.5 percent
of amortized costs,P

a. DProvided Corps of Lngineers by Bureau of Reclamation,

b, Halter=Miller Report

Costs above original irrigation target output of 69,900 ac-ft
were assumed to increase by the square of the ratio of the new
irrigation target to the original irrigation target. If the

irrigation target output was reduced, the costs were reduced
proportionally fo the output.
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D. Fishlife Lnhancement Benefits

At the time this project's economic model was prepared, the data

Qelow were obtained from Mr, Kenneth Johnson, U.S. Army Corps of
ngineers, on July 238, 1966,
Average Annual Projected Fishery Benefits, Dollars

PLAN A B

B D F
Reservoir Capacity,Ac-ft 186,000 201,000 186,000 160,000 97,000
Minimun Conservation 51,000 51,009 36,000 39,000 7,000
Pool, Ac-ft
(For Temperature Contrcl)
Anadeomous Fish $334,000 $334,000  $334,000  $264,000 None
Reservoir Sport Fish $154,000 $160,000  $154,000  $145,000 $105,500

(Angler Use)

Downstream Sport Fish $ 99,700 $ 90,000 $ 90,000 $ 90,000 $ 30,000
(Angler Use)

Total Fishery Benefit $378,000 $584,000  $578,000  $499,200 $135,500

Tue identical benefits for plans A and C and different minimum conser=
vation pools represent the opinions of different agencies at this

time regarding the minimum conservation pool necegsary to satisfy the
temperature control target of 60°F or lower during the summer and

55°F or lower after October 1., Plan A was selected as the basis for
preparing the economic model for this project., On December 7, 1967,
Mr., Johnson indicated that the minimum conservation pool would probably
be 51,000 ac-ft, Fishlife enhancement benefits were still being
reviewed at the time this report was prepared (Dec, 1969).

1. Summary of Annual Fishery Benefits

a, Reservoir Sport Fish - $154,000
(Angler use)

b. Anadromous Fish = 334,000
Dowvmstream Sport Fish = 90,000

(Angler use)
Total Benefits $424,000
Release for minimum flow and storage for temperature control,
2, Enhancement Costs
An egg collection station below Holley has been proposed by
the Oregon State Game Commission
a
Total Construction Costs $800,000

Operation Maintenance, and Repair are estimated at 10% of
construction costs.

a, Estimated by the Corps of Engineers
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Fish Benefits
(percentage of annual

3

Fish Benefits
(percentage of annual gross fish benefits)

gross fish benefits)

b, Halter~Miller report

Fishery Benefit Functions

a, Other Fishery Benefit Functions

The exact response of fish to low flows is not well defined
because of the influence of many other factors, such as water
quality (temperature, dissolved oxygen). Halter and Miller
used a benefit function based on minimum flows and related the

flows to a "percentage of mean-daily need met," where the
percentage was the minimum for the year,

100 =
80 P
60 |-

40 P

0 1 I 1 1 L
0 20 40 60 80 100

Fish Requirements Met
(percentage of mean-daily need met)

Mr, Kenneth Johnson, Corps of Engineers, indicated during a
meeting on July 28, 1966 that temperature control was critical
to the fish benefit function and that the benefit function shown
below was being used,

100 r
60 =
=
0 L | 1 1
0 40% 100%

Fish Requirement Met
(Minimum percent of target flow)
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Project Fishery Benefit Functions

(1) Anadromous Fish Enhancement

To achieve full anadromous fish benefits, both minimum flows
and temperature control must be achieved and maintained,
Temperature control was based upon the ability of the reservoir
to maintain a minimum conservation pool of 51,000 ac-ft, 1In
an attempt to more accurately describe a benefit function
similar to field conditions, this project assumed the benefit
function shown below, The simulation model determined the
minimun annual percent flow target and percent conservation
pool target and used the minimum of the two values to estimate
the anadromous fishery benefit.

r
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Anadromous Fishery Benefit Functions
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% Minimum Flow Target
Anadromous Fishery Benefit Functions
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The deviation of the project benefit function from the one
provided by the Corps was justified on the belief that the
percentage of the benefits does not drop from 50% to 0% at
the 40% target level, but is more gradual as reflected in
the project benefit function. If the target was exceeded,
a slight increase in benefits was allowed based on the
belief that fishery benefits do not cease to increase after
the target is met.

(2) Reservoir Sport Fish Enhancement

A benefit function for reservoir sport fishery was not
available, The simulation model used a benefit function
similar to the anadromous fishery function with some pertinent

modifications,
105 p-
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Reservolr Sport Fishery Benefit Functions

When the minimum conservation pool level drops below 40%

of the target, a complete loss of the reservoir sport fishery
does not seem realistic. Some fishermen would be expected

to continue to attempt to catch fish,

E., Water Quality Denefits

1,

Procedure

Previous work by Worley® and Kerri® has established the response
of the Willamette River and its tributaries to various amounts of
waste discharge, For different combinations of water quality
objectives of DO of 4, 5, and 7 mg/l and coliform group bacteria
MPN on 240, 1000, 2400, and 5000 per 100 ml Kerri used nonlinear
programming to find the minimum cost of achieving the water
quality objectives. Worley's computer program verified the
ability of the receiving water to achieve the DO objective and
Kerri's work verified the coliform objectives,
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2.

3.

Costs of achieving the water objectives are tabulated in terms
of initial treatment plant costs and annual maintenance and
operation costs for minimum flow levels in the Willamette River
of 4500, 5000, 5500, and 6000 cfs at Salem, Oregon.

Water quality benefits are measured in terms of reduced treatment
costs resulting from flows at Salew above 4500 cfs, the minimum
excepte§ flow (based on the routing of 30 yvears of historical
flow) without the project under consideration. If a flow

target above 4500 cfs can be established, then higher incremental
degrees of waste treatment can be postponed by the release of
water for water quality control, If the target is not met

then the annual benefit from avoided operation and mainten;nce
costs is reduced proportionally, assuming that downstream water
users must increase their operating costs or they incur some
damages from the decreased water quality,

Any combination of water quality objectives will require a
certain level of treatment by all waste dischargers in the basin,
Therefore, for any selected water quality objective in the
simulation model, the average annual net benefits should be
reduced by an appropriate increment to account for the asgociated
costs to the waste dischargers for their degree of treatment,

The associated costs are a function of the degree of treatment
required to meet water quality objectives at the minimum flow
objective under consideration,

a, Worley, J. L., "A System Analysis Method for Water Quality
Managing by Flow Augmentation in a Complex River Basin,"
U.S, Public Health Service, Region IX, Portland, Oregon (1963).

b. Kerri, Kenneth D., "An Investigation of Alternative Means of
Achieving Water Quality Objective,”" Ph.D, Thesis, Oregon
State University, 1965,

Incremental Water Quality Benefits for Q - 4520, 5000, and 6000
cfs are summarized in Table I,

Water Quality Benefit Function

Minimum flow in the Willamette River at Salem without thig pro-
ject's contribution is estimated as 4500 cfs on the basis of a
Corps of Engineers' study which routed 30 years (1926-1955) of
monthly flows through the Willamette Basin reservoir system,

The minimum flow objective at Salem of the Corps is a flow of
6000 cfs, To determine the optimum target flow for water quality
control, various targets were tested in the simulation model.

As previously described, the degree of treatment to meet different
combinations of water quality objectives was determined for a
flow of 4500 cfs at Salem., The benefits from flows released for
water quality control are calculated on the basis of treatment
not required if the target flow is met, The treatment was
divided into facility costs and maintenance and operation costs.
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TABLE I. WATER QUALITY BENETIT SUMMARY

INITIAL PLANT COSTS, $ x 10°
ANNUAL OPERATION AND MAINT, COSTS, $ x 103

Target Do Total Coliform Group Bacteria
Flow, cfs mg/1l MPN per 100 ml
Q = 6200 5000 2400 1000 240
4 0 +005 .096 8.798
0 10.935 18,279 1001,184
5 +897 +897 1.067 10,147
51.13 61,89 68,025 1042,481
7 8,813 23,333 23,525 30.481
473,904 487,774 496,862 1454,688
Q = 5000
4 +354 +325 1.596 10,234
28,493 33,951 45,789 1052,643
5 1.072 1,572 3.727 11.353
69.564 91,892 82,580 1078.564
7 12,273 27,503 28,305 33.182
855,508 863,226 819.168 1637,365
Q = 4500

4 214 «495 64246 12,410
41,460 44,539 269,461 1217.379

5 3,790 . 4,988 84623 39,389
87.880 135.862 205,559 1265,221

7 16,488 39,739 35,580 38.471
1182,305 1104,023 1152,254 2041,408
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4,

The reduction in water quality benefits from a failure to meet
the target water quality flow objective results from increased
treatment costs by downstream water users. This reduction was
assumed to be a linear function of the difference between the

target flow for water quality and the minimum routed flow of 4500
cfs without the

= project as shown below,
Ut
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Water Quality Target Flow Met
Water Quality Benefit Function

Incremental Annual Associated Costs
Q = 6000 cfs at Salem; 1 = 3 1/8%; n = 20 years
To maximize net benefits in the simulation model, the optimum

low flow objective at Salem for all combinations of water quality
objectives is 6000 cfs,

Annual Incremental Treatment Costs,?
in One Thousand Dollars

Total Coliform Group Bacteria
bDissolved MPN per 100 ml
Oxygen
mg/l 5000 2400 1000 240
4 - 56 88 1152
5 105 158 186 1245
7 826 877 888 1789
a., Kerri, Kenneth D., "An Investigation of Alternative Means
of Achieving Water Quality Objectives," Ph.D. Thesis,
Oregon State University, 1965.
5. Water Quality Values for Analytical Model

To estimate expected values of water released for flow augmentation,
the low flow hydrographs were analyzed. For each hydrograph,
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volumes of water necessary to increase flows to specified levels
were calculated, Water quality benefits from higher flows were
estimated and the value of the water in dollars per ac-ft was
calculated for each increment.

Results from the analysis of the low flow hydrographs indicated
that the V-shaped hydrographs consisted of three segments,

whereas the one U-shaped hydrograph was composed of two segments
similar to the second and third segments of the V-shaped hydro-
graphs. The value of the first segment of water released for water
quality control with the V-shaped hydrographs was approximately

$12 per ac-ft, Values for the second and third increments

were approximately $8 and $4 per ac-ft respectively.

F, Recreation Benefits
1, Visitation Value

"The Bureau of Outdoor Recreation has « « concluded that
reasonable vigitation values for estimating a monetary benefit
value would range between $0,75 and $1,00 per visitor-day. Full
development of recreation potential would be contingent upon
finding a non-Federal sponsor willing to share acquisition and
development costs and operate and maintain recreation facilities
as required by Public Law 89-72,"2 The simulation model used a
recreation value of $1,00 per visitor-day.

a., Wilcox, B, E., Personal Communication NPPEN-PL-9 dated
8 July 1966,

2. Recreation Benefit Function
Recreation attendance decreases as the distance from the high-

water line to the water surface increases. The value of a
visitor day was assumed to be $1/visitor-day.?
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3.

Cost Estimate

The estimated cost of initial and ultimate recreational development
is $1,870,000 exclusive of land costs? as summarized in Table 11,

G. Reservoir Costs

1. Initial Reservoir costs?
Total Maximum Estimated
Storage Pool Cost*
186,000 Ac~ft 694 ft m,s,1, $32,700,000
160,000 Ac~ft 685 ft m.s.l. $27,900,000
97,300 Ac~-ft 660 ft m,s.1l. $19,200,000
*Costs reflect all features of the project and include engineering,
supervision and administration, and interest during construction,
Downstream channel improvement costs totaling approximately
$3,000,000 are included in each of the above estimates,
2, Operation, Maintenance, and Repair

Operation, maintenance, and repair costs were estimated at 7.5

percent of amortized costs,

a. Wilcox, B. E., Personal communication NPPEN-PL-9 dated

8 July 1966.

b, Halter-Miller Study

The simulation model estimated initial reservoir costs

using the above estimates, less $3,000,000,

This data

plotted close to a straight line and the cost of reservoirs
of intermediate capacity were obtained by linear interpolation.
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TABLE II, TOTAL COST OF RECREATIONAL DEVELOPMENTb

Initial development cost $ 450,000
Future development cost 1,420,000
Total cost of development $ 1,870,000

ANNUAL COST - INITIAL DEVELOPMENT

M&O $ 23,400
Replacement 8,700
Amortization 14,800

Total annual cost $ 46,900

ANNUAL COST ~ FUTURE DEVELOPMENT

M&o $ 82,600
Replacement 34,100
Amortization 56,300

Total annual cost $ 173,600

a, U.S. Army Corps of Engineers, 'Preliminary Recreation Recon=-
naissance, Calapooia River, Holley Dam Site,” Undated,
Received 24 July 1965,

bs U.S. Army Corps of Engineers, 'Reconnailssance of Holley
and Thomas Creek Dam Sites with Bureau of Outdoor Recreation
Personnel," NPPEN-PP-3, 15 February 1965,

To fully investigate the complementary and competitive aspects of
water storage for water quality control, full recreation development
was assumed, llaintenance, operation, and replacement costs were
assumed to be twice amortization costs in the simulation model.
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APPENDIX V
FLOW DIAGRAMS OF COMPUTER PROGRAMS
by D. J. Hinrichs

To simulate the hydrologic conditions and economic response to potential
water resource systems in the Calapooia Basin, a daily flow simulator

was deemed essential, This simulator was developed and tested in FORTRAN
on a Control Data Corporation (CDC) 6600 computer.

DYNAMO appeared better suited to accomplish the aims of this research
project and consequently the hydrologic and water~related economic
systems of the Calapooia Basin were simulated, tested, and analyzed

by this program, Printout from the final simulation model revealed

the ability of potential designs to meet target outputs, identify critical
shortages, and report any excesses, The complementary and competitive

aspects of water storage for water quality control were easily identified
and analyzed from the results,

Contained in this appendix are flow diagrams which provide an explanation
of the DYNAMO and FORTRAN computer programs.
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SUMMARY OF DYNAMO PROGRAM
I, Hydrologic Simulation
A, Day, season, and year counters (DC l-4, SK l-4, YC l-2)*
B, Upstream hydrology (UH 1-242)
C. Downstream hydrology (DH 1-258)

D. Generation of low flows only,
Willamette River Hydrology (WH 1-30)

E, Flows into the Willamette River (FW 1-8)
II. Reservoir Routing

A, Reservoir and channel level (RCL 1-12)

B. Reservoir releases (RR 1=243)

C. Routing Analysis (RA 1-11)
IIT, A, Drainage benefit (DB 1-12)

B, Flood loss (FL 1-18)

Cs TFlood benefit (FBC 1-16)

D. Irrigation return flow (IR 1l-4)

E, Irrigation benefit (IB 1-9)

F., Fish benefits and costs (FB 1=28)

G. Water quality benefits (WQ 1~13)

H, Recreation benefits (RB 1-19)

I. Recreation costs (RC 1=4)

J. Structure sizes (SS 1=5)

K, Net benefits (NB 1-16)

L. Costs (C 1-13)

M, Capital recovery factors (CR 1=12)

% Location of each section given in parentheses,
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IV. Output Analysis

A, Maximum and minimum annual reservoir levels (E 1-41)

B, Flood loss distribution (E 42-63)
C. Irrigation (E 64~70)

D. Minimum channel flow and conservation pool (E 71-87)

E. Water quality (E 88~97)

F. Recreation attendance (equals recreation benefit)(E 98-107)

G« Sum of annual flows (FA 1-20)
H, Spill data (SP 1-6)
I, Maximum and minimum daily flows (DF 1-8)
J. Fish release (FR 1-5)
V. Economic Analysis and Shortage Indices
A. Drainage loss and shortage index (SI 1-10)
B, Channel shortage index (flood control) (SI 11-19)

C. Flood storage shortage index and Willamette River flood losses
(SI 20-28)

1. Channel storage
2, Reservoir storage
D. Irrigation loss and shortage idex (SI 29-36)
E, Fish loss and shortage index (SI 37-67)
F. Water quality loss and shortage index (SI 68=-87

G. Recreation loss and shortage index (SI 88-99)
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DYNAMO FLOW DIAGRAM

I, lydrologic Simulation

A, Day, Season, and Year Counters
These counters are used to identify moments in time during the
simulation runs, Various demands occur on different days during
the year, Season counters were required in the hydrologic
siaulation model to overcome space limitations in the table
functions of the DYNAMO program used in this project.

B, Upstream Hydrology
(Simulation of flow into reservoir)

|Log of flow = historical mean + (K') (standard deviationﬂ
]

Mean from C_O>K'>0 > Standard deviation
tables from tables

1
Pearson type III std, deviate Pearson type III std, deviate
1,3 1,10

L

< 0>5kew (g)>0 ey

o
Coge > | A

8
1 .
2 :
IE( (% <x-§) + 1)3-1)| - |- -Z-I E ( (%(X-g.) + 13 - 1)
L ]

iro

2,0.5
§ gBiegtyy g+ =R ()

C. Downstream Hydrolq&x

Downstream flows are generated using equations and flow diagrams
similar to the upstream flow, with the following changes:

1. Coefficient C,
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a, If K'20, change 1,1 to 1.2

b. If K'<0, change 1,35 to 1,45
. 2,0.,5
2. X' Xi'j Bi.jxi_l.j + Bi’jxi.j-l + (l-R ) (RN)

Generation of Low Flows Only, Willamette Rivér Hydgolopy
(Flow augmentation not requested if Q is equai to or greater

than 6000 cfs)

D.

IFlow in the Willamette River ggﬂ

SUMF = Sum of Spring Flows
day 151 to 241

—<< 66500 > SUMF

v

66500

Esoooo > SUMF 2 30000 D= lQ_= 6000 cfs]

51ooD|

L
0,0 > Random No. = 0.0:1 r(-O.S > Random No., > =0.5

[Q = Table DRYL] ———< 51000 > SUMF

v

-
Q = Table DRYMI] [q = Table DRYMZ] [q = Tabie DRYWI ﬁ.omandom No.>0,0

I |

fo = Table DRYW2 'Q.5>Random NofOfSi

[Q = tabic pryw3] [ = 6000 cfs)

Tables contain routed summer flows through authorized system,
less project flows in Willamette River for dry years based on
historical data from 1926 through 19553,
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E. Flows into the Willamette River

Total Flow in Willamette River = Simulated flow + Flow OUt__J

in Will. R, of channel

ITI., Reservoir Routing

Flow Simulated

3 days in advance

to actuate reservoir
releases

A. Reservoir and Channel Level

Reservoir level, ac-ft = (1/43560 ft2/ac) (Yesterday's flow in fi3

-Yesterday's flow out
-Evaporation loss, ft

3 £e3 - irrigation diversion flow, £e3

Flow in from
Upstream
Hydrology

Flow out from Irrigation from| |Evaporation is
Routing section outing sectio a function of

surface area
and time of yvear

Channel level = Previous channel level + Previous reservoir release +

simulated channel flow - previous inflow td reservoir + irrigation
return flow - flow out of channel,
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B. Regervoir Releases

[Flow out of the reservoir ()]

Before DAY 240 After Go to next page
(dry season

| ,
*———<O>(channel capacity = channel flow)>01

o 0>(Spillway Capacit
y | [Q = Fish release]
N ié::>>-_—

~Rule curve release)

Q= Spiliway Capacity] | <: 0>(Desirable Channel levEE:::>

=Rule Curve Release)*>(

S

Q = release that Q = release
maintains desirable determined by
channel level#** | rule curve |

* Rule Curve Release -~ This 13 the release determined by reservoir rule
curve,

*% Desirable Channel Level = Channel capacity - safety factor
Safety factor determined by marginal analysis to minimize flood
damage to channel and still maintain capacity in reservoir for flood

storage.

Flows from the reservoir during the dry season are released

on a priority basis determined by the analytical model and are

a function of the volume available to meet the remaining demand,
and the expected inflow during the remainder of the season.
Priority No. 1 stores water available above a dead storage level
of 20,000 ac-ft for tempcrature control for the downstream
fishery, plus additional water for water quality control. The
stored water also contributed to reservoir sport fish and

recreation benefits,
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Volume of water
after Priority No. 1 =
is met (Volume No, 1)

Resaervoir level + Expected inflow

remainder of
dry season

-~ 60% minimum conservation pool
for temperature control

- 60% Volume for downstream
fish release

- Increments No. 1 & 2
Water quality demand in
|__ excess of fish releages

If Volume No. 1 is negative, allocate expected available volume
of water proportionally between downstream fish release and
minimum conservation pool.
target met for both the fish flow and reservoir level for temper-
ature control as high as possible to maximize anadromous fish
enhancement, Fishery releases will complement water quality

benefits,

The objective is to have the percent

1f Volume No. 1 is positive, allocate Volume No, 1 to meet

remaining demands.

Priority No, 2 stores 80X of the remaining irrigation demand,
which 1is released on a daily basis according to varying demands

during the irrigation season.

Volume of water
remaining after priority
Ho, 2 is met (Volume No., 2)

Volume No. 1 - 80% of remaining
irrigation demand,

If Volume No, 2 1g negative, allocate expected available volume
proportionally to irrigation demands during the remainder of

the irrigation season,

If Volume No. 2 is positive, allocate Volume No, 2 to meet

remaining demands.

Recreation and reservoir sport fisheries also benefit from

stored water,

Volume of water

remaining after
Priority No. 3 is met

(Volume No. 3)
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If Volu@e No. 3 is negative, allocate expected available volume
proportionally between downstream fish release and minimum
conservation pool,

If Volume No, 3 is positive, allocate Volume No. 3 to meet
remaining demands,

Priority No, 3 stores water for temperature control for the
downstream fishery and releases water for the downstream fishery.

Priority No. 3 stores the 20% of the remaining irrigation demand,
which is released on a daily basis according to varying demands
during the irrigation season.

Volume of water

remaining after = Volume No. 3 = 20% of remaining
Priority No. 4 1s met irrigation demand

(Volume No, 4)

If Volume NN, 4 is negative, allocate the expected available
volume proportionally to irrigation demands during the remainder
of the irrigation season.

If Volume No., 4 is positive, allocate Volume No. 4 to meet
remaining demands,

Priority No. 5 stores 20% of the minimum conservation pool
volume for recreation and reservoir sport fish,

Volume of water

remaining after = Volume No. 4 - 20% minimum conser-
Priority No, 5 is met vation pool

(Volume No. 5)

1f Volume No. 5 is negative, store the volume available (Volume
No. A) .

If Volume No, 5 1s positive, allocate Volume Ho, 5 to meet
remaining demands.

Priority No, 6 stores water for third increment of water quality
demand, which is released on a daily basis according to varying

demands during the dry season,

Volume of water
remaining after = Volume No., 5 - Water quality demand,

Priority No, 6 is met Increment No. 3
(Volume No, 6)
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If Volume No, 6 is negative, allocate expected available volume
proportionally to the water quality demand (third increment)
during the dry season,

If Volume No, 6 is positive, allocate Volume No, 6 to meet
remaining demands.

Priority No, 7 stores water for the fourth and final increment
of water quality demand, which is released on a daily basis,

Volume of water

remaining after = Volume No, 6 -~ Water quality demand,
Priority No., 7 13 met Increment No, 4

(Volume No. 7)

If Volume 7 is negative, allocate expected available volume
proportionally to the final increment of water quality demand
during the dry season,

If Volume No, 7 is pogitive, store Volume No. 7 for recreation,

Water quality demand is divided into four increments on the basis
of the incremental value ($/ac=ft) of the released water's
contribution to the net benefits, The incremental value is a
function of the simulated Willamette River hydrograph, The more
water required to increase the minimum flow, the leas the incre-
mental value, Each demand increment is determined in a manner
similar to the procedure used for Generation of Low Flows,
Willamette River Hydrology Section, Whereas the tables in the
Willamette River Hydrology Section define the low flows, the tables
for water quality demand give the releases required to increase
these flows to attain the target flow for water quality control
(fourth increment will increase flow in the Willamette River to
6000 cfs if release demands are met). Since releases for the
downstream fishery complement low flow augmentation for water
quality, the water quality demand tables consider the amount
released for the fishery., In some cases the fish release will
fulfill the first two increments of water quality demand,

Routing Analvsis

The day of the maximum reservoir level, days of maximum three-
day flow, and day of minimum reservoir level are found and
recorded in this section. Day of the maximum reservoir level

is found for the winter flood control (prior to day 182) and for
the entire year to aid the preparation of a filling schedule to
achieve maximum storage to meet summer demands. These procedures
simply compare today's level or flow with the maximum to date,
This is repeated for the time period under consideration,
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III.

Economic Model

A,

B.

Drainage Benefit = (X drainage target output met)
x_(total annual benefit)

The X target met is a function of the channel level, 1If the
average channel level is less than 30% of the channel capacity
during the drainage season (Spring), then 100% of the target

is met. As the average channel level increases from 30 to 60%,
the drainage benefit decreases from 100 to 407 of the target
benefit, If the average channel level increases from 60 to 100%,
then the drainage target benefit decreases from 40 to 0%

The total annual benefit is a function of the channel capacity,
As the channel capacity is increased from 5000 to 21000 cfs,

the total annual benefit (possible) increases from 0 to $500,000
as shown in the program,

Flood Loss

|lAnnual Flood Benefit|

Annual Flood loss potential at - Flood loss at Shedd with project

Shedd without project

[Without project|

[with project|

Flood loss = function of
Flood stage at Shedd

Flood stage1 at Shedd
from maximum instantaneous

flowl

Instantaneous flowl is
function of average daily
flowl

Average daily flowl from
simulated downstream flow
in hydrology section

Flood stage2 at Shedd
from maximum instantaneous

£1owl

Instantaneous flow? is
function of average daily

flow2

verage daily flow? from
channel level in reservoir
routing section

Superscript 1 refers to conditions without the project.,
Superscript 2 refers to conditions with the project.
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C. Flood Benefit

|annual Flood Control Benefit]

Flood loss Flood loss + Adjusted Annual
without project with project Willamette River
flood benefit

From flood
loss section

Lowest flood storage‘——————{EEEEEEE}--——-Reduction in benefit

benefit to date if capacity not available

Sum of 3-day flow
0 -~ available storage <0

Sufficient | Insufficient
flood storage flood storage:

Yo Reduction Reduction =
in annual 6000
benefit 6000 + Insuff,

D, Irrigation Return Flow
This section calculates the irrigation return flow which equals
157 of the irrigation release, Irrigation release is determined
in the routing section,

E. Irrigation Benefit

Annual Irrigation Benefit = (% irrigation target henefit met)
x (total benefit)

Irrigation benefits depend on the ability of the svstem to meet
the target output, The irrigation loss function is determined
from percentage of the irrigation target output met,
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Fs Fish Benefits and Costs

Annual Fish Benefit = Annual Reservoir Sport Fishery Benefit
+ Annual Anadromous Fishery Benefit

Annual Reservoir Sport
Fishery Benefit

(Proportion Demand Met)
($154000)

Function of
Minimum reservoir level target

Annual Anadromous
Fishery Benefit

kProportion Demand Met) x ($424,000ﬂ

—{Function of Minimum |

Minimum proportion Minimum % reservoir level
hannel level target target (for temperature
control)

Annual fish cost = (Initial fish cost) x (50-year capital recovery
factor

+ ,10 for M & 0)
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G,

H.

I,

J.

K,

Water Quality Benefit

Annual water = | (Minimum proportion (water quality
quality benefit water quality flow x benefit
objective met) (annual M & O
saving)

+(20-year capital x (Initial plant
| recovery factor) cost saving)

Annual benefits are actually savings obtained from initial and
annual treatment costs (M & 0) not required due to anticipated
flow augmentation target. The minimum flow objective in the
Willamette River is 6000 cfs. A maximum flow augmentation release
of 1500 cfs would be required from the reservoir during the most
critical low flew periods., The minimum % water quality flow
objective met = (minimum flow, cfs - 4500 cfs) divided by

(water quality objective, cfs = 4500 cfs),

Recreation Benefit

attendance @ $1 per person fro

Annual recreation benefit = accumulated daily recreation 14-
day 240 to day 350 (Summer

recreation season)

The attendance is a function of reservoir level which is converted
to the distance from high water level to actual water surface,

Recreation costs

Annual recreation cost = (3)* x (initial cost) (50-year capital
recovery factor

*M & 0= 2 times amortized cost

Structure sizes
Structural inputs include channel capacity and reservoir capacity.,

Net Benefits

Annual net benefits = the sum of annual benefits - the sum of
annual costs

The annual benefits were calculated in the previous sections.
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L,

Most of the annual costs also were calculated in the previous

sections,
section,

while the remainder are calculated in the next

The average annual net benefits are found by dividing cumulative
sum of net benefits by the number of years of concern.

A measure of the uncertainty associated with any proposed systenm
is the standard deviation of the net benefits and is calculated

as follows:

Sum of squared Sum of net
Standard - Square net benefits benefits squared
Deviation Root No,of years
—_ Number of years -~ 1 ‘
Costs
Annual Reservoir Cost = Initial reservoir cost amortized over
100 vears
The initial reservoir cost is a function of reservoir capacity.
Initial irrigation cost = initial cost for 69,900 ac.ft
target output adjusted by new
irrigation target factor,
New irrigation target factor is
ratio of new target over 69,900
when target is below 69,900 and
ratio square when target is above
69,200
Annual cost for = 1,075% multiplied by the initial
63,900 ac,ft output irrigation cost

* Irrigation M & O = 7,5% of amoritized costs.

Drainage cost = 1,1% multiplied by the initial cost amortized}p

over 100 years

The initial cost is a function of channel capacity

* M & 0 = 10% of amortized costs
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M.

Capitdl Recovery Factors

C.R.F, = interest rate (1 + interest rate)“l

(1 + interest rate)n -1

where n = number of years. Capital recovery factors are
calculated for 20, 50, and 100 years.

IV, Output Analysis

A,

B,

C.

D.

Maximum and minimum annual reservoir levels

The annual maximum reservoir level is determined and counters
sum the number of times the reservoir level exceeds 90, 95, 98,
99,5, and 100 percent of the reservoir capacity on an annual
basis, The annual minimum reservoir level is also found. The
number of times the minimum reservoir level is 90, 98, 105, and
115 percent of the minimum conservation pool of 51,000 ac.ft

is determined, '

The frequency of meeting 80, 90, and 100 percent of the drainage
target is counted in this section, too, The drainage target

is a function of the channel capacity as shown in the drainage
benefit section,

Flood Loss Distribution

The maximum annual instantaneous channel flows with and without
the project are calculated, Counters determine the number of
times that the flow exceeds 11,000, 16,000, 20,000, 21,000, and
25,000 cfs,

Irrigation

Counters in this section sum the number of times that 80, 90,
and 100 percent of the irrigation target is met,

Minimum Channel Flow and Conservation Pool

The percent minimum channel flow target is calculated, based on
minimum release flows and target flow for downstream fisheries,
The annual frequency of percent minimum flow exceeding 80, 90,
99.9, and 120 percent of the minimum target requirement is
determined. The number of times that the percent minimum
reservoir target level exceeds 80, 90, 99.9, and 120 percent
(necessary for reservoir fishery and for temperature control for
downstream fishery) is recorded also,
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V.

E.

F.

G.

H,

1.

J.

Water Quality

This section counts the frequency of meeting 50, 80, 90, 100,
and 120 percent of the minimum water quality target flow of
6000 cfs in the Willamette River at Salem, Oregon.,

Recreation Attendance

The number of times that the recreation attendance exceeds
450,000, 480,000, 500,000, 520,000, 550,000 people is determined
in this section, This equals the recreation benefit since the
value of recreation is assumed to be $1 per visitor-day,

Sum of Annual Flows

The simulated flows into the reservoir and in the channel are

sumned and the maximum reservoir levels for each season are
recorded,

Sgill Data

The annual volume spilled and the number of years when water
was gpllled are calculated,

Maximum and Minioum Daily Flows

This section is used to calculate maximum and minimum flow into
the reservoir and channel,

Fish Release

This section sums the additional release of water for fish

above the actual inflow to the reservoir, This volume represents
the amount contributed by the reservoir to maintain minimum

fish flows.

Economic Analysis and Shortage Indices

A,

Drainage Loss and Shortage Index

[prainage shortage index = Proportion drainage shortage squared |
1

I&rainage shortage (excess flow) / 0.3#)

average proportion channel level full
- 0,3

* If average channel flow during drainage season is less than 307
of the channel capacity, tinen the drainage target is achieved.
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Dollar loss from drainage shortage

/

Benefit loss = annual total drainage benefit multiplied by portion
drainage benefit target not met
|

[1 - proportion drainage target met |

B, Channel Shortage Index (flood control)

Channel shortage index = proportion channel shortage
squared

(if (-),‘no shortage, otherwise:)

Maximum Instantaneous flow
1 with no dollar loss
channel shortage ® 1 = Maximum Instantaneous flow

Annual channel flood loss calculated in flood loss section of the
model (III - B),

C. Flood Storage Shortage Index and Willamette River Flood Losses

lood storage shortage index = proportion reservoir storage
shortage squared

Insufficient storage
total 3-day inflow

Willamette River flood loss

Flood loss = Target flood banefit = Actual flood benefid

|$160;000| Actual from flood

benefit calculation
in economic system

D, Irrigation Loss and Shortage Index and Losses

Ehorta;e index = proportion irrigation shortage squared1

[L_- proportion target met]
l .

irrigation dollar loss = target benefit - actual benef;a

Actual benefit from irrigation benefit section
of the economic model,
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E.

F.

Fish Loss and Shortqggﬁlndex‘

Downstream release shortage index = proportion downstream

release shortage squared

1 - total fish release
+ 130 std*
total fish demand

130 cfs release required due to
DYNAMO summation procedure,

Shortage index for reservoir

sport fish and temperature = Proportion of shortage squared
control for anadromous fish (if (+) otherwise zero)
downstream

| |
_ minimum reservoir level
minimum conservation pool

Dollar loss for anadromous fish due to loss of reservoir temperature
control and insufficient channel flow.

[Loss = Target benefit ~- actuael benefitl

|§424;000l rproportion target met)

(target benefit)

Dollar losses for anadromous fish (insufficient channel flow)#*,
anadromous fish (temperature control in the reservoir)*, and
reservoir sport fish are calculated in the same manner as above,

These values were calculated separately to test the ability
of the allocation procedure to distribute flows equitably.

Water Quality Loss and Shortage Index

[Shortage index = proportion shortaie squared |

_ demand + flow shortage
demard

1
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The demand is from the routing section

Flow shortage = flow objective - actual minimum flow into

Willamette River

ollar loss = (1 - proportion water quality met) (water quality
benefit)

G, Recreation Shortage Index

Ehortage index = proportion shortage cquaredl

i - average reservoir level
reservoir capacity

(calculated for period from day 240
to day 350 only)

Dollar loss = $550,000 - accumulated recreation benefit
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PRINT CARD

Many different print cards were used throughout this project. Every
section of the simulation model was tested on a daily basis for 730

days and all calculations by the computer were checked to be sure the
model was performing as intended. During searches for optimum conditions
only, the final results in terms of average annual net benefits and the
standard deviation were printed. At optimum conditions and other com=
binations of inputs, target outputs, and operational procedures of
interest, the performance of the design under consideration was analyzed
in detail at the end of each year, To give an indication of the infor-
mation collected, the symbols on a print card will be explained,

Column 1

YEARS - Number of years from beginning of simulatfon run,

SUM3 = Sum of inflows to reservoir during 3 months before low flow
demand period. Used with CURN to select a low flow hydro-

graph for Willamette River at Salem and to predict expected
summer inflow to reservoir.

CURN - Constant. A uniformly distributed random number from =1,0
to 1.0 that is generated once a year and is used with SUM3

to select a low flow hydrograph for the Willamette River at
Salem.

ASFR1 = Annual sum of slows into reservoir, {Upstream Simulation
Station).

ASFC2 ~ Annual sum of flows in channel. (Downstream simulation
gtation).

MXRLC -~ Maximum Reservoir Level Counter is the maximum reservoir
level for the year, It also is used to count the number of
times the reservoir exceeds specified levels,

RE900, RC950, RC980, and RC995 =~ Reservoir counters. They count the
number of years that the reservoir level exceed 90, 95, 98
and 99,5 percent capacity.

Column 2

RCCAP - Counts the number of years the reservoir capacity is exceeded.

MIRLC - Minimum Reservoir Level Counter is the minimum reservoir
level for the year, It also is used to count the number of

times the reservoir exceeds specified levels.

RC115, RC105, RCCPL, RC098, RC0O90 - Reservoir counters. They count the
number of years that the minimum reservoir level exceeds 105,
conservation pool, 98 and 90% of the minimum conservation pool.
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PRCLV = Percent average channel level during drainage period. Used
to determine percent annual drainage target benefit achieved.

PDIM « Percent drainage target met,
ADBR = Annual drainage benefit received.
Column 3

DG100, DGY90, DG80 ~ Counts number of years percent drainage target was
equal to or greater than 100, 90, and 80 percent,

MXACC - Maximum actual instantaneous flow in channel during year,
AFLD1 = Annual flood benefit,
CACll, CACl6

Column 4

CAC20, CCC21, CAC25 - Counts number of years actual instantaneous channel
flows exceeded 11, 16, 20, 21 (capacity), and 25,000 cfs,

CPCll, CPCl6, CPC21, CPC25, Counts number of years flow potentially
will exceed 11, 16, 20, 21, and 25,000 cfs with project,

NIRGT <« New irrigation target. Used to adjust irrigation demands,
costs, and benefits from a base target of 69,900 ac~ft.

TIRO - Total irrigation release out of reservoir, ac-ft,

Column 5

PITM = Percent irrigation target met,

ANIBH = Annual irrigation benefit,

1G100, IG90, IG80 -~ Counts number of years percent irrigation target

met is equal to greater than 100, 90, and 80 percent of
target.,

MIPCF = Minimum percent channel flow for fishery enhancement,

Percentage is calculated on basis of minimum channel flow
and minimum target flow for fishery.

CG120, CG100, CG90, CG80 = Counts number of years minimum channel flow

was equal to or greater than 120, 100, 90, and 80 percent
of the minimum target flow,
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Column 6

MIPCP = Minimum percent conservation pool., Used to evaluate

temperature control objective,

PG120, PG100, PG90, PG8O - Counts number of years minimum was equal

to or greater than 120, 100, 90, and 80 percent of the
minimum target conservation pool,

PFBRS

Percent fish benefit for reservoir sport fishery.
FIBRS = Annual fish benefit for reservoir sport fishery,
PFBAD - Percent fish benefit for anadromous fish.

FIBAD - Annual fish benefit for anadromous fish,

FB - Total annual fishery benefit, FIBRS * FIBAD
Column 7

MIFWR - Percent minimum flow target in Willamette River
PWQB - Percent water quality benefit.

WAQB - Annual water quality benefit, '

MIPQW =~ Minimum percent water quality target

WG120, WG100, WG90, WG80, WG50 = Counts number of years water quality
exceeded 120, 100, 90, 80, and 50 percent of target output.

AREC - Accumulated daily recreation attendance for year,
Column 8
RCB -~ Annual recreation benefit.

RAC45, RAC48, RAC50, RAC52, RAC55.- Counts the number of years annual
recreation benefits exceeded 450, 480, 500, 520, and 550,000

dollars.
SP4 - Records volume of water spilled from reservoir during year,
ac-ft,
SPCTS =~ Counts the number of years water spilled from reservoir.
SUMBN - Sum of benefits during year.
SUMCT - Sum of costs during year.
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Column 9

NETBN -
SUNET =
SSNET =~
MADR -
MNR -
MADC -
MNC -
ERS12 -
DAMRL =~
DAM3D -

Column 10

Annual net benefits,

Sum of annual net benefits.

Sum of squares of annual net benefits.,

Maximum average daily flow into reservoir during year.
Minimum average daily flow into reservoir during year,
Maximum average daily flow into channel during year. |
Minimum average daily flow in channel during year.
Difference between expected summer inflow to reservoir and
sum inflow to dam, Expected summer inflow to reservoir

used to allocate water during low flow period,

Day maximum regervoir level, Used in determining rule curve
during flood season,

Day of maximum 3 day flow into reservolr, Used to determine
maximum flood storage volume,

MXLS1, MXLS2, MXLS3, MXLS4 = Maximum level of reservoir during season

ADRF1 -

SIDR

DRBL -

SICH

FDLR2

Column 11

WRFL

SIIR

IRL -

SIFD

1, 2, 3, and 4,

Additional release for fish, Volume of water released to
meet minimum downstream fish demands above flows available
without project,

Shortage index for drainage,

Sum of drainage benefit losses,

Shortage index for channel. (Flood control),

Sum of channel flood losses.,

Sum of Willamette River flood losses from insufficient
reservoir storage,

Shortage index for irrigation
Sum of irrigation losses,

Shortage index for fish demand (downstream flows)
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SIFR -

FADL -
FADC -
FADS -
SIWQ -
WQL -
Column 12
TWQRL. =~
SIRL -
RECL -
AVENB -
AVVAR =
DMR3S =
FRS -
DAMIR =
RLVA -

Shortage index for reservoir sgport fishery,

Sum of anadromous fish losses from shortages in channel

(low flows) and reservoir (temperature control).

Sum of anadromous fish losses from insufficient channel flows,

Sum of anadromous fish losses from insufficient reservoir

storage to maintain temperature control,
Shortage index for water quality.

Sum of water quality losses,

Total water quality release during year,

Shortage index for recreationm.

Sum of recreation losses,

Average annual net benefit,

Variance of annual net benefits.

Day of maximum reservoir level during third season.
Sum of reservoir sport fishery losses.

Day minimum reservoir level,

Reservoir level. Used to determine reservoir level at
of water year.
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NOTE CALAPOOIA RIVER MODEL

NOTE MAXIMUM NET BENEFITS

NOTE  CURN=-UND
NOTE  RHOLLEY K(+)

]

KS/1lelaK(=) = KS/1e35

NOTZ  ALBANY K(+) = KS/162s K(=) = KS/1e45
NOTE

NOTE DAY COUNTER

NOTE

il DAY « K=DAY s J+{DTI (DAINs JK=DAOT o JK) DC1
6R DAINeKL=DAC oc2
C DAC=1 ' DC3
41R DAQOT e KL=PULSE (3644364 4364) DC4
NOTE

NOTE SEASON COUNTER

NQTE

1L SEAK=SEAeJ+(DT) (SE1 0 JK=SAQeJIK) SK1
6R SEleKL=SIC SK2
C s51C=1 SK3
41R SAQWKL=PULSE(91+91¢91) 5K4
NOTE

NOTE YEARS COUNTER

NOTE

1L YEARS e K=YEARS o J+ (DT I (YRS INeJK+0) yCl
41R YRS INeKL=PULSE(143644+364) yc2
NOTE

NOTE UPSTREAM HYDROLOGY
NOTE RESERVOIR IN AT HOLLEY

NOTE
12R RINeKL=(FRIN1eK) (86400) UH1
28A FRINI eK=(1)1EXP(LGRINGK) UH2
74 LGRINeK=MRINL ¢ K+KR o K UH3
12A KReK=(KR1eK)(SRIN] oK) UH4
51A KR1eK=CLIP(KRZ2eK ¢KR3aK sKRINsK» () UHS
20A KR2 eK=KRINeK/1s1 UHE
20A KR3eK=KRINeK/10¢35 UH7
S51A MRINL eK=CLIP(ARMeK e ARMX eI sT1 siUAY 6K ) UHb
51A ARMX e K=CLIP (BRMeK ¢ SRMX oK 1182 ¢ LAY oK) UHY
S1A BRMX e K=CLIP (CRMeK ¢ DRMeK s 273 +sDAY oK) UHILC
53A ARMeK=TABHL (ARMT +SEAeK +1 9911 ) UH11
584 ERMeK=TABHL (3RMT s SEAeiK e 149141 UHLz
S8A CRMeK=TABHL (CRMT +SEAeiKe 109141 ) UHIZ
S8A DRMeK=TABHL (ORMT +St.AaKs 1991 e1) UH 14
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X5
X6
X7
X3

X1
X2
X3
X4
X5
X6
X7
X6

X1
X2
%3
X4
X5
X6
X7
Xo
51A
S1A
S1A
S8A
384
584
S8A

X1
X2
X3
X4
X5
X6
X7

X1
X2
X3

50883/50501/50229/5:036/4.8 ‘/4‘led/“‘131/4'¢33/40290/40444/40987/
> : . 55/40801/40677/40740/40860/49889/50055/
?0083/50009/40?9?/40949/40938/40914/4o971/50038/50212/50383/50566/
50916/60491/6.24%/@9051/50678/5.650/50579/50672/6¢159/60952/70492/
7.181/60716/60486/5.910/50927/60203/60220/60296/60318/50218/6.126/
60042/60054/69063/60094/60298/60982/60701/60504/60313/60204/60088/
60011/6.022/60039/6.141/60416/70022/70710/70413/70078/60807/60656/
6e476/6e357/5e284/646349
dRMT*=6.363/6.217/6.162/60145/6.094/60045/60091/60404/60947/60700/
6.541/60352/5.167/b0047/50992/5n983/60131/60379/60925/70452/7-172/
609U7/6o716/60554/D0399/60253/6|135/60082/60153/60133/6.383/6.480/
60300/60251/6.172/60270/60454/70163/70773/7.468/70159/6.977/60775/
6e5879/6e356/60311/66257/683521/66922/60769/6544/6e364/6e2T75/641T76/
64114/6e062/60026/66017/5e218/62240/60177/64131/62345/64578/6¢505/
60416/0e285/6s207/60148/6e092/660447/6e6028/60033/60129/64358/6¢724/
Te271/7e083/6e894/6e761/00634/6e490/60397/6e265/60150/64205/64182/
6249 /60377/76e594 /66042

CRMT ¥ =6 e433/6e339/0e235/60e277/0¢354/60620/6e004/600690/60055/64446/
€e374/60260/6e151/€e079/60045/540653/64223/60437/6350/64249/60121/
Se990/0e086/54830/5eB843/5eB56/54899/569T2/50985/60044/56959/54898/
S5e5903/5e984/6e¢228/00496/6e304/60170/600757/50970/5e898/5e821/5.792/
50844/50961/5e8B05/5eTB9/5e727/50662/5e580/56555/5e507/5457/5e423/
S5¢395/50574/0e349/5e361/50420/%04T71/5e460/50403/5e328/5e314/5e252/
50221 /50230720421 /5e702/20e055/5e423/5e323/56231/5e0140/54056/4.988/
40931 /4a903/06U20/35e270/0e119/5e023746933/4e092/4e843/4e7 7974734/
4711740811 /4e340/40762

DRMTH# =427 158/4¢002/4610/46077/4e6553/4eD29/4+485/4e4T3/4e6439/740408/
40368/4e329/40309/4ec90/40205/40238/4e1%91/4e107/40134,/40111/44C99/
40068/48042/4e021/6e020/4e035/44040/3e576/36937/756917/36500/3e892/
308834 /36F0U1/3e8386/3e8208/3e859/3e835/30810/39773/3e736/3e¢720/36702/
3068/ 36675/ 30075/ 36639/30626/34607/ 36583/ 3e599/3e622/30632/730675/
38645/36700/ 56699 /366036/30656/ 30642/ 36597/ 36643/3e709/3e623/3e4600/
36671 /30630750093 /3e6569/3e542/3e245/30605/30896/0¢628/30023/3e7377
53e875/30C46/3e702/ 3607 T/36T2/5e72U/30650/3e634/5e6012/3e091/3e6003/
3e749/36722/3e6%35/36007

SRINLI e K=CLIP(ARSeK1ARSXaKa91sLUAY oK)

ARSX e K=CLIP(ERSeK1BRSXeKe1824s0DAYsK)

ERSX e K=CLIP(CHSeK eDRS e Ks2733DAYsK)

ARS s K=TAoHL (ARST +SEAeK s 195141

ERSeK=TABHL (0RST +StAeKe199191)

CRS eK=ThapHL ACRST+SEAeKe19F1091)

URS e K=TABHL (URST 1SEAsKs 199191

ARSTH# = 668U/ 6595/ 6500/ 6540/ 0550/ 554/ e595/60T4/8314/e891/710005/1008
4765 T4/ e 90R/ iU/ /0901 /6921/10138/10236/1e327/1e326/1e271/1209/101
45/100903/1eU5T7/1e6083/1e173/1e225/10325/714090/1e¢183/10156/12072/045
53/.554/.546/.631/0845/0652/0902/0921/0932/10067/10039/00959/00978
/0901 /e 915/ 6961/ 10001/1e045/06959/1e013/06984/10015/:951/1037/7e91
1/10035/1o157/1o108/0960/0557/0785/0733/0719/0724/0811/0921/0763/.
763/0714/-067/0645/0629/0636/0756/0b09/0899/10003/1-127/1.070/.977
003/ 746/ TS50/ 6695/ e60T76/ 8270/ e5310
5RST*=.854/07b6/0711/074£/069C/-090/o7ld/o77£/090710538/0770/0673/
oéUU/057O/0575/0607/0740/-@42/0917/0902/0781/.742/.660/obb9/|555/0
518/0466/.532/0730/0810/0764/0779/0657/0562/0539/0551/0736/0763/07
26/0617/.D37/0495/0497/0482/-479/0455/0536/0596/e750/0684/0615/059
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uHlS
UH16
UH17
UHl1a
UH19
UH22
uHa1
uHz22
UHZ23
UHe4
UHao
UHZOo
uHa7
UHZo
UH29?
UH30
UH31
wH32
UH33
UH34
UH3S
UH36
WH37
JH38
UH39
V40
JHG 1
WH4 2
UH4 3
UH4 4
WHaS
UH4 6
UH& 7
UH46
UH4 9
WHS O
UHS1
UHS2
UHD3
UHS 4
UH25
UHS 6
UHS7
uHS 8
UHD9
UH6C
UHGE 1
JHEZ
UHE3
UHG4
UH65
UHOO
UHET
UHEs
UHOS



X4
X5
K&

X1

X2
X3
X4
X5
X6

X1
Xz
X3
X4
X3
X6
20A
S1A
S1A
51A
58A
58a
S58A
58A

X1
X2
X3
X4
X5
X6
X7

X1
X2
X3
Xa
X5
X6
x7

X1
X2
X3
X4
X5
X6
X7
X8

X1
X2
X3
X4

B/ e5BT/ 0570/ 0497/ 46T/ e486/e0T0/ 6682/ e619/ 6033/ e583/¢05727/ 460870560
/655G /el T0/ el T1/ 0457/ eb451/e047/6455/e514/4550/ 036/ e79 7/ 0622/ 6059/
CEUB/ eSBG/ aS48/ e54G/ 0522/ e G4BT/ 0499/ ¢470/ e4BU/ o064/ e650/ 8720/ ¢6B4&
CRET¥=0625/ 567/ 0509/ 4 T4/ 0495/ e518/ ¢50F/ 4T3/ 0403/ 0442/ 0440/ b2/
0412/0406/0426/0423/0461/0610/0582>o527/0475/0469/.474/0439/0432/0
439/ 6423/0431/0435/e54E5/04BB/ed445/4870/¢S13/0E56/eT03/0658/¢STT7/ 65
U427/ e523/76521/e¢505/0488/e561/0600/e58BE/e5T70/¢549/e539/e511/74504/449
P2/ ed4T79/eGE3/ 0441/ al28/ 04T/ 0497/ e¢534/0536/04635/6398/e375/0365/374
/e384 0425/ a5 76/ 667/ 659776535/ 0485/ e43F/e408/e38F/0376/e371/378/
CO45T/ 0046 /(045F9 /e 40T/ 0377/ ¢358/0338/e315/ 302/ 8304/ ¢556/e¢551/e¢468
DRST*¥=e440/ 396/ ¢366/8325/e318/ 0324/ e¢339/e3530/¢336/e361/e331/e316/
0298/ 6306/0317/0324/e285/270/ 0265/ 0260/ 6264/ 0252/ 0243/ 0233/263/
325/e430/e320/ 6285/ e2 T2/ 027 7/e285/ 278/ e28%9/¢250/0274/e300/¢308/42
B8/ o261/ 0239/ 0227/ 0219/ e222/e218/e231/ 217/ ¢221/e6220/ 423772627431
1/06360U/0415/e335/e382/¢365/e3107/ 633276351/ ¢272/03600/7¢565/e¢403/381
76450/ 0444/ 0369/ 34T/ 0312/ 8293/ 0351/ e448/ 04727 0443/e551/e713/ 577/
0498/ e84 17/e603/e6Q1/ 500/ 83555/ 6489/e437/e611/eT717/7e607/ 6572/ e484
GRINZ2eK=GRINleK/6

GRIN]«K=CLIP(ARGIK1ARGXsKsF1 +LAYsK)

ARGX eK=CL IP (BRGeKsBRGXsiK 0 182+DAYsK)
BREXeK=CLIP(CRGeK1DRGeKeZ273+4DAY oK)

ARG e K=TABHL (ARGT ¢ SEAeK 11991 41)

BRG«K=TABHL (BRGT +SEAsK+1+9141)

CRG«K=TABHL (CRGT+SEAeKs1+9141)

DRG«K=TABHL (DRGT +SEAeK ] +¢9141)
ARGTH#=1e622/1e302/7 0517/ 8025/ 0408/ 527/ 6309/763355/e481/7 0256/ ¢309/ =02
67/ e¢323/ 0435/ 6432/ 4676/ e048/1e271/1e1T1/8560/ 6340/ =435/ ~eD513/~045
9/ =e337/=0270/e022/1e019/ 16241/ e¢826/ 6117410/ e5T75/e4357/e137/e072/7
~e128/=0151/=e064,/=0 158/ =308/ 02068/ =0 166/ =343/ =ed4ZT7/ =669/ =737/
~e 703/ =633/ =e646/=e81/=1e228/=e399/=1e332/~1e¢30T7/=2e¢178/~=2e128/-1
0214/-10312/=1e071/=0668/-¢450/7 1747 e027/¢0307 e202/e410./ 298/ 564/
0373/ =e 133/ =4840/~ 0445/ =G/~ e 2G4/ =245/ =004/ 0295/ 6443/ e284/0135
A= 4 TE/ =219/ 20169/ =e053/=8156/0203/7elll/=eld3/=4248/¢458
BRGT*¥=1e154/e671/e3%90/ 6304/ ¢330/ 0483/e551/ 107/ =0b4E8/~ab48/~¢320/~
0232/ -e097/ 037/ e¢334/0408/0293/e0777/6086/=¢UF3/=-e210/=e311/-e4Q6/~
0051/ =eD43/ 0390/ =470/ =082/ e611/0537/e¢833/ 065/ =227/ =e325/=4189
/e84 /= e028/~e517/=0080/=e8B26/ =0 792/ =682/ =007 7/~e025/ 0141/ e484/
GO08B/ = o283/~ e323/ =689/ =021 7/=e086/ =079/ =055/ ¢153/e332/=e104/e459
7e280/¢118/0113/ 4207/ =eC12/-e393/=6493/~s387/~e896/=~¢ 752/ ~e513/=:5
C3/=0418/=e3602/= 0240/ =424/ =607/ =037 7/=0lbb48/~e282/ =378/ =490/ =5
2B/ =0 203/2e44F/=e250/ 9034/ e105/=0 181l /=191/ 0545/ =526/ =617
CRGT#==e487/=~e599/ =754/ 0373/ ~e690/ ~e 750/ =607 /~e890/=1e311/~1e13
S/ =986/ =1 0201/ =03 75/ =e 724/ =067 1/ =738/ =0 775/~ 0423/~ 8473/ ~e569/=e5
30/ «eUd6/=2010/0108/e¢033/=e318/=eT718/=1e000/ =0 324/ 227/ =56/ 6079/
¢476/e090/0109/ 026484/ =026/ =e206/ =814/ 0306/ =170/ =e2617=e5T74/ =042
1/=0417/=a328/~0336/ =237/ =251/ =0254/=e239/~eal56/a238/=e205/=¢19
B/=e2B88/=e196/4341/e396/e050/=100/e289/¢299/¢2C2/e475/¢418/ 0421/
289/e223/0153/e147/e028/=e092/=e121/=4089/=e020/e124,/¢215/6145/400C
4/= 0241/ = o206/ ~2332/ =085l /=084 1B8/=eb420/ el T4/ 0235 /2e410/1e562/968

DRGTH#=e598/04T70/ 0384/ e3058/e230/ =0 073/e106/=0100/ 0223/ e 754/ 0436/ 06
1/=e066/e061/e192/0412/70160/0081/0047/e066/¢295/¢093/6121/e138/26
4/1e070/2e400/1e173/70587/¢289/e309/0495/4041/0163/e310/=e014/e336/
0900/ ¢454/0165/=e013/=0122/-e084/=e070C/=~eC39/0110/=e040/eC21/-6003
72004/ 0608/ e970/0870/10221/e747/7/0966/1e254/0636/e879/1e367/:684/10
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UHTQ
UH71
UH72
UHT73
UHT4
UH75
UHT6
UH77
UH78
UH79
UHB0
UHB1
UHS2
UHB3
UHB4
UHES
UHBS
UH&7
UHBE
UH89
UH90
UH91
UH92
UH93
UH94
UH93
UHY6
UH97
UHY &
UH99
UH100
UR101
UHl02
UH103
UH104
UH105
UH106
UH107
JH108
UH1C9
UH11C
UH111
uritl12
UH113
UHl1l4
Urills
util1é
UH117
uH118,
UH116.
quzq
uH121
uH122,
UH123
uH124



X5

X6

X7

TA

14A
13A
42A
18A
ZCA
49A
7A

514
S51A
514
154
TA

3UA
91A
51A
21A
- 58A
: 58A
- 53A
: 384

§ X1
X2
;X3
;X4
%5
. X6

;M
L X2
X3
- X4
IR )
X6

.m
X2
X3
' X4
X5
X6

X1
2
X3
X4
X5
X6
434
334
434

2;)1?;8;3;?;3;i11;2;?{i;$2}/§,009/1f“laf}o?20/0895/10011/10542/1.7
: & . /1o . 53/0773/-9JJ/40041/10777/10“71/10356/
1e5uB/1e3580/24380/1e995/1e673/10462/1 0256

GRIN3 eK=XRINoK~GRINZ2 K

GRINGe¢K=14+(GRIN2+K I (GRIN3sK)

GRINSeK=(GRINGeK ) (GRING oK) (GRING ¢K)

GRINGeK=1/((3)(GRIN2sK) )

KRN eK=(GRING s <) (GRINS s K=1)

PKRNsK==2/GRIN1sK

KRINeK=SWITCH(XRINsKIKFN1eKsGRIN] o<}

KRNZ2 s K=KRN o K=~P KRN ¢ K

KRNI s K=CLIP (KRNe s PIKRN e K ¢« KRNZ o K 8 O )

KRN4 s K=CLIP (KRN 8K s PKRN oK s =KIRNZ oK 4 0 )

KENT o K=CLIP (KRN3 aK ¢ KRNG s Ko GRINI oK s0)
XRINGK=(B2RINK) (YRINGK )+ (DRN2eK) (NDST1 8K)

ORN1 eK=1=DRINeK

DRNZ2eK=(1)SART(DRNI1eK)

B2RINeK=2CLIP(ARL e KIARSX s K491 10AY oK)

ARBXeK=CLIP (BRE«K+EREX e K s 1 829s0AY oK)

DRBXeK=CLIP(CRBeK ¢+DRBeKs273+0AY e K)

ARB o K=TABHL (ARDST ¢+ SEA WK +14G141)

BRBeK=TAEHL (BRET+SEAeKs19S1 1}

CRE+K=TABHL (CRBT ¢+SEAeKs14914¢1)

DRBeK=TABHL (LRBT ¢ScAeKs1e91s1)

ARBT*= e 722/ 65777/ e 904/ ¢ 954/ 090/ e9B2/ 0957/ e960/ 0065/ e5 7T/ a904/ e BB/
0864/ e84/ eF02/ 09T T /6991 /e550/ 0992/ 0977/ 65167/ e824/e979/0991/8997/ 0
G533/ 6970/ 0500/ 8936/ 0900/ 06906/ 6524/ e TE/eF61/e6590/e¢980/e9T7T7/e3995/e9
B2/ 6500/ 0921/ e233/ 6904/ e38T/0700/ 0980/ 0967/ ¢379/e¢935/6320/0551/638
3/e765/0617/7 83307/ e8BU01/eB20/e7 G/ eBE3/70661/e964/964/4¢955/6971/+889
/eF84/ 876/ 570/ 0988,/ 0544/ 051270974/ e381/e970/0989/e982/¢978/e¢935/
09D U/ eF4]1 /e P90/ e B2 T/ 0558/ e3L3/e5EC/ 00T/ 0993/ 6554/ 983/ 6965/ 6364
BRIEBT¥#Ze94L/ 0874/ 090/ 0860/ 8985/ 6973/ 6937/ eB340/ eTTS5/ 0378/ e936/¢940/
0944/ 0900/ e D46/ 09 T4/ e906/ 0850/ 0823/ 92T/ e9B2/+967/4988/e984/0963/
78/ 6978/ e TEB/eI920/e902/0025/e881/e908/ 6966/ ¢941/e¢817/703867/¢448/ 7
68/ 0955/ 6597/ 714/ 0501 /05951 /0396792073047 e549/e056/e38B2/e¢954/096
6/e 990U/ 0908/ 0570/ 6979 /06F10/eB306/ 007/ 0906/ e974,/e915/e827/e3C2/e939
/098I /6544 /6F00/ e TE8/ G955/ 0950/ 0987/ 0361/ e540/ e887/e9127¢804/4970/
0058/ e980/ eSG 77/ 0942/ e946/e912/ 0537/ e¢851/0F2T7/e876/e327/0831/4972
CREBT*= 6974/ 0951/ e 974/ 090/ ¢902/ 656/ 0962/ 0567/ s9T7T7/e967/ 984/ 962/
0956/ e 98E/ 000D/ 09453/ 0906/ 0906/ 6901/ 0957/ 6976/ ¢948/ 96770386/ 0954/ 4
OES5/ e YD/ e IL3/0915/ 07 TI/ 6939/ 0921/6971/e935/70915/e912/0903/e373/ 9
92/ e 966/ 0505,/ e 9EU/ eI 00/ eG09 /e YLl 0 I9BY/ 0994/ 0990/ 0936/ 0991/ 6353/ 99
T/ 0997/ 6957 /6991 /eS05/ 0904/ 8949/ e540/ e 4E/0P18/e908/0927/e911/4877
/0082 /e 969/ L4 1/ e860/0983/8959/ 993/ 4930/ e950/0992/e993/ 8992/ 4988/
0821/ 87T/ 09 TE/ 0972/ 0992/ 994/ 6556/ 8508/ e990/e965/ 7957690074908
IRETH= 0087/ e 597/ 6393/ e 989/ 8950/ 4368/ e576/ 0921/ 0965/¢393/8997/¢995/
DTG/ e T TG/ 0T/ e IVE/ 0TT2/ 0993/ 0906/ e FF T/ P69/ 5993/ 0992/ 6995/¢963/
D70/ e915/6913 /0091 / eSS0/ 0991 /09035/e905/0339/709C0/e007/ 0344/ 0579/ 09
84/QQQU/099l/oﬁVU/OQQZ/0993/0939/0960/0971/0991/-993/-984/0981/088
3/.921/0916/0971/0819/0990/0903/.844/0921/0559/0650/0806/0939/0937
/0666/0864/06&9/0962/0928/0907/0820/0969/0929/0801/0784/0842/0919/
-933/.973/0639/0559/0967/0572/0986/0951/067d/0931/0895/0951/0802
ARO1 o K=SAMPLE (UNDO1l eKe 1)}

UNDO1 eK=(1)INCISE

AROZ ¢ K=SAMPLE(UNCOZ2eK s 1)

]
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uH1lz25
JhHicZo
Ukl e?
UHlZb
UH1Z29
UH130
UH131
UH1 32
VH133
UH134
VH135
UH136
WH137
UH138
U139
UH140
UHl141
UHl42
UH143
UHld4
Urtl45
WUH146
UH147
UHl 460
UH149
VH15Q
Vhlol
UHlbe
UH153
UHL1Z4
VH1355
UHL1 56
UH1S7
Yh1358
WH159
VHleQ
UHl61
UHl62
UH163
UH164
UH165%
UH1€8
UH167
UH1le8
VH169
UH170
UH171
UH172
UHL173
UH174
UHl175
UH176
uH177
U178
U179



33A
43A
33A
43A
33A
43A
33A
43A
33A
43A
33A
43A
33A
43A
33A
43A
33A
43A
33A
43A
33A
10A
10A
7A
S1A
51A
51A
S58A
S58A
S58A
384

X1
X2
X3
X4
X5
X6

X1
X2
X3
X4
X5
X6

X1
X2
X3
X4
X5
X6

X1
X2

UNDOZ«K=(1)INOISE

ARO3 e K=SAMPLE (UNDO3eKe 1)

UNDOSeK=(1)INOISE

ARO4 s K=SAMPLE (UNDO4eK s 1)

UNDO4 ¢K=(1)NOISE

AROS e K=SAMPLE (UNDOSsKs 1)

UNDOSeK=(1)NOISZ

ARQOCG6 ¢ K=SAMPLE (UNDQCG6eK s 1)

UNDOS K= (1 )NQISE

ARO7 e K=SAMPLE (UNDO7sKs 1)

UNDC7eK=(1)NOISE

AROB e K=SAMPLE (UNDOBeK s 1)

UNDGCBeK=(1)NOISE

ARQO9 s K=SAMPLE (UNDO9eK s 1)

UNDOGeK=(1)INQISE

ARQ10 e K=SAMPLE(UND1CeK el )

UND1Qe«K=(1)I)NOISE

ARO11 o K=SAMPLE(UND11eKel)

UND11eK=(1)INOISE \

ARQO12 «K=SAMPLE(UND12e¢K s 1)

UND12eK=(1)NOISE

SMUD1 ¢ K=ARO1 e K+ARQOZ2 e K+ARO3 ¢ K+AROLG e K+ARDOS o K+ARQSE oK

SMUDZ ¢ K=ARO7 e K+ARQOB e K+AROQ e K+ARO 1 Qe K+ARO]L 1 e KFARO1Z2eK

NDST1 «eKeSMUD 1 « K+SMUDZ e K

DRINeK=CLLIP(ARDsK e ARDXeIK9 91+ DAY K}

ARDX e K=CLIP(BRDsK1BRDX K+ 1824+DAYeK)
BROXeK=CLIRP(CRDsKeDRDeK$s273+DAYeK)

ARD o K=TABHL (ARDT ¢+ S AeKe 195141

BRD e K=TABHL (BRDT+SEAsK 1991491

CRDeK=TABHL (CRDT+SEAsKs1¢9101)

DRD «K=TABHL (DRDT e SEAeKs 1914 1) .

ARDT¥= 4521/ 0955/ 0028/ 00 T2/ 612/ 0904/ e316/6961/ 693530/ e954/ e 872/ 773/
0746/ 0968/ 65T79 /8334 / 6502/ 0973/ 6984/ 0954/ 06660/ eETI/ 0905/ e9B2/e993/
GOE/ 0941 /69 T3/ T T/0922/ 0515/ e384/ 0F44/ 6924/ e0U0T/e570/ 0750/ e99]1 /9
64/ e 71/ 0848/ 6870/ 0911/ e7860/6510/e931/4935/ 909/ e574/e858/e6905/e78
U/ 8585/e381/e800/ 6042/ 0872/ 00U3/e6744/0437/ 6529/ 929/ 6920/ 094472977
/09677 eTET/ 094 1/0975/e8902/6343/0949/ 6562/ e541/ 0978/ e9E4/e957/ 874/
¢081/e886/e826/e685/¢732/ 0507/ 6939/ 6984/ 0986/ e0988/e967/e932/747
BROT*=eB8B8/e754/ 0961/ e¢739 /8509 /094T7/e9167eT700/ 601 /e¢956/e5T73/e884,/
08F2/ 961/ e854/ 0749/ eB21/0731/ 6677/ ¢8558/ 0964/ 935/ e977/e968/ 928/
G577/ 0956/ e622/0846/¢F07/e051/0776/0024/0934/e83CE0/ 0668,/ e7351,/0201/ 45
90/e312/0805/e835/e¢924/ 6509/ e803/ 099/ 6646/ 0720/ e¢309/¢963/e¢910/093
470581 /097T7/0953/ 6959/ 0820/ e720/ 0400/ 00520/ 0949/ e033/ 0504/ 0515/ e883
70979/ e592/ 0980/ aST76/eFED/ 091 T/ e 972/ 0925/ e84/ e T8T/7e831/ 0646/ e¢942/
09177 e922/e955/¢8387/e595/0831/ 68379/ e724/ 6859/ e707/e859/e691 /945
CROT#=e948/e982/¢945/¢801/e818/e43C/e925/e936/e355/e935/e965/:4925/
0914/ 697 T7/e571/e830/e821/0321/ 6983/ 06974/ 6953/ 60%9/ ¢34/ 097376910/ 0
03176520/ e852/e836/ 66077851/ 0348/ 0943/ 6874/ 6533/ e831 /69277694879
B4/ e332/0931/e300/0914/6915/e800/ 375/ e6385/ 0503/ 0932/0983/e596/¢99
4709594 /0995 / 05982/ 6970/ I03/e9U0/ 0899/ eT71D/e830/e91lE/eY10/e829/e770
8965/ e939/eT0T7/ 0673539/ a965/ 6973/ ¢80/ 6930/ ¢S 79/ e985/6990/6984/e977/
0874/ 6763 /0950/ 0945/ 0904/ 0989/ 0392/ e 9 T60/ 6973/ eF32/e032/e811/e825
DRDOT¥*=e974/ 594/ e987/697E/e971/e938/e953/ 847/ ¢331/s987/ 394/ ¢990/
0949/ 0949/a04T /6984 /a984/ 6987/ 6392/ 0953/ 6340/ 09385/ e984,/¢991/6928/ s
G495/ 4843/ e842/eF83/e991 /6951 /e378/e019/e863/ 0922/ 0936/e891/6929/45
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UH180
VH14]}
UH182
WH183
UH184
UH18s
UH186
UH1867
UH185
UH189
UH19¢
UH19]
UH192
UH193
UH194
UH19%
UH1v6
UH197
UH198
UM199
UHZ200
UH201
UuM202
UHZzZQ03
UHZ204
UMZ205%
UHZ 06
UHZ07
UHZ08
UHZ09
UHZ210
UH211
uH212
UHZ213
UHZ 14
UMz 18
UH216
uH217
UHZ 18
UH219
UHzz0
ukzzl
uHzzzZ
UHz23
UH2Z24
UH225
UHz226
uHz27
yH228
uHe2e
uH230
uHz31
uH232
JH233
UHZ34



68/0981/0932/.961/0985/0987/0920/093311943/0982 .
. . : 70387/ 096570963
0/.845/0639/094J/0671/0979/0928/.712/.348/o738/0262/0é49/(é63/fé;g

/.446/.7a6/.790/.925/.562/.822/.672/.939/.863/.6411.61s/.7o9/.aas/
2868/ 6947/0704/e732/0973/9760/05T2/05064/ 4766/ 0567/ 800/ ¢ 905

YRINL oKL =XRINeK ) ) $EO07emORscks
YRINeK=YRIN] s UK

NBSTI1 o KLENDST oK

NAST1 eK=NBST1 e JK

DOWNSTREAM HYDROLOGY
CHANNEL IN AT ALDANY

CINOKL=(FCIN2sK)}) (86400)

FCINZeKaCLIP(FCINL oKoFRINIsKsFCINLI oK ¢FRINI oK)
FCINleK® {1 JEXP(LGCINOK)

LGCINeK=MCINl o K+KC oK

KCoeK={(KCleKI{SCINL oK)

KCloeK=ChIP(KC2eK ¢KC3eKoKCINeKeO}

KC2eK=KCINsK/ 102

KC3aK=KCINeK/ 1845

MCIND oK=CLIP{ACYMeKsACMX e Ka91 DAY eK)}

ACMX e K=CLIP (BCMeKsBCMX Ko 1 824LDAYeK )

BECMX e K=CLIP(CCMeK sDCMaKe2TIsDAYSK)

ACMeK=TABHL (ACMT e SEAeKs119161)

BCMeK=TABHL (CMT+SEAsK+10911)

CCMeK=TASHL (CCMT ¢ SEAeK e1 0691 91)

DCMeK=TASHL {DCMT ¢ SEAeKe19¢914s1)
ACMT#=3e948/3e914/3e931/36945/4e000/4e035/74e¢C03/4e07T7/%40134/40198/
4e314/4e8506/40902/4%44683/4e504/40434/40465/40433/604931/74e572/74e836/
50390/60005/50727/50423/30195/b0052/40984/50032/50069/50294/50189/
50257 /56301 /2e202/2e29/2e257/04281/56300/5e266/5e334/58504/50677/
Se983/€e24T/6e507/6e626/0e¢342/0e205/00175/60059/76e118/6e339/76189/
50119/ 7790/ 70307/ 7e6108/600202/6e6951/0¢T7B6/66020/60755/6e719/764670/
Ce6L4U/EeBLEG4/0eB4T /008447606795 /Te008/ Teb06/Te332/7e130/76e961/60796/
5 e665/6e080 /00024 /56T15/70e942/ 70359/ 1e995/5e403/8e244/Te871/ 76563/
70368/ 7e204/7030/7e122
BCMT%#=7e080/6e943/6e885/6e742/54603/6e7T4/6e953/ 7221/ Te523/T7e737/
TeS571/ 76332/ 7e095/66938/6e521/667T2/6e911/T0199/T7e660/784152/78s412/
BolBC/ 7758/ 76542/ 76307/ Te169/70019/76e896/6¢88376¢553/7e179/Ta299/
T60664/606918/6e8339/76¢986/ 74209/ 7e606/56102/8e599/78¢396/80062/TeBLl1/
Te539/ 7354/ 7061/ 76051/ 76066/ 763837/ 7¢650/Te4T3/Te25T7/ 70118764912/
beT733/6e610/56562/00 194/609453/0e921/6e813/6eT7T 776034277018/ 76364/
70230,/ 7 eUBE/Bebob/CeB13/64606/06638/66629/6e630/6¢725/6e985/Te284/
TeTl13/8007 7/ 70876/ 7e027/ 70373/ 70202/ 706009/60831760755/0e0601/760631/
6e706/6e992/Te¢292/7e096

COMT %27 e UUS/E849/6eT03/76e649/0e730/60e8T T/ 70115/ 7318/ 701356/760960/
BeB4E/6eTSE/6eb2E/6e012/0e829/60349/06480/6¢687/60325/60T794/60645/
604B80/60316/6e225/66lT2/6e164/06213/6264/60346/6e0312/760284/6e262/
6e244/60249/60394/6e665/6e935/6746/606507/6e¢389/60296760194/60105/
60121 /6e214/60400/6e276/6e¢137/6e6057/5e999/5932/5+870/5¢809/5¢759/
5-730/50702/5.669/b9622/50628/50700/9.783/50728/5o667/50635/50581/
50565/50545/50576/50726/5o955/50B36/50718/50625/50536/50469/50404/
50356/50308/50304/5.389/5.575/5.458/50377/50315/50269/50226/50203/

54179/50258/5+285/50178 ) )
DCMT#=54 128/50 101 /50066/5025/44993/4+986/4¢959/40939/44925/4 4885/
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Y235
WHZ236
VUHz 37
VHZ238
wH239
UHZ4Q
UH2al
UH242

DH1

DH2

DH3

DHa

DH5

DHE

DH7

pH8

DH9

PH10
pH11
DH12
DH13
DH14
PH1S
DHlo
DH17
CH18
OH19
DHZ20
DHZ 1
bHZz
pH23
DHZ4
DH2S
pH26
DHZ7
DHZ8
OHZ D
LH3Q
D31
DH32
DH33
DH34
DH35
PH36
OH37
DH3&
PH39
DH4 0
Dr4l
DHa2
DH43



X1
X2
X3
X4
XS
X6
X7
X8
S51A
51A
S1A
58A
38A
58A
S8A

X1
X2
X3
X4
X5
X6
X7

X1
X2
X3
X4
X5
X6

X1
Xz
X3

X4
X5
X6

X1
X2
X3
X4
X5
X6
20A
S51A
51A
S1A
SAA
SB8A
28A
S8A

X1
X2

4e801/40826/4e808/640795/640733/4e759/4e¢72T7/40092/460602/44624/44604/
40550/ 40558/4e544/4e538/40549/465533/4e546/402519/44453/4e412/40404/
40394/40405/6e390/4e382/4e304/40379/4e305/4e330/4e510/40297/744290/
G el T2/ 40259 /%4 el /4e234/40E13/4¢195/4e170/40151 /401477401507 40141/
4e118/8s087/4e030/34980/3e0904/34898/3e828/3e789/3534793/305800/3e842/
R3e796/3e737/36800/36798/ 50779/ 30770/30794/36785/3e774/30788/30876/
30908/ 3e92 7744009/ 3e934/3e915/3e883/3eE94/3e940,/3e886/34853/34800/
3e6932/3e945/3e945/34913

SCINI o K=CLIP(ACSeKsACSXsK9T14LAYK)
ACSXeK=CLIP(SCSeKeBCSXeK1182+sDAY oK)
SCSXeK=CLLIP(CCSeKyDCSeK 94273 sDAYeK)

ACS e K=TABHL (ACST1SAsiKe 1 e9141)

BCSeK=TABHL (BCSTsSEAeK 1991 41)

CCSeK=TASHL(CCST+SEAeKe 199141}

DCSeK=TABHL(DCST+SEAeKs199141)

ACSTH*= 0490/ e84 75/ ¢512/e6D07/ 6480/ 0075/ 082/ e624/ 600/ 6722/ 0630/10022
/10UT78/¢991/6909/ e832/0891/e965/1108/1e209/1e205/1e305/1e334/1ec9%
3/1e203/16152/14126/14128/14196/1e371/1e352/1e474/1e441/71e266/1419
1/1e171/1e082/16041/1e¢00T7/10010/7e6969/e¢956/10105/1e043/1e013/1e073/
1e148/1a126/1¢099/1e021/10039/10141/1168/1¢405/16197/1¢293/1e347/
1e205/1e190/1e303/1e339/10565/1e397/1e249/71e095/1e010/0339/eF26/09
14/ 931/ 964/ e78B9/e774/6T7E81/e740/ 741/ 6713/ 6745/e8B035/¢94E/71e040/71 0
UT74/71e035/1e053/1e007/e9E61/e0T4/e873/e897/e022/e324
BLSTX=e921/0984/ eB871/e771/0630/ 720/ e8287/ 00227/ 0924/ e300/ 0937/ e816/
e 731 /70692/ 0602/ 0722/ ¢B337/ 6930/ 0891/ 6947 /e942/ 0505/ e330/6739/e757/
T23/6712/e719/0770/ B840/ e083/e82353/ 6069/ 63590/ 6434/ e¢512/e6556/6241/76
BL/eT761/6700/e603/6589/e608/e025/e661/8634/¢270/6714/6807/e781/e70
U/ eOEB/ 6587 /8555 / 6334 /003476509 /e013/e08T7/7 0621 /e¢083/¢600/ 0659 /672
S 00UT /063 T/ 013/ 0603/ ¢80/ 80739/ e521/ 0848/ eT753/ 6709 /eT79T/05T78/¢690/
BT/ ebTE/ 00T T/ 066F/ 0602/ 0600,/ e¢267 /80539 /0571/7e610/05805/69558/e874
CCESTH=e78B0/ e08B5/ 0599/ 0485/ 6492/ ¢S50/ 06040/ 0657/ 0650/ 0571/ 0564/ 6521/
0481/ 0475/ 4503/ 04930/ 592/ 66776751 /0670774002 /0004/ 65447/ 64T76/e452/ 0
460U/ 0474/ aS52T7 70035/ 6488/ 0407 /e 532/ 0523/ e551 76734/ 6922/0950/ 847/ 6
B3/e018/¢500/ 60357 /e520/0072/e024/0039/e6695/e¢017/e811/e¢002/e2585/e54
U/ eD3D /0327765217 e2405/ 0553/ 6542/¢501 /639570003 / 0442/ 0405/ e386/e375
/033827 0409/ 0442/ 0530/ e60F/ 0560/ 0455/ 44T/ 0399/ 0566/ e353/ 337/ 323/
0334/ 0367/ e403/0384/0346/0331 /3147 0305/ 0297/ 06201/ e463/e440/e472
DCSTX=e3FU0U/ 0357/ 0325/ e327/03005/ 2977306/ 0504/ a311/e313/7¢309/e310/
0302/ e304/e319/8302/ 02594/ 251/ 0273/ 0288/ 0262/ 0263/ 6233/ 82950/ 62727
323/ 03917406/ 0355/e334/ 287/ e289/0287/e¢293/ 0255/ e285/e298/e¢309 /2
QB/ 0287/ e282/ 0276/ e208/¢204/ 264/ 0270/ 0281/ 06267/ e203/e239/ 257/ ¢26
3/e3V4/e327/8330/ 0337/ 031576256/ 281 /7030078507 e292/e300/ e339/e453
70404/ 4329/ 361/ e370/e¢345/0340/ 03833/ e362/e361/ 04 T73/e495/ 6393/ e560/
¢556/ 0490/ 0442/ 0427 /0049 /00U T/ 0027/ 0484/ 0452/ e¢0T75/e612/ 650U/ 2490
GCINZ2eK=GCIN1«K/E

GCINLeK=CLIP(ACGIKsACEXeK4T]1 yAYeK)

ACGX o K=CLIP(ECGeK 4 bCOX e K1 182sLAYeK)

BCCX e K=CLIP(CCGaKIDCGeK 92739 DAY aK)

ACGeK=TABHL (ACOT +ScAeKesl99141)

SCCeK=TAHL (LCET1SEAeK s 11514 1)

CCGeK=TABHL (CCET s3cAsKel99141)

DCGeK=TABHL (OCGT +SEAsKI19F141)
ACGT¥=1e075/e766/ ¢ 723/ 35257402/ e¢2T73/ 0423/ ¢2U7/e395/e662/¢410/¢430
7014070178/ 0233/ 02207030/ ¢797/1293/1e809/ 0574/ 0802/ ~0 147075/ =
el6U/~e051/60D3/ 0414/ e889/1e507/1e1580/e909/ 0001 /e8T77/ e Tlbi/ e 3457045
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UH4 4
LHas
whbo
DH47
DH48
DH4y
LUHSQ
DHo1
DHS2z
DHS3
DHZ4
DHS5
DH36
DH37
DHS54g
DHby
bHEQ
DHEL
DH6Z
DH62
DrH64
DHES
DH66
DHE7
pHES
LH69
pA70
OH71
uH72
oH73
DH74
oR75
oH76
oH77
OH73
oH79
pH30
RIISH
DHE2
DH33
DHB4
LHB9
DHB5
DHB7
DHES
DHBY
DH90
DHZ1
pHY2
DHY3
DHY 4
DHI5
DH96
DHO7
wAYe



X3
X4
X0

“l4R
134
T42A
| 18A
JLUA
. 4GA
T4

J51A
31A
514
17A
X1

LTA

L30A
S1A
Sl
514
L IBA
“Suh
"sgs
Qb4

7/-.1U7/-02§0/—0257/‘0202/“0604/"10013/-0200/0174/—0410/-0593/“062
i/—.724/~.556/—-313/—.352/-.456/—.595/-1.173/-1.837/—1-439/—1o494/
‘10126/—10044/--332/—0355/°054l/—0297/0078/0061/0099/.227/0346/006
5/—007d/-0088/—0268/‘0343/*0389/‘0497/-0367/--049/0147/0229/0142/-
elU6/=ed431/~0400/ =413/ a242/ 0092/ 0208/e346/ 0416/ 6651
BCGT*=10086/10087/0644/0457/‘0121/-0OOB/-.O36/—0203/—0495/‘0554/‘0
396/~ 0295/ 4038/ 6260/ 4374/0687/ 4566/ 6220/ =291/ =200/ =058/ =e785/~4
6L/~ bl T/ =847/~ 223/~ 0026/ 162/6199/ 0591/ 063/ =42/ =263/ =276/
eLOD/ 004/~ a15F/ = ebU40/ =966,/ =653/ =1 0290/ ~1 0485/=6063,/=e009/ 8323/
535/ 0047 /01590/ =327/ =ed85/=a321/=6310/=0208/~6157/ 6121/ 0220/6452/
366/ 0593/e167/ 0199/ 048Y/0283/~0156/=a508/=ett55/=6519/~e719/-e605,/~
2100/ 0 l0T/ 0493/ e T30/ e TCT7/ 0325/ =e239/=0858/ =498/ ~et2]l/~eb11/~e399/
~e302/~0186/=e120/2122/=4230/~e152/2099/2308/e203/~6240
CCGT*=6056/¢271/6306/0112/=e005/ =115/ =0l907/=0156/ =173/ =413/ =¢38
3/-0d444/-e859/=2416/eC53/6520/ 0767/ 8210/ =269/ =288/ =e277/=0Q48/— s
U1/ =eU20/~e043/ 0123/ ~a 166/ e2B2/=elb8/=e610/=0508/e239/e770/ 609/
0888/ 0627 /6273/6149/e071/=8153/06019/0018/=e095/01E4/ 043276081/ 408
G/=e118/=e009/=e006/0033/=60106/=e040/ 0082/ 0116/6276/e29)/6335/053
/e024/ 061/ 60D20/ 0800/ 0243/0378/ e300/ ¢526/¢3267/0051/8195/610%/0094/
—euC T/ —e240/=a313/ =246/ =195/ ~e041/2025/=e019/~e100/=e3D1/~e373/-
0366/ =a35 7/ =310/ =el9 7/ ~elLi/2el22/1 e346/1e721

DCCT*#=aB57/ 0453/ 0250/6141/6105/=64006/e00UreVB7/ 009376227/ 0448/0378
Seluc/=810a4/al30/e205/a028/ e300/ e200/ 02277 e235/70109/030970326/4220
/e85 / 16302/ 1608776933/ 6079/00BT/e090/7 0797005y =eCEl/=ell3/=eQ37/
0l5/ 03l / =803/ =a015/e0065/6125/01117e008/=e01%/0214/4106/eC01/2045/
~—elLDY/ e UTE/ e 252/eB0T7/0T702/10400/10416/09347/+455/65%604/0015/e398/ 10
DEG/ ] e TSE/5eU34/206T73/20400/16736/10093/1e4061/1e87T/0800/e683/110
2rlewiaT/1e261/2e046/1e882/1e¢007/1e147/1023171e471/260%1/1e37071032
6/ 1 «360/1e3653/2e323/7/1 690G /10414710471

GCINoeK=XCINsK=~GIINZ oK

GCING aK=14+(GCINZ oK) (GCINIaK)

GCIND e K=({GCINA4sK) {GCINGsK) (GCINGaK)

GLINGeK=1/7((5)(GCINZeK))

KCNoK=(GCINGeKI(GCINDeK=1)

PKCNeK==2/GCIN] oK

KCINeK=3WITCA(XCINGK ¢ KCNIelKsGCINT oK)

KCN2 e K=KCNoe K=PKCNeK

KCN3 e K=CLIP(<CNeKsPKCNe Ko KCNZeKe0)

KCN4 o K=CLIP{KCNeK sPKCiNak o =KCiN20Ke0)

KCN1 e K=CLIP (KCN2eK s KCNG oK s GCINY e KeQ)
XCIN'K=(1)(52C1N0K)(YC1N0K)+(1)(C3QINOK)(XRXNOK}+(1)(UCIN20K)(NAST
1eK)

DCIN3eK=1=DCINL K

DCINZeK=(1)SGRT(DCINIeK)

BECINeK=CLIP(ACL2 oK s ACB2X eKoF1 sluAYe<)

ACHEX e =CLIP (o o2 eKeBSCE2X oKy 1828DAY e
SCE2XeK=CLIP(CCB2eKsUCD2aK 2734 UAYeK)

ACH2 o K=TARHL (ACE2T e S5EAeK 119910 1)

BCHZ e K=TABHL (3ColTeS5cAekKeleF101l)

CCBZ e K=TABHL(CCEZT+SEAeK 11491 91)

UCB2 e K=TuoHL(UCwU2T¢SEAKs1¢F1 1)
ACB&T*:.772/0408/0416/o706/-643/03bé/«053/ob70/o&lb/q707/064b/0691
/0247/0666/0749/0630/037b/obb2/i467/10018/0762/05b1/0162/0696/0733
/0450/0642/0579/0394/0660/-104/09Z7/-OEZ/oBbO/0535/0826/0564/0594/
e T15/ B2/ eE849/eT706/e621/eT710/6903/ 0208/ 0994/ 4702/ 4812/ 0450/094C7
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e S
VH100
0H101
DH102
DH1Q03
DH104
LH1Q05%
CH106
uH1G7
bH108
LH1Q09
vhlio
DHI1I11
DH1lzZ
LH113
OH114
oH11%
DH116
DH117
DH1l 1o
CHI1Y
DH1ZO
Sril121
wHleae
JH123
il 24
LrHlah
DH1Z6
bH127
DH1Zz
DH129
DHI130
PDH131
DH13c
OH1L3
DH134
DH1G5D
DH1Zo
DH137
DH138
DH13%
Orlovy
DH140
DH141
DH142
DH143
CH144
DH145
DH146
DH147
DHl4o
DH149Y
CH150
ChHlol
oH1Z2



51A
51A
51A
S8A
534
584
584

X1
X2
X3
X4
X5
Xo
X7

X1
Xz
X3
X4

N/

AD
X6
X7

X1
Xz
X3

849/ 0BT/ 0005,/ 6 304/0e90C/ 0505/ 6080/ 0907/ e TT/ 050/ 0074/ 0097/ 764/ 0
S5Y1/ 06023/ 687376760/ 0503/ 9057 0764/ e501/ 6904/ 68346/ 0 (D5/ 6706/ e0T727 8
S6/e365/ 903/ e B2 77/ 6985/ 0040/ 455/ 0894/ 0821/ 0941 /e3T76/eI23/0T43/ 056
2

S5CR2T#2 0559/ e 762/ 06393/ e849/e 724/ e 796/ 46364/ e935/ 0285/ e792/0976/ 4823
S0 T T4/ eF165/e918/ 0716/ 6826/ e7017/ 0532/ 661470705/ ¢604/e601/7e69351/710009
Z1eUB9,/e945/ 0825/ ¢538/ 0004/ e 102/0298/ 823/ 69082/ ¢902/e876/ 7427652
70551/ 0283/ 937/ 0657 /0894 / 0950/ 007/ 48337/ e85/ 0T7T4/e4T1/0748/ 973/
10069/ 6930/ eT0T7/ 0676/ 6033/ 000970650/ 101/ e365/06750/e662/¢670/¢868/
0500/ 0921 /0904 / 0654/ eE92/ 0291/ e 26/ 0549/ eT61/ 0995/ e822/0832/0684/ 4
SEE/ 0949/ e0bi/ 0038/ 0T8T /0 7005/ T84/ 0320/ e TG0/ e T61/0628/0487/¢748/ 03
33
CCO2T*=eT716/¢735/1e017/0695/e533/e5%90/e4T0/ 05167/ e¢086/730/ 08247489
3/e835/733/ 0932/ 660/ e¢7453/0046/6T780/¢564/ 6901/ 0742/ 4939/ e667/0906
/0352/e501/eT03/ 600/ a820/7 6745/ ¢BE0/ 0922/ e84/ 024U/ 08454/ 0345/ 0804/
0 TED/ o042/ 06T T3/ 0374/ e B892/ 6003/ 0807/ 576/ 0941/ 716/ 6773/ G267/ 05757
6C/ 0056/ 8621/ 0825 /05407 0140/ 4460/ 0789/ 1065/ ¢005/ 0834/ 0348/ e¢9c3/10
134/ 0791/ 0622/6268/e¢601/6220/785%6/7100964/ 1017/ e¢9059/7eT734762075/¢380/
—eZU3
DColT*=e683/8962/e590/10014/ 0308/ 0893/ e867/e723/e951/e564/0306/100
19/0942/ 0358/ 0851 /e878B/e591/1e038/1e0C33/716040/1e017/1e¢004/e96Q/ 6959
B/ea790/0684171e0Ud/10026/0342/ 0305/ 6T50/ 6964/ 070176865 /1e042/ 4866/ 4
825/ ¢980/e¢9T74/1e0U38/1e¢033/1e007/0992/e996/1e021/e500/ eFB2/ 0996/ ¢98
T/e999/1e004/e913/ 067438/ 0050/e090/4871/e995/7e¢930/e049/e5953/1e0Q016/07
TE/ o853/ 039 /e016/ 689776502/ eT23/60359/ 0602/ 661 7T/e384/e3177/e825/7059
2/ 09T 70054/ 011/ 603827/ e510/70C10/eB8127 65297 eQ02/eF40/ 6322/ 0684,/ 6320
02056/ e555 /4232

B3CINeK=CLIP{ACE3eKeACDI3X K991 1WAYeK)

ACH3X e K=CLIP(BCE3eKe3C33X oK 132¢DAY oK)

BUCE3X e K=CLIPI(CCO3 e KsLCOI3eKeZ2T730DAYeK )
AC33eK=TADHL(ACS3T+ScAeKe1 09191

SCo3eK=TASHL(ZCBI3TeS5AeKe199141)

CCoB3eK=TABHL(CCo3TsSEAK 19911

CCB3eK=TAHL(DCB3T+SzAeKsl1T1+1)

ACB3T*¥=01UD/ 600/ e060/ 0260/ 0520/ e050/¢143/elct/ el TS5/ e/ 0344/4302
/e T4/ 0322/ 0247/ 03653/ 0020/ 031770522/ =003 1/ eccl/0354/e533/0303/e268
/e516/ 6361/ 0424/ 0015/ 0228/ 0035 /60817 ¢399/e160/7e170D/e145/e876/8415/
8233/ elB5/e132/0246/ 6297/ 6203/70083/ 0737/ =002/ e¢251/6189/e545,/e038/
e139/ 0054/ 0287/ 061/ =204/ 40T/ 0202/ =0001/ 233/ e762/033%9/e311/e25/
0418/ e362/e¢10%/e263/e¢09E/ 0007/ 06206/ 8454/ =002/ 8100/ 0235/ 0882/ e307/
01497290/ e0OE/0]135/e350U/ 0296/ e¢07T7/0100/elSU/eUSD/ elZ%/ eCHEE/0259 /0
306

BCE3T*=e450/ 0180/ 11l /el102/0281/0105/e3453/=e0U01,/e471/e166/e015/e18
3/7e185/70083/00U54/ 25T/ elUE/ el TC/ 0448/ ¢33 T2/ ec99/ 413/ 0298/ eU0T/=802
T/=e068/ 0046/ 0182/480/6359/e0U9/ 6700/ UE0/=elUll/—ea000/ e0S2/eC25/0
316/e¢331/0691/=e004/ 0310/ e045/ =023/ e¢101/7=0041/e¢166/e158/+486/e235
/eUUL/=e132/e000/ 0203/ e325/ 0321/ 06450/e3T7/ 797/ 0593/6c36/0309/e260
/eUGS/ 055170054/ 0l UL/ 638D/ 030070701/ e 06T/ 0lb0/0ccl/=e016/elB4/0)99
/0317/.392/3037/0142/.573/.&@@/0254/0196/-161/0169/0211/.344/.444/
0143/ 6504

CCoBTH=0z29/ 0223/ =020/ 0205/ 0453/ 0575/ e/ 47T /6l1 7/l Y0/l TT7/6lle
/70l 64/ e l2T6/ e/ 030/ 028770304/ 0176/ 0035/ 0004/ 02 T73/e5107/ 0325760777
015170454/ e27 0/ 0593/ 02U/ 27170145/ 6075/ 6101 /6474/ 502/ e060/ 8203/
22U/ 1637220/ 0123/ 0112/0292/ 0108/ 0316/e064/0312/6237/7e075/e60167 01
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wnlis3
wHlse
whlss
oHlL
oH1o7
Orlss
DMy
LHIEC
LHlel
DH162
UH1e3
LH16g
wH165
DH166
oHle7
LH168
DH19
DH1T0
CH171
oHl7e
DH173
VH174
Ol 7o
LDH176
DH177
CH176
w179
DH18C
DH181
DH1E&2
DH1&3
DH184
DH1o5
OH1B5
DH167
DHlod
LHloY
DH1%0
o191
LHi9z
w193
uH194
DH192
DH196
OH197
DrH198
CH199
ozl
ore0l
oH2CZ
DHzGCS
DHE04
oHZ02
oHZ06
przl7



X4
A
Xo
X7

X1
X2
AD
NG
X
i
alA
2l A
314
S0R
20A
DUR

334

X1
X2
5
X
X2

X3
X4
X5
X6
ex
64
6R
64
NOTE
NoTZ
NOTE
Y

e P A v o A e 3t AR AR S oo - A
o - ) z7 7 0603/-0u73/0154/0170/0045/0580/-.1
bc/cﬁa;/0564/o/Dl/od9b/0469/‘9015/‘0105/-o026/0065/0295/0344/3679/
16150
DCB3Tf=0327/0029/0002/“0024/0u?l/o101/0126/0209/0027/0146/0094/‘00
28/0058/.151/.149/0122/--006/*0054/“0C47/—0056/‘0025/“0013/0042/-0
OD7/D222/0169/-.021/-0039/0058/0026/0180/0036/9030/0154/-0070/0145
/o157/0016/oUUQ/‘;QﬁB/‘.Q@l/“oU14/0006/0003/‘-U48/9043/0019/0002/0
ulb/“ouvU/“oU1V/eIUU/aééé/G134/011&/-159/-0ul©/004b/0173/0Ubl/—004
/8211700l / et /o 770/ 0T/ 08T 1/ el 75/ l45/ 0bay/ 00T/ 0598/ alb2/0l147
/"0057/0354/021u/0300/0352/0426/0lbQ/OEal/0403/0907/0036/«071/0276
ZeTlU/ZeTiS/ed29/ 6 700D

DCINLeiN=CLIRP(ACU K s AIDXeKe 21 sLUAY K )

ACOX oK =CLiP (ECueKetluwXe s 1820 0AY 2K )
BCOXeK=CLIP(CLL oK sCCDeKI2T30LAYeK )

ACOaK=TACHL{ACLTsSzAakKe il eDl ol

CCUeR=TASHL(ECDT ¢SEAsKs1eS1e1)

CCOeN=TAEHAL(CCOTs3zAeKs 19914 1)

CD e K=TAnHL{wCeTe30AhakKe 109101

ACDT*=eT713/e842/ 6904/ 6094 /09 10/ 03951/ 0504/ 0905/ e 900/ 8903/ 0926/ 0375/
6760/ 0983/ e 70/ e B2/ 0B/ 50T/ 03083/ e 97T/ 69T/ 0386/ 8961/ 0582/ 659L/ 6
FEl/ePE0/ 0979/ eF30/ 6781/ e975/ 6964/ 6703/ eP87/e945/¢FC0/ 0565,/ e9T73/e9
S/ 06w/ 230/ 0045/ e 785/ 003D/ a 737/ 0830/ P8R/ e93U/ e B TE/ 091476950/ 092
D/ B0 T /e 786/ 0802/ eB0F /003 / 07 IO/ 6534/ 8903/ e V347 o975/ e970/e986/6979
/8340769307 2900/ 05/ e/ eG4l /00 TT/ 0958/ 6906/ 09359/ e904/eI05/975/
PYES/ 832/ 0000/ e uBU/ BIU/ e Y D3/ 0T L/ e T L/ 0Pl 29G4/ 0 PB00/ 0TI/ 0350
U THZ I35/ e004 7/ e v To/ 0937/ 0920/ 08007 o0 TS/ ¢T3/ 6001/ ecTU/A0F0Ll/ eI T/
08371/ a9 T75/a923/0CO0/ 0342/ 700/ 0703/ 0850/ 6930/ ¢965/ 0023/ 6569/ a96%/
SE3/eF0C /90T /e T0 /e P2 T/68853/6916/e0Ul/6986/e013/6028/e35T72/6CET74/+7
18/e051/eB8T3/ 0329/ 04/ e T/ a94T /0005 / 68327671 T/eT789/ 0903/ 5948/093
E/ e oD/ 0@l 00Y4 /8w i/ a5 20/ v TEl/0YiU/ 03/ 070U/ e8D6/ s T02/ e 862/ 0630
/e T/ 090 I/ a9/ e vSU/ e 9D 3/ 89T T/ 0901/ ¢SP4/ av0/ 0801/ 09208/ e 209/ 028/
e?éﬁ/oviJ/uﬁ:Q/c#447095&/09&5/0913/05@6/l®70/odb$/.7d2/l765/0930
CCLTH*=aYBY/ e 952/ 09590/ 6871 /6084 /aTT0/ 675/ Y2 8987/ 0909/ 03 T0/ 6991y
0T LT/ e P/ 0T oUS e LT O e 1 G 0 0003/ e w0/ e 1D/ 0907/ e 930/ 05385/ e550Q/
ST7O/ e IO/ eI D a0TL, eI 5D/ e D]/ 0TIV eI T4/ 0551/ 8918/ 0001/ eTF04/ 993/ e Y
C3/ 0000/ a9 T T/ a9 19/ 0uv /00 TS/ ev 2T/ e T4 T/ 6987/ e903/6991/e530/ eP04/ ¢58
6/0903/o9?7/95&5/0970/0992/0976/0925/.570/0946/.969/0977/0984/0976
/6550 e 45/ ed09/ 601/ e b6/ e 9B/ e YBE/ e U 0T/ o904/ 098G/ e 90T/ 0593/ 8584/
e TIB/ ellb/ e 9553/ 0961/ 6959/ aH04S ¢TI0/ 0BT/ 0995/ 8933/ 6705/ 050376762
D THZ e D09/ 69T I, 095/ e 94 s 834 T/ 0903/ 0904/ 053a/ 0FU9/ eS0T/ 3 T0L/ 0990/
0951/070&/0%:J/.764/0&f5/0¥56/0#90/0930/0973/.909/.9d&/097b/0947/0
YoE/ et T/ 0990/ e w0/ e ST/ 0 ICL/ 0904/ e50T/ 0905/ e 00/ 04T/ eF3T /4598579
63/6 87/ 6593/ 655 T/ 0593/ e597/e9E0/ 530/ 6990/ 0955/ 0553/ 0997753570564
3/.67&/.9u6/#94b/091U/0969/0969/09&6/.967/-956/0917/0749/0947/.621
/ob78/o683/0555/0936/0917/.56d/0553/0905/.861/0914/0672/-634/0857/
-792/.7ﬁ4/.90u/o957/0&91/.919/0756/0978/0646/0920/.95?/0927/0930
YCINL o SL=XCIiNerK

YCINeK=YCINI o JK

FRING s KL=FRINT oK

FeINSoKzFixIiNG o JK

INITIAL CONDITIUONS

DAY=V
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oreQo
L H209
DHZ 10
wH2 11
DHcl2
oHZ13
Ladla
Lhals
vmele
wtie 17
~Hals
el
LH2&0
DHez1
DHzZ2
DHz23
DHz 24
Dhieo
DHaZO
LRZa7
bHzco
Dhae9
OHZ3Q
wHaeS 1
whHzoo
Dres3
Lhela
wHE 3D
oHE36
wH237
omesk
9] P-AC )
orc4Q
UHe 41
wHZ4z
R4
vhaa4
bHZ49
vHz46
wHZ47
DH243
OHZ 4%
UHZ29Q
LHez1
DHeose
OHce53
oHz54
DHeso
oHEZ6
VHeo7
ChHaod



6N
&N
&N
&N
6N
6N
6N
6N
6N
NOTE
NOTE
NOTE
NOTE

6A

S1A
S1A
S1A
saL
51R
51R
51R
S1A
S58A

S51A
43A
33A
51A
58A

X1
58A

X1
S1A
58A

X1
51A
58a

X1
S1A
S58A

X1
6A
NOTE
NOTE
NOTE
20A
6A
12R
7A

SEA=0
YEARS=1
FRING=0
YRIN1=0
YCINI=0
YCIN=1
YRIN=1
NAST1=1
NBST1=0

GENERATION OF LOwW FLOWS ONLY
WILLAMETTE RIVER HYDROLOGY

WRFOB=6000

WRe K=WRF OB WiLLe RIVER FLOW OBJECTIVE

SUML oK=CLIP(SUM3eK¢66500+sDAY oK 241 )
FWINLeK=CLIP(WReKaWINL e KsSUMF oK +66500)

SUMF e K=CLIP (SUML e K 966500 s 364 +DAY eK)

SUM3eK=SUM3 e J+(DT) (SUM4 ¢ JK=SUMS ¢ JK=SUM2 e JK=0)

SUM4 e KL=CLIP(FCINZeKs0sDAYsKs 151 )

SUMS e KL=CLIP(FCIN2eKs0OsDAY e Ks241)

SUM2 eKIL=CLIP(SUM3eKuw O aDAY oK s 364 )

WINL o K=CLIP(WIN3sKIWINZ o KsSUMF oK e300C0)

WINZoeK=TABHL (DRYL+DAYeK92414373¢12)
DRYL*=4500/4500/4500/4550/4550/4550/4550/4550/5666/3666/5666/5666
WIN3eK=CLIP(WINS+KsWING ¢ Ks SUMF eK¢51000C)

CURNsK=SAMPLE (=UNDsK s 364 )

UNDeK={2INOISE

WING o K=CLIP (WNM1 e K s WNMZ2 oK 9 =0eCOs CURN oK )

WNM1 e K=TABHL (DRYM1 1DAY e K241 4373412)
DRYM1%¥=7061/7C61/7061/4530/45530/458U/74597/459 7/ 7470/ 7470/ T7470/7470

WNMZ2 s K=TABHL (CRYM2+1DAYeK22414373412)
DRYMZ2*¥=T7178/7178/7178/5015/0813/5730/5684/5684,/00573/6573/6573/6973

WINSeKS=CLIP{WNW1 o K s WNWZ2elKs=0a30sCURN K )
WNW1 e K=TABHL(DRYW1 DAY «iK0241+4373012)
DRYW1*¥=24C0/5400/5400/45350/45330/74610/74676/74676/0633/6633/6633/6633

WNWZ2 e K=CLLIP (WNW3 eK s WNW4 o<1 00 s CURNSK)
WNW3 e K=TABHL(DRYWZ2 sUAY eKe 241 4373012)
DRYWZ2#=5540/5540/5540/4642/4642/4660/4680/74680/76035/6035/76035/6035

WNWEG e K=CLIP(WNWS e K s WNWE oK 90 e S5 e CURNSK )

WNWD e K=TABHL (DRYW3 DAY +lK 12414373412
DRYW3%*=7073/7073/7073/5350/53530/51380,/5004/50u4/76704/6T704/67064/6704
WNWE e K=WRF OB

FLOWS INTO WILLAMETTE RIVER

CLVAS«K=CLVA«K/8640Q00

COUTS e K=CLVASeK

COUTeKL=(COUTSK) (86400)
TEFWINeK=FWINS e K+COUTS oK
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WH1
wH2z

WH3

WH4

WHS

WH6

WH7

WH8

WHY

WH10
WH11
wH12
WH13
WHLl4
WH15
WwH16
WH17
WH1&
wHls
WH19
wH20
WwHZ20
wHz21
wH22
wH23
wH23
whH24
wHZ5
wH26
wH26
wHZ7
wH28
wH29
WH29
WH3C

Fwl
Fwe
Fw3
Fwé



NOTE
NOTE
NOTE
NOTE
NOTL

514
364
124
S1A
44
T4

Suh

X1
1A
1A
S1A
74
A
&4

84

FWINZeKL=FWINL e
FWIN3eK=FWINZ2eJK
FWING o KL=FWIN3eK
FWIND e K=FWING s JK

INITIAL CONDITIONS FOR FLCWS INTO THE wiiLe KIVER
FWIN2=60C0

FWIN4=6000

SUM3=U

EVAPORATION

RLVAQK:RLVA.J+(DT)(1/4356U)(QIN.JK‘HUUT-JK—IHQQTOJK“&VAPUOJK+O+O)
CLVA«K=CLVA ¢ J+(DTHI(LROUT ¢ JK+CIiNo K=K INZ ¢ JIK+ T 1< I Ne JK=CUUT 0 JK+G)
RIN]l s K= INe JiK

RINZ2eKL=RINI oK

EVAPOeKL=EVAP1 oK

EVAP 1 e K=({ZLVAPZ2«K) (43550

EVAPZ o K= (EVAP3eK ) (RS5A1 eK) /100U

EVAP3 eK=CL IP(T s VAP4 eK 1181 DAY oK)

EVAP4 o K=TABHL (EVAP ¢ LAY oK 1824377915
EVAP¥*=4/6/3/10/11/12/15/17e2/10/14/0&/9e2/ 604/ D

RSAL o K=TABHL (RSAsRLVALKIJI 200U Z2uUol)
KRSA¥=U/TO3/71159/1209/1914/222172451/2040/2000/c%10u/72975

INITIAL CONDITIONS FUR KRiZe ANw CHANNe LzoViel

RIN=O
rRINZ=U

RESERVUIR REWLEASES

LROUT e KL =RCUT o JK

ROUT e KL=CLIP(ROUT] o KoaROUTZ e 924U sDAY o)

ROUT!1 e K=CLIPIRINGK ¢sROUTI e KaRLVA K yxCAP ¢K)
ROUT3eK=CLIP(UIRCUTL 4K sCLVAS e Ko CCAF e}

ROUTG e K=MAX (KOUTS e Kl ivXX ei<)

MINXX e K= (MINXeK) (B86400)

MINX e K=CLIP(RMFF ]l aK e RLVALl 8o iklLVAZ a9 U)

RLVAL e K= (RLVA«K) (432500) /700400

FLVAZ e KERLVAL e k=RiVFF 1 oK ’

RMFE 1 « K=TABHL(RMF TaUAY slKe 1 e370 131}
QMFT*zlao/l30/13U/13u/13b/13u/1Ju/130/lJ«/1Ju/lbu/lbU/13U/13§/13u/
130/13U0/90/90/90/780/Su/790/ 13071307150

ROUTS e K=CLIP(SPICR e o RWUFC e o <WUPCor s 3 ICH o)
RWOPC e K=CLIPIRWOUP 1 e s CULC oK g CULCoiKaixWiulH 1 ain)
COLCeK=CLIP(CCPLA«KsDsLCHLVeKCLVAIK)
CCPRLA«K=ULCHLV e K=CL VAWK

DCHLV e K=CCAPL e K=5AFND o KK

SAFNO e <=SAFNU SAFTEY NUe TU RELUCE CHANNcL CARACITY
SAFNU=4434E405 CHCAP=210CC 313z Cro>
SPICReK=SPICA SPILLwAY CAPACITY
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Fw7
Fwo

RCL 1
RCL 2
RCL S
<ok 4
=CLo
~CLo
=CL 7
RCLs
RCLG
~CL10
~Cil1
~C12

ol
kR
Ko
ISR
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RO
e T
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il
=il
e l1
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ikl 3
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=Rl
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S1A
154
l12A
28A

X1
TA
12A
NOTL
NOTE
NOTE
104
12A
S1A
13A
6A

TA
l14A
L
S1R
S1R
134
TA
©A
o2l
12A
6R
&R
51A
S1IR
NOTE
NOTZ
NOTE
1A
18A

1L
ER
J1R
S1A
58A

1A
S51A
18A
6A
1L
&R
Sik
S38A

SA
S1A

SPICA=4717E+06

RWOP 1 o K=CLIP(RWOPA K IO RLVALKIRWOPL oK)
RWORA«K=({RLVAsK) (43560 )+ (~RWUPLeK)} (43560)
RWOPL e K= {RCAP «K) (RWOPF ¢ X))

RWOPPR ¢ K=TASHL (WORPTIDAYsKe18376+15)

WOPT®=490/e¢80/¢5C/050/¢40/¢40/ 084/ ¢354/ 451700/ eT5/eTT/087/¢51/e95/

0 T8/ 098/ 98/ 098/ 058/ 69C/095/096/e95/e30/450 RULE 16
ROT2eK=FIRL1eK+WQRL 1 eK
ROUTZ2«K=(ROTZ24K) (864CQ) FTe CUe/DAY

VOLUME AVAILABLE FOR DISTRIBUTION

VOLO1 o K=RLVAeK=CPOB e K+EXRS 1 o K=FLOB s K=WADQT o K+U (UNITS AC FT )
CPO6eK=(0e8) (MICVP oK)

EXRSTeK=CLIP(ERSI1eKsOsERSI1eKs0)
ERSI1eK=(EXPFSeK)I(ERSIZ2eK)(2) CONVe SFL TO ACe FTe

EXPFSeK=EPFS FRACTION OF AVEe SUMMER FLOW
EPFS=0e90 -
ERSI2eK=EXSIFeK-SIFTD K DIFe BETWEEN EXPe AND ACTa

EXSIF +K=82604(0e029)(5UM3 K}
SIFTDeK=SIFTLD e J+(DT) (FRINS e JK~TFRNS e JK )
FRINSeKL=CLIP(FRINlIeKsOeDAYeKsZ241}

TFRNS e KL=CLIP(SIFTDeKeOe1sDAYeK)

FDOGeKz=(QDeBHI(FIDMReK) (2) 60 PERCENT FISHs CONVe CFS TO ACs FTo
FIDMR e K=F IDMD o K=F IRLS e K

FIDMO«K=12520 (SFDR)Y (INCLUDES COMPLe FROM WATER QUALITY)
FIRLSoK=FIRLS ¢ J+(DTI(RMFF 76 JK+RMFFE e JKAO=TRMFF ¢ JK)
RAFF2eK=(0aB) (RMFF3eK)

KMFF 7 e Kl.=RMFF 2 oK

RMFFB8e KL=RMFFSeK

RMFF3eK=CLIP(RMFF1eiKeOsDAYIK1241)

TRMFF « KL=CL IP(FIRLSsKsUalsDAYWK)

WATER QUALITY DEMANUDS CONSIDERING COMPLEMENT FRUM FISH

WADOT e K=CLIP(WAUO02eKsWGDIO1 sKeSUMF s Ke30000) Wele DEMe FOR ICRs 142
WGADGO 1 o K=2(2) (DRL12 e K=WARC1 oK} CONVe SFD TO ACe FTe
ORL12=0 (SFD) Q=5000

WQARO 1 e K=WQARO]1 ¢ J+ (DT (WARZ2 ¢ JIK=TWQO01 o JK }

WQRARZ o KL.=WQR U2 e K

WGOULl e KL=CLIP(WARO1eKsOUsDAY eK9364)

WQROUZ e K=CLIP(WARXZeKs0eDAY eKs241)

WARXZ ¢ K=TABHL (DL 12 +1DAY eK 12414373412
OL12¥=Ur/0/0/70/70/70r0rQ/70/7070r0  Q=5000
WAD UL o K=CLIP({WQAD U4 e K s WGADC3 oK s SUMF e K¢ 51000 )
WQD O3 e K=CLIP(WQLUS e K s WADCE e 4 =00 s CURNSK )
WGADUDeK=(2) (DRM12eK=WGRO3eK} CONVe SFD TO ACe FTo
DRM1Z2eK=312 (SFD) Q=5000
WARUI3 ¢ K=WURO3 e J+H (DT (WERG o UK=TWQ0O3 e UK )
WUR4 s KL=WQRO4 o K
TWAU3eKL=CLIP(WURC3eKosUILAY sK 1364 )
WARV4 e K=TASHL (DM 12+DAY e K926414373912)
DM12%=0/0/70/713/137070707070r0/C W=5000
WAD v eK=0 NO WATER QUALITY OEMAND
WQDS4 e K=CLIP({WAD UG elK s WUDUT e Ko SUMF e K 4 6653C)
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RR2¢g
RR2]
RRezz
RR23
R4
RR23
~rR25
RR26
RRZ7

RR2g
RRZ9
RR30
RR31
RR3Z
RK33
RR34
RR35
RR36
RR37
RR38
RR39
RR40
RR4 1
RR4zZ
~R43
RR44
kKR40
RR46
RR47

RR40

RR49

RR50C
RRS1

RR2Z
RR>3
RR24
~KRS5
RK36
RkrR57
RR38
RR5Y
~R60
RR61
RR&2
RR63
RR&4
RRES
RR66
RR61



31A
18A

|
—

6r
51R
58A

S1A
184
6A
i
6K
51R
58A

51A
TA
124
26A
ZuA
494
20A
NOTE
NITL
NOTE
14A
124
ZUA
6A

384

NOTE
NGTCS
NOTE
13A
36A

X1
S1A
o914
464
144
NOTZ
NOTE
NOTE
8A
124
144
124
494
44
314
T8

WALV T eK=CLIP (WAL OB eK e tiuDUTaN e =0 e ¢ CURN oK )

WAD UB e K= (Z) (DRWI1 2 e K=WlUR LS oK )

DRwle=187¢2 (SFD) 9=S000

WRRUDS e KZWGAROS e J+ (DT ) (WGRE e JK=TWQACY o JK )

WEGROE e KIL=WwIR U6 ¢ K

TWQUO e KL=CLIRP(WARCSeKeU1DAY eK+364)

WGOGRUG e K=TABHLIDWIZ21LAY e K024 1¢375012)
Dwla*=0rs0,s0/T2/727 2707070/ 080/ 0 Q=500C

WADTP e K=CLIP(WQU IO oK s WQAD UG e K s L o0 s CURN I )

WGAD 10 eK=(2) (ULRW21 e K=WGRUT7 oK) CONVe SFD TU ACe FToe
DRWZ21 eK=yU (SFD) G=5000

WARV7 e« K=WARO 7 e J+ (DT (WURL e JK=TWWwO T e JK )

WARB e KL=wWGROB e K

TWAO 7 e KL=CLIP(WARCT7eK s LU sDAY e K364

WARCE e K=TASBHL(DWZ 1 sUAY e K8 2410575412

DWELR=L/U/U/ U/ O/ o/ ol vl e/ Ir7 G=ouul

FRLS] eK=CLIP(RIMFFZ oK s RMFF 4 0iK s VOLO1 eK 90 FloHd RolecASes FIRST INCR
AVFReK=FLUb eik+VULO!L oK VOLe AVAIL FOR FI3A HolLe ACe FTe
RMFF4G o Ks(RMFF2e <) (RUFF oK)

RUFF e K=MAX(RwrF 1 s K e ROFFZ oK) RowUlew FIsHd FLOW FACTOR
RLFF 1l e K=AVFReK/F D 06X oK
FOUOXeK=SWITCH{1lUuUsruULbeKeFLUSSK)

ROFFZ2 e K=RLVAsK/MICVPeK

IRRIGATION ALLOCATICIN AND ROUTING

VOLCZ2 o K=VOL Ol oK+ (=0 oo ) (I kiNAWK)

IRRNA K= (IRRNS oK) (NIRTF oK)

NIRTF o« K=NIRGT e K/69530 NEW IRRIGe TaRGET FACTOR

NIRGT o K=TIRR IRRIGATION TARGET
TIRR=84000 :

IRRNGC a K=TASHL(IRNT sUAY K9 1024 392430)
IRNT¥*=69200/07800/0130u/ 450007800 uu/zluu/ el /usl

IRRKIGATIUN RELEASE (FIRST INCremIinT)

IRRINI e K= {0 e3) (RN eK) (INIRGT oK) IrRRIGe ~zle ACe FTe

IRNM e K=TABHL (IRNML sDAY e K s 102932774 12)
IRNM1*=O/.OOI/-QCZ/-UC27U/000467/-00667/.L1z/-ult/.OlZ/001067/0002
/7eC01,0/70

IRUL1 oK=CLIFP{IRIZeKe0UsVOLULl KU

IRUZ2 o K=CLIP(IRRN]L eiKs IR~NZoKeVLLIZ e oU)
IRRNZ.K:(IRRNI.K)(AVIR.K)(I)/((IQRND-K)(NINTF.R)(u-d))
AVIReK=VOLUZ2 eK+{(De8) (IkriNAK)

NEXT INCREMENT FOR F15r AND WATER GUALITY

VOLO3eK=VOL 024 K=CPU4 o K~FDO4aK

CPRO4eK=(0as) (MICVPK)

FDO4 e K==WGADOT oK+ (0e8) (FIDMReK) 40 PokCENT F15HSs CUNVe oFL TG AC FT
RMFFSeK=(0ed) (RMFF3eK)

FDOU4XeK=SWITCH{1UOsFDO4 e KeFDT4 oK)

RMFF 6 e K= (RMFFS5eK ) (AVFRZ2 4K} /FDJ4XeK

AVFRZ e K=CLIP(AXFR2sK 309 AXFR2eK40) )

AXFRZ e K=FDO04 e K+VOLU3eK SECOND INCRe AVAILS FISH xalbaSz ACe FTe
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KROD
R=EY
R 70
R=T71
RR7z
~RR73
R74
Rk75
RR76
~R77
<R7G
RR7Y
RRO
RR&1
~KRO2
RO W
REO4
=D
RIRLE
<o’
R~oo
RROY
RRSGO

RRY1
Rikwz
e tAe)
~RY4
~RRYD
RRIO
RRS7

RRkZo
RiRYY
=100
~r101
K10«
KR1Co
RR1Ca
<l UD

RR10GE
RR107
RR10bL
RK 10w
_Rk110
RR111
RR1lz
KR1ls



51A
S1A
7A
NOTE
NOTE
NOTE
144
13A
51A
51A
464
14A
NOTE
NOTE
NOTE
144
NOTE
NOTE
NOTE
NOTE
74
51A
18A
6A

1L

SiR
S1iR
S8a

S1A
S1A
13A
6A

1L
51R
58R

6A
S1A
S1A
16A
6A

1L
S1R
58R
51A
184
64

1L
S51IR

FRLSZ2 eK=CLIP(RMFFSeK 4RMFFE K e VOLO3eK s Q) FISH RELS
FRLS3eK=CLIP(FRLS4sK+0+VOLO2eKs0)

FRLS4 e K=FRLSZeK=WQ101 eK

SECOUND INCREMENT FOR IRRIGATION

VOL 04 o K=VOLO3sK+(=0e2) ( [IRRNAWSK)

SECOND INCREMENT

IRRN3eK=(0e2) { IRNMeK) (NIRGTeK) IRRIGs RELEASE IN AC=FT

IRO3«¢K=CLIP(IRO4aKeCrVOLOIeKsD)
IRCA o K=CLIP(IRRN3¢Ko IRRNG « Ko VULO4 K9 0)

IRRN&4 o K= ( IRRN3eK) (AVIRZeKI (1) /({(IRRNSeK} (QeZ2) (INIRTFeK))

AVIRZ eK=2VOL 04 e K+ {0e2) ( IRRNAWK)

ADD AN INCREMENT OF STORAGE FOR RECREATION AND RESERVOIR SPORT FI

VOLOS e K=VOL D4 eK+ (~Ue2) (MICVP eK)

RELEASE FOR THIRD INCREMENT OF WATER QUALITY
CONSIDER COMPLEMENT FROM FIsSH

VOLOE «K=zVOL OS e K=RWADT o K

RWUEDT o <X=CLIP(RWADZ o K ¢ RWQAD ] e Ko SUMF oK e 30600
RWGD 1 oK=(2) (DRL3 e K=RWGO1eiK) CCNVERTS SFD TO AC-FT
DRL3 e K=LDR3

LDR3=33749 (SFD) Q=5000
RWQO1 e K=RWQO ] o J+ (DT (RWUOZ e IK=TRWG1 ¢ JK)

TRWGI o KL=CLLIP(RWQO1eKeOsDAY s Ke384

RWUIZ2 e KL=CLIP(RWAXZ2eKsUIDAYeiKr241)

RWAXZ e K=TABHL (DL 3 ¢DAYeKeZ414373e12),
DL3*#=370,402/410/7360/360/73€0C/260/360/70/G/70/C0C
RWADZ2 « K=CLIP(RWAD4 e K s RWUD I e K s SUMF ¢Ke51C0C)
RWAD3 o K=CLIP(RWUDS e K ¢ RWADE s K9 =V e Qs CURN oK )
RWADD e K=(2) (DRM3 e K=RWQU3eK) CONV SFD TO AC-FT
DRM3 e K=MDK3

MDR3=20832 (SFD) Q=5000C
RWGQU3 e K=RWAO3 ¢ J+(DT) (RWAUYG ¢ JK~TRWQ3 e JK )

TRWUI e KL=CLIP(RWAQ3sK+O4DAY K 1364}

RWGAO4 ¢ KL=TASHL{OM3I3 DAY eK92414373412)
DM3%¥=0,/0/0/38GL/s360/350/313/7313/70/C/0/0
RwWGQUGeK=( NO WATER QUALITY wEMAND

RWGQL4 o K=CLIP(RWACE oK aRWLUD T ol 9 SUMF a K 0 66500 )
RWQDT7eK=CLIRP(RWADB eKeRWUL G eKs=U 051 CURNK)

RWAD o0 e K=(2) (DRW31 +X=RWGUDeK) CONV SFD TO AC=FT
DRW31 e K=WCR31

WDR31=16992 (SFD) Q=560
RWQO2 e K=RWQOS e J+(DTI(RWQUG s UK=TRWGES e JK )

TRWQD o KL=CL IP(RWQOS eK e QaDAY e K+ 364 )

RWGUE s KL=TABHL (DW31 DAY eKs241 9373412
Dw31%¥=C/0/0/324/324/5300/234/2534/707070/70

RWADTG e K=CLIP(RWADO e K sRWQAL G e s usDs CUKNEK)

RWADU e K= (2 ) (DRW33 e K~RWUW0O7eK) CONV SFD TO AC=FT
DRW33«K=WDR33

WDR33=14652 (SFD) Q=3000
RWAGUT7 e K=RWUOT7 e J+(DT) (RWWUB ¢ JK=TRWGT7 s JK )

TRWAQT7 e KL=CLIP(RWQAO7eKsO9DAY e K 1364)
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Q=5000

Q=2000

RR114
RR115
RR116

RR117
RR118
RR119
RR120
RR121
RKlzz

RR123

RR124.
RR125
RR126
RR127.
RR128
RR129
RR130
RR131
KR132,

RR133

RR134,

RR13%:
KR136
RR137,
RR13t

RR13S
RR14C,
RR141:
RR14¢,
RR14%:
RR14¢
RRIQ%
RR14€
RR147
RR14E

RR14%
RR15(
RR15..
RK15¢.
RRI:;
RR15:
RKR15
RR15¢
RR15™
RR1Z™



V58R

51A
1A
494
Lhah
STA
CNOTE
.NOTE
INOTE
“TA
31A
134
BA

1L

51R
51R
J8A

S1A
514
“1BA
)

"L
"51R
F 50k

- 184
“6A

1L
-3IR
38R

L6A
Z31A
314
. 18A
_BA

1L
IR
;5BR
.
514
18
64

s
SR
R

ﬁﬁm

RWQOB e KL=TARHL(OW33+0AYelKe24]14373012)
DW33¥*=0/0/0/2603/268/250/230/2530/0/0/0/0
WQA301 e K=CLIP(WQ3UV2eK 10 WWOLOBeK40)

WQ3TZ e K=CLIP(WQA3U3eKIWGU304 oK ¢y VOLOG K +0)
RWODX e K=2SWITCHI100eRWAOT o K ¢ RWGLDT oK)
WL3U4eK={(WQR303eK) (AVWA3eK) /RWADX o K
AVWQAS e K=RWADT e K+VOL 06 o K

G=50Q0

FINAL INCRZMENT FOR WATER QUALITY

VOL 7 e KEVOLOE ¢ K=XWUDT e <

XWQADT o K=CLIP (XWUD2 oK e XWUD 1 oK ¢ SUMF « K s 30000 )

XWAD1 elK={2) (DRLS o K=XWHT1 oK) CONVERTS SFO TO ACe FTe
ORL4 e K=LDR4&

LOR4=93650 (SFD) Q@ = &U0oU

XWQAUL e K=XWGCL o J+ (DT (HWGU2 0 IK=TXWQRL & JK)

TXWAL e KL=CLIF (XWGO1leKeUaOAY e K s 364 )

XWAQUZ o KLECL IP (XWGXZ2eK e CeDAY oK1 241

XWGXE e KETASHL (UL 4 yUAYeKecale373412)

DL4*¥=1000/1000/71 00071000/ 100071000/ 1 w00/ LIO0U/244/204/204/7204 QOO0

XWQADZ2 o K=CL IP {XWUD4 o< s XWQAD3 0K s SUMF 6 K451 008 )
XWUD3 e K=CLIP (XWQADS oK s XWADC ok 9 =08 0 s CURN K )

XWODS5 e K=(2) (DRM&4 s K« XWQU3 aK) CONVe SFD TO ACe FTu
DRM& » K=MDR4
MDR4=60000 (SFD) @=6000

XWQUS e K=XWQOB e J+ (DT (XWQROY ¢ JK=TXWW3 e JK )
TXWGD oKL 2CLIP(XWEU3eKyUsDAY e Ks364)

AWl 4 a kKLETARHL (UG s CAY a9 241 037301
Diia*=0u/0/0/1000/100071000/71000/71000UARA0ALA0
XWGDC eK={2) (DRM&4 2 e K=XWU1l1eK)

DRiM4z e K=piDR 42

MOR4Z2=9672 (SFO) G=600u
XWQ11leK=XWA1l1leJd+(DT)IIXWR1IZeJK=TXWQU e JK)}
TXWGO e KL=CLIP(XW311aKal DAY eKs364)

XWG1Z e KLETABHL(UM4Z sDAY aK 0241937301 2)

DMAZ*R = U/ OO/ T/ IT V0020722076070 0 W=E0L0

XWQDG e K=0 NO WATER QUALITY DEMAND

XWGOD4G ¢ K=CLIP(XWQADO aK s XWAUD 7 oK 9 SUMF o K9 6650C)

XWQDT o K=CLIP(XWEOB e K e XWAUDF el Ko ~Us T s CURNK)

XWGDBeK=(2) (DRWA 1 e K=XWwGUS eK) CONVERT SFu Tu AC-FT

ORW41 eK=WDR4 1

WOR41=74315% (SFDL) G=6Q0U

XWGUS s K=XWQOS o J+ (DT {XWQAQUE ¢ JK=TXWQS 8 JI<)

TXWUS s KL=CL IP(XWGEOS«eKeUsDAY <0 364)

XWAUG e KIL=TABHL (UW4 1 +DAY e e 241 +9373012)

DW4 1% =4T70,470,510/1000/10ulr/1 00U/ o0/ ivulru/u/usv U=6000
XWADG e K=CLIP (XWADO e K ¢ XWGLDA oK 1 L a G CURNGK)

XWGDU e K=(2) (ORWE 4 o K~XWQUT e K) CONVERT 2F0 TO AC-FT
ORW4G 4 o K=WDRG 4

WDR44=70545 (SFD) Q=60Uv

XWQATT7 e K=XWG0T e+ (DT (XWALB e JK-TXWGT s UK

TXWQAT e KL=CLIP(XWGOTeKs0sDAYeK1364)
XWQuBeKlL=TABHL (DWa4sDAY eKsZa10373012)
DW44%=330,/330/370/1000/10.0/10007 100U/ 100070707070 a=6000
XWGEDA e K=CLIPIXWADH o K s XWADE e K9 v oD 9 CURNSK)

[
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161

RR159
~rk1oQ
RRlol
RR162
RR163
~R164
RR165

RR1lcow
RR167
RR168
RRloY
RK170
RR171
Re172
RR173
=_R174
RR17>
RR176
RR177
RR178
RR179
RR10
RiRlol
Rklaoz
RR183
<R1o4
HR185
KR1o6
K187
RR 188
RR1BY
RR1Y0
k19l
k19
RR193
RR1Y4
~rR1YD
RR198
R=197
KkR1vc
RR 1YY
RRZ200
ReCl
RR20«
RS GS
~RRZO4
RRzZ0o
KR2C6
RR2C7
RRzCa
Rz 09
RRz1lu



184
A

1L
S1R
S8R

51A
51A
440
7A
49A
NOTE
NOTE
NOTE
7A
84
S1A
51A
S1A
51A
514
51A
514
S51A
51A
S1A
51A
51A
51A
S1A
514
514
S1A
B1A
514
NOTE
NOTE
&N
6N
6N
6N
&N
6N
6N
6N
&N
6N
6N
6N
&N
6N

6N
6N
6N

XWQALBeK=(2) (DRW4 3o K=XWQ0OTFeK)
DRW43eK=WDR43

WDR43=43944 (SFD) Q=6000
XWQAUY e K=XWQO0G ¢ J+ (DT)I (XWQAL0 e IK=TXWQY s JK)
TXWAF ¢ KL.=CLIP (XWQOSGeK s CsDAY e K9 364)
XWQL1O0eKL=TABHL(DW43+sDAYeK92419373912)
DWa3%¥=0/0/0/560/560/730r7%06/7906/70/707070
WGQ4U1 e K=CLIP(WQ402+Ks09sVOLOGeK0)

WAL U2 e K=CLIP(WQ&403eK e w404 eKsVOLOT7eK20)
WQR4 U4 e K= (WQAU3 oK) (AVWU4 oK) /XWX e K
AVWA4 o K=XWADT e K+VOLCO7 o K

XWGDXK e K=SWITCH( 100+ XWQAL T oK aXWGDT eK)

RESERVOIR RELEASES FOR FIsH AND WATER QUALITY

FIRL1eK=FRLS1eK+FRLS3eK
WURL1 eK=WQR101 o K+WGA301 eK+WG401 oK

WG1U1 eK=CLIP(WG102eK s WGRO2 8K » SUMF oK 930000)
WQR102eK=CLIP(WG104eKsWQA10U3 0K s SUMF ¢ K851000)
WQ103eK=CLIP(WARU4sK 10 s=Us0s CURNEK)
WQ104eK=CLIP(OIWQLO07eKsSUMF eK166500)
WQ107eK=CLIP (WQRU6 sKIWA1UIeK s —Ue5 s CURNGK)
WQ109eK=CLIP (WQROBsK 10U s Ve UsCURNSK)
WGQ303eK=CLIP(WQA32 eKyRWGU2 ¢ JK s SUMF K9 30000)
WQ32eK=CLIP (WQ34 sK s WQA33 e K s SUMF oK 3451000
WQA33eKzCLIP(RWAO04 e K e 0 e =00 e CURNSK)

WQ34 eK=CLIP (O sWQR37 oK1 SUMF ¢ K¢ 66500)
WQ37eK=CLIP(RWQO6 s JK s WU3T eK s —U o5 s CURNSK )
WR3IeK=CLIP (RWQA0OB s JKsUsUeUrCURNSIK )
WQR403eK=CLIP(WQ42 4K s XWQAOZ ¢ JK s SUMF oK 9 3CC00)
WQ42eK=CLIP (WQ4% oK s WQA3 ¢ K s SUMF o K951000)
WQ43 e K=CLIP (XWQU4 e JK s XWQA12eJK3=0609sCURNSK )
WQ44 e K=CLIP(0sWQ47 oK s SUMF oK s 66500 )
WQ47eK=CLIP(XWQA06 e JK s WAL S e s =005 s CURN K )
WQ4BeK=CLIP (XWQOB e JKsWG4T K s (o0 s CURN K )
WQ49eK=CLIP (XWGA1Ue K90 9Ce e CURNSK)

INITIAL CONDITIONS FOR RESERVOIR ROUTING

LROUT=0
ROUT=U

SIFTD=0
TFRNS=0Q
FIRLS=G
TRMFF=Q
wWQRO1=0
TWQO1=0
WQRO3=0
TWQL3=u
WQR0O5=0
TWQC5=0
WQRO7=0
TWQU7=0

RWQO01=0
TRWQ1=U
RWQQO3=0

162

6000

RRz11
RRe1g
RRZ13
RRZ14
RR215
RR216
RR217
RRZ18
RR219
RR220
RRZZ1
RRz22

RRzZ23
RRc24
Rikz2b
RRzZo
RR227
RR228
RRZ229
RR2Z30
KR231
RRz3z -
RR233
RR234
Rke35
RR&36
RR&37
RR238
RR239
RRz4(0
RR241
rRz242
RR243



&N
6N
6N
6N
&N
6N
6N
6N
6N
6N
6N
6N
6N
6N
&N
6N
6N
6N
oN
6N
6N
5N
&N
oiN
6N
6N
&N
EN
BN
6N
N
6N
N
&N
NOTE
NOTE
NOTE
514
S1A
S51R
S1A
SIK
264
51R
S1A
S51R
S51A
51R
NOTE
NOTE
NOTE
&N
6N
6N
6N

TRWQA3=Q
RWQ05=0
TRWQS=0
RWQQO7=0
TRWQ7=0
FRINS=0
RVMFF7=0
KMFF3=0
waRr2=0

WaRa =y

WQRo=U

wara=U

RwWQue=0
Rw@oa =0
~WIUE=0
RWGUE=0
XwWQul=0
TXWAl=0U
Xwala=u
XwuC3=4
TAXWQ3=0
Xwl. 4=0
XWQuo =gy
TXwQs=0
XwWaoe=u
Xwwo7=u
TXNQT7 =
XKWLu8=¢
XWQ09=0
TXWLS =0
XwLlou=0
XWQit=u
TXWGU=J0
XWGQ12=0

KCUTING ANALYSIS
MXRL USED

DAMRL o K2CLIP(Divxl o JX s LAY s KX < o JK e RL1 oK)
RL1eK=CLIP(O'RLVASKIDAY WK 182)

U INEW

v g

DMRILe KL=CLIP({UsAMRL e K sDAY s ¢ 364)

DAMBD o K=LLIP(DM L aJKsLAY s KeMX3L e JKaFRIUT o)

MX3L e iKL=CLIFP(UsmX3D1eKaDAY sk 364)

MX3101 oK=L X{FR30T e KeviX3D e JK)

DMED el =CLIP(VsUAM3DeK 4 DAY e Ke364)

DMR3S e K=CLIP (DMRL3 e JK4DAY e n s MXRL s JKaRLVA LK)
DMRLI a1 L =CLIP (U sDMR3SeKeDAY oK e 364)
DAMIR«K=CLIP(DAM] e JKa DAY e K e RLVA K ¢ i I NRL o i<}

DAVT ek lL=CLIP(UsuAMIKeKIDAY s K 3E4)

INITIAL CONDITICNNS FOR

DMZL=0U
MX323=U
DMRL=U
DMRL3=0

ROUTING ANALYSIS
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MAX RES LEV FOR FLDS

MAX 3DLAY FLOW

MX CAY RLVA 3 SEASONS

RA1
RAZ2
RA3
RA4
RAS
RAG
RA7
RAS
RAG
RA10
RAL1



&N
NOTE
NQTE
NOTE
S8A

424
3L

51R
514
51R
514
58A

12A
S1A
NOTE
NOTE
NOTE
S8A

S56A
S51R
58A
51A
58A

58A
S6A
S1R
S8A

S8A
S1A
6A

NOTE
NOTE
NOTE
6N
6N
NOTE
NOTE
NOTE
8A
51A
6A

6R
6A
19A
7A
TA
S1A

DAMI=0O
DRAINAGE BENEFIT CALCULATION

ATDREB ¢ K=TABHL (ATDBTsCCAP«K915000+21000+42000)
ATOBT*=0/66667/133333/200000/260000/320000/7380000/440000/500000
PRCLVeK=ACLVA K/ L (CCAPK) (86400)) PROP CHANNEL FULL

ACLVA eK=ACLVA s J+(DTI(1/DDRsJI (RCLVAs IK=CLVAQsJK) AvE CHANNEL LEVEL
RCLVASKL=CLIP(CLVAASK1OILAYeK2151)
CLVAAK=CLIP(QsCLVAIKIDAY eK2273)
CLVAOQO&KL=CLIP(ACLVAeK+OsDAY eK1364)

DDReK=CLIP(14122¢DAYsKe273)

PROTMeK=TABHL (PDTMT s PRCLV a2 0919001
POTMT#=1/1/1/1/e8/e6/04/e3/e02/41/70

ANDRB e K= (PRDTMeK) (ATDRB & K)

ADBReK=CLIP(ANDRE eK s U sDAY s K9 364)

FLOOD LOSS

TRCISeK=TASBHL(CODITsFCINZeK10s4500095000)
CODIT*#=19/5199/11244/ 17209 /23334/29379/35424/4146%9/47014/7253559
MTINeK=MAX (MINeJKs TRCISsK)

MINeKL=CLIP(OeMTIN«KIDAYeK+364)
FLOLPeK=TABHL(FLDLT+FLDSHeKs1Us18s1) FLOCD LOSS POTENTIAL
FLDLT*¥=0/0/2200/5500/16w00/740000/7200000/14E5/744ED
FDLPReK=CLIP(FLDLP eK40eDAY eK1+364) FLOOD LOSS POTENTIAL (ANNe)
FLDSHsK=TABHL(FLDSTsMTIN«KsT+sI0000s1wL00) FLOCD STAGE AT SHEDD
FLDST*=10/15e75/1606/16e5/17e15/17e3/17e5/17e05/17482/18

CLVAT e K=TABHL (CODIT+CLVASeK4sCG94300045000)
MCLVA«K=MAX (MCLVe JKsLVAL W K)

MCLVeKL=CLIP(QOsMCLVAIKIDAYeKs364)

AFLDS e K=TABHL(FOST1 +MCLVA KU sF0000s 10000
FDST1%¥=10/11/14/15e1/15e70/16415/16e35/716e5/716e6/160e7
FOLARCK=TABHL(FLOLTsAFLDSsKe10Us18¢1) FLOQOD LOSS ACTUAL ANN
FOLReK=CLIP(FOLAROKIUIDAY oKy 364)

MIOFL ¢ K=MX10L MAX INSTe

MX10L=10000 NG % LOSS CHCAP 21000

INITIAL CONDITIONS FOR FLOOD LOSS

MCLV=1
MIN=1

FLOCD SENEFIT CALCULATION

AFLD] o K=FDLPReK=FDLReK+WILFz oK ANN FLOOD BENES
WILFBS eK=CLIP(WLFB1eKsO0sDAYeK ¢364)

WLFBZeK=WFB2 ANNe AVEe WIllL e RIVEK FLOOL peNcHFIT

WFBz2=160000

FRINSeKL=FRIN3eK

FRING o K=FRINS » JK

FR3DTeK=(2)(FRIN1 o KH+FRINI e K++r-RINGsK+0)

AVFST o K=RCARP o K=RL VA K

INSUF o K=FR3DT e K=AVFST oK

FADJ1 o K=CLIP{INSUF e K sC o INSUF e Q)
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OBl
DBb2
PB3
b4
OB5
bbe
De7
5].1-}
D89
DBl
DB11
DBlz

FLi
FL2
FL3
FL4
FLS
FL6
FL7
FLS
FLY
FL10

FL1l

FLlz
FL13
FLli4
FL1S
FL16
FL17
FL1oB

Full
FBCZ
FoC3
FuCéa
FEC5
FeCo
FoC7
FBCOo
FBCS.
FBC1

1



51A
6A

SUA
544
51R
6N
NOTE
NOTE
NOTE
12R

TA
12R
NOTE
NOTE
NOTE
12A
1L
S1R
20A
20A
58A

12A
51A
NOTE
NOTE
NOTE
544
S1R
2UA
20A
€A

54A
51R
544
51A
244
S1R
S51A
384

124
64

384

124
64

7A

6A

FADJT.K=CLIP(OOFADJ1.KQDAY.KQ182)
TGFDSeK=TFDS

TFDS=60000 _
WLFB3eK= (WLFS2eK) (TGFOS oK)/ (TGFDS e K+FALUIT oK)
WLFB1eK=MIN(WLFB34 e K s WLFB3eK)

WLFB4 eKL=CLIP(16U000sWLFB1eKsDAYeK1364)
WLFB4=160000

IRRIGATION RETURN FLOWS

IRRINeKL=({PERRF) ( IROUT ¢ JK )

PERRF =415 PERCENT RETURN OF IRRe FLOW
IROS e K=1TRU1 eK+1RO3 &K ACe FTe

IROUT e KL= ( IRO5+K) (43560

IRRIGATION BENEFIT CALCULATION

ANIBeK=(NIRTF ¢K) (552690 ANNUAL TARGET beNeFIT
TIROT eK=TIROT e J+(DTI(IROUT ¢ JK=ACIRO & JK
ACIRQeKL=CLIP(TIROTesKsUesDAYsK21364)

TIROeK=TIRQOT eK/43560

PERTMeK=TIRO«K/NIRGTei<

PERAB e K=TABHL(PAB +PERTMeK 40981090461

PAB¥== o 72/~ 054/=e36/=e18/0/¢18/e36/¢54/e¢72/86/1 0
ANIBHesK=(PERAB«K) (ANIB+K)

AIBeK=CLIP(ANIDHeKsDsDAY e K1364)

FISH BENEFIT CALCULATION

MICLS o K=MINI(MICLL e JKeFPWMICL oK)
MICLL1eKL=CLIP(MICLSeKe20sDAY K12}
PVMICL o K=CLVAS s K/RMFF1eK

PMIRL e K=RLLVA!K/MICVP oK

MICVRP e K=M INPL MINIMUM CONSERe PLOL CANNOT 8B ZERO
MINPL=5100C0

MIRL e KsMIN(MIRL] s JK o PV TR oK)
MIRLL1«KL=CLIP(20+¢MIRLsKsDAYeK1364)
MICRL e« K=EMIN(MICLSeKeMIRL e K)
MICR3eK=CLIP(MICR1sKs0sDAY s Ks364)
MICRI e K=EMIN{MICRZ e JK e MICRL8K)

MICRZ e KL=CLIP(MICR1 K20 1DAY Ko Z)
MIPCP e K=CLIP(MIRL e KoV eDAY slK9364)

PFEBRS oK=TABHL(PTFIoeMIPCPeKe011e24002)
PTFIB#=0/e05/ 2/ e6/03/160/103
FIBRSeK=(PFBRSeK) (RSFBeK)

RSFBeK=RSF IB RESERVOIR SPCORT FISH BENEFIT
RSFIE=154000
PFBAD.K=TABHL(PFI¢1oMICR3chO;1.2.U.2)
PFI81%#=20,0/0/e6/e¢5/100/105

FIBAD e K= (PFSADeK) (ALFSeK)

ADFBeK=AUF I3 ANNUAL ANADROMOUS ANu DOWWSTREAM FIsH oeENSFIT
ADF I3=424000 B . o
FeK=F IBERS e K+F IBAL oK TOTAL ANN GROSS FIsH bz=NEe
INFC=800C00 INITIAL FISH COST

INFClaK=INFC
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TARGET FLOOD STORAGE

FolCll
Fzulle
FuCli3
FBCl4
FoClb
FeClé

iR1
k2
IRS
IR4

Il
Ibz
iB3
184
Igo
IB&
187
188
Igy

Fsl
FB2
Foa3
FB84
Foo
Fooe
Fo7

- Fb8

Fgyv
FB10O
FEBll
Fol2
FB13
Fbla
Folo
FB1l6
Fol7
FEl6
Fsle
F3aQ
Fsel
Fuocl
Fuaeld
Fo24
Fozs
FBso



18A
51A
NOTE
NOTE
NOTE
6N
&N
6N
NOTE
NOTE
NOTE
S4A
S1IR
Z6A
6A

S1A
S1A
15A
6A

6A

S51A
NOTE
NOTE
NOTE
&N
NOTE
NOTE
NOTE
58A

S58A
TA
20A
6A

58A

6A
S1A
S1A
6R
1L
51R
12A
6A

51A

NOTZ
NOTE
NOTE

S6A

FCSTeK=(INFCleK) (CRFS0eK+e10) FISH COST )
AFCSTeK=CLIP(FCSTeKs0sDLAY K s364) ANNe FIsH COST

INITIAL CONDITIONS FOR FISH SENEFIT CALC

MICL1=2

MICRZ=2
MIRL1=2

WATER QUALITY BENEFITS

MIFWReK=MIN(MIFW] e JK e PMIFW oK)

MIFW1 e KL=CLIRP(MIFWReKe20sDAY eKe2)

PMIFWeK= (TFWINeK=4500+C )/ (WOOBJeK=4500+0)
WQOBJeK=WGBJ WATER QUALLTY QBJECTIVES
WQABJ=6000
MIPWGeK2CLIP(MIFWRsK 40 sDAY e <1 364)

PWAB eK=CLIP (1 +MIPWQeKsMIPWQAeK s 1)

WAQB o K= (PWGAB oK) {WRBNaK )+ (CRFZ20eK )} { INPLCsK)
WQOBNeK=WQB WATER QUALITY BENEFIT

wQB=244600 Q6000 Do M1000

INPLCeK=1INPC

INPC=7456E6 Q6e00C D5 M1000

AWAQB o K=CLIP(WAQB ¢K9sQsDAY eKe364) ANNes WATER GUAL s BENES

INITIAL CONDITIONS FOR WATER QUALITY EENEFITS
MIFWL1=2
RECREATION BENEFITS

PLELVeK=TABHL (PLEVIRLVA«Ks0s200000s20000)
PLEV#=560/602/620/638/651/661/669/67T7/685/69c/5%9

MXPL. e K=TABHL (PLEV ¢ RCAP ¢ K¢ Q0 ¢200000 420000} MAX POOL ELEV
PLDRP e K=MXPL e K=PLELVeK

LNBCHeK=PLDRP s K/SLPeK

SLP«K=SLCPE SLOPE OF THE BEACH
SLOPE=Ce10

ATND1 o K=TABHL (ATTND +LNBCHaKsCs1500913500)

ATTND*¥#=5000,0

ATND e K=ATND1 oK DATILY ATTENDes ADJe BY RECREATION GRCe FACe
RATO1«K=CLIP(ATNDeKs0sCAYaKe24C)

RATDZeK=CLIP(O+RATD1 e¢KsDAYeK3350)

RATD3 eKL=RATDZ K

ARECeK=AREC e J+(DT) (RATDI e JK=RATLG o JK } ACCUM DAILY REC ATTEND
RATD4 e KL=CLIP(ARECsK+0sDAY K +364)

RECBeK=(ARECsK) (VALRC+K)

VALRC «K=VALR

VALR=1 VALUE OF RECREATION

RCBeK=CLIP(RECBesK+10sDAYsK+364)

CALCULATION OF RECREATION COSTS

INREC=187E4 TOTAL INITIAL RECe COSTS

INRC1 e K=INREC
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Faav
FBzs

wal
wQz
waQa3
wWa4
wQas
wQs
wQ7
wQB8
wQo
wQlo
wQll
walz
wQl3

RB1
Rb2
RE3
RB4
RB5
RBE6
Ro7
RB8
RBY
RB10
Roll
RBl2
Ro13
REB14
rRB1%
RB16
RB17
RE213
RB19

RC1
RCZ



13A
51A
NOTE
NOTE
NOTE
6A
12A

6A

NOTE
NOTE
NOTE
6N
BN
6N
6N
6N
NOTE
NOTE
NOTE
10A
10A
7A
6R
12R
1L
1L
20A
49A
A
20A
494
74
7A
44
304
NOTE
NOTE
NOTE
&N
6N
6N
6N
NOTE
NOTE
NOTE
58A

134
S1A
13a
31A
134

RCSTeK=(3) (INRC1 eK)(CRF50eK)

ARCST e K=CLIP(RCSTeKs0sDAY Ke354) ANNe RECs COSTS

STRUCTURE SI1ZES

CCAP«K=CHCAP
CCAPD+K=(CCAPK) (86400)
CHCAP=21C00
RCAP«K=RECAP
RECAP=140000

CHANNEL CAPACITY

INITIAL CONDITIONS

RLVA=102300
CLVA=15E6&
ACLVA=0
AREC=0
TIROT=0

NET BENEFIT

SUMBN o K=ADBReK+AFLD] e K+ATIB e K+F L s K+AWAQL s K+RCo s K

SUMCT e K=ADRCT e K+ARSCT o K+AIRCT e K+AAFCST o K+ARCST o K+0

NETBN e K=SUMBN e K=SUMCT & K NET BENEFITS
NETB1 « KL=NETBNeK

NETBZ e KLL=(NETBNeK) (NETBNK)

SUNET o K=SUNET e J+ (DTY (NETB1 ¢ JK+U) SUM NET BENE.
SSNET e K=SSNET e J+(DT) (NETB2 ¢ JK+0 ) SUM NET bENse SQUe
AVENB e K=SUNET ¢« K/NOYRS ¢ < AVE NET =cNEFITS

NOYRS o K=SWITCH(1 s AUYRS e Ks AUYRS «K)

AJYRS e K=YEARS e K-1

AVVAR ¢ K=SSANT o K/NMNS 1 o K AVE VARIANCE OF No
NMNSL o K=SWITCH(1 s YMNS1 6K e YMNS L oK)

YIMNS 1 o KEYZARSeK=2

SSQANT ¢ K=SSNET e K=SUMXZ o K

SUMX2 s K= (SUNET e K ) (SUNET oK) /NOYRS e K

AVSTDeK=(1)SART(AVVARWK) AVE S5TD DtV OF NET oeNb

INITIAL CONDITIONS

SUNET=0
SSNET=0
NETB1=0
NETB2=0

COsTS

IRCSTeK=TABHL (IRCsRCAP+50000+225000025000) INITIAL RES COSTS
IRC*¥=12E6/1546T7E3/165E5/1906/a500305/270704/ 3c2084/4060
RSCTeK=(1e0T7S) (IRCSTeK) (CRFUDSK)

ARSCT e K=CLIP(RSCTeKsSsDAY K4 364) ANNe RESERVOIR COSTS
BCOIRK=(1e075)(INIRC) (CRFQOeK)
NITF1eK=CLIP(NIRTFoKoelaNIRTFoKs1)

IRRCT eK=(NITF1eK) (NIRTFaK)I(BCOIReK) )
INIRC=931300 INITIAL IRk COSTS
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RC3
RC4%

ss1
5542
553
554
3550

NB1
NB2
NB3
N34
NBbo
NB6
Ne7
NB&
No ¢
NB1O
NE 11
Nol2
NbE13
NS 14
NB1D
Nwlo

Cl
(oF=]
C3
C4
Cco
Ccoé
c7
c8



51A
S8A

13A
51A
NOTE
NOTE
NOTE

6A
7A
29A
284
50A
29A
28A
S50A
294
28A
50A
NOTE
NOTE
NOTE
NOTE
NOTE
NOTE
56A
S51R
S1A
51R
124
1L
S1R
12A
C1L
51R
12A
1L
51R
124
1L
51R
1L
54A
51R
51A
51R
12A
1L
51R
12A
1L
51R
124
1L

AIRCT e K=CLIP(IRRCTeK1O1DAYsK1364) ANNe IRRIGe COSTS
IDRCeK=TABHL (IDRC1¢CCAPsK+100ULI2100Q+5000) INITIAL DRAIN COSTs

IDRC1%¥=0/125000/16ES5/4E6/8E6
CRCSTeK=(1e1) (IDRCeK) (CRFQUDK)
ADRCTeK=CLIP(DRCSTeK 10 DAY K¢ 364) ANNs DRAIN COSTS

CAPITAL RECOVERY FACTORS

INTR=040325 INTEREST RATE
INT1«K=INTR
INT2eK=14INT1eK

INT3eK=(20)LOGN(INTZ2eK) N=20YEARS
INT4eK=(1)}EXP(INT3eK)

CRFZ20eK=(INT1eK) (INT4eK)/ (INT4eK=1) CRF FQOR N=20
INTSeK=(S50)LOGN(INTZ2eK) N=D0YLARS
INTOeK=(1IEXP(INTS «K) '
CRFS50eK=(INT1eK} ({INTEeK)/{INTEeK=1) CRF FOR N=30
INT7eK=(100)ILOGN(INTZ2eK} N=10C0YEARS
INTBeK=(1)EXP(INTT7 K}

CRFODeK=(INT1aK) (ENTBeK)/(INTBeK=1) CRF FOR N=]1Q0YEARS

ANALYSIS OF STATIC ECONOMIC MODEL

MAX IMUM AND MINIMUM ANNUAL RESERVOIR LEVELS

MXRLV e KE=MAX (RLVA s K ¢ MXRL ¢ JK) MAXe RESe LEVEL
MXRL e KL=CL IP({C+sMXRLVeKsDAY s K+ 364)
MXRLC e K=CLIP (MXRLY eKs0eDAY elKe364) MAXe RESe COUNTER

RGIOQeKL=CLIP (140 ¢MXRLC 4K 1RICOsK)}

RO00eK=(0eF0) (RCARP K} -

RCO00 «K=RCI0D e JH+ (DT IRGIUO e JK+0) NOe TIMES GREATER THAN Ve90 RCAP
RGOS O eKL=CLIP(1+0eMXRLC e K1RISUeK)

RO50eK=(0e93) (RCAP WK}

RCIS0 e K=RCISO e J+(DTII(RGIST e JK+0) NOes TIMES GREAT=R THAN 95 RCAP

RGIEQeKL=CLIP(140e¢MXRLCeKsRIBCIK)

RIBCeK=({0e98) (RCAP«K)

RCO8C «K=RCIBO e J+ (DT ) (RGOEC e JK+0Q) NCe TIMES GREATER THAN 98 RCAP

RGIIS e KL.=CLIP (140 ¢ MXRLCeKIRIITeK)

R995eK=(0e9935) (RCAPK)

RCO95 ¢+ K=RCIIS e J+(DTI(RGISD ¢ JK+0T) NOe TIMES OGREATER THAN 995 RCAP
RGCAP e KL=CLIP(1+40+sMXRLCeKIRCAPsK)

RCCAP o K=RCCAP ¢ J+(DT) (RGCAP ¢ JK+0) NOe TIMES GREATER THAN RESe CAP

MIRLV e K=MIN(RLVAsKsMINRL ¢ JK) MINe RESe CAPe
MINRL e KL=CLIP(RCAPsiKeMIRLVeKsDAYsKe364)
MIRLCeK=CLIP(MIRLVeKIOsDAY s Ks3264) MINe RESe COUNTER

RG115eKL=CLIP(1+40sMIRLCsKIRI1IBeK)

R11ZeK=(1415)(MICVP«K)

RC115eK=RC115¢J+(DTI(RG115eJK+C) NOe TIMES GREATLR THAN 115 MICVR
RG105«eKL=CLIP(140¢MILRLCsKIRIUSeK)

R105eK=(1s03) (MICVPeK)}

RC1I05eK=RC105eJ+(DTI(RG105¢JK+0) NOe TIMES GREATER THAN 1e05 MICVP
RGO98eKL=CLIP(1e0sMIRLCaKsRO9BeK)

RC98eK=(0s98) (MICVP)

RCOP8+K=RCO9B8eJ+ (DT) (RGUIBeJK+U) NOs TIMES GRZATER THAN 098 MICVYP
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cy
C10
cil
ciz
c13

CR1
CR2
CR3
Ck4
CR3
CRro
CR7
CRrRo
CR9
CRI10
CR11
CR12

£l
g2
£3

£S5
£é
e7
£8
ES
E1D
Ell
Bl
E13
£l4
£15
cle
EL17
Ela
E19
E20
£21
g2z
eed
cZé4
EZ25
E26
E27
g28
£29



51R
12A
L
51R
L
51A
51R
I
51R
L
51R
I
NOTE
NOTE
NOTE
51A
51R
1L
51R
I
51R
1
51R
I
51R
I
51A
51R
I
51R
IL
S1R
1L
51K
1L
51R
1L
NOTE
NOTE
NOTE
S14
51R
L
51R
1w
Stk
I
NoT=
NoTE
NOTE
314
5IR
IL
SIR
1L

RGOS0 eKL=CLIP(140sMIRLCeKI\RODVK)

ROS0eK=(0e30) (MICVP)

RCO90eK=RCOIUeJ+(DT) (RGUIVeJK+U) NOs TIMeS GReATER THAN 90
RGCPL oKL=CLIP(140+MIRLC 4 KsMICVF oK)

RCCPL ¢ K=RCCPL o J+ (DT) (RGCPL ¢ JK+0C ) NCe TIMES GREATER THAN CONSe PL
PDTMeK=CLIP (PRDTMeKsUsDAY oK s 364 )

PD1COeKL=CLIP(1404PDTHeKe1e0) DRATNAGE TARGET CUUNTZR
DG100eK=DG 100 J+ (DT) (PD1UC e JK+0) NOs TIMES EGWUAL TO 10
PDY0eKL=CLIP (140 sPDTMeKs0eD)

DGO0 e K=DGFV e J+ (LTI (PLOU e JK+0)

PDE0eKL=CLIP (110 ePDTMeKsUeE)

DGBOeK=DGBO e J+ (DT ) (PD8O ¢ JK+U)

MmICvP

FLOOD LOSS DISTRIBUTION MAXIMUM ACTUAL AND ROTENTIAL FLOWS

MXACC o K=CLIPIMTINGKsC1DAY oKy 364) MAXe ACTUAL INSTeCHANe FLOW
CAGI 1 eKL=CLIP(1+0sMXACCoeKs11UU0O}
CACL1eK=CACL11eJ+(DTI(CAGLILeJK+0) NOs TImks ACTUALLY ABUVE 11UCUCFs
CGC21 e KL=CLIP(14sUsMXACCeKe21000)

CCC21eK=CCC21 U+ (DTI(CGC21 e JK+0)} NGe TIMEZS AUTe AzOvi 210GUCCFS
CAGLIO+KL=CLIP(1s0eMXACCeKe16000)
CAC16eK=CAC 16 e J+(DT)I(CAG1G6eJIK+0)
CAGZ20eKL=CLIP(1sUsMXACCeKs2000LU)
CAC20eK=CAC20e¢J+(DTI(CAG20e JK+0)
CAG25eKL=CLIP(140sMXACCeKs250L0)
CAC25eK=CAC25e¢J+(DTI(CAGZDe JK+0)

MXPCCeK=CLIP(MCLVAIKsDsDAY s Ks364) MAX e POTENTIAL CHANe FLCw
CPGI1eKL=CLIRP(1laUsMXPCCaKs110u0)
CPC1l1eK=CPC11eJ+(DTI(CPG11eJK+0)

CPG21 o KL=CLIP(140sMXPCCeKa210U0)

CPC21eK=CPC21 e J+(CTI(CPG21 e UK+U) NOe TIved POTENTLY AOVE 210Uy
CPG2SeKL=CLIP(140sMXPCCeKs2500L0)

CPRC25eK=CPL28+J+ (DT (CPGZD e JK+0O)

CRG16eRKL=CLIP(1l1+s0sMXPCCaiKe160LLEL)

CPC1lEeK=CPC16eJ+(DTI{CPG1EsJIK+O)

CPG20eKL=CLIP(1sCsMXPCCeKe20G0OLU)

CPC20eK=CPC20eJ+(DT) (CPG20V e JK+U)

IRRIGATION TARGET

PITMeK=CLIP (PERTMsKoU s DAY s K9 364) N o o
FIICO&KLECLIP(1 40 sRITMeKee999) IRRe TARGET COUNTER

IG100eK=1G1CTeJ+(DTHI(PIL1UOeJK+O) NCe TIMES EGUAL TU 1e0
PISCeikL=CLIP(1410sPITMeK1Ue9)
1G90eK=IGRC e J+ (DT (P1I9V e JK+U)
PIROeKL=CLIP(1sUsPITiMeKeueB)
I1G8GeK=IGBaJ+ (LTI (PIB8GC s JLK+0)

MINTIMUM CHANNEL FLOW AND CONSzRVATION RPOGL

MIPCF eK=CLIP(MICLS s K10 sDAY s K ¢384) ) o
PCF12eKL=CLIP(1s0CaMIPCFeKele2) FLOwW TARGET COUNTER
CG120eK=CG12Ce J+(DTI(PCF 120 JK+D) NUs TIMes GRe THAN 1e20
PCF1CeKL=CLIP(140sMIPCFeK9e999)
CG100eK=CG1GaJ+(DT)(PCF10eJK+0)
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c3v
=31
o
£33
E34
ESD
£E36
=37
£35
2oY
Z40
E41

L4z
4o
E44
4o
c46
47
46
=49
£20
£s1
gEol
[ R= I
<4
ESD
ED6
o7
oo
Loy
Z6e0
E61l
E6z
E65

cbhHé
65
66
L7
E6b
E6Y
z7u

£71
w7z
£E73
74
.72



51R
1L
51R
1L
51R
1L
51R
1L
S1R
1L
S1R
1L
NOTE
NOTE
NOTE
51R
1L
S51R
1L
S1IR
1L
51R
1L
51R
1L
NOTE
NOTE
NOTE
51R
1L
51R
1L
51R
1L
51R
1L
51R
1L
NOTE
NOTE
NOTZ
6N
6N
6N
6N
6N
6N
6N
6N.
6N
&N
6N
6N
6N
&N

PCFOeKLECLIP(140+sMIPCFeK1Ge9)
CGO0eK=CGO0 e J+(DT) (PCFTeJK+0)
PCFBeKL=CLIP(1+40sMIPCFeKs0s8)
CGBOeK=CGBO e J+(DT) (PCF8e¢ JK+0)
PCP12eKL=CLIP(140eMIPCPeKels2)
PG120eK=PG120e¢J+(DT) (PCP12e¢JK+0)
PCP10eKL=CLIP(1¢0sMIPCPeK1s0999)
PG100eK=PG100sJ+ (LTI (PCP10eJK+0}
PCPOeKL=CLIP(1+0sMIPCPeK+0e9)
PG00 «K=PGGQ e J+(RTI(PCPO e JK+0}
PCPB8+KL=CLIP(1+0+sMIPCPeKeCe8)
PGB e K=PGB8O e J+ (DT ) (PCPBe JK+0)

WATER QUALITY TARGET

PW120eKL=CLIP(140sMIPWQeKele2)
WG120eK=WG120eJ+(DT)(PW120eJK+0)
PW100«KL=CLIP(140sMIPWQeKse999)
WG100eK=WG100eJ+(DTI(PWL10U0OeJK+0)
PRO0eKL=CLIP(1+0sMIPWQeiKe0e9}
WGGO0 e K=WGFG0 ¢« JH(DTI (PWS Ve JK+0)
PWB8OeKL=CLIP(1+0aMIPWQeKsUe8)
WGBO e K=WGBO0 e J+ (DT ) (PWBO e JK+0)
PWSOeKL=CLIP(1+s0sMIPWQsKs0e5}
WG5S0 e K=WG50 ¢ J+ (DT ) (PWS0 e JK+0)

POOL TARGET COUNTER
NOs TIMES GRe

WeGe TARGET COUNTER
TIMES GRe THAN 1le2

NQO e

RECREATION ATTENDANCE=RECs BENe [F VALR=1

RAG4S«KL=CLIP(1+40+RCBeK+45000C)
RAC45eK=RAC454J+(DT)(RAGEGS e JK+0) NQos
RAG48eKL=CLIP(140+sRCB«Ks480000)
RAC48B¢K=RAC4B ¢ J+(DT) (RAG4H4B+ JK+0)
RAGSOeKL=CLIP(1+40+RCBeK 300000

RACS50 e K=RACS50e J+(DT) (RAGS Qe JK+0)
RAGSZ2 eKL=CLIP(1+0+sRCBeK+520000)

RACSZ e K=RACSZ2+¢ J+(DT) (RAGS2¢ JK+0)
RAGSS e KL=CLIP(140+RCBeKs3S50000)

RACS5 eK=RACSS+ J+(DTI (RAGSS s JK+0)

INITIAL CONDITIONS FOR ECONe ANALYSIS

MXRL.=0
RG900=0
RC900=0
RG950=0
RC950=0
RG980=0
RC980=0
RG995=0
RC995=0
RGCAP=0
RCCAP=0
MINRL =RECAP
RC090=0
RGO90=0
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TIMES GRe

THAN 450000

THAN 1.2

E76
E77
E78
E79
£80
£81
E82
E£83
Eg4
E85
EB6
E87

£88
E89
£90
£91
E92
ES3
£E94
£95
£96
ES7

E98
E99

E100
£101
E102
E103
E104
E105
E106
E107



6N
6N
6N
6N
&N
6N
6N
6N
6N
6N
6N
&N
6N
6N
6N
&N
6N
&N
ON
&N
&N
6N
&N
6N
6N
6N
6N
&N
6N
6N
&N
EN
6N
&N

6N
EN
&N
6N
6N
&N
&N
&N
BN
5N
ON

6N
6N
&N
6N
6N
&N
o

RCO98=0
RGO98={
RG105=0
RC105=0
RG115=0
RC115=0
RGCPL =0
RCCPL=0
PD100=C
£5G100=0
PD9O=0

DGO=0

PPBO=V

DGBO=C

CAG11=0C
CAC11=0
c6C21=0
ccea1=0
CAG16=0
CAC16=0
CAG20=C
CAC20=0
CAG25=0
CAC25=0
CPG11=0
CPC11=0
CPG21=0
cPC21=0C
CPG25=0
CPC25=0
CPG16=C
CPC16=0
CPG20=0
cPC20=C
PI110C=0
16100=C
P190=0C

1690=C

PI1I8G=0

168C=C

PCF12=0
CG120=0
PCF10=0
CG100=u
PCFO=0C

€G90=0

PCF8=U

CGB0=0

PCP12=0
PG120=0
PCP10=0
PG10C=C
PCP9=U

PGYO=0

PCPB=C
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oN
&N
6N
6N
ON
&N
6N
6N
&N
6N
6N
6N
&N
6N
6N
6N
6N
&N
6N
6N
&N
NOTE
NOTE
NOTEZ
NOTiZ
6R
1L
51A
6R
&R
1L
S1A
6R
56A
S1IR
S1A
56A
S1R
51A
S6A
21R
51A
S6A
51R
S1A
NOTE
NOTE
NOTE
&N
6N
6N
6N
&N
&N
6N

PGE5U=0
PW120=0
we120=0
PW100=0
wWG100=0
PWOO=0
wWG90=0
PWBO=0U
wG80=u
PWS0=0
WGS5T=0
RAG45=0
RAC45=C
RAG48=0
RAC48=0
RAG50=0
RACS0=Q
RAGS52=0
RACS2=0
RAGHE5=0
RACS5=0

SUM CF ANNUAL FLOWS

SFR1I1eKL=FRIN] 8K
SFR1IZ2eK=SFR12sJ+(DTI(SFR11 e JIK=AIFRL e JK)

ASFR1 «K=CLIP(SFR12sK+0sDAY K¢ 364) ANNe SUM FRINI
AlIFR] «KL=ASFR1eK

SFC21 eKL=FCIN2eK
SFC22eK=SFC22¢J+(DT)(SFC21 e JK=AL1FCZ24e¢ JK)

ASFC2eK=CLIP(SFC22eKe0sDAY eKs364) ANNe dUmM FCINZ
ALIFCZ e KL=ASFCZeK
MXLS1 o K=MAX(MXFL 1 e JKoFXLL1eK) MAX SEASON 1 Rede Lbovol

MXFLL e KL=CLIF(OsMXLS1eKsDAYeK1364)
FXL1eK=CLIP(UsRLVAIKIDAY e K9G2)

MXLSZ2 e K=MAX (MXFL 2 e K9 FXL2eX) MAX SEASONZ RESe LEVEL
MAFLZ2 e KL=CLIP (O sMXLS2eK1DAY e K+364)

FXL2e K=CLIP(UsRLVAeKIDAYeK11853)

MXLS3 e KEMAX (MXFLL3 e J<oeFXLL3 oK) MAX SEASONS RcSe Lovoel
MXFL3 e KL=CLIP(MXLS3eKs01DAYsK9183)
FXL3eK=CLIP(RLVA«KsO1DAYeK+183)

MXLS4 e K=EMAX (MXFLG o JKeF XL G oK) MAX SEASON4 kcde Lzovel
MXFL4 o KL=CLIP(MXLS4eKsUIDAY e K1274)
FXL4eK=CLIP(RLVASKICDAY sK¢274)

INITIAL CONDITIONS FOR FLOw ANALYSIS

SFR11=0
SFR12=0
AlFRI1I=0
SFC21=0
SFC22=0
AlFCZ2=0
MXFL1=0
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FAL
Faz
FA3
FA4
FAD
FhAo
FA7
FAY
FAY
FAL1U
Fall
FAlZ2
FAL3
FAL4
FAIS‘
Fale
FALTY
FAlo
FAL9
FA20



6N
6N
&N
NOTL
NOTE
NOTE
21A
51R
1L
51R
51R
iL
NOTE
NOTE
NOTE
6N
6N
&N
6N
6N
NOTE
NOTE
NOTE
56A
51R
564
51R
54A
SIR
44
31R
6N
oN
ON
6N
NOTE
NOTE
NOTZ
3IR
74
S1A
L
J1IR
NOTZ
NOTE
NOTE
NOTE
NOTE
NCTE

124
514
204
34
74

MXFLZ2=0
MXFL3=0
VXFL4=0

SPILL DATA

SP2eK=(1/43560) (ROUTS o K= INXX oK)
SP3eKL=CLIP(SP2elK2s0sSP2ekKs0)

SP4 e K=EPG ¢ JH(DT) (SP3 e UK=5P5 ¢ UK )
SPSeKL=CLIP(SP44i<e0eDAY ek 1364)
SPCTReKLECLIP(140+sSPSeJiKsl)
SPCTS o K=SPCTSaJ+ (DT (SPCTRe JK+0)

VOL e SPILL ACe FTe

NOs YEARS SPILL

INTIAL CONDITIONS

SP3=0
SP4=U
SP5=Q
SPCTR=0
SPCTS=0

MAX AND MIN ODAILY FLOWS

MADR e K=MAX (MADRD ¢« JKsFRINT oK) MAXe AVESs wAILY R=Se
MACRD o KL=CLIRP (U s MADR K+ DAY s K 9364

MADC e K=MAX (IMADCO o« JK9FCINZeK) iMAX e AVE eDAILY CHANe
MADCD e KLL=CLIP(C s MADCa X s DAY slK s 5364)

MNR e K =MIN(MNRL e JK e FRIND oK) WINe AVoe DAILY RESe
MINRL o KL=CLIP(1Uu U MNR K eDAY e e 3£4)

MNC o K=MIN(MNC ]l o JKaFCINZ 0 iX) MIN Ave DAILY CHAN
MNCleKL=CLIP(1000 ¢! iNCeKsDAY oK s 364)

MADRD =L

MACCO=0

MNR1=1CGQ

MNC1=1000

FISH RELZASE

ADRF2 e KL=CL IP(ACLRKF3eK ol e AURF3eKe0)

ADRF 3 e K=ADRF 4 o« K="RIN1 oK

ADKRF 4 e K=CLIP(FIRL]T oK oRMFF1oKounAaYe<sz41)

ADRF 1 o K=ADRF 1 e J+{CT) (ADRF 20 IK-TAFReJK) Avie FILGH ReEle
TAFReKL=CLIRP(ADRF1aKsUsDAYaKs304)

SHORTAGE INDEX

DRAZINAGE SHORTAGE INOzX

SIDReK=SIUReJH (LTI (SITUKI1 e JK+U}
31IDR1 aK=(PLSH«K) (PLSH s K)
POSHeK=CLIP(PDRSelKosUsUAY s Ke364)
PCRSHeK=LRSH1 «K/0e3

DRSH1 e K=CLIP(DRSHeKs Oy DRSHeKsU)
DRESH e K=PRCLVeK=0 03
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SP1
sPa
SRS
SP4
SPS
<P6

DF 1
OF 2
CF3
OF 4
DF5
LF6&6
DF7
DF o

FR1
FRE
FROS
F R4
FRD

o511
>lz
510
514
slio
Slo



1
12R
S1A
TA
NOTZ
NOTE
NOTE
20A
7TA
56A
51R
1L
12R
51A
SR
1L
NOTE
NOTE
NOTE
e
12R
51A
56A
S51R
2CA
7R
S1A
e
NOTE
NOTE
1L
12R
51A
S1A
T TA
iL
7R
S1A
NOTE
NOTE
NOTE
1L
12R
51A
S1A
40A
1L
12R
1A
S1A
TA
1L
51R
7A
51A

DRBL ¢ K=DRESL ¢ J+ (DT ) {DREL 1 s UK+0) DRAINAGE % LOSS
DRBLLI «KL=(ATORzeK) (FDTNMeK)
POTNMeK=CLIP(PDTN1 oK s UsDAY K2 364)

PDTN1 e K=1 e 0-PROTNeK

CHANNEL SHORTAGE INDEX

CHReK=MIOFL « K/MTINeK

CHR1 eK=1=CHRasK

CHRMe K=MAX (CHR2s JK s CHR1 «K)

CHR2 e KL=CLIP(UsCHRMeKsDAY s K+ 364)
SICHeK=SICHaJ+ (0TI (SICH1 o« JK+0)

SICH]1 e KL= {PCHSeK ) {PCHS e K)

PCHS e K=CLLIP(CHRMeK 10+sDAY e K9364)

FOLR1eKL=FDLRsK ANNe CHANs FLOCD LOSS

FDLRZ ¢ K=FDLRZ e J+(DTI(FDLR] o JK+0} FLOOD LOSsSs

FLLOOD STORAGE SHORTAGE INDEX

SIFSeK=SIFSeJ+(DTI(SIFSL a JK+C )
SIFSleKL=(PRSeK) (PR3 :K)

PRI «K=CLIP(PRS1«eKesQsDAYsKa364)

PRS1 ¢ K=MAX(PRSZ2e JKIPRS3eK)
PRSZeKL=CLIP{OIPRS1 +KsDAY 4K s 364)
PRS3eK=INSUF e K/FR3DT e K

WIRFL. o KL=WLFBS e K=WILFEB K

WLFBS e K=CLIP(WLFB2sKe0sDAY e Ke3264)

WRFLsK=WRFL ¢ J* (DT I (WIRFL » JK+0) We Re FLOCD % LOSS
IRFEIGATION SHORTAGE INDEX

SIITReK=SIIRe«J+(DTI(STIRI1 « JK+U)
SITR1IeKLE=(PIRSsKI(PIRS eK)
PIRSeK=CLIRP(RPIRS]1eKesUeDAY sKs364)

PIRSI «K=CLIP(PIRS2sK10¢PIRSZeK90)

PIRS2 eK=1=PERTMs K

IRL o+ K=IRL e JH+IOTY (IRL 1 e JK+0) IRRIGes 3 LOSS
IRL1eKL=AIB]1 eK~AIBeK
AIBl1eK=CLIP(ANIBsKIOIDAY K 3364)

FISH SHORTAGE INDEX

SIFDeK=S1IFOeJ+(UTI(SIFD1 e UK+0) SI FIsSH DEMANL (ONSTRe ReLEASE)
SIFD1eKL=(PFSDeK) (PFSDeK)

PFSDeK=CLIP(PFSD1eKs'0sDAY oK 364}

PFSD1 e K=CLIP(PFSD2eKeCsPFSL2eKss001)
PFSD2eK=14+(1/FIDMDeRK) (-F IRLSeK=130)

SIFReK=SIFReJ+(DTI(SIFRI] «JK+0) 51 FISH RESERVOIR
SIFRlI eKL=(PFSReK )} (PFSReK)

PFSReK=CLIP(PFSK1 eKs0sDAY eKs364)

PF3SR1 eK=CLIRP(PFSR2eKeUsPFsR2eKQ)

PFSRZeK=1=MIRLeK

FADL « K=FADL « J+(DT) (FADL 1 s UK+0) FISH ANADes % LO5S CHANe AND RESe
FADL1 e KL=CLIP(FADLZ2eKsUsFADLZ2sKs0)

FADL2 e K=FADBeK=F I BAD oK

FASSeK=CLIP(AOFSsKes0eCAYsK0364)
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sllc
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>2llc
sI113
>llg
Sils
Slle
ST117
S118
SI19

SI1Z20
Sici
slez
3123
slee
Sies
slzé
s1z27
5125

5169
5130
5131
5132
SI33
3134
SI35
5136

5137

5136

S139
>140C
oi4l
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o143
5144
5140
>l46
5147
5148
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L
SR
124
nlA
T7A
534
1L
51R
12A
S1A
T4
534
tL
12R
51A
31A
7A
NOTZ
NOTE
NOTE
1
12R
51A
49A
404
49A
564
7A
51R

31R
TA
3R
1L
51R
5k
L
12R
21A
T4
NOTE
NOTe
NOTE
3L
51R
31R
S1A
38
1L
123
1A
274
SIR
7A

FADCoK=FADC o JH(UTI(FALC] « JK40) ANAUSs 3 Luond CHANe ONLY
FADC] o KL=CLIP(FADCZ2eK o0 sDAY s K9y 364)

FADCZ e K= (PACL oK) ( ALF 1 oK)

PACL e K=CLLIP(PACLL1 e+KsUsPACL1+KsU)

PACL1 e K=1-PACT K

PACT o K=TABHL(PFIS1 sMICLSeKa09s] 420062

FADSeK=FADS ¢ J+(DTHI(FALS L e JK4+U) ANADe £ LOnL ioe ONLY
FADS1 e KL=CLIRP(FADSZeKsUsDAY oK +364)

FADSZ e K=(PASLLeK) (ADF L oK)
PASLeRK=CLLIP (PASLT eKeGsPASL] eKs0)

PASL1 e K=1=-PASTeK

PAST e K=TASHL(PFIUBl s MIRLeKsUs1eZ90e2)

FRSeK=FRSeJH+ (LTI (FRS1 e JK+U) RES 3PORT FIsH $ LOBS
FRS1 oKL =(PRSFLLeKI(RSFBeK)

PRSFL « K=CLIP(PRFL2eiK 90 sDAY Ko 364)
PRELZ«K=CLIP(PRFLL s 4 Qo PRFILL K0

PRFL1 e <=1 =PFDRSK

WATER QUALITY SHORTAGE INOEX

SIWQeK=STWQeJ+(OTI(STWQAL e JK+U)

SIWGL e KL=(FSuWQeK) (P3WQeK)
PSWGeK=CLIP(PSWAl e KesUaDAY slKs364)
FSWQLl e KeSWITCHIUsPIWQAZ2 e Ko wQDL oK)
PSWQA2eK=14+(1/70MD 1 oK) (=DMD 1 o K+FF TV oK)
OMD1 o K=SWITCH(]1 s WQED e K e WQDD oK)

WUDD o K=AX (WQDD 1 « JKsWQDDZ oK)

WAOD2 e K=WGDOCT e iN+RWIAUT oK

WGADD 1 o KL=CLIP( s WODLU K sDAY oK 9304)
FTUVD o K=F TisiZ a J+ (2T (SFTMD ¢ JK~T7 THD & JIK)
SEFTYD o KL=CLIP(UWRFSeKeuswiRFSelKe )
WRFSeK=WGQO0B JeK~TFWINeK

TETAD e KL=CLIP(FTHDeiKs U1 aDAY o)

TUGRL e KETWARL o JF (DT ) (WGIRL2 o JK=AWURL 0 UK )
AWORL e KL=CLIP(TUORI.LeKeDs 1l DAY a)
WURLZ o KL=WQARL 1 o<

VAL o K=y QLo J+(DT) (WAL 1 o JK+U)

WO e KL=(PWQAQL « <) {WUBNeK)
PUGLeK=CLIP(FPA4GL1 ¢KelsUAY oKs364)
PAGLL1 o K=1~-PWQseK

RECREATION SHCRTAGE INoceX

(@)

ARLVA o K=ARLVA o J+(DT) (1 /0DK e ) (ARLV e JIK=TARLV o I I
TARLV oKL =CL IP(ARLVA«KsUsDAY e K23E4)

ARLY o KL=CLIP(RLV e s0sDAY oK 28w)

RLV e K=CLIP(QsRLVA K sCAY s Ks330)
OLKeK=CLIP{19110+DAYeK¢351)
SIRLeK=SIRL e J+(UTI(SIRLL e IK+L)

SIRLL <KLz (P3SRELeK) (PSkiuek)
FSRLeK=CLIP(PSRL1eKsUsDAYsI<s364)

PSRL1 eK= (mARLVAK/RCAP K ) t1 ]
RECLeK=RECL o JF (DT} (RECL 1o JK+U) RECRZATION B LUSO
RECLLeKL=CLIP(RZICLZ2eKeUsDAY #iK1354)
RZCL2eK=550000~AREC oK
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163
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5170
171
S172
31735
=174
172
sl70
sS177
Si7o
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sley
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=183
Slod
slec
o166
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sloo
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o195
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&N ADRF1=0

6N ADRF2=0
6N TAFR=0
6N SIDR=0
&N DRBL=O
6N DREBL1=0
6N CHRZ2=0
6N SICH=0
6N SICH1I=0
6N FDLR1=0
&N FOLR2=0
6N SIFsS=0U
6N S1FS1=0
6N PRs2=0
6N WIRFL=0
en WRFL=0
&N SIFD=C
6N SIFD1=0
&N SIFR=0
6N SIFR1=C
6N FADL=0
6N FADL1=0
6N FADC=0
&N FADC1=0
6N FADS=0
&N FADS1=C
&N FRS=0
&N FR31=0U
&N SITwa=2
6N SIWG1=0
6N WQDD1 =C
&N TFTMD=0C
6N SFTMD=0
&N WARL2=0
6N AWQRL =0
&N WQL =0
6N wQL1=0
6N ARLVA=0
6N TARLV=0
6N ARLV=0
6N SIRL=U
6N SIRL1=0
6N RECL=0C
6N RECL1=0
6N FTMD=0
6N TWQRL =0
6N SIIR=0
6N SIIR1=0
6N IRL=D
6N IRL1=u
NOTE

NOTE NEW PRINT CARD FOR 50 YEAR SIMULATION 7/17/65
NOTE .
PRINT 1)YEARSsSUNM3sCURNIASFRL s ASFC2 0 MARLCIRCOUUIRLYDUIRCIBQ s RCYSS /2 JRECA
X1 PaMIKLCIRCI1S4RCIUSIRCCFL e RCUSEBIRCUSUIPRCLY 1PUTMIADER,/ 3)0G1 oL GIC
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X2 sCGBUsMXACC o FLECLP ¢« MCLVAWFOLARSAFLUDL s ALl 1sCACLIO/GICAC202CCC2L s CALE
X3 SeCPCL11yCPCLIE+CPC20+CPCR2LyCPCROWNIRGTITIRO/D)IPITHWANILHIGI00sI1GY0
X4 W IGBO «MIPCF 4sCCG120¢CG1UNICGI0DsCOBL/CIMIPLPWPLIZUIPGLOCIPGEIL IPGED WF
X5 BRS W IBRS«PFBACFIBALKFLB/TIMIFuRyPWAG s WAL sMIPWE s WGI2UewGlul s WG90
6 WOEBULUIWGESU s AREC/BIRCEBIRACLS yRACHEIRALSC sRACS 21 IRACSS ¢ 3P4 ¢ IPCTS s oumtin
X7 s SUMCT /9 INETEBN e SUNET 9 SENET s MADR e MINR e MADC ¢ MiNC o RS T2 ¢ DAMIRL s DAM3D /1 0)
X8 MXL31 s MXLSZ2 sMXLS3 s MXLS4 e ADRF 1o STDORWOREBLySICHFLOLRZWSIFS

PRINT 11)IWRFLeSIIRIIRLsSIFLsSIFRIFALLyFAUCsFADS s IwlswQL/12) TwQRL e STRL e
X1 ZCLAAVENIBsAVVARIAVIETL W CMRIS e FRIsyLDAM I ReaILVA

SPEC  CT=1/LENGTH=18930/PRTPER=304/PLTRPER=]
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DYNAMO HYDROLOGIC SIMULATION AND ANALYSIS

The primary purpose of the hydrologic simulator was to develop flows

for a period of time greater than the number of years of historical
records, This hydrologic simulator is identical to the one outlined

in the previous DYNAMO program, except for the two additions. The
maximum and minimum avaerage monthly historical flows for the downstream
station are added to the input data (minimum downstream = minimum
upstream), These additions are used later in the flow analysis section,

Before the hydrologic simulator could be used in the previous DYNAMO
program, the simulated flows had to be analyzed and compared to the
Hstorical records by use of important parameters, These parameters,
found for both stations for each year simulated, were as follows:

1., Annual sum of flows

2., Maximum daily flow

3. Minimum daily flow

4, Maximum instantaneous flow

5. Maximum consecutive 3=day flow

6., Minimum consecutive 7-day flow

7. Minimum consecutive 120-day flow

8, Frequency of flows occurring below the average monthly historical
minimum

9., Frequency of simulated flows occurring above the absolute
maximum historical flow

10, Frequency of simulated flows greater than:
a) maximum average daily flow
b) maximum instantaneous flow
c¢) monthly average maximum flow

11, Maximum averége simulated flow for each season

12, Minimum average simulated flow for each season
The Willamette River hydrology section is identical to the one used in
the previously outlined DYNAMO program., Following this is an analysis
section which determines the number of years that the sum of the spring

inflow is less than 66,500, 51,000, and 30,000 acre feet, This is done
to aid in water quality design decisions. ‘
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EXPLANATION OF FORTRAN HYDROLOGIC SIMULATION AND ANALYSIS
A flow diagram for the FORTRAN hydrologic simulator would be identical
to the flow diagram for the DYNAMO hydrologic simulator, The FORTRAN
flow analysis section is similar to the DYNAMO flow analysis except
some additional hydrologic parameters are measured. The yearly para-
meters found are (for both upstream and downstream stations):

1, Yearly mean flow

2. Yearly standard deviation

3. Largest daily flow

4, Maximum average three-consecutive day flow

5. Maximum average ten-consecutive day flow

6, Minimum daily flow

7. Minimum average seven-consecutive day flow

8. Minimum average thirty-consecutive day flow

9., Minimum average 120-consecutive day flow
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KERRI41742CoCe3500008U32784KIP

[}
@ 3636303030 3 3030 26 3 3636 K 56 35 6 e H 38 F 6963 3650 3 3 96 3 I 6 A SR

J RETURN TO
. SACRAMENTO STATE COLLEGE

@ 96 3696 3 3036 336 % 3 3 23 3035 I 03630 I 2 6 33695 6 K e 4036 H SR IR

»

RUN(Sa099991638408)

KERRIG e

EXITe

DMP o

t
FROGRAIN KERRI4(INPUTsSUTPUT s TAPEG=0UTPUT )
CIMENSICN AX(367)+SX(367)+GX(3567) 1DX(265)4(4)
DIMENSION EB(Gs365)1AS(3+365)455(34365) 9GS (343650 +ALI34365)
DIVENSICN NO(3)1XC(3+136611Q(34367)
DINMINSION S(3+366)4G(3+367)11PC(61366) PP IGI3ES)1E(Z436T)1F(34257)
DIMENSION DA(365)14N(3) 1A (445)
DIMENSION QX(105+2036E6) ¢GK(2+360)
DIMENS3ION NYX(100)
DIMENSION SIG(2+4100)4SMALL(2+1C0) 9SUM3I2) vSUMBE(20130) 150iiT(Z)
DIMENSION SUMTS(24100)+SULIC(2)4SULI0B(2¢1C0) sSU3U(2)43U305(241C0)
DIMENSION S120(2)+51205(2+1003 sAR(1IUT) $SKKI2¥1C0) $SK2(241C0)
150Mb=0
CAY = 1le
NS=2
NY=50

19
47
N(Z) = E0
KILLPT=1a
NS1IM=0

Z Z
N —
[

READ STATHMENT FOR THE HYDRCLOGY PLOTTEK

OO0

RZAD ZSCsNXXeNIHsNIANZZ
258 FORMAT(4Al)
CO 10 L=1¢N53

LA=L+1
LXR=LX
c
C RZIADS STATISTICAL ANALY3IS ANo SMOOTHES TS CARD 1C
C

DI 97 M=243€0
RZAD 7eNO(L) s AXIM) ¢3SX M) e GX (i1}

180



—

-~
¢

—

h

(]

u

W
N g w

ot

[
av}

W= 000
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FORMAT (IS5 410XsEF73)
AXIM) = AX(M) *.43429
SX(M) = SX(M} * 643429
CONT INUZ
00 &6 M=24366
READ 7aNC(L) DX (V=130 (B(L2)slL2=14A)
DO & La=14LA
LX=LXR+L2
SE(LXeM=1)=8B(L2)
AX(1)=AX(366)
AX(387)y=AX(2)
SX((1)=8X(3866)
SX{3671r=EX(2)
GX(1)=GX(365)
GX{367)y=GX(2)
DO 10 M=24+366
AS(LaM=1)=(eB84%*AK(M)+eO8%* (AX (inm=1)+AX

S3(LeM=1) = SARTF (EST) % Z3026

GOl aM=1 1= 3RCK(T)+ o 1EH{GX(M=1I+CX(4+1 )

AL(LyM=1)=SQRTF (1 e=DX(M=1))
CONT INUE
LPA=LP+2

SIMULATION SECTICN CARDS 101 TO 334

IF (CX)1Z415416
DC 30 L=14NS
XC(Lsel1)=Co

CX =1le

JA = JA + 1

DO 25 M=1+¢36€3

LX=0

RAN = CAY

CAY =0

D0 €5 1 = 1912

CAY = CAY + RGEN(1le)

CAY = CAY - 5o

DO 35 L=1«NS
Le=tl-1
IF(z=Lj)2Cis2Clsz022

XCLL e M+1)=B3(LX+2 81 ¥XC (L oid)FAL (L s #1) HCAY

GC TO 203

XCILoM+1)=BB(LX+2Z i) ®XC oM +AL (Lo 4) FrinN

CONTINUE
LX=LX+2

IF (L=1) 37437433
DO 3 L2a=1.L8
LX=LX+1

XCAL oM+ ) =XC L 4+ 1) +E3 (LX) #XC(L20 K+ 1)

CONTINUE
IF(GS(LeM)I32Le321747,
GT=XC(LeM+1)

GO TO 337
GST=GS(LeM)*elCSEST
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QTT=GSTH(XC (L oM+11=GST)I+1.
GT=(QTT*QTTHGTT=1e)/(3e%GST)
PLIM==24/GS(LeM)
IF(GS(L M) 33343374335

333 IF(QT=PLIM)I337+3374334

334 QT=PL 1M
GC TO 337

335 IF(QT=-PLIM)33443227+337

337 IF(L=2) 14413413

13 IF ( GT ) 11C0+1101+1101

11C0 QUL+ )=EXPF (AS(LaM)+((QT*SS(L M) I/ 1e45))
GO TO 336

110l GULeM)=EXPF (AS(LeM)+( (GTH*SS(LeM)I/1e2))
GC TO 336

14 IF ( QT ) 1102+41103+1103

Gl s M)=EXPF (AS(LsMI+( (GTHSS(L+M))/1e35))

GO TG 2336

QUL MY =EXPF (ASCL M)+ ( (QT*SS (Labi))/1el))

IF (M=365)35+27427

XC(Lo1)=XC(L4366)

CONTINUE

IVk = JA = 2

IF (IYR) 16+ 164 4z

42 0O 42 L=14NS

D0 43 M=1365
43 GX(IYRsLeM)=Q (L)
FOIYR=NY) 1C14602+602

[
-
o
o

[
~N O C
(8]

U v ()

(@8]

HYDROLOGY PLOTTZR TO CARL 430

OO0

Soz ITF(KILLRPTY 6C00460Ce501
5D Ch=1Z.

0O 231 K=14100

NY SO ) =NXOX
251 COHNT INUER
o0 450 M=1¢23E35
HCL=G (1)
ALz=G(2e0)
ChA=CA+1
IF(Q(]l oM)I=0(2¢0))aBC o480 4481
Uu=HOL
GC TO 462
UU=ALD
IF(JU~100 e )4E3e4 520484
SCNTINUZ
IF(UU—ICT0TU6)407 04874468
IF(UU=1C 00 e} 45T 448T447S
HH=HOL+e+3
NH=HH
AL=AL L+ e5
NA=AA
GC TO 470
HA=HCL/1Je+e=
Nr=HH
A=l /1C e+ 6D

B »
) (5}
O -

M Oy Oy
o

W oo,

S S L R A A

(038

o
h
Ut
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O 00

NA=AA

GO TG 47C
457  HH=FCL/100e+e5
MNH=HMH
NA=AA
GC TC 470
459 HH=HOL/1J300e+e3
NH=HH
AA=ALD/1C0COa+a 3
NA=AA
GO TC 47¢C
473G [FA(NH=1)4204421 4422
420 NH=NKH+1
421 MNH=NHFL
422 IF(MNA=1)423+47284425
423  NA=NA+1
424  NA=NA+1
423 LH=NH=-1
LA=NA=-1
IF(CA-154)4T1 44724472
472  CA=g

WRITE (64473)
472 FCRMAT(2SHYEAR CAY HOLLEY ALZANY «449Xs1He 149Xy 1He)
471  IF(NA=NH)4ECs451 4482
431 WRITE (64490) IYReHsQC10i4) sQ(20M) o (NYXCI) o I=1olri) siniZ
450 FORMAT(IZ9Z2Xs1342F8aCe1He s 10CAL)
GO TO 449
485 NIR=NH=-NA
NCF=NIP-1
IF(NOP 45144514452
452 WRITE (64430) IYReMeQULaii) sG(2eM) s (NYCI) 9 I=19iA) oNTA (RYR(I) 9 I=10
INOP) o NIH
GC TC 449
451 WRITE (6+450) IYR»Ma@Q1aii) el C200) o (NYXCI) 9 I=10LA) siNIANTA
GO TO 449
422 NIP=NA=NH
NOP=NIP=1
IF(NCP 49344930433
52 WRITE (59490) IYRMaQ(1aM) 4G (293 s GNYX T ) aI=1alit) sNIHs (YA (1) 1210
INCP) o NIA
GO TO 449

4T3 WRITE (6449C) IYZeMaQ(Llel) e (29l s (nYX{I)eI=1ollii)aNTrawia
GC TO 449

479 URITE (64433) IYRIMeQEL M) aL(Z29M)

4S5 FORVAT(IZ e 2X e I 29 FledeloHeRANGe ZXColul)

GC TO 449
44G  CONTINUE

Al

4570 CCNTINUE
SEGINNING OF ANALYSIS SECTION

DO 17 L=1«NS
DC 186 J=143C3
GlL267=~J)=G(La3E6~-J)
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CONTINUE
CONTINUE
NYS=NY-=1
AN=NYL
SN=AN-1e .
CN=(AN+1s )/ (AN=1 e}
DO 11 L=1sNS
QL +3067)=Q(L+365)
IF(AAUY1241245
AAU=1e
NYC=0
LX=0
CO 51 L=1sNS

HR=LX

DO 52 M=14+366
StL+M)=0

G(lLs+M)=0

CC 52 L2=1l.
LX=LXR+L2
PC(LXsM)I=Ve

DO 31 M=1+3€5

oCe LZz=1
LX=LXRrR+L.2
PR(LXsv)=0s

CONT INUE
IF(IB0MB)S05450545
GO TC 101

LX=0

NYC=NYC+1

DO 22 L=1a2NS
G(Ls1)=Q(l.s367)

CC T3 L=1NS
LXR=L

DO 54 M=1s32c0
IF(ISOMBE)IS114311e512
Gl e )=AXINYColin!?)
Qe eM)=(Q(LaM)=E(Lsi) ) /F (Le3)
FG=eSH*GK (L o MIXQL{LeM)+]1 o

GlL i) =8 e /GRKILIM)H(SIGNF (AZSF(FG) X% e 33333 sFWw)=14)

GO TO 513

QUL oMYI=LCGF (G(Lei))
QAX(NYC ol e MI=Q (s M)
S(LaM)I=S(Lai1)4+Q(L s}

G(LoMI=G L oMY +Q Lol i) ¥ T (lom ) ¥ (ko)
DC 34 LZ=1sL

LX=LXK+L2

PC(LX eI =PCULXyA)+Q (LM ) *XQ(L29[4)
DO 18 M=14+365

DO18 L2=1+0L

LX=LXR+L2
PPILXeM)=PP(LX e )+ (L) FGILZoM4+1)
IF(IZ0MBID144D14453

QL +307)=EXPF(Q(L+266))

CONT INUE

IF(NY=NYC)56156455
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38 IF(I2CZIZ2045204+5
520 GO TO 101
56 LX=0C
DO Z6&6 L=14+NS
L.X~=LX

20 Z8 M=14366
EALasM)=S(LaMI/(AN+L )
CO 23 LZ=1.L

LX=LXR+L2
GT=CG( L oM)=E (L) ¥ (3a#PTILXIMI=2e¥E (L aii)#S (L))
23 PCLXeii) =PCILXy i) == (L eMI%S(L.2win)

FOLei)=SARTF(PC{L X+ M)} /ANY

zZ3 GKAL«M)IS(CN*¥GT I/ (F (L) PC(LXvM))
DC 25 M=1+365
DC 25 L2=1.L0L
LX=LXR+L2
25 PP(LX M) =PP(LX o) =Z (L) *SIL2eiM+1)
25 CONTINUZ
I:(ILO“;)50015JJ9501
S0 15CoMB
URITt(éo 0z)
SG2  FORMAT(Z26HPROPZIRTIES OF LLOG CF FLOWS 10K 286HNMEZAN STANUARD LDOVIATIC

1IN SKEW/Z/)

DO 503 L=1sNS

DO 503 M=2+3€6

O=li=1

WRITE (&9l ) NILY ¢ iC e (Loli)eF (o) s GK (L gia)
CONTINUE

NYC=0

GC TO 04

WRITE(S4Z08)

FORMATIEORPRORPIRTIZS SF LCG iwIeAL OEVIATZIE ZTATION DAY RoJQUARLD =
1ZTAS/ /)

[8)
(@]
)

M
h —

START OF KATRIX INVZRSION

OO0

J=3 s KAA
KR+ J
(lsJ) = G
20 A(Z2 e J)=PP((KXepi=1)
AC(1s1) = 1
A(l!d) = C
PC (KX yivi=1)

I»
M
N

)
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61

41
60

63

48

62

73

71

77

O~

OO0 00m

[9)8
(@}

OO0 0

ACTsd
CO 41

1=PC (KX yM)
I = 3#a

KX = KX + 1*
A(I+KAA) = PC(KXsM)

DO &2
Ita =
DO €3

ID=14K
ID + 1}
I=IDA KA

ACT+IDI=A(IDs1)

DG 48
A(CIDs
Lo 62
DO &2
Alled
S(KA)
I = K
1A =

B(I)

co 71
3(I)

I = 1
IF (1

< = DA

I=IDA KA
J=1eKAA
I)SA(LeJ) =

I + 1
= A(IoKAA{
J= TAWKA

KAA
Jy = ACIDsJ)

/7 ALIONI1D)

ACEsIC)sAalILed)
= A(KAKAA)

/7 AGKAKA)

= B(1)=B(JI*ACT40)

- 1
YT 7077473

C=3(21*¥PP(KX+1si=1)

5(2)

IF (K
Do 81
KX =

D =D
2(J)

o =D
MO =
WRITE
FORMA
CONTI
CONTI

THIS

MX=0

= B(2) # F(KsM=1)

=131794¢75+80
J=3 KA
KXR + J

+ 5(J) ¥ PC(KXeM)
= B(J) * F(J=2y M) 7 FAKWM)

/ PC(KKX+1e
=1

M)

7/ F LK)

(Gel) N(K)sMOsDs (2(J)rJd=1sKA)
T (IS4 17e3Xe8F73)

NUE
NUE

IS THE FLOW

NSIM=ENSIM4+1

LX=C
JA =0
JC =
1AC=1
ND=36

JO + 1

5

SNZ=ND

ii81=0

n on

RGN
)
ONn o

— e e

n oo

O n o

[

(9]

TS INITIALIZE

[

TESTING S£CTION

MAX AND i IN

VARIA-ZLES
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12+

Ul

O0C 401 IYR=1eNY
o0 4C1 L=1+NS
SXK{L+IYR)=O
SX2(L+IYR)=C
BIG(L«IYR)=C
SUM3B (L IYR) =0
SUICB(LIYR)=0
SMALLA(L+IYR)=10C0,
SUMT7S(L+IYR)I=1CCO
SU3CS(LsIYR)=10UT
S1Z2CS(LeIYR)I=1CU L
CONT INUE

TO INITIALIZE SUMMING VARIADLLS

DC 4T3 L=1sNS

SUMTIL)=C

SU10(L)=0

sSy3oiL)y=0

S1200L)=Q

CONTINUE

DO 300 IYR=1sNY

DO 30C L=1sNS

DO 138 M=1e ND

QIL oMY =QX(IYRelo 1)

SRKIL s IYRI=SKK Lo IYRI+G (L o)

SX2 (L e IYRI=SX2(Le IYRI+Q(L oMY XC (o r)
So=Q({LaM)=ZIG(Le IYR)
IF(SZ)Y1CT741074108

SIGILyIYRI=GQ (L)

MZ1=hk

SML=G(Le/ ) =SALL (L IYR)
IF(SHL)Y1I11e1110132
SMALL (L IYR)Y=G(L +4)

MS1=i

IF(M=3)120a1159113
SUMZILYI=(Q (e} +0(Lavi=1)+G(Leavi=2) ) /2
IF(SUMBIL)I=3UM33(LsIYR)I)I114s1144112
SUMIS Ly IYR)Y=SUNMSB (L)

fMZ3==2

IF(=T7)1132+41194119

FMEMael

OO0 120 K=147

JO=ii=K

SUMT(LYI=SURT LI+ (L JO)

[A=Mjee ]

SUMTILY=EUMTILY/ T e
IF(SUMTIL)=3UMT7SILeIYR)II1IZS 1240124
SUATS (L IYRY=SUMT7 (L)

157 =H=6

IF(M=10) 12841254125

M=V4 1

DO 126 K=1410

JO==K

SULC(LY=SULCILI+G(LsJO)
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OO0

12a

127

135

13¢

139

142

l140C
141
142
143

l44a

147
320

T |

SULO(L)=SUICILI/Z 10O

IF(SUICIL)I=-SUICBILsIYR))IIZ7+v127128

SULIOB (L IYR)=SULO (L)

ME1O0=M=9

CONTINUE

IF(M=30)136+130+13C

M=t

DO 121 K=14+30

JO=M=K

SUZLIL)=SU3L{LI+Q (L JO)

CONTINUE

A

SUS0(L)=8U30(L)Y/3C

IF(SU3U(L)-SUBOSILIYR))132+1334133

SUBCS(Ls IYRI=SUIO(L)

MS30=M=-29

CCNTINUE .

IF(M=120)138+135+135

EHE B

DO 136 K=1+12C

JO=i1=K

S12C0(LY=S120(L)+Q{L+JO)

Meffw]

S120(L)I=S12C(L)/120.

IF(S12C(L)=S120S(LLsIYR) 13741284138

S1203(keIYR)I=S12C(L)

MS120=M=119

CONT INUEZ

SX2(L s IYRI=SARTFI(SK2 (L s IYR)=SKK (Lo IVRI*¥SAK{L s IYRI/SND) /7 (SND=14})
SXK (L« IYR)=SXK (e IYR) /SND

WRITE (641393 IYRIN(L)

FORMAT(//11HTHE YEAR ISe17¢5Xe14HTHE STATION IS215/)

WRITE (5+149) SXK(LsIYR)

FCRMAT(Z2O0HTHEI YEARLY MEAN IS 1F1Qel)

WRITE (641483 SXZ2(LsyIYR}

FORMAT(23HTHZ YZARLY STD DEV 13 «F10eil}

WRITE (64140) BIG(LeIYR) MBI

FORMAT(16HLARGEST ONE DAY sF6e0s16H DAY ZEGINNING +I13/)

WRITE (64141) SUM3B(LsIYR)s MB3

FORMAT(23HLARGEST MEAN THREE DAYS 2FEe0sl6H DAY BZGINNING 15/
WRITE (64142) SULICEYXLsIYR)IIMB10

FCRIMAT(23HLARGEST MEAN TEN DAYS +FEe0¢l6H LAY SSGINNING +I15/)
WRITE (£4143) SMALL(LsIYR)YIMSI

FORMAT(16HSMALLEST ONE DAYsF6e0416H DAY oZGINNING 15/

WRITE (6+4144) SUM?S(L;IYR)oMS?

FCRMAT(Z25HSMALLEST MZAN SEVEN OAYS sFT7elelem DAY BEGINNING 15/
WRITE (691¢6) SU30S(LIYR)IMS3O

FORVAT (26HSMALLEST MEAMN THIRTY LCAYS «FT7elsl1S8H DAY ZEGINNING 215/
VRITE (69147) S12CS(LeIYR)yMS120 -
FORIMAT(23HSMALLEST MEAN 120 DAYS aFT7elsl186H LAY SECINNING ¢15/)
CONTINUE

TO RANK MAX AND MIN VARIAELLES
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DO 180 L.=1+NS
WRITE (6+4168) N(L)
1ée  FORMAT(//14HTHE STATION ISeI15//7)
169 CONTINUE
DO 181 K=1«NY
GO TOCITO0el 71 0172417301741 75017691 77e1Twel7o)alAC
17C  AR(K)I=EIG(L K}
IF(1=K)138+1&2.182
182  CONTINULE
WRITE (64130)
15¢ FORMAT(IGHLARGZST MIAN DAY/Z)
GO TO 198
171 AR(IK)I=SUM3B (LK)
IF(1=K)153413941C9
139 CONTINUE
WRITE (&s9151)
151 FORMAT(Z23HLAKGEST MZAN THREz JAYS/)
GO TO 198
172 AR(KI=SULICB (LeK)
IF(1=-K)15834150L¢1%90
190 CCONTINUE
WRITZ (641Z22)
122 FORMAT (21HLARGZST MEAN TEIN DAYS/)
GO TO 198
173 AR(K)I=SMALL (LK)
IF(1=-K)1984+183+1&3
182 CONTINUE
WRITE(S6e123)
153 FORMAT(Z2IHSMALLZST i
GC TO 1965
174  AR(K)=SUMTS (LK)
IF(1=-K)1S%cs1C4e 1&g
124 CONTINUZE
WwRITZ(64154)
1584 FCRAAT(Z24HIMALLZST MZAN SIVEN CAYS/S)
GS TO 193
172 AR(K)I=SU3ILS (LK)
IF(1=K)Y152e1039125
1£€5  CONTINUE
JRITE(S4153)
155 FORMATU(ZDHEMALLIST MEAN TAHIRTY LAYS/)
GO TG 1983
176 AR(KI=S1203 (LK)
CIF(LI=KYI1934 1364165
136 CONTINUZ
HRITZA(6e155)
126  FCRMAT(Z22HSMALLEST MZAN 120 DAYS /)
GO TO 1¢8
177 AR(KI=SXK(LIKY
IF(1=-K)19841E87s1&7
137 CCONTINUE
WRITZ(6e157)
157 FORCAT(LIIHYEARLY MEAN/Y
GC TC 198
173 AR(KI=SXKZ (LX)

il
by
£

OnNkE LAY/

189



IF(1=K)198,188+188
CONTINUE

WRITE (64158}

FORMAT (14HYEARLY STD DEV/)
CONT INUE

CONTINUZ

CONT INUE

DC 1010 I=1e«NY

DC 1020 K=1eNY
IF(AR(I)«=AR(K})Y1C03+410044+10C4
CONT INUE

CONTINUE

MK =MX+1
IF(MX=NY)1008+,10084¢1005
CONTINUE

WRITE (641C03) IeAR(I)
FORMAT(IS«F1Cel/)
AR(13Y=0

CONTINUE

CONTINUE

GO TO 1011

IAC=1AC+1

MX=2

GO TO 169

CONTINUE

IAC=1

CONTINUE

I13CMB=0s

AAU=0

CxX=Ue

JO=0oe
IF(NP=NSIM)IOZ2¢92+101
END FILE 6

END
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