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CHAPTER I 

INTRODUCTION· 

Problem Statement 

For many years, reservoirs were constructed for three purposes; 

water supply, flood control, and hydroelectric power generation. Bene-. 

fits such as recreation, downstream water quality, and navigation were 

considered to be of only secondary importance. In recent years, however, 

our society has enjoyed more leisure time and has become more aware of 

the broad use of water resources. This has caused increased use of 

reservoirs for recreational purposes and other general benefits. Also, 

the number of reservoirs which are interconnected electrically and hydro­

logically has grown and now, vast reservoir systems exist which must be 

constantly monitored, and more importantly, understood to achieve effi­

cient management of such multi-benefit systems. 

As a reservoir system becomes more complex, the approximate regula­

tion techniques which have served so well in the past have necessarily 

been replaced by more accurate computer-aided systems analysis tech­

niques. Through modeling and computer simulation, all factors relevant 

to the total reservoir system can be included and their interactions 

properly considered in any proposed reservoir regulation strategy. 

Also, contingency plans for abnormal conditions can be developed without 

actually experiencing such conditions in the real system or deliberately 

operating the real system abnormally to test proposed strategies. 

l 
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The fundamental problem in the management of a multi-purpose reser-

. voir - or a system of them - is the task of bringing together in a 

single computer package adequate models of the several benefits and 

integrating them with models of the reservoir and power generation pro­

cesses. · The general objective of this research is to synthesize such a 

grouping of models and develop a flexible computer-aided procedure for 

finding optimum regulation strategies for a single multi-purpose reser­

voir. Specific benefits to be considered are: 

l. power proquction, 

2. recreation in the pool area and downstream, 

3. downstream water quality based upon temperature, dissolved 

oxygen and total dissolved solids, 

4. downstream navigation benefits and 

5. flood protection. 

Details of the research approach will be discussed after a brief sulTlllary 

of selected references. 

Literature Summary 

Computer simulation and optimization of reservoir operations are 

widely reported in the literature, but none were found which deal compre­

hensively with the total set of benefits listed above. Extensive 

research has been carried out on the general problem of hydro-thermal 

power optimization and a comprehensive bibliography appeared in 1963 [l]. 

Since then, many studies have dealt with the broader aspects of water 

resource management, integrating power production and water supply 

benefits. Examples are found in [2], [3] and [4]. Large integrated 

river systems, such as the Arkansas-White-Red River system have 



also been successfully treated with individual reservoir projects 

modeled for power production, water supply and flood control [5]. 
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Mathematical programming techniques have been applied to a wide 

variety of optimization studies involving reservoir regulation and water 

resource management [6], [7], [8]. Multi-purpose reservoir projects 

have been considered in certain studies [9], [10], [11], [12]. However, 

the primary deficiencies found in these studies relate to over-simplified 

. reservoir and power genera ti on mode 1 s which do not a 11 ow s peci fi c 

elevation-capacity or power-discharge-head relations to be incorporated. 

Also there is a lack of authenticity in the non-power benefit models 

such as recreation and water quality. Recent efforts have been directed 

at estimating recreational benefits related to water resource management 

[13], [14]. One very recent study analyzes fluctuations in pool eleva­

tion and their effects on concession operators and recreationists [15]. 

In this research, considerable emphasis is placed on the develop­

ment of ari approximate downstream water quality model which approximates 

values of dissolved oxygen, temperature and total dissolved solids in 

two separate reaches which are affected by intervening flows. Several 

sources in the literature proved helpful in this phase of the research. 

An excellent comprehensive treatment is found in McGauhey [16]. Another 

useful reference is [17] which gives specific data on the Tenkiller 

Reservoir, the project which was selected for demonstration of the model. 

Development of models for fish production and fishing recreation was 

based, in part, on research reported in [18], [19] and [20]. Other 

literature consulted during the research will be cited as needed. 



4 

Research Approach 

An existing model for reservoir analysis and power generation was 

adapted for use in the optimization package [21]. This model translates 

daily pool elevation and inflow/evaporation data into a new elevation, 

given an increment of energy to be generated. Accurate discharge rates 

are calculated by the model each _day and limits on the power pool are 

incorporated. 

The existing reservoir model was modified to improve its computer 

efficiency and flexibility. The primary development of the benefit 

model then began. Separate sections to predict the benefits of power 

generation, recreation, water quality, flood and navigation were con­

structed and tested. A flexible benefit performance index was developed, 

allowing the user to emphasize one or more of the benefits in the opti­

mization. · Finally, the optimization algorithm, based on the dynamic 

programming method,was added [22]. 

To demonstrate the optimization package on a practical regulation 

problem, Tenkiller Reservoir was selected for study. A twelve-month 

period of record was selected extending from September, 1970 to August, 

1971 and a number of computer runs were executed. These runs demon­

strated the optimization of each of the basic benefits plus a study of 

the trade-off between energy revenue and recreation. 

Chapter II presents a general discussion of the entire computer 

package, except for the benefit model which is discussed in Chapter III. 

The presentations· in these two chapters are intended to give the user 

general information about the structure and capabilities of the package 

without giving details of. the programming procedures used. The reader 



interested in such details is referred to the Appendix where a program 

listing and other related infonnation is presented. 
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Chapter IV presents the demonstration optimization runs for 

Tenkiller Reservoir and a discussion is included on preparing the neces-
1 

sary data base for these runs. The results of the runs are compared with 

actual data on Tenkiller and the corresponding regulation strategies are 

discussed. Chapter V summarizes the contributions of the research and 

proposes future re~earch efforts in multi-purpose reservoir optimization. 



CHAPTER II 

THE RESERVOIR REGULATION OPTIMIZATION PACKAGE 

Structure and General Features 

This chapter presents a general discussion of the reservoir model, 

the optimization technique and the interaction of these parts with the 

benefit model which is discussed in detail in Chapter III. The purpose 

of this chapter is to give the reader an understanding of the general 

features and capabilities of the total computer package without pre­

senting programming details of each subroutine. The user having need 

for such details is referred to the Appendix where the program listing, 

variable lists and sample input and output are given. 

Figure 1 illustrates the general structure of the optimization 

package and the interaction of the various subroutines. All data is 

read by the MAIN Program and placed in common storage for use by the 

other subroutines. The specific data format requirements are discussed 

in detai 1 in the Appendix and wi 11 not be presented here. However, the 

package has been designed to allow flexibility in data format and all 

parameters which control the physical processes of the reservoir and 

generating units as well as the benefit calculations are input control­

lable. As the .several subroutines are discussed later in this chapter, 

the input data relating to those subroutines will be outlined. 

The optimization package will accept daily or monthly hydrologic 

data for the reservoir, but in the following discussion, it will be 

6 



MAIN PROGRAM 

Reads A 11 Data 

Calls OPTMZR 

OPTMZR SUBROUTINE UHILO SUBROUTINE 

Exercises the reservoir 
model and evaluates the 
optimum energy generation 
controls 

...... 
1-------11 ..... ~ Estimates, for a given pool 

--------

elevation, the maximum and 
minimum allowable energy 

... ~------1 controls ...... 

Calls UHILO And RESMOD 

Starting elevation and energy control 

Benefit ~ ..------------'~-------r-
~ RESMOD SUBROUTINE 

~ Predicts daily pool elevation and 

/ 

discharge rates for each control 
issued by OPTMZR 

Benefit 

-----. ----
Calls BENMOD 

BENMOD SUBROUTINE 

Evaluates the benefit of 

each energy control 

generated by RESMOD 
- --· ------

Benefit value returned to OPTMZR 
via RESMOD . 

Figure 1. General Structure of the Optimization Package 
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assumed that monthly average values are used. Furthermore, the MAIN 

program contains read statements which were intended to allow data for 

fot.ir separate reservoirs to be input. However only one reservoir can be 

optimized at a time with the present package. In this project only one 

set of reservoir data (for Tenkiller) was implemented. 
. . . 

As shown in Figure 1 , the MA.IN program ca 11 s the subroutine OPTMZR 

which controls the entire optimization process. The dynamic prograrrming 

algorithm is.used to determine the optimum sequence of monthly energy 

generation controls to maximize one of several types of benefit perfor­

mance indices. The optimization period can be selected from two to 

twelve months in length with the initial pool elevation specified for 

the first month of the period. The following types of performance 

indices can be selected through input control: 

1. Maximize revenue, given·megawatt-hour dollar rates for 

generating a spec_i fi ed demand each month, overgenerati ng the 

demand (dump energy) and undergenerating the demand (buy 

energy). 

2. Maximize the number of megawatt-hours generated during the 

total optimization period, irrespective of demand. 

3. Maximize the total number of recreational visitors during 

the optimization period. 

4. Maximize a weighted sum of revenue and visitors during the 

optimization period. 

5. Maximize a weighted sum of the following benefits, each 

normalized each month to a selected value: . 

a. Recreation 

b. Water Quality 



c. Navigation 

d. Flood 

e. Energy Generation 

The process followed by the OPTIMIZER is based upon the standard 

dynamic programming method wherein the reservoir is exercised each 

9 

· month from five different pool elevations, called elevation grid points~ 

These grid points are distributed from the bottom of the power pool to a 

selected elevation at or above the top of the power pool. The reservoir 

model is designed so that the pool elevation cannot climb above the top 

grid elevation or fall below the lowest grid elevation. 

The purpose of the subroutine UHILO called by OPTMZR is to estimate 

acceptable energy generation controls which will fully exercise the 

reservoir model without violating the lower or upper grid elevations. 

The power-discharge curves of the generating units and the inflow and 

evaporation data are employed by UHILO to estimate maximum and minimum 

monthly energy controls which will maintain the pool elevation within 

the grid range. A third control value equal to the average of the 

maximum and minimum controls is also used by the OPTMZR to exercise the 

reservoir model. It should be noted that UHILO only estimates the high, 

middle and low controls to be issued to the reservoir model at each grid 

elevation. Protection against actually violating the upper and lower 

grid elevations is built into the reservoir model as explained below. 

The reservoir model, denoted in Figure l by the subroutine RESMOD, 

receives from OPTMZR a starting grid elevation and a value of energy to 

be generated during the month. RESMOD will exactly generate the energy 

control issued by OPTMZR unless the bottom or the top of the power pool 

are penetrated. In these cases, generation is stopped or spill releases 
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are initiated, respectively. More flexible generation rules, including 

dump energy procedures, are available to the user in the upper region of 

the power pool. These rules will be discussed in more detail later. 

As depicted in Figure 1, RESMOD generates the desired energy 

control issued by OPTMZR and predicts a new pool elevation and the 

average discharge rate each day of the month. These hydrologic vari­

ables are supplied to the subroutine BENMOD which evaluates the benefits 

relating to recreation, water quality, flood, navigation and energy gen­

eration. One or more of these benefits are summed into a single benefit 

value at the end of each month and this performance value is returned 

first to RESMOD {which calls BENMOD) and then to OPTMZR which stores the 

performance value with the energy control which produced it. 

Although a more detailed discussion of the optimization process 

will be presented in the section describing the subroutine OPTMZR, a 

brief summary follows: 

1. The reservoir model is exercised three times from each of 

the five grid elevations each month, starting with the last 

month of interest. 

2. From each set of three runs, OPTMZR calculates, from a 

curve-fit procedure, the energy control which produces the 

highest benefit performance. This optimum control and the 

resulting optimum benefit are stored for each of the five 

grid elevations by OPTMZR for later use. 

3. The next-to-last month is then considered and the reservoir 

model is again exercised at each grid elevation by three 

different controls. However, the benefit for each candidate 

control used is set equal to the benefit produced during the 



11 

next-to-last month~ the optimum benefit for the last 

month found in Step 2. When the final pool elevation at the 

end of the next-to-last month coincides with a grid elevation 

used as a starting elevation during the last month, the opti­

mum benefit obtained during the last month starting from that 

grid elevation is used in the sum. Otherwise, a linear inter­

polation of the two optimum benefit values at the grid 

elevations adjacent to the final elevation is used. 

4. At each starting grid elevation in the next-to-last month, 

OPTMZR determines the optimal control and the corresponding 

total optimal benefit produced over the last two month 

period. These two values are stored for each grid elevation. 

5. The process is repeated for the second-from-last month and 

so on. For each month, OPTMZR determines and stores, for 

each grid elevation, the optimal control for that month and 

the total optimal benefit from the first of that month to 

the end of the optimization period. 

6. When the first month of interest is reached in the backward 

stepping process, the reservoir model is exercised by 

three energy controls starting from the given initial pool 

elevation, rather than starting from a grid elevation. 

OPTMZR then calculates the optimum control for the first 

month and the total optimal benefit for the entire optimi­

zation period. The optimization process is now complete and 

the optimal controls for each grid elevation at the beginning 

of each month are 'stored and ready to be implemented in the 

next and final step. 



7. The reservoir model is directed by OPTMZR to carry out a 

forward run, starting with the given initial elevation of 

12 

the first month and using the optimal control calculated for 

the first month. At the end of the first month, the final 

pool elevation is compared with the grid elevations for which 

the optimal controls for the second month are stored. A 

linear interpolation of the optimal controls for the grid 

elevations above and below the final pool elevation establish 

the optimal control for the second month. This month-by­

month forward run is continued to the end of the optimization 

period with the optimal control determined by interpolation 

of the previously stored opti~al controls at the grid eleva­

tions. 

The user is able to select one of four separate output formats 

presenting the results of a given optimization run. The following 

choices are available which list the significant reservoir, hydrologic 

and benefit variables: 

1. Monthly summary of the forward optimum run only. 

2. Monthly summary of the forward run plus monthly summaries 

of every exercise run made from each grid point for every 

month. 

3. Choice l plus daily values of all variables printed. 

4. Choice 2 plus daily values of all variables printed. 

This concludes the discussion of the structure and general features 

of the total optimization package. The following sections provide more 

detailed information on the operational characteristics of each of the 

subroutines which comprise the package. 



13 

Reservoir Model (RESMOD) 

This section presents a discussion of the subroutine RESMOD which 

contains models of the reservoir, its generating units and the down­

stream channel stage-flow characteristics. Also included within RESMOD 

are the calendar section and the section which assembles the final value 

of the monthly benefit performance index before returning program con­

trol to ·oPTMZR. RESMOD calls the subroutine BENMOD each day .which in 

turn, calculates daily benefits for recreation, water quality navigation 

and flood. RESMOD processes these benefits and adds them to the daily 

power benefit to eventually produce the total monthly benefit perfor­

mance used by OPTMZR. 

The level of detail presented in this section and the following 

· sections on the OPTMZR, CRVFIT and UHILO subroutines is intended to 

explain the operational features of these subroutines. The discussion 

will introduce many of the variable names used in the program and the 

reader is encouraged to refer to the Appendix where the program listing 

and a complete list of program variablenames are included. 

The primary function of subroutine RESMOD is to simulate the gener­

ation of a given monthly energy demand (U) starting with pool elevation 

(Ell), if possible, without violating specified elevation bounds. The 

performance measure is evaluated daily by calling subroutine BENMOD. 

The value of the performance measure (PI) and the elevation at the end 

of the month (EL) are returned to the calling program OPTMZR through 

the call statement when the month run is complete. The calendar section 

determines which days during the month are weekends and holidays for use 

in evaluating the performance measure. The reservoir model is capable 
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of working with monthly average ene_rgy demands, inflow rates, interven-

ing fl-0ws, and evaporation, 

flows and evaporation. 

or with daily average inflows, intervening . . 

The various curve fits used in RESMOD are accomplished using a 

b.inary search with linear interpolation of data points from the curve 

which are read in tabular form. The function subprogram FIT performs 

this search/interpolation on the table of data. The curve fit may be 

interrogated in either direction by simply interchanging the independent 

and dependent variables in the calling statement for FIT. Accuracy of 

· the fit can be increased by increasing the number of data points. 

Generating units are modeled from data taken from the power­

discharge curves. A fundamental assumption made in RESMOD is that the 

generators operate at maximum efficiency at all times. This assumption 

establishes unique values of horsepower (HP) and discharge (DIS) for 

each value of pool elevation (EL) measured in feet MSL. The generation 

model thus works with two curves; a horsepower versus pool elevation 

curve and a discharge versus pool elevation curve. These curves have 

tailwater corrections built in and can be used for one, two or more 

units of equal size. 

The procedure for constructing the two curves which relate the 

maximum efficiency values of horsepower and discharge for a given pool 

elevation MSL are as follows: Assume first that one unit is operating. 

1. The maximum efficiency operating curve C is constructed on the 

standard power-discharge curves with net head as a parameter. 

2. A single point Pis selected on curve C, thus yielding 

corresponding values of horsepower, discha_rge and net head. 
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3. The discharge value at point P is applied to the tailwater 

curve to obtain the corresponding tailwater elevation in feet 

MSL. 

4. The tailwater elevation is added to the net head value at 

point P· to produce a pool elevation in feet MSL. 

5. The value of pool elevation and the value of horsepower at 

point P produce one point on the desired curve of maximum 

efficiency horsepower versus pool elevation. 

6. The va1ue of pool elevation and the value of discharge produce 

one point on the desired curve of maximum efficiency discharge 

versus pool elevation. 

7. Steps 2-6 are repeated for another selected point on the 

curve C. 

For two or more units operating, the discharge value for one unit used 

in Step 3 is doubled or tripled, etc. before the tailwater curve is used. 

It has been found that the incremental increase in tailwater elevation 

(ELINC) for additional units is approximately constant over a wide 

range of net head values and thus the maximum efficiency curves for one 

unit can be used directly to find the horsepower and discharge values 

for extra units by merely subtracting the tailwater increment (ELINC) 

from the actual pool elevation before entering the curves, and then 

multiplying the one-unit horsepower and discharge values by the appro­

priate number of units (JX) to be used. This approximation of the power­

discharge curves in the model saves a great deal of computer time by 

eliminating iteration between the pool elevation and tailwater elevation 

to determine the net head operating point. 
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In order to calibrate the reservoir model to track actual time 

histories of energy generation, inflows, evaporation and pool elevations, 

a generator efficiency variable (EFF) is available to the user. This 

variable is used to offset the maximum efficiency rule which is applied 

in the construction of the power-discharge curves. 

Referring to Figure 2, the following major steps are accomplished. 

by the reservoir-model. Note that the diamond-shaped elements refer to 

tests. If the test is- positive {yes) and the branch path to the right or 

left is taken. If the test is negative, the program flow continues 

downward. In the uppermost block, RESMOD determines the daily increment 

of energy to be generated (DPDD) and the number of units (JX) to be used. 

The variable ADTIM controls the maximum number of hours that one or more 

uni ts wi 11 be run before an extra unit wi 11 be added. The same amount 

of energy is generated and the same number of units are used each day of 

the month unless the pool elevation violates the top of the power pool 

(TPP) or the bottom of the power pool (BPP). These exceptions are 

explained below. 

The first test establishes EL above or below TPP. If EL> TPP, 

then the steps along the right side and bottom of Figure 2 are executed. 

The model will generate energy 24 hours a day with all available units 

and spill releases are determined by comparing the pool elevation with 

two discharge control points DISPTl and DISPT2 set above TPP with 

DISPTl < DISPT2. If EL is between TPP and DISPTl, the total of the power 

discharge rate (DIS) and the spill release rate (DISDMP) is set equal to 

the fraction FRAC(JJ,l) times the inflow (DADJIN). If EL is between 

DISPTl and DISPT2, the total power and spill release rate is set equal 



GENERATE NO 

ENERGY 

RESET THE 
VOLUME AND 
ELEVATION. 

DETERMINE THE AVG DAILY 
ENERGY DEMAND,AVG DAILY IN 
FLOW,AVG DAILY EVAPORA­
TION,AVG DAILY INTERVENING 
FLOWS, AND THE NUMBER OF 
GENERATORS NECESSARY TO 
MEET THE DEMAND. 

DETERMINE THE HORSEPOWER, 
POWER DISCHARGE RATE AND 
THE NUMBER OF HOURS NECES­
SARY TO MEET THE AVG DAILY 
DEMAND. 

COMPUTE THE VOLUME CHANGE, 
NEW VOLUME AND THE NEW 
ELEVATION. 

CALL BENMOD, 
EVAL. PI 

RESET THE 
VOLUME AND 
ELEVATION. 

INCREASE THE 
TOTAL DIS­
CHARGE RATE. 
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DETERMINE THE TOTAL DIS­
CHARGE RATE AS A FUNCTION 
OF THE ELEVATION AND INFLO I 
RATE. 

DETERMINE THE HORSEPOWER, 
POWER DISCHARGE RATE AND 
SPILL DISCHARGE RATE. 
GENERATE 24 HOURS A DAY. 

COMPUTE THE VOLUME CHANGE, 
NEW VOLUME AND THE NEW 
ELEVATION. 

CALL BENMOD, 
EVAL. PI 

DETERMINE THE NEW AVG DAILY 
ENERGY DEMAND AND THE I 
NUMBERS OF GENERATORS NEEDED I 
TO MEET THAT DEMAND I 

.~ 
'RETURN i 

~// ---~~~~-.-~~~~-'' 

I 

Figure 2. Operational Flow Diagram of the Reservoir Model 
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to FRAC(JJ,2) times DADJIN. Finally, if EL> DISPT2, the total release 

rate is set equal to FRAC(JJ,3) times DADJIN. 

FRAC(JJ,3) must be greater than unity to insure that the pool eleva­

tion never exceeds DISPT2. Furthermore, DISPT2 must always be less than 

the highest grid elevation used by OPTMZR to insure proper functioning 

of optimization. This process of determining the spill releases is 

depicted in Figure 2 just above the (EL> DISPT2?) test. It should be 

noted that the tailwater curve is implemented in the model for use when 

spill releases occur. In this case a tailwater correction (TWC) is sub­

tracted from EL before entering the power-discharge curves. 

Each day, the initial volume of water in the reservoir (VOL) is 

calculated from the initial elevation (EL) by the subroutine FIT using 

the elevation-volume curve data. Then, a second subroutine GEM calcu­

lates the change in volume from power discharge rate, hours of generation 

(HRS), and spill releases. A new volume is evaluated and returned to 

RESMOD under the same variable name VOL. The FIT subroutine then uses 

the elevation-volume data again, but in reverse fashion, to calculate 

the new elevation from the new volume. Daily evaporation is applied 

directly to this elevation value to establish the initial elevation (EL) 

for the next day. 

When the pool elevation falls below the upper discharge control 

point (EL< DISPT2), the benefit model is called and the one-day bene­

fits are evaluated and added to the current value of the perfonnance 

index (PI). Then a test is made to see if the elevation has fallen 

below the top of the power pool. If not, a test is made to see if the 

month run is complete. If not, the program proceeds to the next day 



and 24 hour generation continues as before. When the month run is 

complete, the value of the benefit performance index (PI), the final 

elevation (EL) and the total energy generated during the month (ACC) 

are returned to OPTMZR. 
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When EL~ TPP, the model calculates the amount of energy control 

which remains to be generated (U-ACC) and determines a new daily energy 

demand using the number of days remaining in the month. The program 

variable MWHMIN, which is input controllable, defines the minimum daily 

increment of energy to be generated, regardless of the control issued 

by OPTMZR. If the new value of the daily energy demand (DPDD) is less 

than MWHMIN, DPDD is set equal to MWHMIN and the program continues to 

the next day, unless the month run is complete. 

Continuing with the discussion of Figure 2, we examine the case 

where EL s TPP and the program steps depicted along the left side of 

the figure. If the daily increment of energy (DPDD) is zero, then no 

water is released and the elevation is corrected by inflow and evapora­

tion to produce a new elevation for the next day. If DPDD ! 0, then 

the elevation-power and elevation-discharge curves are used to evaluate 

in order, the value of horsepower (HP), electrical power (PO), the 

number of hours to run (HRS), the number of units (JX) to use and the 

power discharge rate (DIS). The subroutine GEM then calculates the new 

volume from HRS, DIS, the inflow (DADJIN) and the current value of 

volume. The new elevation is found by calling FIT with the elevation­

volume curve and correcting the resulting elevation by evaporation. 

If, after executing a day step, the pool elevation drops below 

the bottom of the power pool, (EL< BPP), the elevation and volume 

values are reset to the initial values for that day, DPDD is set to 
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zero and no energy is generated that day. Whenever, the inflow (less 

evaporation) raises the elevation to the pointwhere DPDD can be gener­

ated without lowering EL below BPP, then the model will generate that 

amount each day until EL~ BPP again. 

Each day after a new elevation is calculated, BENMOD is called and 

the daily benefits are evaluated. At the end of the month, RESMOD 

determines the total monthly benefit performance index and returns the 

val ue to OPTMZR. 

Several program sections within RESMOD are unrelated to the 

reservoir/generator models, but rather serve the needs of BENMOD which 

is called by RESMOD. First of all, the downstream flow variables (Fl) 

and (F2) at the first and second control points, respectively, are 

evaluated as fo 11 ows: the fl ow Fl is the sum of the average power dis­

charge for the day (DAV) and the given intervening flow (IVFLOl ). The 

.flow F2 is the sum of Fl and IVFL02. Next the stage heights {Sl) and 

(52) at the two control points are calculated using the FIT subroutine· 

and the stage-flow curves input as data to the program. It should be 

noted that no provision for time lags have been incorporated in the 

downstream model. Thus the daily benefits for flood, navigation, down­

stream recreation and water quality are based on same-day values of 

power discharge and possibly spill releases. 

The CALENDAR section is a second important section within RESMOD. 

Two parts comprise the section. The first part determines the day of 

the week from knowledge of the input variable KAL(M,l) which, for each 

month, takes a value of one through seven, corresponding to the day of 

the week (i.e. MONDAY = 1, etc.). The day counting variable (MARK) is 

initialized by KAL(M,1) and counts successively from one to seven as 



each daily pass. is made through RESMOD. When MARK = 6 or 7, NWKHL is 

set equal to one to flag the weekend days for BENMOD. The second part 

checks the day variable (JV) against the entered holiday numbers 

KAL(M,2) and KAL(M,3) to detennine if the day is a holiday. KAL(M,2) 

and KAL(M,3) are non-weekend holidays for month M if any exist during 

the month. If the day (JV) is a weekday, then NWKHL is set equal to 

zero. 
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Just before BENMOD is called, the average daily elevation (ELEVAT) 

and the daily elevation change (DELEV) are calculated and the current 

minimum and maximum monthly elevations (ELMIN) and (ELMAX) are updated 

for later use in the reservoir management factor (RMF) which is evalu­

ated by RESMOD after the month run is complete. 

Details of the subroutine BENMOD will be presented in Chapter III. 

However, for purposes of this discussion, it suffices to say that 

BENMOD calculates values for the daily benefits of recreation, water 

quality, navigation and flood each time it is called. Each day, the 

number of visitors involved in land-based, water-based and downstream 

recreation are also returned to RESMOD for use in developing the total 

monthly visitor value (SUM}. 

The power benefit (GENBN} is evaluated within RESMOD and added 

(with desired weighting) to the other four benefits at the end of each 

month. The monthly energy revenue value (REV) is also evaluated within 

RESMOD. Details of the power benefit, the revenue calculation and the 

formulation of the selected performance index are given in Chapter III. 

RESMOD contains the write statements for the daily and monthly out­

put surm1aries. When LIST= 2 or 4, daily values of the following 

variables will be printed: 



l. Month and day {MON) and {JY) 

2. Initial elevation {ELEV) 

3. · Average discharge rate (DAV) 

4. Daily energy demand (DPDD) 

5. D~ily energy produced (ENERGY) 

6.· Number of units used (JX) 

7. Number of unit-hours run (UNHRS) 

8. Change in elevation for the day (DELEV) 

9. Total reservoir visitors (IDAVST) 

l O. Downstream vis i tors ( IDADVT) 

11. Water quality benefit (WAQ) 

12~. Navigation benefit (NAVBN) 

13. Flood benefit (FLDBN) 

14. Value of weighted normalized benefit (except for power) 

accumulated since the first of the month (Pil) 

When LIST= l, 2, 3, or 4, monthly surmnaries will be printed with 

the following variables appearing: 

1. . Month just run {MON) 

2. Initial and final elevations (Ell) and (EL) 

3. Average monthly inflow (INFLOW) 

4~ Monthly energy demand (PD) 

5. Monthly energy control from OPTMZR {U} 

6. Total energy generated during month {ACC) 

7. Average monthly discharge rate {DAVl) 

8. Average daily unit-hours of generation {UNHRSl) 

9. Total number of water-based visitors (!WATER) 

10. Total number of land-based visitors (!LAND) 
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11. Total number of downstream visitors (!DOWN) 

12. Recreation benefit (Pll) 

13. Navigation benefit (P44) 

14. Flood benefit (P55) 

15. Water quality benefit (P33) 

16. Power benefit (GENBN) 

17. Power revenue (REV) 

18. Total weighted benefit including power, recreation, water 

quality, navigation and flood benefits (PI) 

19. Reservoir management factor (RMF) 

Additional output data is controlled by OPTMZR. This data sum­

marizes the results of the backward stepping optimization process and 

the forward run summary which gives the optimal energy controls for 

each month and the corresponding optimal trajectory of the pool eleva­

tion. A discussion of the OPTMZR follows. 

Optimization Subroutine (OPTMZR) 
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OPTMZR uses an optimization algorithm based on the multi-shape 

method of dynamic programming [22]. In this particular case, the basic 

optimization stage corresponds to a month and thus, monthly energy 

controls are found which maximize the given performance index. A 

summary of the dynamic programming process was given in the introductory 

section of this chapter and the reader is encouraged to review that 

discussion before proceeding. 

The general procedure is depicted in Figure 3 where the vertical 

lines separate the total optimization period into stages (months in the 

present case). Five grid-points are shown representing five discrete 
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pool elevation levels, from which the reservoir/benefit model is 

exercised. The lines .starting at the grid points represent optimum pool 

elevation trajectories found by OPTMZR after exercising the model three 

times from each grid point. These pool elevation trajectories are not 

stored, but the optimal energy control (USTAR) and the corresponding 

optimal benefit performance (PSTAR) are stored for each grid point. 

XI 

Opti'mum Grid Point 

Grid Points ~ \~---1 

.stage l 

. . ... 
... 

,,../' 
Optimum 

Forward Run 

- - - --

Stage K-·1 Stage K 

.. jc----Total Optimization Period----_...,j 

Figure 3. The· Dynamic Progr~mming Procedure 

The last stage (stage K) is optimized.first and USTAR and PSTAR 

values are stored for each of the five grid points. Then stage K-1 

is processed. However the performance for each run during the K-1 stage 

is added to the optimum performance (PSTAR) previously found for stage K 



25 

by interpolating the PSTAR values with the elevation reached at the end 

of the K-1 stage. Thus, when the PSTAR values are stored for each grid 

point of the K~l stage, these values represent the total optimal perfor­

mance from that grid point, over two stages, to the end of the optimiza­

tion period •. Corresponding values of the optimal energy controls are 

also stored for stage K-1. 

The backstepping process is continued until the first stage is 

reached. Here, only the given initial pool elevation (XI) is used when 

the model is exercised and the optimum energy control is found and 

stored. At this time, the program has stored the optimal control for 

the first stage and optimal controls for each grid point for each of the 

remaining stages. The PSTAR value found for the first stage represents 

the forecast (by interpolation) of the total performance to be expected 

over the entire optimization period. 

A "forward optimum run" is then commenced by OPTMZR, starting the 

pool elevation at XI, and using the optimal energy control for stage 1. 

When the pool elevation at the endof the first stage is known, the 

program evaluates the optimal energy control for the second stage by 

interpolating the values of the USTAR values for the grid points at the 

beginning of the second stage. This process is repeated for each suc­

ceeding stage to find the optimal energy controls. 

Referring to the fl ow di a gram of Figure 4, the opera ti Ofl of OPTMZR 

will be outlined. First, it should be noted in the figure that AREA 100 

(top half) and AREA 200 constitute two large separate sections in the 

actual program itself. AREA 100 is in control of the backward stepping 

optimization procedure from the last stage to the stage just previous to 
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SUBROUTINE OPTMZR r - - -- AREA 100 - - - J 
LBACKSTEPPING OPTIMIZATION 

OUTPUT USTAR­
·PSTAR MAPS 

AREA 1000:UPDATE 
STAGE PERFORMANCE 

MODIFY S GE 
VARIABLE RESET 

·GRID POINT 

CALL CRVFIT 
OBTAIN USTAR, PSTAR 

SET PSTAR=MAX PH,PM,PL 
USTAR SET ACCORDINGLY 

REA 000: ACCUMULATE 
INDIVIDUAL PERFORMANCE 
FROM PREVIOUSLY RUN 
STAGES 

~ - - - AREA 200 - - - ~ 
FIRST STAGE OPTIMIZA.TION 
AND FORWARD RUN OF MODEL 

REPEAT OPTIMIZATION FOR FIRST 
STAGE WITH STARTING ELEVATION XI. 
PSTAR ACCUMULATED USING AREA 2000 
AND BECOMES FORECAST PERFORMANCE. 

FORW D RUN COMMENCE. 
~-----t OPTIMAL CONTROLS AT EACH STAGE 

INTERPOLATED FROM STORED USTARS. 

OUTPUT FORWARD RUN DATA RETURN TO MAIN 
AND ACCESSORY INFORMATION -- CALLING ROUTINE 

Figure 4. Operational Flow Diagram of OPTMZR 
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the first stage. AREA 200 controls the optimization of the first stage 

where the initial .elevation is used to start RESMOD rather than a grid 

elevation point. 

Before working through a stage, an ·initial test is made to determine 

if the . fi ~st stage,' K = 1 , is to be run. If so, the program proceeds to 

AREA 200. If not, the program remains in AREA 100. First, UHILO 1s 

called and_give·n the present grid elevation, X{M), and the current stage 

value, MONTH. · UHILO calculates three controls, UH, UM and UL {high, 

middle, low) to exercise the model from the given grid point. RESMOD is 

then called to run each of the three controls. In each case, RESMOD 

returns to OPTMZR the benefit performance for each control, the final 

elevation (XNXT) and a corrected control, if RESMOD was forced by power 

pool constraints to over- or undergenerate the control issued by OPTMZR. 

Immediately after each return, the stage performance is relayed to 

AREA 1000 and accumulated with a PSTAR value interpolated by means of 

XNXT. This provi.des a total performance {P=P + Interpolated PSTAR) 

from the stage being run to the end of the optimization period. For 

each control UH, UM and UL run, a corresponding total performance PH, 

PM and PL is evaluated in this fashion. The subroutine CRVFIT is then 

called to fit a quadratic polynomial to the performance points and 

determine the best control {USTAR) and associated best performance 

(PSTAR) from that fit. 
. . 

Next, a sequence of testing occurs to insure that the USTAR-PSTAR 

values returned from CRVFIT are truly the best values within the control 

range used. If PSTAR is at least as great as PH, PM and PL then RESMOD 

is called using the associated USTAR value. This produces a "true" 

PSTAR, called PSTAR' in Figure 4. PSTAR' is tested against PH, PM and 
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PL and if PSTAR' is greater than or equal to each of them, then PSTAR' 

is stored as PSTAR and the current value of USTAR is kept and stored for 

the grid point run. If PSTAR' is less than any of PH, PM or PL, then 

the largest of these three is stored as PSTAR and the corresponding 

control (UH, UM or UL) is stored as USTAR for the grid point being run. 

The grid point is then incremented and a test follows to determine 

if all five grid points have been used. If not, the optimization pro­

ceeds with the next grid point. If so, then the grid point is reset to 

· the bottom of the grid range and the staging variable, N, is incremented. 

AREA 1000 is entered to store the completed PSTAR map (PSTAR value for 

each grid point) into the 11 past11 PSTAR map so it can be used for inter­

polation while the next map is being constructed. At the end of each 

stage, the USTAR and PSTAR maps for that stage are printed for reference. 

Then the new stage is set by decrementing K as K =·KMAX-N. 

When the first stage (first month of interest) is reached, the pro­

gram branches from the test block to AREA 200 where the optimization of 

the first stage at the initial elevation, XI, takes place. The optimi­

zation procedure is t.he same as for a single grid point except that 

performance accumulations take place in AREA 2000. The final PSTAR for 

XI will then reflect the total forecast optimal performance from that 

initial elevation to the end of the optimization period, if the optimal 

controls are applied at each stage. 

It should be noted that the interpolation of the PSTAR and USTAR 

maps produces an inherent error in the evaluation of the optimal energy 

controls. This error will be reduced as more grid points are used in 

the procedure. One approach for improving the accuracy of the optimi­

zation after one optimization run is complete is to reduce the grid 



point range so that it closely bounds thepool elevation trajectories 

found by the first run. 
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As a final step, OPTMZR causes a complete forward run to be execut­

ed starting with stage one and elevation XI. Each new elevation XNXT(K) 

is used to interpolate the grid points of each USTAR map as each stage 

is processed. At the end of the forward run, the results of the run are 

printed together with certain input data for reference. Monthly (or 

daily) summaries of each month in the forward run are printed as describ­

ed in the previous section on RESMOD. The following additional items 

are printed under control of OPTMZR: 

l. Forecast performance (PSTAR) 

2. Forward run performance (PRUN) 

3. Total visitors (!SUM) 

4. Total power revenue (REVl) 

5. Initial pool elev~tion (XI) 

6. Monthly inflow rates (FLW) 

7. Monthly energy demands (DMD) 

8. Monthly optimal energy controls (USTAR) 

9. Monthly final pool elevations {XNXT) 

Subroutine UHILO 

UHILO estimates three monthly energy control values {UH, UM and UL) 

to exerdse RESMOD at each grid point~ These controls are calculated 

from energy demands, inflows, and evaporation for the month being run. 

Referring to Figure 5, a maximum control (UMAX) in MWH is determined 

for the grid elevation in question. This UMAX is the maximum energy 

which can be produced at that elevation operating all units twenty-four 



SUBROUTINE UHILO 

DETERMINE MAXIMUM CONTROL (UMAX) 
AND MINIMUM CONTROL UMINIM 

DETERMINE VOLUME 
DETERMINE VOLUMES AT TOP AND BOTTOM BETWEEN GRID 
OF GRID RANGE AND ALSO AT THE GIVEN ELEVATION AND 
GRID ELEVATION VM5 VMl AND V BOTTOM OF GRID 

.--------•RANGE AVB 
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CALL FIT, DETERMINE 
~---~DISCHARGE (DSCHG) 

FOR MAX NO. OF 

UH= o.o~-------' 

UH= l 5 DEMAND 

DETERMINE TIME FOR 
AVB TO BE EXHAUSTE 

SECNDS 

DETERMINE VOLUME BETWEEN GIVEN GRID 
ELEVATION AND TOP OF GRID RANGE AVT 

UL= UMINIM~------...J 

DETERMINE UL IN 
>------.1SIMILAR MANNER 

AS UH 

Figure 5. Operational Flow D·iagram of Subroutine UHILO 
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hours a day for the entire month. Also, a minimum value of energy 

(UMlNUM) is evaluated from the number of days in the month (MX) times 

the input controllable variable (MWHMIN) which specifies the minimum 

amount of energy to be generated each day -by RESMOD (except at the bot­

tom of the power pool). 

Next, the reservoir volumes are calculated at the top of the grid 

range (VM5), the bottom of the grid range (VMl) and the given grid point 

elevation (V). These are in thousands of cubic feet. Taking into 

·account the monthly inflow and evaporation, the available volume (AVB) 

for power discharge is calculated from the grid volume (V) and the bot­

tom grid volume (VMl). If AVB > 0, then energy can be generated and UH 

is estimated from the power-discharge curves and the time (SECNDS) · 

required to discharge AVB, based on all units running. If AVB s 0, then 

UH is set equal to zero. 

Thevalue of UH is then tested to be sure that it is no greater 

than UMAX found previously. As a matter of policy, UHILO will not 

issue a control greater than 150% of the monthly demand value read in 

as input data. The purpose of this provision is to constrain the opti­

mization to follow approximately the energy production history of a 

given period of record. Ari exception to this rule occurs when energy 

revenue (or just energy} is being maximized. _In this case, UHILO 

ignores the values of energy demand read in and constrains UH only by 

UMAX. 

The low value of control, UL is found iri a similar fashion to UH 

but, in this case, a check must be made to insure that UL will cause 

enough power discharge to keep the pool elevation from rising above the 

top of the grid range. The volume AVT is found whi'ch must be discharged 
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through generation (and possibly spill) to insure this condition. If 

AVT < 0, no volume must be released and UL is set equal to UMINIM calcu­

lated earlier. If AVT < 0, then the power-discharge curves are used to 

determine the energy increment which will cause AVT to be released. A 

final test is made to see if UL> UH, which may occur during months of 

high inflow when 24 hour genera ti on of a 11 uni ts wi 11 not rel ease the 

inflow. In this case UH is reset to be equa 1 to UL. The last step 

shown in Figure 5 indicates the calculation of UM as the average of UH 

and UL. 

Subroutine CRVFIT 

Turning to the CRVFIT flow diagram of Figure 6, we note the use of 

the following notation: Xl, X2 and X3 correspond to UL, UM and UH and 

Yl, Y2 and Y3 correspond to PL, PM and PH. It is clear that a number of 

tests are made in CRVFIT to guard against violating the mathematical 

requirements of a second-order curve fit routine. These are as fo 11 ows: 

l. When the curve is flat Yl, Y2 and Y3 (PH, PM, PL) are all 

equal and the point X2-Y2 is chosen for USTAR-PSTAR. 

2. When the control range is narrowed to a single control or 

when two controls are equal, we may have 

a. Xl = X2 and Yl=Y2>Y3:X2 chosen as USTAR 

If Yl=Y2>Y3:X3 chosen as USTAR 

b. Xl = X3:Xl chosen as USTAR 

c. X2 = X3 and Y2=Y3>Yl:X2 chosen as USTAR 

If Y2=Y3<Yl:Xl chosen as USTAR 

Providing no problems of the above kind appear, then coefficients are 

calculated for second order Lagrange fit and a 11 maximum 11 is X-Y pair is 



SUBROUTINE CRVFIT 

CHOOSE X2,Y2 
(UM, PM) ---------<-

DETERMINE LAGRANGE 

CHOOSE Y2 2 Yl OR Y3 -
--~ IF NOT CHOOSE HIGHEST 

SECOND ORDER COEFFICIENTS 
A B C 

DETERMINE MAXIMUM 
BY lST DERIVATIVE 

CHECK TO PROVE THE POINT IS 
THE MAXIMUM WITHIN RANGE -
~NOT, PICK MAX(PL,PM OR PH) 
AND CORRESPONDING UL, UM OR UH. 

RETURN T 

Figure 6. Operational Flow Diagram of Subroutine CRVFIT 
< 

33 



34 

found by means of the first derivative .. The routine then tests to be 

sure that Xis within the Xl-X3 range of controls and that the value of 

Y found is indeed greater than Yl, Y2 and Y3. Program control is re­

turned to OPTMZR upon completion. 

This completes the discussion of the subroutines RESMOD, OPTMZR, 

UHILO and CRVFIT. Chapter III presents a similar discussion of the 

subroutine BENMOD. 



CHAPTER III 

THE BENEFIT MODEL 

Introduction 

Various recreational, water quality, flood and navigational bene­

fits are modeled in the subroutine BENMOD. BENMOD provides the total 

model with information on the benefits listed above in the form of a 

performance index and in the case of visitation the actual number of 

visitors can be requested. More specifically, BENMOD is composed of a 

recreational model which predicts land and water-based visitors as well 

as below the dam visitors, a water quality model which predicts the 

relative goodness of water at a point down stream from the dam, a navi­

gation model which assesses how well a navigation responsibility is 

being met, a flood model which uses downstream stage curves to evaluate 

the penalty associated with flood conditions, and a reservoir management 

factor which evaluates the stability of a reservoir in the eyes of a 

visitor to the reservoir. Also, a fish spawning model is proposed and 

described although it is not incorporated into BENMOD. Each submodel of 

BENMOD is now described with the logic leading to its formulation. 

Recreation Model 

The purpose of the recreation model is to translate the hydrologic 

variables of pool elevation and discharge into expected number of 
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visitors on a daily basis. At the end of each day of reservoir opera­

tion, the reservoir model calculates a new pool elevation {in feet, MSL) 

and a total discharge (in thousands-ft3) from the day's inflow, expected 

evaporation, power and spillway releases. These hydrologic variables 

plus the average daily intervening flows downstream become inputs to the 

recreation model. 

Recreational activities are generally divided between those that 

occur on and around the reservoir and those occuring downstream from the 

dam. Furthermore, recreation around and on the reservoir is separated 

into two basic types: Land-based recreation includes picnicing, camping, 

sight-seeing and hunting activities and water-based recreation includes 

boating, swimming, fishing and skiing. It is recognized that most visi­

tors to the reservoir are involved in several activities which fall 

within both the land and water categories. However, from a modeling 
' standpoint, the effects of pool elevation upon the recreational benefits 

can be adequately represented by considering only two major types of 

visitors--those that use the water directly and those that merely 

observe it. 

Seasonal effects are taken into account by weighting the pool eleva­

tion and discharge so that they have a different impact upon recreational 

visitation during each month of the year. The fundamental concept used 

here is that for normal ranges of pool elevation and discharge values, 

the visitation and the quality of the recreation during the wanner 

months is more sensitive to variations in these variables than is visi-

tation during the winter months. Furthermore, it is recognized that 

there are both short-term and long-tenn effects on the number of visitors 

to be expected from pool elevation and discharge fluctuations. 
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It is also important to consider the fact that a large majority of 

recreational visitation occurs on weekends and holidays as compared to 

weekdays. Furthermore, the weekday visitation fraction of the weekend/ 

holiday visitation is much lower during the winter months than in the 

summer months. To continuously take into account such seasonal varia­

tions, the Benefit Model receives from RESMOD a calendar which automa­

tically adjusts the predicted daily number of visitors according to the 

expected weekend/holiday to weekday ratios. 

Finally, it is important to consider briefly the expected use of 

the recreation model. The model will be used to discover improved regu­

lation strategies for a single reservoir - and ultimately a system of 

reservoirs. Although it is obvious that recreational visitation at a 

particular reservoir depends upon many factors - some of which are more 

dominant than pool elevation and discharge - the proposed model must 

view these nonhydrologic variables as uncontrollable and therefore, not 

predictable except in a statistical sense. 

The view taken in this modeling approach is that, given an average 

(over the recent past) set of meterological, economic and social condi­

tions, the number of visitors attending a reservoir will vary when pool 

elevation and discharge variables vary. The computer simulation will 

use past hydrologic variables which are known but the results will be 

interpreted in terms of future regulation strategies. The level of 

effort undertaken in this project does not all ow prediction of those 

future meterological, economic and social factors which surely affect 

visitation. Therefore, these factors must be given 11 average 11 or 

11 expected 11 values in the proposed model. 



Consider first the short-term effects of pool elevation and dis­

charge on reservoir visitation above the dam. The phrase 11 short-term 

effects 11 implies those effects which are a direct and immediate result 

when translating pool elevation, pool elevation change and discharge 
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into expected visitation numbers. As might be expected, it is always 

difficult to precisely separate short-term effects from long-term effects 

and~ depending upon the nature of the simulation, a precise~definition 

may not be necessary in terms of the overall simulation results. 

For example, in a simulation it is necessary to reduce the expected 

number of visitors for water-based recreation when the pool elevation 

drops to a point where submerged obstacles become a danger to boating 

and when swimming beaches are separated from the water edge by a mudflat 

area. The actual reduction in visitor numbers arises in two ways. 

First of all, the visitor may not engage fully in boating and swimming 

activities due to the poor conditions and so, it is clear that the 

quality of his recreational experience is diminished. Furthermore, at 

some future date, this visitor may elect not to return to the reservoir 

because of his earlier bad experiences on the day when the pool eleva­

tion was low. 

The question which arises is the following: Should the model 

predict a reduced number of visitors on the day at which time the pool 

elevation was low as well as on some future date when a prospective vis­

itor might have the opportunity to return to the reservoir but declines? 

In this model the basic approach taken is to penalize immediately, and 

disregard the lagging or time-shifted penalties. Since the simulations 

are expected to run for periods of several months up to a year in length, 

it makes little difference whether the penalty is applied either 



concurrently with the pool elevation level or several weeks later, as 

the total visitation for the year will not be affected. 
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To quantify the lagging penalty ~ffects, a long-term model was 

developed which attempts to quantify the reputation of the reservoir 

management in the eyes of the visitor relative to pool elevation. This 

rating, while not directly affecting the predicted visitation, will 

assist the planner in ranking alternative regulation strategies. 

Figure 7 illustrates the structure of the short-term model for the 

above dam recreation. At the end of each day the reservoir model will 

issue a new pool elevation which will be supplied to a simple subroutine 

to generate the average pool elevation (ELEVAT) and the total change 

over the previous day (DELEV). The value for the average daily pool 

elevation is then supplied to subroutines containing the monthly land 

visitor curve and the monthly water visitor curve. A detailed descrip­

tion of these curves will be presented later. The output variable from 

these two subroutines is a value of raw monthly number of visitors for 

land-based (RAVTLA) and water-based (RAVTWA) recreation. The visitor 

values given in Figure 7 are based on the monthly number of visitors 

and, following a summation of these two variables they are divided by 

the equivalent number of days in the month. The equivalent number of 

days BN(M,11) in the month is calculated from knowledge of the ratio of 

weekday visitors to holiday or weekend visitors and the number of holi­

days, weekend days and weekdays in the month. Min BN(M,11) is the 

number of the month of interest not the monthly calendar number. The 

formula is as follows: 
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Average Daily Pool Elevation (ELEVAT) 
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Land-Visitor Curve 

Raw Monthly 
Number of Visitors 
(RAVTLA) 
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(ADJVST) 
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Total Daily Above-Dam Number of Visitors (DAVIST) 

Figure 7. Short-term Model, Above Dam Recreation ~ 
0 
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Number 
of 

Weekdays 

This factor BN(M,11) is calculated outside the computer program for each 

month as the number of holiday and weekend days per month and the ho 1 i -

day or weekend factor changes monthly. The result is the number of 

adjusted weekday visitors (ADJVST) to the reservoir. This value is pro­

cessed by a weekend/holiday multiplier BN(M,12) which is a seasonally 

adjusted factor supplied by the calendar in RESMOD to adjust the raw 

number of weekday visitors upward during Saturdays, Sundays and holidays. 

A penalty factor is applied on the basis of the total daily eleva­

tion change (DELEV). This penalty factor will further reduce the total 

number of daily visitors when elevation changes occur during the twenty­

four hour period. The final output of the short-term model (DAVIST) is 

a value for the adjusted total daily above-dam number of visitors. A 

new value is calculated each day by the model, and supplied to a cummu­

lative register which sums the total visitation since the first day of 

the month. 

We now proceed to give a more detailed discussion of the form of the 

monthly land and water visitor curves and the daily elevation change 

penalty curves. 

Figure 8 illustrates the form of the visitor curve developed. The 

horizontal scale is the pool elevation in feet MSL and the vertical 

scale is the number of thousands of visitors expected monthly. There 

are two of these curves, one for water-based recreation and one for land-

based recreation, for each month of the period under study. 
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Figure 8. Typical Monthly Visitor Curve 

The curve is composed of three straight line segments defined by 

the four points A, B, C, and Das shown in Figure 8. Implementing the 

curve in the program involves simply storing the four coordinate points 

and providing a linear interpolation algorithm to determine intennediate 

values. The computer variables associated with the points A, B, C, and 

D for each of the land-based and water-based curves are listed below. 



Point 

A 
B 
c 
D 

Land-based Curve 
Abscissa Ordinate 

·. LOWEL 
BN(M,7) 
BN(M,8) 
HI GEL 

BN(M,l) 
BN(M,2) 
Same as B 
BN(M,3) 

Water-based Curve 
Abscissa Ordinate 

LOW EL 
BN(M,9) 
BN(M,10} 
HI GEL 

BN(M,4) 
BN(M,5) 
Same as B 
BN(M,6) 
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Certainly, more complex curves composed of additional straight line 

segments o·r polynomial functions can be utilized, assuming that data 

exists to support such complex curves. However, the four point form was 

selected as a reasonable compromise between increasing the computing 

time and possible increase in accuracy. 

The seasonal variation in visitation is reflected in the shape of 

the visitor curve for both land and water based recreation. The basic 

change in shape from month to month is reflected in the value of the 

peak expected visitation given by line segment BC as well as the rela­

tive slopes of the lines segment AB and CD. In general, during the 

winter months when the number of visitors is reduced, the effects of 

pool elevation are reduced and the curves are wider and flatter than 

those for the summer months. For any month, the basic difference be~ 

tween the land-based and water-based curves is that the elevation range 

for peak visitation is greater for land-based curve than for the water­

based curve. Likewise there is a difference in the penalty associated 

with the minimum and maximum elevation points. For the land-based curve· 

the penalty associated with the minimum elevation point is less than for 

the water-based curve but the penalty associated with the maximum eleva-

tion.point is greater. 

To locate the four points, which define each of the monthly land 

and water-based recreational visitation curves, a general set of rules 

were developed. These rules reflect the nature of the visitation data 
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for the six year period, the seasonal variation of the number of visi­

tors, the topological nature of the reservoir and the observations of 

the resident engineer as to the quality of the recreational experience 

of the visitor. The rules for locating the points A, B, C and Dare 

summarized in Table I and the rationale for their formation will now be 

discussed. 

The data, separately for land-based and water-based recreation, 

for the past several years (six years in this case) was analyzed by 

correcting for yearly growth and temperature and plotting the corrected 

monthly number of visitors against the average monthly pool elevation. 

The value of the expected peak number of visitors for each month 

was selected from these plots. This expected peak number selected is 

not always the maximum number of visitors recorded; If not, depending 

upon the scattering of the data points and the range of pool elevations 

represented by the data during a particular month, a value near the 

maximum is selected. Separately, for land-based and water-based recrea­

tion, each of these selected peak monthly values was plotted.versus the 

month and adjusted to lie on a smooth yearly periodic curve usually with 

July having the maximum and January the minimum. These adjusted peak 

values then determine the ordinate value of the line segment BC for each 

curve. 

For the water-base visitor curve, the elevation range of the line 

segment BC was determined from a consideration of the topology of the 

reservoir area, the design use-level of the boat ramps and swimming 

beaches, the under-water hazards existing at various elevations and 

convenience of fishing facilities. For the land-based curve the items 

considered were the elevation of access roads, camping, picnicing and 
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toil et facilities and the topology of the reservoir area. These values 

reflect the feeling that water-based activities are more sensitive than 

land-based to pool elevation and also that the activities during the 

summer months are more sensitive to elevation than those activities dur­

ing the winter months. 

These opinions arise from the observation that the water-based 

activities during the summer consist not only of sking, but swimming, 

pleasure boating and water skiing while in the winter it is confined 

mainly to fishing. The assumption is that the fishermen are more hardy 

and dedicated to that activity. 

The procedure for arriving at the expected nuniber of visitors at 

the expected lowest elevation (LOWEL), usually the bottom of the power 

pool, and at the expected highest elevation (HIGEL), the top of the 

flood control pool is complicated by the fact that little, if any, visi­

tation data exists at these elevations extremes. Therefore, use must 

be made of the data that exists for limited ranges of elevation. 

For the location of point A, the elevation is selected as the 

lowest expected pool elevation (LOWEL) with the bottom of the power pool 

being a reasonable value. To determine the expected· visitation, the 

plots used to determine the location of segment BC are again used. On 

the assumption that no visitor data exists at the minimum expected ele­

vation, then the rule is based on the condition that the expected number 

of visitors should be no greater than the lowest observed number in the 

data for that month. Indeed, it should generally be less. Therefore, 

a percentage rule was selected to translate the observed minimum number 

of visitors for any month into the value for point A. These selected 
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monthly minimum values were then plotted versus the months and adjusted 

to fall on a smooth yearly periodic curve. 

This percentage value selected was based upon the effect on the 

quality of the recreational experience of such things as mud-flats, 

exposed swimming beaches, unusable boat ramps, reduced shoreline, in­

creased underwater hazards and other conditions caused by lower pool 

elevations. Since the availability of land-based recreational facilities 

are not materially affected by the reduced water level, less penalty is 

levied against land-based as compared to water-base activity. Also, 

since the winter activities are confined mainly to fishing the penalty 

assigned to the winter percentage is less. These percentages for the 

summer and winter, land and water-based activities are shown in the 

first column of Table I. 

The location of point D involves the highest elevation expected 

(HIGEL) and the expected visitation for this elevation. The highest 

expected elevation is usually the top of the flood control pool. Again, 

since there is little visitation data available for that elevation of 

operation a percentage rule was developed for selecting the expected 

visitation. Here the percentage figure is applied to the previously 

selected peak ex~ected monthly number of visitors. In this case it was 

reasoned that now the land-based activities would be more sensitive to 

the high pool-elevation. This exists because at the highest expected 

pool elevation access roads, picnicing, camping and toilet facilities 

would be at least partially inundated. Even though the original boat 

ramps would be covered, boats could be launched from access roads and 

fishing and some boating would exist. Again, both types of recreational 

activities in the winter time were considered to be less sensitive to 
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elevation than those in the summer. The percentage values selected are 

shown in column two of Table I and as shown apply to the previously 

selected peak monthly expected number of visitors. No seasonal smoothing 

of these points are required as they were derived from the previously 

selected peak values. One notes from Table I that the water-based acti­

vity is indicated as being more sensitive to seasonal variations. This 

completes the explanation of the procedure for locating the four points 

which describe the monthly visitor curve for land and water-based 

recreation. 

TABLE I 

GENERAL RULES FOR ESTABLISHING THE VISITOR CURVES 

Percent of Percent of 
Lowest* of Maximum Expected 
Visitors For Visitors For 
Lowest ELEV. Highest ELEV. 

Summer, Land-Based 60% 40% 

Winter, Land-Based 70% 50% 

Summer, Water-Based 40% 50% 

Winter, Water-Based 60% 70% 

* Lowest observed visitor values during data period, 
adjusted for expected seasonal variation. 

Because of the detrimental effect of rapid elevation changes 

(regardless of the absolute pool level), a daily elevation change 
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penalty factor was applied to the daily expected number of visitors. 'It 

is assumed that any such daily elevation change (up or down) will be 

detrimental to land-based as well as water-based activities. Large iii­

flows causing a rapidly rising pool elevation will generate unsightly 

floating debris which is also hazardous to boaters. Alsos rapid eleva­

tion drops will likely produce mud flats and reduce fishing success. 

Thus the elevation change factor will penalize visitation for any change 

in elevation over the past 24 hours. 

From a visitor• s standpoint, the elevation change wi 11 not be a 

significant factor in his activities unless the daily change is large. 

Therefore, the amount of penalty will be relatively small. Due to the 

fact that a larger number of less hardy visitors are present in the 

surrmer months, a greater penalty wi 11 be assessed for the months of April 

through September than for the period October through March·. 

Figure 9 shows the form of the elevation change penalty curves. 

The horizontal scale, for Tenkiller as an example, ranges from 1 ft/day 

down to 3 ft/day up. At these extreme values, supplied to the program 

by BN(M,19) and BN(M,21), respectively, the curves penalize visitation 

by 10% for April through September and by 5% for the remaining winter 

months. For example, if an elevation rise of 3 ft/day occurs, 90% of 

the value obtained frc:im the visitor curves will be predicted during the 

summer-months and 95% for the winter months. Figure 9 shows that if no 

elevation change occurs on a given day, 100% of the number of visitors 

to the reservoir will be predicted. Iri the program, the location of 

this no-penalty point is controlled by the input data thro_ugh the para­

meter BN{M,20) and may be any value between BN(M,19) and BN(M,21) depend­

ing on the characteristics of the reservoir under study. A more complex 
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Figure 10. Short-Term Below-Dam Recreation Model 
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curve, different for each month, could be implemented but such complex­

ity appears unwarranted at this time. 

With the formulation of the visitor curves and the daily elevation 

change penalty curves completed we have described the logic behind the 

formulation of the BENMOD variable (DAVIST) which is the daily number of 

visitors to the reservoir corrected for daily elevation change penalties. 

Since there is some visitation below the dam this too must be included 

in the Recreation Model. Figure l O shows the rel ati onshi p of the down­

stream visitor model to the reservoir model and above the dam recreation 

model. 

Since the factors affecting the visitors at the reservoir (weather, 

time of year, holidays, etc.) would also affect visitors below the dam, 

it was felt necessary to develop a relationship between these two. From 

discussions with the Resident Engineer of one reservoir he indicated a 

relationship existed between downstream visitation and discharge. It 

was felt that this was an intuitive relationship and as a result the 

below the dam number of visitors is found as a percentage of the above 

the dam number of visitors for a given discharge rate. Figure 11 shows 

a representative curve for predicting below the dam number of visitors. 

Note that seasonal variations are indicated by a summer and winter curve. 

The break points in these curves are determined by experience with the 

characteristics of visitation below the reservoir. However, some general 

items to consider in locating these break points are (1) the optimum 

flow rate range for fishing BN(M,22), (2) the n.ominal flow rate with all 

generating units operating BN(M,23) and (3) the flow rate at which the 

fishing activity ceases BN(M,24). The curves are simple 3-point curves 

in this case but can easily be made more complex if data is available to 
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Figure 11. Typical Below-Dam Recreation Factor Curve 
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support such curves. The resulting variable is DADWVT which is the 

daily down-stream number of visitors and together with DAVIST the daily 

above dam number of visitors comprise part of the performance index 

supplied to RESMOD on a ~aily basis. A complete listing of the computer 

variables used in the recreation model are defined in the Appendix. 

The Water Quality Model 

The next part of the benefit model (BENMOD) is the water quality 

model whose blo_ck diagram is shown in Figure 12. This model computes 

the daily water quality of the stream below the dam at two control 

points based on three water quality variables. These variables are (1) 

.biological oxygen demand, 8.0.D., and dissolved oxygen, D.O., (2) temp­

erature and (3) dissolved solids, D.S. The model although not mathe-. 

matically complex is complex in the interaction of the three variables 

mentioned above. A more complex model is discussed in the references 

[24]. For our purposes the model described below adequately describes 

the condition of the water be·l ow the dam. The water quality model as 

shown in Figure 12 has its own performance index so that the model 

issues only one value representing water quality to RESMOD on a daily 

basis. 

Consider first the treatment of the water quality variable, temp­

erature. The data input consists of the temperatures of the reservoir 

discharge (TMRES) and that of the intervening flows (TMEFF) in degrees 

centigrade. The daily reservoir discharge (CFSS) is known from RESMOD 

and the daily average flow rate of the intervening flows (CFSEFF) is 

entered as input also. Through a simple mixing equation the reservoir 
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discharge or stream .flow is mixed with the intervening flow (effluent) 

and the resulting mixture equation is found as shown below. 
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Temperature Stream + Temperature of Intervening 
Temperature _ of stream) x flow rate intervenin flow x flow rate 
of mixture -: Intervening flow rate plus stream flow rate 

In the case of the first reach with reach time (RETMl) the stream flow 

rate becomes the reservoir discharge in water quality calculations. The 

temperature of this mixture (TMMIX) is corrected by a downstream temper­

at~re correction factor (DMTC) which attempts to simulate the rise in 

temperature that occurs during the winter as the water flows downstream. 

The result is the predicted downstream temperature (DSTRT). The mixture 

temperature (TMMIX) and the predicted downstream temperature (DSTRT) are 

averaged to determine the average downstream temperature (DSTRA). The 

average downstream temperature is used in determining the dissolved 

oxygen deficit. Since only one temperatu~e value is used in the dis­

solved oxygen model it is natural to use the average downstream tempera""' 

ture (DSTRA) although for the temperature term in the water quality 

performance index the predicted downstream temperature (DSTRT) is used. 

See Figure 12. 

With the average downstream temperature (DSTRA) known, the dis-

solved oxygen content of the stream at one or two points, if desired, is . 

then found. The data input consists of the average monthly dissolved 

oxygen (DO)of the reservoir discharge (DORES) and two intervening flows, 

WQ(M,2) and WQ(M,18)~ Again the discharge rate of these flows are used 

in a mixing equation identical to the te~perature mixing formula except 

that D.O. values are now used. The result is the 0.0. of the mixture 

(DOMIX) at the beginning of the reach in question. 
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The basic dissolved oxygen model incorporates the oxygen sag curve 

developed by Streeter-Phelps (S-P). The basic sag equation is shown in 

Figure 13 and a more detailed explanation is made in the reference [16]. 

Basically the model computes the downstream D.O. in the following 

manner. With the average downstream temperature (DSTRA) known, the 

saturated D.O. associated with this temperature is found. The D.O. of 

the mixture (DOMIX) is then subtracted from the saturated D.O. value 

(DOSAT) and the result is the ·D.O. deficit (DOD). This value (DOD) is 

the deficit value used in the Streeter-Phelps equation. 
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The 5-day 20°C biological oxygen demand B.O.D. of the mixture is 

then computed from input data consisting of the 5-day 20°C B.O.D. of the 

discharge WQ(M,4) and that of two intervening flows WQ(M,5) and WQ(M,19). 

The mixture equation described before is used and the result is the 

5-day 20°C B.O.D. of the mixture at the beginning of the reach (BODMIX). 

The Streeter-Phelps model operates on a 10 to 20 day maximum stage for 

the oxygen sag curve. As a result, the water quality model will not be 

valid if the sum of the two reach times exceed 10 to 20 days. Since 

BODMIX is a five day 20°C value the ultimate or maximum B.O.D. must be 

found to use the Streeter-Phelps equation. This value (BODL) is deter­

mined from the equation found in Figure 12. Since we are operating on 

the average stream temperature (DSTRA), the ultimate B.O.D. must be 

corrected to (DSTRA). The result (BODS) is the temperature corrected 

ultimate B.O.D. This value along with the dissolve oxygen deficit (DOD) 

value are inserted in the S-P equation and the D.O. deficit (DODEF) at 

the end of the reach time is calculated. This deficit is subtracted 

from the saturated value (DOSAT) to find the actual D.O. of the stream 

at the end of the reach (DO). The B.O.D. reaction constant K1 , WQ(M,13), 

is temperature corrected to the average stream temperature and inserted 

in the S-P equation as (RKPRM). Likewise the velocity rate of transfer 

constant K21 , WQ(M,14) is •temperature corrected by (DSTRA) and inserted 

in the S-P equation as (RK2PRM) as shown in Figure ll. 

The final computation in the water quality model is that of the 

dissolved solids of the mixture at the end of the reach. The mixture 

equation is used again and the input data is the dissolved solids D.S. 

of the reservoir discharge or stream flow (DSSTM) and that of the two 



intervening flows WQ(M, 10) and WQ(M,20). The resulting D.S. of the 

mixture (DS) is used in the water quality performance index. 
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The three values just described are used in the water quality per­

formance index. Each value of, the downstream temperature (DSTRT), the 

D.O. at the end of the reach (DO), and the dissolved solids at the end 

of the reach (DS) is compared to an optimum value designated as WQ{M,8) 

for the temperature (DOSTAR) for the D.O. and WQ(M,11) for the D.S. in 

the input data. The desired or optimum D.O. (DOSTAR) becomes DOSAT· if 

no optimum value is specified. To prevent large unmanageable numbers, 

the deviation from this optimum is limited to 100%. It is assumed that 

a deviation greater than 100% has already sufficiently degraded the 

quality of that component so that it is at a minimum. As a result each 

performance index component (temperature, 0.0. and D.S.) is constrained 

to a maximum good value of one and a minimum poor value of zero. These 

three are then summed together with a separate input controllable 

weighting factor ALPHAl for the D.O., ALPHA2 for the D.S. and ALPHA3 for 

the temperature so that the effect of each can be studied. The final 

water quality value (WAQ) is a number between zero and a maximum of 

three and is supplied to RESMOD on a daily basis. 

To determine the water quality for the second reach, with reach 

time (RETM2), the water quality model is used again with the results 

computed at the end of the first reach being the stream input data for 

the second reach. For example, in the mixing equation (DSTRT) becomes 

the stream temperature (TMRES), (DO) becomes the stream D.O. (DORES) and 

(OS) becomes the stream D.S. (DSSTM). 

For B.0.0., the ultimate values are used in the mixing equation, 

since the ultimate B.O.D. of the mixture must be used in the Streeter-
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Phelps equation and since the B.0.0. 's of each of the flows must be on 

the same biological time base. For the stream B.0.0., the value is 

determined as the difference between the ultimate value computed for the 

first reach BOOL and the actual B.0.0. value existing at the end of the 

first reach. That is, the remaining biological oxygen demand at the end 

of the first reach (BOOST) becomes the ultimate B.0.0. for the stream 

input to the mixing equation for the second reach. The 5-day 20°C B.0.0. 

of the intervening flow WQ(M,19) is converted to its ultimate value to 

use in the mixing equation. The program in BENMOO is so written that 

the conversion of the first reach B.0.0. values and the 5-day B.0.0. 

intervening ·flow values are automatically converted to ultimate values 

before mixing. 

In the program, the model computes the water quality for one reach 

only if the second reach time data value RETM2 is zero or blank. If a 

second nonzero (or nonblank) reach time is entered in the data then the 

water quality is computed for both reaches and supplies th.e average of 

the two to RESMOO. 

The values for the water quality auxiliary variables are read in 

monthly from the WQ data array as shown below. Mis the monthly order 

number. 

BOOEF - WQ(M,5), WQ(M,19) 

BOOST - WQ(M,4) 

CFSEFF - IVFLOl, IVFL02 

OOEFFL - WQ(M,2), WQ(M,18) 

OORES - WQ(M,l) 

OOSTAR - WQ(M,3) 

OSSTM - WQ(M,9) 



DSEFFL - WQ{M,10), WQ{M,20) 

TMEFF - WQ{M,7), WQ{M,17) 

TMRES - WQ{M,6) 
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A complete listing of the water quality computer variables is given 

in the Appendix under the Water Quality Model. 

The Navigation Model 

Many reservoirs have a responsibility by themselves or through a 

series of reservoir to maintain a specific channel flow for commercial 

water traffic. Intuitively this is a discharge phenomena and thus the 

relative worth of meeting in total or in part this responsibility should 

be a function of discharge rate. Figure 14 shows a typical navigation 

benefit curve. There are two of these curves, one for each control 

point and each having an optimal value of 0.5 so that the optimum sum 

is 1.0. Note that there is a flat portion which indicates a range of 

discharge rates which produce a complete fulfillment of the navigation 

responsibility. At the low discharge end (CFSMN3) the benefit goes to 

zero indicating that no water traffic is possible at zero or near zero 

flow rates. Also at high discharge rates (CFSMX3) barge traffic is 

impeded or halted altogether so the benefit again goes to zero. The 

optimum range point as well as the low {CFSL03) and high {CFSHI3) dis­

charge rate cutoff points must be determined from experience with the 

reservoir system in question. As shown by Figure 13, the navigation 

benefit for each stage has a value from zero to 0.5, that is, from worse 

to best. and are summed together to obtain the total navigation benefit. 

This value (NAVBN) is transferred to RESMOD on a daily basis for use in 

the main performance index. 
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Optimum Benefit 

CFSMN 3 CF.SL03 CFSHI3 CFSMX3 
Discharge Rate-CFS 

Note: Two such curves are used for- the total navigation 
benefit for a total optimum value of 1.0. 

Figure 14. Typical Single Reach Navigation Benefit Curve 

Note: Two such curves are used for the total flood penalty 
for a total maximum penalty of -4.0 

Figure 15. Typical Single Reach Flood Penalty Curve 
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The values of the navigation model auxiliary variables are read in 

monthly from the NAV data array as shown below. 

CFSHI3 - NAV{M,3), NAV{M,7) 

CFSL03 - NAV{M,2), NAV(M,6) 

CFSMN3 - NAV(M,l), NAV(M,5) 

CFSMX3 - NAV(M,4), NAV(M,8) 

A complete list of the navigation model computer variables is given in 

the Appendix. 

The Flood Penalty Model 

One feature of RESMOD is that it calculates the stage heights at 

two control points downstream. Thus knowing these stage heights it is 

relatively easy to construct a flood penalty model. The general form 

of the flood model is shown in Figure 15. The determining points are 

the flood stage (FLDST) at control points one and two and the maximum 

expected stage (FLDMX) at these points. It was decided that the model 

should not penalize for stages below flood stage but should increase in 

penalty after flood stage until it reaches the maximum expected stage. 

At this point it should just cancel the optimum values of the other 

benefits. Each stage is given a maximum (negative) penalty of -2. Thus 

for two stages a value of -4 total was chosen for the maximum (negative) 

penalty for the flood model in the main performance index. Note that 

the other components of the model have been positive and that the flood 

penalty is designed to cancel those positive or beneficial values. 

The value of the flood stage variable (FLDST) is specified at the 

control points one and two by input data FLDSTl and FLDST2 respectively. 



For the maximum expected stage variable (FLDMX), the value at each 

control point is specified by the input data FLDMXl and FLDMX2. 

A complete list of the flood model computer variables is given in 

the Appendix. 

The Generation Benefit Model 

Because later runs on the computer would involve optimization for 

power only as well as for some of the other benefits by themselves, a 

typical generation benefit model as shown in Figure 16 was developed. 

As shown in Figure 16, a monthly generation from zero to the monthly 

demand (DEM) produces a benefit from 0.0 to 1.0 with a slope of one. 
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For generation above the demand it was felt that a 25% slope should be 

used so that some extra benefit would result from over generation. The 

generation model is actually in the RESMOD subroutine although it is 

part of the benefit model. This is because the generation benefit is 

applied at the end of the month and must be outside the daily do loop in 

RESMOD. A weighting factor (W6) is applied to the generation benefit 

(GENBN) so that it may be weighted appropriately in the main performance 

index. The value of (DEM) is read in monthly from the input data array 

PD(J). 

Benefit Model and Performance Index 

The main performance index is located in RESMOD subroutine. RESMOD 

receives from BENMOD a daily value for reservoir visitation (DAVIST), 

downstream visitation (DADWVT), water quality benefit (WAQ), navigation 

benefit (NAVBN), and flood penalty (FLDBN). The reservoir visitation 

(DAVIST) consists of the total number of land and water-based visitors 
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Figure 16. Typical Generation Benefit Curve 

to the reservoir for each day. The downstream visitation (DADWVT) is 

the number of visitors predicted downstream from the reservoir for each 

day. In the main performance index computation (DAVIST) and (DADWVT) are 

divided by the optimum number of reservoir visitors and the optimum 

number of downstream visitors respectively. 

The resulting values (Pl) and (P2) are multiplied by weighting 

factors (Wl) and (W2). (Wl) weights the reservoir visitation and (W2) 

weights the downstream visitation. The water quality benefit (WAQ) is 

a number between zero and one so to normalize this daily value it is 

divided by the number of days in the month. The navigation benefit and 

flood pen a 1 ty a re both divided by the number of days in the month to 

normalize them to a dai.ly performance index. The water quality 
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. performance, navigation and flood penalty are all multiplied by weight­

ing factors (W3), (W4) and (W5) respectively. These factors are used 

to observe the effect of these benefits on the overall reservoir man-

agement strategy. These benefits are summed on a daily basis inside 

the RESMOD daily loop and provide a measure of the daily performance 

(PIDA) of the reservoir. At the end of the montfr an accumulated per­

formance (Pil) is added to the generation benefit {GENBN) which is 

weighted by (W6) to form the monthly performance (PI). This is the 

value that is returned to OPTMZR and used to formulate the management 

·strategy. The components of the performance index are also input con­

trollable. By specifying a number for the input variable (MODIPI), the 

performance described above, MODIPI = 1, or one involving only revenue, 

MODIPI = 2, which is described later or one involving only the number 

of visitors, MODIPI = 3 may be obtained. 

Finally, if a weighting of revenue and visitors is desired in the 

performance index, the weighting factors used are (W7) for revenue, 

(W8) for visitors and MODIPI is set equal to 4. This allows greater 

fl exi bi 1 ity in the type of performance measure used while reducing pro-
• ' I 

gram run costs. 

Other BENMOD Features 

A revenue model considering generation revenue, thermal energy 

costs, and dump energy revenue is also .available. The model is con­

tained in RESMOD due to the_monthly nature of its operation. The model 

determines the amount of revenue produced given the monthly demand (DEM), 

the monthly generation (GEN), the price per megawatt hour of generated 

energy sold (~EVDEM), the cost per megawatt hour of thermal energy 
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bought (REVBUY), and the price at which dump energy can be sold (REVDMP). 

The revenue mode1 keeps track of the net revenue earned (REV) by the 

reservoir generation and sums this for each month. 

Reservoir Management Factor 

The reservoir management factor (RMF) is intended to be a measure 

of the opinion a visitor has relative to the stability and control of the 

pool elevation on the lake. It is assumed that fluctuations either up 

or down will reduce the long-term 11 reputation 11 of the reservoir in the 

eyes of visitors. The major idea here is that since visitors would pre-· 

fer to have a fixed recreation envi ro.nment, visitation is discouraged 

when reservoir conditions continuously change from week-to-week and 

month-to-month. 

The formula for the monthly reservoir management factor R.M.F. is 

R.M.F. = (Average Daily Elevation Change)x(Elevation Range 
During the Month). 

(RMF) = (DACNG/MD(J))(ELMAX-ELMIN) 

The average daily elevation change DACNG/MD(J) reflects the fluctuation 

of elevation in a short-term sense, while the elevation range during the 

month reflects the overall longer-term effect. The R.M.F. value is cal­

culated on a monthly basis in this study. 

The use of the R.M.F. value is indirect. That is, there is no 

direct use within the model to predict visitation. Its main purpose 

would be in the comparison of alternative regulation strategies. The 

R.M.F. value for any previous year could be easily calculated and com­

pared with the optimum strategies determined in the simulation. If 

desired, the R.M.F. value could be included in the performance index, 
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and used to directly penalize strategies which produce long-term varia­

tions in the pool elevation, although the present performance index does 

not include this feature. 

Fish Egg Survival Model 

A preliminary investigation of fish nesting and spawning was made 

to develop a model for fish egg survival. Although this model was not 

included in the BENMOD subroutine the study is presented here for infor­

mational purposes. 

The preliminary investigation of fish nesting and spawning charac­

teristics indicated that an increase in lake elevation has little in­

fluence on the survival of the fish embryos [20]. However, it is 

assumed that exposure of the embryos to air will reduce the survival to 

zero. 

Since the spawning time for some species may extend over a long 

period of time (up to two months), any model which predicts the survival 

rate must consider the change in egg production during this time period. 

The hatching time is in the range of one week, so any exposure of the 

eggs to air during that time will destroy that group of eggs. The model 

needs to account for the percentage of eggs existing at any time during 

the spawning season and then determine if any exposure to air occurs 

during the hatching time. 

The proposed model can compute the percentage of eggs in the pro­

cess of hatching at any time t. Then if the eggs are exposed to air at 

that time, that percentage is destroyed. 

Another factor which complicates the model is that nests are con­

structed at different depths. One study of large mouth bass in Lake 
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Powell, Utah, indicated the mean nest depth the first ten days of spawn­

ing was 5.36 ft. and ranged from 1.5 to 9.45 ft. During the last 10 

days of the next occupation, the mean nest depth was 14.9 ft. and ranged 

from 9.00 to 23.00 ft. During this same period of time the lake rose 

27 feet· [20]. 

The proposed egg production model assumes that the percentage rate 

of fish egg production is normally distributed about the middle of the 

total spawning period as shown in Figure 17. 

To obtain the percentage of eggs in the process of hatching, one 

would determine the percentage of eggs existing during the time for 

hatching. This is shown by the cross hatched area in Figure 17 and also 

is given by the curve in Figure 18. 

To account for the nests being at different depths, the model 

predicts the percentage of the nests exposed during the hatching time. 

One way to account for this condition is to assume that the nests are 

distributed normally about the mean depth of the nests. This is shown 

in Figure 19. Then a curve showing the percentage of nests exposed 

versus the change in el~vation during the hatching time can be con­

structed as shown in Figure 20. 

The total percentage of the eggs destroyed at any time tis then 

th~ product of the percentage of eggs hatching at that time and the 

percentage of nests exposed during the hatching period divided by 100. 

This means if the hatching time is 5 days, then the change in elevation 

during the last 5 days would be used to compute the percentage of nests 

exposed. This process is illustrated by the block diagram in Figure 21. 
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CHAPTER IV 

APPLICATION OF THE OPTIMIZATION PACKAGE 

TO TENKILLER RESERVOIR 

Introduction 

In order to demonstrate the total optimization package in the devel­

opment of practical regulation strategies, an operating reservoir pro­

ject was selected for application. The Tenkiller Ferry Reservoir located 

on the Illinois River in Northeastern Oklahoma was selected for several 

reasons. A large amount of data was already available for this project 

and a concurrent study of the economic impact was underway by the Tulsa 

District Office. Furthermore, recreational activity is high at Ten­

Killer and a number of operational questions relating to the recreation 

versus power benefit trade-off could be posed. 

The period of record selected for the optimization studies was 

September l , 1970 to August 31 , 1971 . This period displayed a varied 

hydrologic pattern with very large inflows in October and November of 

1970, requiring spill releases in these months. The dynamic range of 

pool elevation during the twelve month period showed a maximum of 641.56 

feet MSL on October 30, 1970 and a minimum of 620.65 feet on August 31, 

1971. Also, the average monthly inflow rate varied from 248 CFS in 

August 31, 1971 to 4,787 CFS in October of 1970. With these wide 

fluctuations, it was felt that the reservoir and benefit models would be 

71 
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fully exercised and that the regulation optimization studies would pro­

vide interesting results. 

The sources of data for the demonstration are numerous. The Tulsa 

District Office was the primary source but data was also provided by the 

Resident Engineer at Tenkiller, the Southwestern Power Administration in 

Tulsa, and several faculty consultants at Oklahoma State University. As 

the various data are enumerated, below, specific sources wi 11 be 

credited. 

Reservoir, Hydrologic and Energy Demand Data 

Table II shows the monthly hydrologic and energy data used in the 

Tenkiller optimization. The names underlined at the top of each column 

are the corresponding computer variable names used in the MAIN Program. 

The inflow va1ues are net inflows which take into account evaporation. 

Therefore, PANEVP = 0. in the data list. The monthly energy demand 

values correspond to the actual energy generated by Tenkiller during 

each month. The two downstream control points were selected at Gore, 

Oklahoma and Van Buren, Arkansas. The first intervening flow variable 

(ITVFLl) is assumed to enter the downstream channel immediately below 

the dam and affect the 6-hour reach to Gore. The second intervening 

flow (ITVFL2) is the main flow of the Arkansas River where the Illinois 

River joins the Arkansas just below Gore. As noted in the Table, several 

values of the intervening flow at the dam were adjusted to artificially 

produce desired fluctuations in the water quality, flood and navigation 

benefits. All other values were based upon data or conversations with 

Corps personnel in Tulsa. 
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TABLE II 

TENKILLER HYDROLOGIC AND ENERGY DATA 

INFLOW PD ITVFLl ITVFL2 -
Average Monthly Av. Monthly Av. Monthly 
Monthly Energy Interv. Flow Interv. Fl ow 
Inflow * Demand a; Dam below Gore 

Month (103 CFS) (MWH) (10 CFS) (163 CFS) 

SEP 1 70 2.0863 5,410 t 0. 5 . 13.694 

OCT 4.787 1,687 3.5t 41.418 

NOV 2.5447 21, 100 2.5t 23.024 

DEC . 7742 13 ,070 0.015 41. 13 

JAN I 71 1.9297 17 ,930 l.6t 22.687 

FEB 1. 709 14,670 0.015 19. 100 

MAR 1. 3626 11, 730 0.015 20.615 

APR . 7217 8,480 0.007 6.36 

MAY 1.745 6,940 l.3t 11. 169 

JUN .7417 7,620 0.005 23.898 

JUL .4513 5,730 0.005 17.841 

AUG .2484 4, 110 0.005 11.633 

*Net inflow - includes evaporation. 

tThese values for intervening flows just below the dam have been 
adjusted so that flood, navigation and water quality models are 
exercised adequately. 
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The power.,..discharge, tailwater, volume""'.elevation and downstream 

stage-flow curves are stored in tabular form and are based upon standard 

curves supplied by the Tulsa District Office. For example in Table IiI, 

the values of pool elevation. from 580 feet to 672 feet MSL and the cor­

responding volumes in thousands of acre-feet are stored at 4 foot inter­

vals. A binary search and linear interpolation procedure discussed in 

Chapter II is employed to evaluate specific values from the stored table. 

Table III also gives the values of flow and stage height for the control 

points at Gore and Van Buren which are used to calculate the flood 

benefit each day. 

Table IV lists the data used to represent the power-discharge curves 

and the reservoir tailwater curve. It.should be recalled from the dis­

cussion in Chapter II that the power~discharge model assumes that the 

generators are run at maximum effi-ciency. The values for horsepower and 

discharge given· in Table IV are for one unit assuming maximum efficiency. 

Furthennore, the corresponding tailwater correction is automatically 

built into the power-di~charge model curve since the discharge at a 

given pool elevation is known. This calculation causes the unusual 

values appearing in the 11·poo 1 el evati oni• column. As explained in 

Chapter II, when two generating units are used, a fixed increment in 

pool elevation (ELINC) is applied.before the power-discharge curves are 

interrogated. For Ten.killer, this value is 1.55 feet. The tailwater 

curve represented by. the data in Table IV is used .Q!!]y when spill 

releases occur. 

To specify the generation spill policy relative to pool elevation, 

flexible input control variables have been established, as discussed in 

Chapter II. For Tenkiller, the following rules have been applied. The 
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TABLE III 

DATA FOR ELEVATION-VOLUME AND STAGE-FLOW CURVES 

GORE VAN BUREN 

EL RES VRES DISSTl STAGEl DISST2 STAGE2 
Pool Elev. Ca~aci ty Flow 
(Feet MSL) ( 10 Ac-Ft) { 1Q3 CFS) ( Feet) ( 103 CFS) ~.,;Feet) 

580 186.8 0.0 1.0 0.0 2.0 

584 211. 2 0.02 2.52 10.0 6.5 

588 237. 2 0.03 2.62 20.0 , 9.0 

592 264.9 0.04 2.7 25.0 10.0 

596 294.2 0.05 2. 775 35.0 12.0 

600 325.2 0.07 2.9 42.5 13.0 

604 358. 2 0.09 3.0 58.5 15.0 

608 393.l 0. 1 3.08 67.5 16.0 

612 430.5 0.3 3.325 78.5 17. 0 

616 470.2 0.5 4.25 101.25 19.0 

620 512. 1 1.0 5.2 115.0 20.0 

624 556.8 1.5 5.9 128.75 21.0 

628 604. 1 2.5 6.9 133.0 22.0 

632 654. 1 4.0 8. 1 160. 0 23.0 

636 706.9 4.5 8.5 176.5 24.0 

640 762.5 5.5 9.2 192.0 25.0 

644 821.3 6.0 9.55 225.0 27.0 

648 883.2 6.5 9.88 243.0 28.0 

652 949.0 7.5 10.56 265.0 29.0 

656 1010.8 8.0 10.9 313.0 31.0 

660 1092.2 9.0 11.6 345.0 32.0 

664 1169. 2 10.0 12.2 382.0 33.0 

668 1251. 2 13. 0 13. 9 425.0 34.0 

672 1338. 2 15.0 14.9 515.0 36.0 
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TABLE IV 

DATA FOR ELEVATION-POWER/DISCHARG°E AND TAIL WATER CURVES 

ELRESP HP RES SPILL TAIL --
Pool Elev. Power Spill Release Tail Water Elevation 
(Feet MSL) ( ,o3 HP) (103 CFS) (Feet) 

589. 11 17.2 0.0 0.0 

600.63 19. 5. 1.0 0.75 

617.66 23.0 2.0 1.4 

625.67 24.8 3.0 2.0 

635.3 27.0 4.0 2.6 

666.48 27.0 5.0 3.15 

6.0 3.63 
ELRESD DISPWR 7.0 4. l 

Pool Elev. Discharge 
(Feet MSL) (103 CFS) 8.0 . 4. 51 

589. 11 1.6 9.0 4.93 

600.63 l. 615 10.0 5.3 

617.66 1.64 11. 0 5.68 

625.67 1.65 12.0 6.0 

635.3 1. 695 13. 0 6.3 

640.0 1. 659 14.0 6.6 

645.63 1.62 15.0 6.85 

666.48 1. 49 *This value is subtracted from the 
MSL value of the pool elevation 
when spill rel eases· are made. 
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bottom and top of the power pool (BPP and TPP) are set at 595 feet and 

633 feet respectively. Between these values of elevation the reservoir 

will generate the demand issued by OPTMZR and add the second unit when 

one unit operates for more than 10 hours; this time being controlled by 

(ADTIM). Above 633 feet, RESMOD will run both units 24 hours a day 

regardless of the OPTMZR control. Below 595 feet, no generation will 

occur above 633 feet, spill is controlled by the variable (FRAC) which 

established the fraction of the inflow which will be released by spill 

if not released by generation. Between 633 feet and DISPT(JJ,l) = 

638 feet, FRAC(JJ,l) = 0.0 and no spill will occur. Between 638 feet 

and DISPT(JJ,2) = 640 feet, FRAC(JJ,2) = 0.8 and thus 80% of the inflow 

will be released through spill and/or generation. Above 640 feet, 

FRAC(JJ,3) = 1.5 and 150% of the inflow will be released. 

When the pool elevation drops below 633 feet, 24 hour generation 

ceases and the model checks to see if the monthly energy control has 

been generated. If so, the model will lower its daily generation to one 

unit operating the number of hours specified .by (HRSMIN). For Tenkiller, 

this is set equal to one hour. 

Recreation Model Data 

The visitation data acquired from the Tulsa District Office via 

Dr. Daniel Badger, Professor of Agricultural Economics at Oklahoma State 

University, consisted of monthly visitation figures for the years 1966 

to 1971, inclusive. These monthly values were broken down into cate­

gories such as camping, picnicing, boating, fishing, hunting, sightsee­

ing, skiing, swimming, and an 11 other 11 category. As described in 

Chapter III, these were broadly classified into two categories: land-
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based (camping, picnicing, hunting, sightseeing, and "other 11 ) and water­

based (boating, fishing, skiing, and swimming). The given data were 

visitation numbers in which an individual could be included in more than 

one category. Since the model predicts visitors to the reservoir area 

(or visitor-days), the visitation data were corrected as follows. 

The total visitations for land and water-based activities were 

summed separately from the given data. Then the ratio of each of these 

values to the sum of the two was determined. The res.ulting ratios were 

then applied to the total number of visitors for all categories (also 

provided in the data) to determine the water and the land-based visitors 

to the reservoir for each month of the 1966-71 period. 

Next the maximum number of expected visitors for each month for 

land and water-based activities was determined by plotting maximum ob­

served visitors for a six year period (1966 to 1971) for each month. 

The individual selected values were then adjusted to produce a smooth 

seasonal curve. The final values obtained from this process are listed 

in columns 2 and 5 of Table V for the land and water categories, respec­

tively. These numbers defin~ the ordinate values of points Band Con 

the four-point curve shown in Figure 8 of Chapter III. 

The lowest and highest expected pool elevations (LOWEL and HIGEL) 

are set at 594.5 feet and 667 feet MSL, respectively. The expected 

visitor values for these elevations are based on the procedure discussed· 

in Chapter III and the percentages listed in Table I following that dis­

cussion. Columns l and 4 of Table V list the Values for point A of 

Figure 8 and columns 3 and 6 list the values for point D. 

The last item of data for the four-point curve of Figure 8 is the 

range of elevation between points Band C. This is the elevation range 



EXPECTED 
LAND-BASED VISITORS 

VISITORS VISITORS VISITORS 
AT AT AT 

MONTH 594.5 FT OPT. ELEV. 667 .0 FT 

SEP '70 31000.0 47000.0 38000.0 

OCT 28000.0 80000.0 40000.0 

NOV 18000.0 50000.0 36000.0 

DEC 11000.0 31000.0 25000.0 

JAN'71 12000.0 31000.0 16000.0 

FEB 16000.0 40000.0 20000.0 

MAR 21000.0 57000.0 27000.0 

APR 33000.0 82000.0 50000.0 

MAY 47000.0 112000.0 45000.0 

JUN 57000.0 145000.0 57000.0 

JUL 62000.0 160000.0 63000.0 

AUG 57000.0 142000.0 66000.0 

* 

TABLE V 

DATA FOR VISITOR-ELEVATION CURVES 
AND DAY EQUIVALENTS* 

EXPECTED 
WATER-BASED VISITORS 

VISITORS VISITORS VISITORS 
AT AT AT 

594.5 FT OPT. ELEV. 667 .0 FT 

12000.0 14000.0 70000.0 

15000.0 95000.0 67000.0 

14000.0 56000.0 41000.0 

10000.0 50000.0 36000.0 

9000.0 40000.0 28000.0 

12000.0 51000.0 37000.0 

8000.0 67500.0 46000.0 

17000.0 100000.0 50000.0 

19000.0 200000.0 l 00000.0 

32000.0 280000.0 140000.0 

38000.0 300000.0 150000.0 

32000.0 240000.0 120000.0 

OPTIMUM RANGE OPTIMUM RANGE 
LAND WATER EQUI-, 

OPTIMUM OPTIMUM OPTIMUM OPTIMUM VALENT 
LOW HGIH LOW HIGH NUMBER 
ELEV. ELEV. ELEV. ELEV. OF DAYS 

627.0 633.0 6i8.o 632.0 49.0 

625.0 635.0 626.0 632.0 71.0 

625.0 635.0 626.0 632.0 67.0 

625.0 635.0 626.0 632.0 74.0 

625.0 635.0 626.0 632.0 75.0 

625.0 635.0 626.0 632.0 64.0 

625.0 635.0 626.0 632.0 63.0 

627.0 633.0 628.0 632.0 38.0 

627.0 633.0 628.0 632.0 42.0 

627.0 633.0 628.0 632.0 38.0 

627.0 633.0 628.0 632.0 41.0 

627.0 633.0 628.0 632.0 41.0 

All data.in this table is read in as the array BN(M,N) where M corresponds to the number of month of interest 
(SEP 70 ~ M = 1) and N corresponds to the column number in the table above (LAND-OPTIMUM LOW ELEV~ N = 7). ....., 

I..O 
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over which the recreational benefits are at the highest level. A 

seasonal effect on the ranges for both the land and water visitor curves 

is assumed for Tenkiller as explained below. 

First of all, water-based recreation is more sensitive to pool 

fluctuations than is land-based recreation and summer-time activities 

are more sensitive than winter-time activities in both water and land­

based categories. Discussion with Mr. John Vaughn, the Resident Engineer 

at Tenkiller indicated that a minimum elevation of 628 feet will not 

expose boating hazards or degrade swimming beaches while a maximum of 

632 feet will not cover swimming beaches or boat ramps. Thus, for water­

based visitors during the sunmer months, the range was chosen to be 628 -

632 feet MSL. For land-based activities during the summer, the selected 

range was 627 to 633 feet MSL. Pool elevations below 627 feet will pro­

duce mud flats and elevations above 633 feet will inundate roads or 

camping areas. 

During the winter, visitors are considered to be more hardy and 

fewer recreation activities are possible. Thus the elevation ranges are 

assumed to be wider during the winter. A range of 625 to 635 feet MSL 

for winter land-based activities will expose some mud flats, but these 

are not considered to be objectionable during the winter months. Since 

fishing and boating are the only feasible water-based activities, a 

range of 626 to 632 feet MSL produces a wider elevation range than taken 

during the summer. Columns 7, 8, 9 and 10 in Table V list the ranges 

discussed above. 

Finally, the last column of Table V lists the 11 equivalent week-day 11 

values for each month. These values are based on the number of weekend 
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days and holidays in each month and the holiday/weekday multiplier dis­

cussed in Chapter III. All data listed in Table Vis read in by the 

array BN(M,N) as indicated in the note below the table. 

· The ratio of visitors on weekends and holidays to visitors on week­

days is input controllable using BN{M,12). Based on conversations with 

Corps personnel, an approximate ratio of five-to-one exists during the 

winter months (October-March) and a two-to-one ratio is expected during 

the summer months {April-September). Thus 

BN(M, 12) = 
5.0 , M = 2-7 

2.0, M = l, 8-12 

The structure of the elevation change penalty curves is depicted in 

Figure 9 in Chapter III. The Tenkiller Resident Engineer indicated that 

based on his experience, the maximum elevation changes for Tenkiller will 

range from 3 ft/day up to l ft/day down. For both of these elevation 

change extremes, it was decided that reasonable values for the penalty 

against visitors should be 10% during the summer months and 5% during 

the winter months. No penalty is imposed when the daily elevation change 

is zero. Therefore the benefit parameters BN(M,N) are evaluated as 

follows: 

0.90 ' M = 2-7 
BN (M, 13) = 

Q.95 ' M = 1 , 8-12 

BN(M, 14) = 1.0 , M = 1-12 

BN(M,15) = BN (M, 13) ' M = 1-12 

BN(M, 19) = -1.0 , M = 1-12 

BN(M,20) = 0.0 , M = 1-12 

BN{M,21) = 3.0 , M = 1-12 
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Conversations with Mr. Vaughn at Tenkiller. indicate that the per­

centage of above-dam visitors which occurs below the dam, ranges any­

where from one to seven percent, depending primarily upon the fishing 

conditions below the dam. At Tenkiller there are no estab"lished recrea­

tional areas just below the dam so that fishing is the primary activity 

there. 

Figure 11 in Chapter III depicts the form of the below-dam recrea­

tion factor curve for Tenkiller Reservoir; As can be seen from the two 

curves presented, the factor is sensitive to seasonal variations .. During 

the warmer months, power releases produce a temperature shock and oxygen 

depletion condition immediately downstream from the dam reducing the 

response of the fish. This occurs in the months from June to September 

when the difference in released water .temperature and the normal down­

stream water temperature is about 20°F. Due to this detrimental condi­

tion for fishing, the stream is stocked with trout only during the months 

from October to May when the temperature shock and oxygen depletion are 

minimized. As a result the below dam recreation factor curve predicts a 

higher percentage of visitors during the winter months of October to May 

than it does from June to September. 

According to Mr. Vaughn, the flow for best fishing conditions is in 

the range up to 500 CFS whereas an extreme value of 8000 CFS, will 

essentially eliminate all fishing activity due to flooding. However, 

even at this extremely high discharge rate, some visitation is to be 

expected due to sightseeing. Thus, a value of 1% of the above dam 

visitation is assumed to occur when the discharge rate is 8000 CFS. A 

value of 7% is associated with discharge rates up to 500 CFS. Values of 

3% and 6% were chosen for the summer and winter mid-points respectively, 
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corresponding to a flow rate of 3000 CFS. Assuming the data values given 

above the BN(M,N) array values of input data are 

BN(M,16) = 0.07 , M = 1-12 · 

BN(M,17) = 
{° . 03 , M = l , l 0-12 

0.06 , M = 209 

BN(M,18) = 0.01 , M = 1-12 

BN (M,22) = 0.5 ' M = 1-12 

BN(M,23) = 3.0 M = 1-12 

BN(M,24) = 8.0 M = 1-12 

Water Quality Model Data 

Complete data for the water quality model was not readily available. 

Water quality modeling is a relatively new effort and continuous measure­

ments at Tenkiller of dissolved oxygen, biological oxygen demand, temper­

-ature and dissolved sol~ds are not made. Thus, much of the data was 
' 

extrapolated from what was available and the model was programmed to 

predict water quality only at the first control point, Gore, 2.5 miles 

downstream. 

The discharge water mixes with a standing (or relatively slower 

moving) body of water just below the dam. Dr. Kent W. Thornton, an 

aquatic biologist with the Center for Systems Science at Oklahoma State 

University, was consulted on the modeling of dissolved oxygen depletion 

below the dam. The dissolved oxygen data obtained from the COE unfor­

tunately did not cover a complete year. The data obtained was for 1972-

1973 and showed 10.0 mg/R. of dissolved oxygen for January and February, 

3. 0 mg/ R. for June and 1. 5 mg/ R. for August as typical values. It was 

decided to postulate missing monthly data around these values and 
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Table VI gives the final values used in the simulation. The 0.0. for 

the intervening flow below the dam site was approximated by taking the 

saturated 0.0. level for the temperature of the intervening flow dis­

cussed below. These values are reasonable since the slower moving inter­

vening flow has a high 0.0. compared to the discharge from the turbines. 

Also the values fit the seasonal pattern of the discharge O~O. as can be 

seen from Column 2 of Table VI. The optimum D~O. can be specified as 

input data but it was decided to set the optimum 0.0. equal to the satur­

ated 0.0. level associated with the average downstream temperature 

(DSTRA). The program defaults to this value if the optimum 0.0., WQ(M,3) 

is set to 0.0 in the input data. 

The Tulsa District Office provided tailwater temperatures for 

· releases from the dam. This data was recorded in 1972 and 1973 and it 

was assumed that these values would be representative. The average 

monthly temperature values are shown in Column 3 of Table VI are used as 

the temperature of the power discharges. It was felt that the tempera­

ture of the stream at Gore, below the dam, could be approximated by the 

ambient air temperature on an average monthly basis. Thus, the tempera­

ture of the intervening flow just below the dam is approximated by divid­

ing the temperature of the stream at Gore by the downstream temperature 

correction. This has the effect of undoing the temperature correction 

for the water as it flows downstream to Gore. The desired temperature 

at Gore was set to the most beneficial to the trout fishery operation or 

about 60°F (15.54°C). This value is input as WQ(M,8). 

No data was available for the B.O.D. of the reservoir. Thus, from 

discussions with Dr. Thornton, the 5-day 20°C B.O.D. of the reservoir 

discharge was set to 3.0 mg/i and that of the intervening flow was set 
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TABLE VI 

WATER QUALITY DATA FOR TENKILLER 

WQ{M, l} WQ{M,2} WQ{M 26} WQ{M,7} WQ{M 212} 
Month D.O. of D.O. of Temp. of Temp. of Dstm. Temp. 

Discharge Itv. Flow l Discharge I tv. Fl ow ~ Corr. Factor 
(mg/ i) (mg/t) (oc) (oc) (no dimen.) 

SEP 70 2.0 8.745 15. 555 22.667 0.92 

OCT 3.0 9.528 16.111 18.176 0.92 

NOV 5.0 11.051 15.0 11.111 0.92 

DEC 9.0 12.504 9.444 5.917 0.92 

JAN 71 10.0 13.558 8.889 2. 778 0.92 

FEB 10.0 12.852 8.889 4.83 0.92 

MAR 8.0 11.118 8.333 10. 845 0.92 

APR 5.0 9.874 8.889 16.389 l .000 

MAY 4.0 9.246 10.555 19. 722 1. 000 

JUN 3.0 8. 727 11.111 22.782 1.080 

JUL 2.0 8.34 12. 778 24.897 1. 080 

AUG 1. 5 9.026 14.444 20.988 1. 080 



to 6.0 mg/i as representative values. These values correspond to 

WQ(M,4) and WQ(M,5), respectively. 
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From data supplied by the Tulsa District Office, it was determined 

that the dissolved solids (D.S.) were almost constant for the entire 

reach from dam to Gore. To obtain a dynamic response of the effect of 

D.S. on the water quality performance index, values of 110 mg/t for the 

reservoir discharge concentration WQ{M,9) and 150 mg/t for the interven­

ing flow concentration WQ(M,10) were chosen. As 110 mg/tis the value 

of D.S. for Tenkiller measured by the COE, this was the value used as 

the optimum or desired D.S. concentration WQ(M,11). 

The reaction constant K' and the velocity rate of transfer constant 

K21 at 20°C for the Streeter-Phelps equation are entered as WQ{M,13) = 

0.07 and WQ(M,14) = 0.4 respectively. The reach time for the first 

reach, RETMl, is taken to be 0.25 hour. The data location for RETM2, 

the second reach time, is left blank to notify the program that only the 

first reach values will be calculated. 

Since the demonstration did not include the water quality benefit 

for the second reach, all input data relating to this reach was set 

equal to zero. These data include monthly average values of temperature, 

D.O., 8.0.D. and D.S. for the intervening flow below Gore (the Arkansas 

River) which are read in as WQ(M,K) with K = 17, 18, 19 and 20, respec­

tively. Also, RETM2, the second stage reach time is set equal to zero. 

Weightings for the three components of the water quality benefit 

(D.O., D.S. and temperature) were selected so that heavy emphasis was 

placed on D.O. which is considered to best measure the water quality. 

Specific weightings for the three components are ALPHAl = 100, ALPHA2 = 1, 

ALPHA3 = 1. 
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Navigation, Flood and Cal'endar Data 

As discussed in Chapter III, the navigation benefit curves for 

reach l and reach 2 are each determined by four flow values. In both 

reaches, zero navigation benefit is assumed to occur with zero flow so 

that NAV(M,l) = NAV(M,5) = 0.0. In the Arkansas River at Van Buren, the 

minimum flow for optimum navigation benefit is taken to be 600 CFS during 

July when evaporation is assumed to be greatest. During January, this 

value is assumed to lower 350 CFS and during the remaining months, inter­

mediate values have been postulated as shown in column 4 of Table VII. 

The maximum flow which will still allow full benefit at Van Buren is 

20,000 CFS and it is assumed that no navigation benefit is accrued when 

the flow reaches 100,000 CFS. These data are listed in columns 5 and 6 

of Table VII. Navigation benefits in the Illinois River below Tenkiller 

were postulated in order to exercise this portion of the model. Since 

the Illinois flow is approximately 8% of the Arkansas River flow, the 

minimum optimum flow values in column 1 of Table VII were taken as 8% of 

the corresponding values ih column 4. The values in columns 2 and 3 

were postulated but based on the fact that minor flooding below the dam 

occurs at a flow of 8000 CFS. 

The flood benefit model described in Chapter III requires for each 

control point the flood stage and the stage at which all other reservoir 

benefits are assumed to be negated or cancelled by flood damage. Values 

for flood stage, FLDSTl and FLDST2, at Gore and Van Buren were originally 

provided by the Tulsa. District Office but were adjusted downward later 

to better exercise the flood benefit model. Values for the maximum pen­

alty stage, FLDMXl and FLDMX2 were postulated. Specific values used in 

the optimizations are 



Month NAV(M,2) 
Min. Opt. 
Flow 

SEP 70 0.043 

OCT 0.038 

NOV 0.033 

DEC 0.2934 

JAN 71 0.028 

FEB 0.02934 

MAR 0.033 

APR 0.038 

MAY 0.043 

JUN 0.0466 

JUL 0.048 

AUG 0.04666 

TABLE VII 

NAVIGATION BENEFIT FLOW DATA* 

GORE 
NAV{Mt3) NAV(M,4} NAV{M 26) 
Max. Opt. Zero Ben. Min. Opt. 
Flow High Flow Flow 

5.0 8.0 0.5375 

5.0 8.0 0.475 

5.0 8.0 0.4125 

5.0 8.0 0.3667 

5.0 8.0 0.35 

5.0 8.0 0.3667 

5.0 8.0 0.4125 

5.0 8.0 0.475 

5.0 8.0 0.5357 

5.0 8.0 0.5833 

5.0 8.0 0.6 

5.0 8.0 0.5833 

* All values in thousand CFS 
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VAN BUREN 
NAV(M,7} NAV(M 28) 
Max. Opt. Zero Ben. 
Flow High Flow 

20.0 100.0 

20.0 100.0 

20.0 100.0 

20.0 100.0 

20.0 100.0 

20.0 100.0 

20.0 100.0 

20.0 100.0 

20.0 100.0 

20.0 100.0 

20.0 100.0 

20.0 100.0 



FLDSTl = 9.0 feet 

FLDMXl = 19.0 feet 

FLDST2 =. 12.0 feet 

FLDMX2 = 35.0 feet 

89 

The calendar section within RESMOD requires data which (1) gives 

the n_umber of the day; i . e. , Monday = 1 , etc. , which corresponds to the 

first day of the month and (2) the dates of any non-weekend holidays 

during each month, with a maximum of two allowed. Table VIII lists the 

data for KAL(M,N) used for the optimization period. The input variable 

KAL(M,3) stores the date of the second non-weekend holiday in a month, 

Month 

SEP 70 
OCT 
NOV 
DEC 
JAN 71 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 

TABLE VIII 

. DATA FOR CALENDAR SECTION 

Number of First Day 
of the Month 

2 
4 
7 
2 
5 
1 
1 
4 
6 
2 
4 
7 

Date of First Non-Weekend 
Holiday 

7 
12 
11 
25 
1 

15 
0 
0 

31 
0 
5 
3 
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if such exists. During the period selected, none of the months contain-. 

ed more than one such holiday and KAL(M,3) is not used (data field left 

blank). 

Performance Index and Miscellaneous Data 

When MODIPI = 1, the performance index is evaluated as a weighted 

sum (with weighting coefficients Wl-W6) of the normalized benefits for 

reservoir-area visitation (Wl), below dam visitation (W2), water quality 

(W3), navigation benefit (W4), flood penalty (W5) and power benefit (W6). 

Six different optimization runs were made using various values of these 

coefficients. Details will be presented later in this chapter . 

. When MODIPI = 3, the performance index simply sums the total number 

of visitors and no weighting coefficients are used. When the MODIPI is 

2, th~ performance index sums the revenue produced by power generation 

using the following rates for base demand, purchased·energy and dump 

energy: 

REVDEM = $9.00/mwh 

REVBUY = $6.00/mwh 

REVDMP = $2.00/mwh 

When MODIPI = 4, the performance index sums revenue and visitors 

with weighting coefficients W7 and W8, respectively. Other data include: 

NMON = 9 (September is first month of data) 

NDBUG = O (No special debug print statements desired) 

LIST= 3 (Monthly output data on forward run desired) 

NTOTSG = 12 (Twelve months to be run in the optimization) 

DAILY= O (No daily hydrologic data will be used) 
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Calibration of the Tenkiller Model 

To determine if the reservoir model will faithfully reproduce the 

hydrol_ogic and electrical generation mechanisms of the Tenkiller reser­

voir project, a calibration run is necessary to 11 tune 11 the model to 

actual data. By running RESMOD alone (no optimization) with the given 

monthly inflow data and energy demand controls (U) equal to the actual 

monthly energy generated by Tenkiller from September l, 1970 to August 

31, 1971, the pool elevations predicted by the model can be compared to 

the actual elevations reported by the Corps of Engineers. 

RESMOD has no feature by which specific spill amounts can be con­

trolled by the user. Therefore, to simulate the spill conditions during 

October and November of 1970, reductions were made in the inflow data 

for those months so that the net water available to the reservoir for 

generation would be the same. Since the generating units are assumed to 

operate at the maximum efficiency points on the power-discharge curves, 

an input controllable variable (EFF) is used to reduce the overall effi­

ciency of the generators to practical values. This variable, as now 

used in the program, remains fixed during all months of interest. 

Several runs were made starting with the in.itial pool elevation of 

622.9 feet MSL with EFF varying from 92% to 97%. A value of 93% produced 

an average monthly error in the predicted pool elevation of 0.71 feet 

over the twelve month period with the largest monthly error being l .45 

feet occurring at the end of February. The error at the end of twelve 

months was 0.62 feet. All optimization runs discussed later in this 

chapter used the inflow data of Table II and a value of 93% for EFF. 

However, after the optimization runs were complete, an error in the 
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inflow data was found. Corrected data was provided by the Tulsa Dis­

trict Office and a second. ca 1 i brat ion run was made with EFF = 92. 2%. gi v-

. fog the results shown in Figure 22. The ave~age month1y error, la.rgest 

error and final error were found to be 0.451 feet, 0.86 feet and 0.68 

feet, respectively. These values. indicate an improvement over the first 

calibration run, but since only small ·differences were observed in the 

values of final pool elevation and total visitors predicted,. the optimi­

zation studies were not rerun. 

Better than expected accuracy was found in the predicted value of 

above-dam visitors (total vtsitors less downstream visitors) attracted to 

the reservoir project during the twelve-month period. Based on the 

first calibration run, the following comparisons can be made. 

Category 

Land-Based Visitors 

Water-Based Visitors 

Total Visitors 

Model Prediction 

955,838 

1,441 ,864 

2,397,702 

Actual Corps Data 

·917 ,224 

1,440,276 

2,357,500 

The percent error in total visitors is only 1.7%. · It should be noted 

that large errors were seen during some months.due to the fact that the 

model assumes 11average 11 weather conditions for each month and if unusual 

weather conditions exist, the model cannot be expected to accurately pre­

dict visitor values. Over a period of twelve months, these weather con-

. ditions "average out11' and the model predicts more satisfactorily. 

The calibration run forced the model to gener.ate the same amount of 

energy actually produced by Tenkiller during the twelve month period; 

Aamely, 133,660 megawatt hours. Using the value of $9.00/mwh for gener­

ated base demand, a revenue of $1 ,202,940 can be expected from the actu.::.. 

a 1 run. These va 1 ues wi 11 be compared to values obtained 1 ater in 
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several optimization runs. In all of the runs discussed below, the 

generator efficiency EFF is set equal to 0.93 so that such comparisons 

wi 11 be valid. 

Normalized Benefit Optimization Runs 
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The monthly performance index is the sum of six benefits. The bene­

fits from reservoir visitation, downstream visitation, water quality, 

navigation, power, and the flood penalty, are each multiplied by a 

weighting factor Wl through W6 and summed to produce the monthly no.rmal­

i zed performance index. To determine the effect of each of these bene­

fits separately on the management strategy, a group of optimization runs 

were made as follows: 

1. A 11 standard 11 run with equal weights on all benefits 

(reservoir and downstream visitation considered together 

as the total recreation benefit). Thus, Wl = W2 = 0.5 

and W3 = W4 = W5 = W6 = 1.0. 

2~ A run to maximize the recreation benefit only: 

Wl = W2 = 0.5 and all other W's= 0. 

3. A run to maximize the water quality benefit only: 

W3 = 1.0 and all other W's= 0. 

4. A run to maximize the navigation benefit only: 

W4 = 1.0 and all other W's= 0. 

5. A run to maximize the flood benefit (minimize the flood 

penalty) only: W5 = 1.0 and all other W's= 0. 

6. A run to maximize the power benefit only: 

W6 = 1.0 and all other W's= 0. 

• 
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The 11 standard11 or so-called 11 unity-weighting 11 run produced the pool 

elevation trajectory shown in Figure 23. As can be seen, the trajectory 

remains below the actual pool elevation during the high inflow months, 

indicating higher generation, then remains higher than the actual eleva­

tion until the summer months when again, heavy generation is displayed. 

It should be noted that each benefit (except power} can contribute a 

maximum value of one to the performance index each month under the nor­

malized index. The power _benefit however can exceed one when overgener­

ation of the demand occurs. Thus the trajectory for unity weighting 

displays concern for visitation during the early spring months, but 

overgenerates the last few months to raise the performance through the 

power benefit. The model cannot 11 see 11 the consequences of leaving the 

pool elevation at a low level at the end of August. The total benefit 

produced in the standard run is 43.4266. The maximum possible is 48.0 

plus any benefit from overgeneration of the monthly energy demands. 

This standard run is presented in detail in the Appendix. 

Run Number 2 to maximize recreation is also shown in Figure 23. 

In this case visitors above the dam have the same weight in the perfor­

mance index as do the visitors below the dam. As expected, the pool 

elevation tends to remain close to 630 feet MSL. This is due to the 

monthly visitor curves which produce optimum values around this eleva­

tion. Also, the model sees no requirement to meet the energy demand. 

October, November and May {which are large inflow months} are the only 

months during which demand is generated. The elevation rises sharply 

in October and November due to the large inflows. During these months, 

visitation will be poor any so the model discharges as much as it can 

to bring the elevation close to 630 feet by the end of December. 
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The recreation perfonnance for this run was found to be 10.497, 

compared to a value of 9.957 produced by the previous 11standard11 run 

when all benefits were considered. Thus as expected, the 11 standard11 

unity weighted total benefit. Note that the maximum value of recreation 

benefit is 12.0i one.unit per month. Thus recreation during July is 

given the same value as in January. Later, an optimization run will be 

considered which maximizes the total number of visitors during the 

twelve-month period. 

Run Number 3, which maximizes the water quality benefit, displays 

an interesting elevation trajectory as shown in Figure 23. Recall that 

.the weighting of dissolved oxygen within the water quality index is 100 

times the weighting of dissolved solids and temperature. Thus the opti­

mal generation and attendant water releases will be detennined on the 

basis of the D.O. produced in the first reach, tenninating at Gore. 

Referring to Table VI, it is clear that the D.O. of the reservoir dis­

charge is less than the D.O. of the intervening flow. Furthermore, the 

desired D.O. "level is taken to be the saturated D.O. level at the average 

downstream temperature. Therefore, any power discharge, however small, 

reduces the water quality benefit. 

Examining the optimum water quality trajectory in Figure 23, the 

model generates at a low level in September, but is forced to generate 

during October and November due to the large inflows and the fact that 

RESMOD automatically generates 24 hours a day when the pool is above 633 

feet. For the remaining months of. the year, the D.O. levels of the dis­

charge during December through March are much higher than those during 

April to ~ugust. (See Table VI). Thus the reservoir will discharge 
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water through high levels of generation from December through March to 

provide storage for inflow during the period April to August when very 

little discharge is seen in Figure 23. The optimum water quality bene­

fi.t value found in this run was 8.241 while the standard unity weight 

run produced a value of 7.62. Again, the maximum possible value is 12. 
. . 

Figure24 shows the optimum trajectory for run Number 4, using 

only the navigation benefit model. The values of the intervening flows 

below the dam and below Gore at the Arkansas River given in Table II 

· essentially determine whether or not the reservoir discharges water by 

generation. For example, the intervening flows are both small during 

April and the navigation trajectory shows a higher generation than any 

of the other trajectories during that month. Recall that the optimum 

range (unity value) of the navigation curves extend over wide ranges of 

flow values and thus high benefits are produced regardless of the 

specific power releases. Thus little difference is seen in the naviga­

tion benefit of this run (11. 148) versus the unity weighting run 

( l l. 139). 

The trajectory for run Number 5, in which the flood benefit is maxi­

mized, is also shown in Figure 3. The flood penalty curves allow a wide 

range of fl ow va 1 ues before penalty (negative values of benefit) are 

imposed. The trajectory in Figure 3 shows that the model generates as 

little as possible during all months but holds the pool elevation below 

633 feet where RESMOD faces 24 hour generation and large power releases. 

The penalty produced for this run was -0.506 while the penalty produced 

by the unity weighting run was only slightly higher (more severe) at 

-0.512. The maximum penalty which could be imposed is -48.0. Thus, 
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almost perfect flood control was achieved in both runs, according to 

the model used. 
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The trajectory for run Number 6 is also shown in Figure 3. This 

run maximized the power benefit. Recall that a benefit value of one is 

given each month the demand (what Tenkiller actually generated) is pro­

duced. Thus the benefit curve awards the same value in November when 

21,100 mwh are generated as it does in October when only 1,687 mwh are 

generated. Extra benefit is obtained, however, when overgeneration of 

the demand occurs in any month. 

As can be seen in Figure 3, the power benefit trajectory shows that 

most overgeneration occurs after April 1, when the energy demand levels 

are reduced from those seen during the winter. It is expected that the 

pool elevation should be drawn completely down to the bottom of the 

power pool at 595 feet, rather than finishing the run at about 603 feet. 

This can be explained by the fact that the maximum exercising control 

issued to RESMOD by OPTMZR during the backward stepping optimization 

from the grid elevations is restricted to 150% of the energy demand 

(Tenkiller actual generation). Thus the model does not 11 see 11 the 

benefit of extremely large energy generation values during the optimiza­

tion process. This limit on the exercising control is not imposed in 

later runs where revenue and total megawatt-hour production are 

maximized. 

The maximum power benefit produced by this run is 15.48 while the 

unity weighting run produced a power benefit of 15.21. Note that both 

of these values are greater than the benefit of 12.0 which can be attri­

buted to the calibration run approximating the actual Tenkiller opera­

tion during the twelve-month period of interest. 
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This completes the series of six normalized benefit optimization 

runs. These runs demonstrated the use of the multi-purpose performance 

index and the effect of the individual benefits on the regulation strate­

gies. The next series of four runs involve special performance indices 

designed to look at the trade-off between energy revenue and recreation 

and to find the maximum energy regulation strategy. 

Optimizations of Revenue, Visitors and Energy 

One purpose of the optimization package is to facilitate the quan­

titative examination of the trade-off between power and recreation 

benefits. An important question is, "How many visitor-days are lost by 

improper use of the water for energy production? 11 There is a need for 

evaluating the ratio of dollars of revenue to visitor-days produced by 

varying regulation strategies. These questions are partially answered 

by the simulation results to follow. 

The trajectories of the several runs are displayed in Figure 25. 

In the run to maximize the number of visitors, the performance index 

simply summed the daily visitors in the land-based, water-based and 

downstream categories. As can be seen, the pool elevation remained 

relatively fixed at about 630 feet after the large inflows in October 

and November were dealt with. 

The run to maximize revenue and the run to maximize the total energy 

are interesting to compare. The revenue trajectory displays the fact 

that generation of the specified demand (actual Tenkiller generation) 

produces revenue of $9.00/l'TPtlh whereas overgeneration (dump energy) pro­

duces only $2.00/mwh. Thus the model distributes the extra energ.}6 

available over the total optimization period so that the monthly demand 
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can be generated every month. On the other hand, the maximum energy 

trajectory operates at a high elevation for as long as possible to con­

serve water. Then, during the last three months, the model uses all of 

· the avai lab1 e power pool to maximize the total energy produced. 

For the final run, the revenue and visitors were weigh~ed and 

summed together as f o 11 ows: 

PI=$ of Revenue+ 0.526 Visitors 

The weighting coefficient was found by taking the approximate averages 

of the dollars of revenue produced by the maximum revenue and maximum 

visitor runs and dividi.ng this average by the average number of visitors 

produced in these same two runs. This has the effect of giving approxi­

mately equal weighting to revenue and visitors in the performance index 

PI. The trajectory for this joint performance index is shown in Figure 

25and,as can be seen, the pool elevation remains well above the actual 

pool elevation reported by the Corps of Engineers. 

Table IX summarizes the significant results obtained from the sev­

eral optimization runs. A rath~r surprising conclusion which can be 

drawn is that a·maximization of visitors does not reduce energy revenue 

significantly and energy production (mwh) is actually increased. Pulling 

the reservoir down to the bottom of the power pool produces only $116,500 

in extra revenue over that obtained when maximizing visitors. However, 

941 ;000 visitors are lost.. This figures out to be about 12.5 cents of 

energy revenue gained for each visitor lost; an ins_ignificant gain. 

Furthennore, the final pool elevation on the maximum revenue trajectory 

is· unacceptable. 
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TABLE IX 

SUMMARY OF RESULTS FOR MAXIMUM REVENUE, ENERGY AND VISITOR RUNS 

Total Final Pool 
Type Run Total Energy Total Elevation 

Visitors Revenue MWH (Feet MSL) 

Calibration Run 2,535,300 $1 ,202,900 133 ,660 621.27 
(Approximates 
Corps Data) 

Max Visitors 2, 729, 100 $1,156,800 139,708 629.23 

Max Revenue 1,788, 100 $1 ,273,300 168,834 595.22 

Max Rev.+ 2,702,600 $1,195,500 144,740 625. 18 
0.526 Vis. 

Max Energy 2,303,100 $1,126,100 175,970 595. 10 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

Introduction 

The primary objective of this research was to develop a multi­

purpose benefit model for dynamic reservoir regulation. The principal 

tools used in the project fall within the systems science discipline and 

involve mathematical modeling, computer simulation and optimization 

theory. A comprehensive, integrated and flexible computer package is 

now available for use in a wide range of reservoir regulation studies 

where multi-purpose benefits must be considered. 

The project development made use of existing reservoir model 

(RESMOD) which has proved quite accurate in reproducing elevation/inflow/ 

energy generation data over time periods of up to a year in length. 

Actual data for the physical characteristics of the reservoir basin and 

the turbine-generator units can be used in the model. Hydrologic input 

data for RESMOD can be supplied on a daily or monthly basis and the model 

predicts daily pool elevation, power discharge given a specified energy 

amount to be generated. Spill releases are controlled by rules dictated 

by the user. 

The total regulation oµtimization package consists of the reservoir 

model subroutine RESMOD, the benefit model subroutine BENMOD and the 

optimizing subroutine OPTMZR. The subroutine BENMOD uses daily values 

of pool elevation, power discharge, spill releases and generated energy 

105 
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to evaluate benefits of recreation, downstream water quality and naviga­

tion and power generation. Additionally, a flood penalty is calculated 

from stage values predicted at two downstream control points. A perfor­

mance index sums one or more of the several benefits, weights each 

according to the user's instructions, and supplies this sum to the sub­

routine OPTMZR. 

The optimization procedure is based upon the dynamic programming 

algorithm under which the reservoir and benefit models are exercised 

from selected pool elevations each month. The subroutine OPTMZR deter­

mines the generated energy value each month which maximizes the benefit 

performance index and provides these values and the resulting pool ele­

vation time trajectories to the user. The user provides a starting 

elevation for the reservoir and instructs the program to optimize the 

regulation strategy over any number of months from two to twelve, inclu­

sive. 

The total optimization package was demonstrated using past data from 

Tenkiller Ferry Reservoir. Optimum regulation strategies were found for 

a twelve-month period from September, 1970 to August, 1971. A variety of 

optimization runs were made using the basic data for this period. These 

included runs to individually maximize visitors, energy revenue, energy 

and measures of navigation, water quality, recreation and power benefits. 

A run to minimize flood penalty was also made, as well as several runs 

combining various benefits. 

Results and Conclusions 

Prior to execution of the optimization runs, a calibration run of 

the reservoir and benefit models was made. The predictions of pool 
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elevations and visitor-days were well within expected accuracy limits. 

When the reservoir model was provided the initial pool elevation on 

September 1, 1970 and the actual inflow data and energy_ generation data 

for the twelve-month period under study, the model predicted end-of­

month pool elevations with an average error of 0.451 feet, which repre­

sents only 2.1% error of the total elevation range of 20.71 feet exper-

. fenced by Tenkiller during the year. These results are based on the 

second calibration run using corrected inflow data provided by the 

Tulsa District Office. 

A second test of the model was made during the calibration run by 

comparing the predicted number of visitors during the year with actual 

Corps of Engineers data for Tenkiller. The model predicted the reported 

above-dam visitor value within 2%, which likely is within the accuracy 

of the data itself. Errors in the prediction of individual months were 

sometimes large, but these can be attributed, in most months, to unusual 

weather conditions, not 11 seen 11 by the model. The visitation model as­

sumes 11 average 11 weather conditions for each month. Modifications to im­

prove the recreation model are discussed at the end of this chapter. 

Two groups of optimization runs were made. The first group made 

use of the so-called 11 normalized 11 benefit variables. These variables 

all ow a maximum value of one to be attributed each month to each of the 

benefits of recreation, water quality and navigation. The power benefit 

is set equal to one if the given monthly demand is generated plus 25% 

of this benefit for overgeneration. The flood penalty is zero until 

· flood stage, then a negative value is added to the other benefits as 

the stage variable increases. At extreme flood conditions, all other 

benefits are cancelled. Each benefit (or penalty) was optimized 
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separately and the regulation strategies were compared with a standard 

run in which all benefits were equally weighted. 

In the second set of optimization runs, the performance index was 

specially modified to exercise the trade-offs between the power and 

recreation benefits. Optimum regulation strategies were evaluated to 

maximize (1) total yearly energy produced, (2) total revenue, (3) total 

visitor-days and (4) a weighted sum of revenue and visitor-days. The 

general conclusion is that revenue is not adversely affected by maximiz­

ing the recreation benefit and that the revenue/visitor-day exchange 

factor between maximizing revenue or maximizing visitor-days is only 

about 12 cents per visitor for the period of record used in the study. 

Recorrmendations For Further Study 

This research project has yielded a collection of models within an 

integrated framework which allows optimization studies of reservoir 

regulation strategies. A fundamental premise in system modeling is that 

no model is ever exact. Therefore, it follows that further research and 

development effort can usefully be directed at improving each of the 

models in the optimization package. 

Although the reservoir power generation section of the package 

appears to operate with little error, an improved efficiency parameter 

should be developed which depends upon the size of the monthly energy 

control. When the monthly energy control is small, the generators under­

go more start-stop cycles per thousand mwh of energy produced and the 

overall efficiency should be lowered to reflect this. The present model 

uses a constant generator efficiency value for all months. 
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Several future studies can be suggested for the recreation model. 

The ha.sic four-point visitor curve used in the present model appears to 

have po ten ti al for accurate pre.diction but a ca 1 i brat ion method for find­

i ng the ordinates of the points on the curve from visitor data should be 

developed. The method should correct for weather conditions and pool 

elevation values simultaneously. Other research has attempted to uti­

lize statistical data and multiple regression to develop a correlation 

between pool elevation and visitation with no success [15]. However, if 

a model such as the four point curve is proposed for the relationship 

between pool elevation and visitation, better correlation might result. 

Another improvement in the recreation model will be to provide a 

reduction in the predicted visitors in those·months when the inflow is 

higher than normal; indicating possible rainfall and inclement weather. 

Conversely, the predicted visitor values should be increased when the · 

inflow is. below normal. A close examination of the calibration run 

results shows that many of the monthly errors in visitation prediction 

would be reduced with this modification. 

The water quality model is probably overdeveloped at the present 

time in so far as Tenkiller is concerned. The Illinois River below 

Tenkiller Dam does not exhibit serious water quality problems at the 

present time. The major problem in fully implementing the water quality 

model at any given reservoir will probably be a lack of data to calibrate 

the model for all seasons and flows. 

One activity of the early research which did not extend into the 

program development and the Tenkiller demonstration is the fish spawning 

model. This is an important part of the long-term recreation benefit at 
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most reservoirs and deserves high priority in future versions of the 

optimization package. 

In its present form, the downstream model is not adequate to opti­

mize flood routing strategies .. The model development was oriented toward 

1 ong-term benefits with the shortest computational interval befog one 

day. Therefore, a substantial increase in computation time will occur 

if the basic time interval is reduced to one hour, or even two or four 

hours. The inclusion of time lags or differential equation models of 

downstream reaches will require special treatment of initial conditions 

on the reaches when the backward stepping optimization process is under-

. way. 

The most important idea that can be contributed at the conclusion 

of this research is to use the optimization package in a meaningful way 

.to improve the regulation of Tenkiller. It appears that the strategy 

used by the Corps of Engineers during the twelve month period from 

September, 1970 to August, 1971 was not optimal in terms of energy pro­

duction or recreation. From the data presented in Table IX on Page 104, 

two of the optimization runs (maximum visitors and maximum revenue+ 

visitors) left the pool elevation higher on August 31, 1971, produced 

higher recreation visitation and generated more energy than was reported 

by the Corps. A simple project is therefore proposed: 

1. Based on historical data, establish monthly average inflows for 

Tenkiller over a twelve month period. The average inflows for 

the first two or three months could be adjusted with recent in­

flow data from the immediate past few months. 

2. Using these predicted inflows and the present pool elevation 

for Tenkiller, use the computer package to establish the 
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optimum r_egulation stra~egy (ta_rget pool elevations) for the 

next twelve months. Operate the reservoir to meet, if possible, 

the target pool elevation at the end of the first month. Ad­

justments could be made for unusual inflows during the first 

month by re-runni_ng the .optimization with the new inflow data. 

3. At the end of the first month, new predictions of inflows·for 

the next twelve months are made and used with the then current 

pool elevation value in a new optimization study which will 

yield a new set of pool elevation targets for the following 

twelve months. 

4. The process is repeated monthly. This simple project would 

demonstrate the computer package developed in this project by 

making effective use of past historical inflow data .to calcu­

late future regulation strategies on a real-time month-to­

month basis. 

There may be some hesitation t~ experiment with fenkiller regulation 

in this fashion and thus a similar, but synthetic, appreach is proposed: 

1. Select any twelve month period in the past and use Tenkiller 

inflow data prior to this period for establishing the predicted· 

inflows to be used in the optimization. 

2. Each month, use the actual inflow with the reservoir model and 

·operate the model to follow the pool elevation targets calcu­

lated from the optimization using historical data. 

3. · Re-optimize each month with new predictions of the inflows. 

4. Continue this process for a twelve month period and then com­

pare the energy produced, visitation and final pool elevation 

with actual values from Corps data. 



SELECTED BIBLIOGRAPHY 

[l] Noakes, A. and A. Arismundar. "_Bibliography on Optimum Operation 
of Power Systems: 1919-1959. 11 AIEE Transactions (February, 
1963). 

[2] Chow, Ven Te, et al. "Discrete Differential Dynamic Programming 
Approach to Water Resources Systems Optimization." Water 
Resources Research, Vol. 7, No. 2 (April , 1971). 

· [3] Freeman, A. M. and R. H. Haveman. "Cost-Benefit Analysis and 
Multiple Objectives: Current Issues in Water Resources 
Planning." Water Resources Research, Vol. 6, No. 6 
(December, 1970). 

[4] Roefs, Theodore and Lawrence Bodin. "Multi-Reservoir Operation 
Studies. 11 Water Resources Research, Vol. 6, No. 2 
(April, 1970). 

[5] Fredrich, A. J. "Digital Simulations of an Existing Water 
Resources System.'·' IEEE Joint National Conference on Major 
Systems, Los Angeles (October, 1971). 

[6] Drobny, Neil L. . 11 Li near Programming Applications in Water 
Resources." Water Resources Bulletin, Vol. 7, No. 6 
(December, 1971). 

[7} Mannas, M. 11 An Application of Linear Programming to Efficiency in 
the Operation of a System of Dams. 11 Econometrica, 33(3) 
(1955). 

[8] Butcher, William S. "Stochastic Dynamic Programming for Optimum 
Reservoir Opera ti on. 11 Water Resources Bul 1 eti n, Vol. 7, 
No. 1 (February, 1971), pp. 115-123. 

[9] Hall, Warren A. and William S. Butcher. Esogbue, Austin. "Optimi­
zation of the Operationof a Multi-Purpose Reservoir by 
Dynamic Progra1T111ing. 11 Water Resources Research, Vol. 4, 
(April, 1968), pp. 471-478. . 

[10] Males, R. M. "Optimal Operating Rules for Multipurpose Reservoir 
Systems." (Ph.D. thesis, MIT, Cambridge, Mass., 1968). 

[ll] Curry, G. L., J.C. Helm and R. A. Clark. "A Model for a Linked 
System of Multi-Purpose Reservoirs With Stochastic Inflows 
and Demands." Report No. 41. (Interim), Texas Water Resources 
Institute, Texas A & M University (June, 1972). 

112 



113 

[12] Males, Richard M. and Ronald T. Mclaughlin. "Optimal Operating 
Rules for Multi-reservoir Systems." Report No. 129, Ralph M. 
Parson Lab for Water Resources and Hydrodynamics, M.I.T. 
Department of Civil Engineering (September, 1970). 

[13] Dominy, F. E. "Operation of Bureau of Reclamation Reservoirs for 
Maximum Recreational and Fishery Benefits Consistent With 
Other Reservoir Purposes. 11 Proceedings of the Reservoir 
Fishery Resource Symposium, American Fisheries Society, 
University of Georgia Press (1967). 

[14] Cicchetti, C. J., V. K. Smith, J. L. Knetsch and R. A. Patton. 
11 Recreation Benefit Estimation and Forecasting: Implications 
of the Identification Problem." Water Resources Research, 
Vol. 8, No. 4. (August, 1972). 

[15] Badger, D. D. and N. C. Wolff. 11 Recreation Study and Assessment of 
Pool Elevation Effect on Recreation Visitation at Lake 
Texoma. 11 Project Report, U. S. Army Corps of Engineers, 
Tulsa District (October, 1972). 

[16] McGauhey, P. H. Engineering Management of Water Quality. New 
York: McGraw-Hill, 1968. 

[17] Finnell, Joe C. 11 Dissolved Oxygen and Temperature Profiles of 
Tenkiller Reservoir and Tailwaters With Consideration of 
These Waters as a Possible Habitat for Rainbow Trout. 11 

· Proceedings of the Oklahoma Academy of Science, Vol. 34 (1953). 

[18] Summers, Phillip B. 11 Some Observations on Limnology and Fish 
Distribution In The Illinois River Below Tenkiller Reservoir." 
Proceedings of the Oklahoma Academy of Science, Vol. 35 (1954). 

[19] Eley, Rex Lyman. "Physichemical Limnology and Community Metabolism 
of Keystone Reservoir Oklahoma. 11 (Unpublished Ph.D. Thesis, 
Oklahoma State University, May, 1970). 

[20] Miller, Kent D. and Robert H. Kramer. "Spawning and Early Life 
History of Largemouth Bass in Lake Powell." Reservoir 
Fisheries and Limnology. Special Publication No. 8, American 
Fisheries Society, Washington, D. C. (1971) . 

. [21] Bailey,·R. A. 11 Modeling and Optimization of a Hydroelectric 
Generation System. 11 School of Electrical Engineering, Oklahoma 
State University (July, 1971). 

[22] Bellman, R. Dynamic Programming. 
University Press, 1 57. 

Princeton, N.J.: Princeton 

[23] "Preliminary Study of Operating Guide Curves for Power Production." 
Vol. II, Arkansas-White-Red Rivers System Conservation Studies, 
U. S. Army Corps of Engineers, Southwestern Division, et al. 
(November, 1971). 



114 

·[24] Goodman, Alvins and Richard J. Tucker •. 11 Time Varying Mathematical 
Model For Water Quality.i1 Water Research. Vol. 5 (1971), 
pp. 227-241. 



APPENDIX 

OPTIMIZATION PROGRAM USER GUIDE 

The reservoir optimization package developed in this study is 

written in Fortran IV-G. The program was run on an IBM 360/65 computer 

at the Oklahoma State University Computer Center. Due to differences in 

computer systems the user should review the control cards and data for­

mats used by this system before attempting to use this program. The 

entire deck plu~ data cards totals 1704 cards. The data consists of 

· 156 cards based on 12 months of data. 

The user can control various optimization, output, and performance 

index options within the program through eight control variables. These 

variables and the options associated with each are now discussed. 

The NMON variable identifies which calendar month is associated 

with the first month in the data set. By choosing a month number between 

1 and 12 (September= 9, etc.) the user tells the program how to label 

output results with the proper month name. 

The NDBUG variable controls debug output information from the RESMOD 

subroutine. The output is used for checking the operation of the RESMQD 

subroutine. ( See program 1 is ting) • 

NDBUG = 0 No debug output printed. 

NDBUG = 1 Debug output printed. 

The LIST variable controls the type of output format provided by 

the program as follows: 
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LIST= l Output of monthly summaries for every run in 

the optimization phase plus monthly summaries 

for the forward run. 
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LIST = 2 

LIST = 3 

LIST =· 4 

Output of LIST= l plus daily data on all runs. 

Output of monthly summaries for forward run only. 

LIST= 3 output plus daily data on forward run. 

No matter what value for LIST is used, all runs will output the PSTAR 

and USTAR maps at the end of each month during the optimization phase 

and a summary of the total optimization will appear at the end of the 

program output. Details of the output appear in Chapter I I. 

The MODIPI variable controls the performance index to be optimized 

as follows: 

MODIPI = l Performance index sums the reservoir and down­

stream visitation, the water quality benefit, 

the navigation benefit, the flood penalty, and 

the generation benefit all with weighting 

factors. 

MODIPI = 2 Performance index is equal to the total energy 

revenue. 

MODIPI = ~ Performance index sums the reservoir and down­

stream visitors. 

MODIPI = 4 Performance is set equal to the sum of MODIPI = 

2 and MODIPI = 3 with weighting factors. 

The input variabl~ NTOTSG designates the total number of months of 

data to be read in. 

DAILY determines whether daily data on inflow, evaporation and-down­

s tream intervening flows wil 1 be read in and used by RESMOD. 



DAILY= 0 Monthly data only. 

DAILY= l Monthly and daily data. 

Note that monthly data must be supplied to the program even when 

daily hydrologic data is supplied . 

117 

. MSTRT is the stage number at which the optimization procedure is to 

start. MFIN is the stage number at which the optimization procedure is 

to finish. These stage numbers do not necessarily correspond to the 

calendar month numbers but rather correspond to the data set number. 

The example run listed in Tables XIII and XIV optimizes for twelve months 

from September to and including August. The first month in the data set 

is September and the twelfth month is August. In this case, NMON = 9, 

MSTRT = 1 and MFIN = 12. 

The package will allow from two to twelve months of data to be read 

in. Monthly data alone or monthly data with daily hydrologic data for 

RESMOD can be used. Although some read statements in the MAIN program 

show a capability to read in data for up to four different reservoirs, 

the. total package is restricted to optimizing only one reservoir and 

only one set of such data should be supplied. Table X shows the con­

struction of the data deck for one reservoir. In the table, the count­

ing variable JJ refers to the reservoir number (always 1) and the 

variable J refers to the monthly data set number (1 through NTOTSG). 

Table.XI provides a list of all variables used in the program. For 

convenience, the list has been separated into parts corresponding to the 

various subroutines. Table XII contains a listing of the entire opti­

mization package. 

A sample optimization run is included for reference. This run 

corresponds to the so-called "standard'' run discussed in Chapter IV. 
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The data for this run is listed in Table XIII and the output correspond­

ing to LIST = 3 is given in Table XIV. This run was made from a FORTRAN 

source deck and the total compile and execution time was l minute, 

14.6 seconds on the IBM 360/65. An object deck will reduce the run time 

· by about 40 seconds. Input/output time is low; being about one minute 

. for card reading and printer operation. The approximate number of pages 

of output for LIST= 3 is about 7 pages, ~hen the program is not listed. 
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TABLE X 

INPUT DATA DESCRIPTION 

Sequence. Number Program Variables Fonnat No. of Cards 

1. 1 NMON, NDBUG, LIST and MODIPI 1213 

2. 1 .NTOTSG, DAILY I2,7X,I2 

3. 1 MSTRT, MFIN I2,7X,I2 

4. 1 MD(J), number of days in . 1213 
each month 

5. 1 to 3 PD(J), monthly energy demands 4E20. 7 
in MWH, four to a card. 

6~ 1 or 2 INFLOW(JJ,J), monthly average 8Fl0.0 
inflow in thousands of CFS, 
eight to a card. 

7. 1 or 2 PANEVP(JJ,J), monthly pan 
evaporation in feet 

8. 1 to 3 ITVFLl(JJ,J), monthly average 4E20.7 
intervening flow just below dam 
in thousands of CFS, four to a 
card. 

9. 1 to 3 ITVFLl(JJ,J), monthly average 4E20. 7 
. intervening flow just below 
control point 1 in thousands of 
CFS, four to a card. 

10. 1 EFF(JJ), efficiency of generators 8Fl0.0 
in decimal function form, one 
value read. 

lL 1 ADTIM(JJ), hours in one day before 8Fl0.0 
an additional generating unit is 
added, one value read. 

12. 1 to 3 TPP(JJ,J) and BPP(JJ,J), monthly 8Fl0.0 
values of top and bottom of the 
power pool, in feet MSL, four 
monthly TPP, BPP pairs per card. 
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TABLE X (Continued) 

Sequenc_e Number Program Variables Format No. of Cards 

13. 1 ELST(JJ), starting elevation for 8Fl0.0 
the reservoir at the first month 
of interest, in feet MSL, one 
value read only. 

14. l DISPT(JJ,l) and DISPT(JJ,2), 8Fl0.0 
upper discharge control points, 
in feet MSL, two values read; 
values must lie between TPP and 
the highest grid elevation GRD(5) 
DISPT(JJ,l) < DISPT(JJ,2) 

15. l NUNIT(JJ), number of gener~ting 1213 
units at the reservoir, one value 
read. 

16. · 1 ELINC(JJ,JX), elevation increment, 8Fl0.0 
in feet, to be deducted from pool 
elevation for each additional unit 
added, one less value than NUNIT. 

17. 1 FRAC(JJ,J) J=l,2,3., fraction of 8Fl0.0 
inflow to be discharged (including 
spill) when pool elevation is 
between TPP and DISPT(JJ, l), (J=l); 
DISPT(JJ,l) and DISPT(JJ,2), (J=2); 
above DISPT(JJ,2), (J=3), three 
values read. 

18. 1 GRD(J), J = 1,5. pool elevation 5E10.5 
grid points for use by OPTMZR, 
in feet MSL, five values read, 
GRD(l) < BPP < TPP < GRD(5). 

19. 1 MWHMIN(JJ), minimum number of MWH 4E10.3 
to be generated each day, one unit 
must be able to generate this 
value in fewer hours than ADTIM, 
one value read. 

20. 3 ELRES(JJ,J), elevation values 8El0.5 
from the reservoir elevation-
volume curve, in feet MSL, 24 
values, 8 to a card. 
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TABLE X (Continued) 

Sequence Number Program Variables Format No. of Cards 

21. 3 VRES(JJ,J), volume values corre- 8El0.5 
spending to ELRES values, in 
thousands of acre-feet, 24 values, 
8 to a card. 

22. 3 STAGEl(JJ,J), stage values from 8El0.5 
stage-flow curve at control point 
l, in feet, 24 values, 8 to a 
card. 

23. 3 DISSTl(JJ,L), flow values corre- 8E10. 5 
spending to STAGEl values, in 
thousands of CFS, 24 values, 8 
to a card. 

24. 3 STAGE2(JJ,J), stage values from 8E10. 5 
stage-fl ow curve at contra 1 point 
2, in feet, 24 values, 8 to a 
card. 

25. 3 DISST2(JJ,L), flow values corre- 8El0.5 
spending to STAGE2 values, in 
thousands of CFS, 24 values, 8 to 
a card. 

26. 1 DISPWR(JJ,J), discharge rate 8E10.5 
values from the tailwater-
corrected maximum efficiency 
elevation-discharge curve for one 
unit, in thousands of CFS, 8 
values. 

27. 1 ELRESD(JJ,L), pool elevation 8E10. 5 
values corresponding to DISPWR 
values, in feet MSL, 8 values. 

28. 1 HPRES ( JJ ,J) , horsepower values 6E10.5 
· from the tailwater-corrected max. 
efficiency elevation-power curve 
for one unit, in thousands of 
horsepower, 6 values. 

29. 1 ELRESP(JJ,L), pool elevation 6El0.5 
values corresponding to HPRES 
values, in feet MSL, 6 values. 
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TABLE X (Continued) 

Sequence Number Program Variables Format No. of Cards 

30. 2 TAIL(JJ,J), values of tailwater 8El0.5 
rise, in feet, due to spill when 
all units are operating, 16 
values, 8 to a card. 

31. 2 SPILL(JJ,L) values of spill 8E10.5 
discharge rate corresponding to 
TAIL values, in thousands of CFS, 
16 values, 8 to a card. 

32. 6 to 36 BN(M,N), the recreation model 8El0.2 
parameter array, 24 values for 
each month, 8 values to a card. 

33. l LOWEL and HIGEL, lowest and 2E10.3 
highest pool elevations-used in 
visitor-elevation curves, two 
values. 

34. 6 to 36 WQ(M,N), the water quality para- 8El0.3/ 
meter array, 3 cards per month, 8E10.3/ 
8 values/card for first and second 4El0.3 
cards and 4 values on the third 
card, 20 values/month. 

35. 1 ALPHAl, ALPHA2, ALPHA3, water 5F10.3 
quality weighting factors for 
D.O., D.S. and temp.; RETMl and 
RETM2, reach times for reaches 
l and 2 in D.O. model, in days. 
RETM2 = 0.0 or left blank 
inhibits WQ model for second 
reach. 

36. 2 to 12 NAV(M,N), parameter values in 8E10.3 
thousands of CFS for navigation 
model, l card/month, 8 values/ 
card. 

37. 1 FLDSTl, FLDMXl, FLDST2, FLDMX2, 4E10.3 
· parameter values for flood 

penalty model, four values, in 
feet of stage height. 

38. 2 to 12 KAL(M,N), N = l, 2, 3, data 315 
for calendar section, l card/ 
month, 2 or 3 values/card. 
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TABLE X (Continued) 

Sequence Number Program Variables Format No. of Cards 

39. l REVDEM, REVBUY, REVDMP, rates 3F20.3 
for demand energy, purchased energy 
and dump energy, in dollars/MWH. 

40. l Wl through we, weighting coeffi- 8El0.3 
cients for the performance index. 

NOTE: The following cards read 
only if DAILY= 1. 

41. 8 to 48 DINFLO(JJ,J,JX), daily average 8Fl0.3 
inflow, . in thousands of CFS, read 
sequentially by day for each 
month, start new month on new card. 

42. 8 to 48 DPANEV(JJ,J,JX), daily pan evapor- 8Fl0.3 
ation, in feet, read as DINFLO. 

43. 16 to 96 DITFLl(JJ,J,JY) and DITFL2(JJ,J,JY), 8F10. 3 
daily average intervening flows 
below dam and ·below first control 
point, respectively, in thousands 
of CFS, both DITFLl and DITFL2 read 
in before month increments. 



1. MAIN Program 

NSTAGE 

KK 

NMON 

ND BUG 

LIST 

MODI PI 

NTOTSG 

DAILY 

MST RT 

MFIN 

MD{J) 

PD{J) 

INFLOW{JJ ,J) 

PANEVP(JJ,J) 

EFF(JJ) 

ADTIM(JJ) 

TPP(JJ,J) 

BPP{JJ,J) 

ELST(JJ) 

DISPT(JJ ,J) 

TABLE XI 

PROGRAM VARIABLE LIST 

- Variable set by MAIN to control certain DO 
statements in read in of data. 
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- Variable set to 1 to limit this program to one 
reservoir usage. 

- Variable corresponds to number of month of 
beginning data to provide for proper month 
printout in outputs. 

- Internal decision variable for extra data 
output from RESMOD. 

- Output option control variable. 

- Optimization option control variable. 

- Total number of months of data to be read in. 

- Option variable for read in of daily data. 

- First month number of interest of data set 
for optimization. 

- Last month number of interest of data set 
for optimization. 

- Number of days per each month. 

- Monthly energy demand. 

- Average daily inflow rate per month. 

- Average daily evaporation per month. 

- Generator efficiency. 

- Number of hours before additional units used. 

- Top of power pool per month. 

- Bottom of power pool per month. 

- Starting elevation 

- Upper discharge control points. 



. NUNIT(JJ) 

ITVFLl(JJ,J) 

. ITVFL2(JJ,J) 

FRAC(JJ,J) 

GRD(J) 

MWHMIN(JJ) 

ELRES(JJ,J) 

VRES(JJ,J) 

STAGEl (JJ ,J). 

DISSTl (JJ ,L) 

STAGE2(JJ,J) 

DISST2(JJ ,L) . 

DISPWR(JJ ,J) . 

. ELRESD(JJ ,L) 

HPRES(JJ,J) 

TAIL(JJ,J) 

SPILL(JJ,J) 

BN(M,N) 

TABLE XI (Continued) 

Total number of units per reservoir. 

- Monthly average intervening flows after 
DISPT(JJ,1) . 

- Monthly average intervening flows after 
DISPT(JJ,2). 

- Fracti ona 1 portions of inflow rates for 
discharge above TPP(JJ,J). 

- Grid point elevations. 

- Minimum daily energy generation. 

- Elevations corresponding to points from 
elevation-volume curve. 

- Volumes corresponding to points from 
elevation-volume curve. 

- Stages corresponding to points from stage­
flow rate curve at control point one. 
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- Flow rates corresponding to points from stage­
flow rate curve at control point one.· 

- Stages corresponding to points from stage-flow 
rate curve at control point one. 

- Flow rates corresponding to points from stage­
flow rate curve at control point one. 

-· Power discharge rates corresponding to points 
from the discharge rate - elevation curve . 

- Elevations corresponding to points from the 
discharge rate - elevation curve. 

Instantaneous horsepower corresponding to 
· points from horsepower - elevation curve. 

- Tail water changes corresponding to points 
from the tail water - discharge rate curve. 

- Spill discharge rates corresponding to points 
from the tail water - discharge rate curve. 

- Recreation model data (see BENMOD variables). 



LOW EL 

HI GEL 

WQ(M,N). · 

ALPHAl 

ALPHA2 

. ALPHA3 

RETMl 

RETM2 

· NAV(M,N) 

FLDSTl 

FLDMXl 

. FLDST2 

FLDMX2 

KAL{M,N) 

REV DEM 

REVBUY 

REVDMP 

Wl 

W2 

W3 

W4 

W5 

W6 

126 

TABLE XI (Continued) 

- Lowest elevation for visitation curves. 

- Highest elevation for visitation curves. 

- Water quality model data (see BENMOD variables). 

- Weighting coeffici-ent for D.O. in water quality 
benefit. 

- Weighting coefficient for D.S. in water quality 
benefit • 

- Weighting coefficient for temperature in water 
quality benefit. 

- First reach reach time variable. 

- Second reach reach time variable. 

- Navigation model data (see BENMOD variables). 

- Flood stage of first control point. 

- Maximum expected stage at first control point. 

~ Flood stage at second control point . 

- Maximum expected stage at second control point. 

- Calendar data (see BENMOD variables). 

- Dollars/MWH revenue for generating demand energy. 

- Dollars/MWH bought for difference between demand 
energy and undergeneration of demand. 

- Dollars/MWH of revenue for generation above 
demand. ·. 

- Reservoir visitation weighting factor. 

- _Downstream visitation weighting factor. 

- Water quality benefit weighting factor. 

- Navigation benefit weighting factor. 

- Flood penalty weighting factor. 

- Generation benefit weighting factor. 



W7 

WB 

TABLE XI {Continued) 

- Revenue weighting factor. 

- Visitors weighting factor. 
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2. Subroutine OPTMZR 

DMD{l2) 

FLW{4,12) 

!SUM 

JX 

K 

KMAX 

KMAX2 

L 

LHOLD 

. LIST 

M 

MFN 

MST 

MFIN 

.MFINl 

MST RT 

MST ART 

- Demands made available for output from OPTMZR. 

- Inflow rates made available for output from 
OPTMZR. 

- Integer variable for output of total unfraction­
ed people. 

- Counting variable for translation of stage to 
month. 

- Stage variable. 

- Maximum number of stages {equivalent to total 
months). 

- KMAX - 2. 

~ Variable used to key program branching. 

- Storage variable for list {intermediate 
variable). 

- Program output control variable • 

- Counter variable. 

- Month counter used only for output of month 
names. 

- Month counter used only for output of month. 
names. 

- Last month number of interest. 

- Corresponds to MFIN-used for stage to month 
change. 

- First month number of interest. 

- Corresponds to MSTRT - used for stage to month 
change. 



MON(l2) 

N 

p 

PL 

PM 

PH 

PRUN 

PSTAR(S,2} 

REV 

REVl 

SI(4) 

SUM 

SUMl 

UL 

UM 

UH 

USTAR(l2,5) 

X(S) 

XI 

TABLE XI (Continued) 

- Alphameric names of months (i.e. SEP, OCT, 
NOV ..• ). . . 

- Stage -increment variable. 

- Unmodified performance. 

- Performance corresponding to UL after being 
accumulated. 

Perfonnance corresponding to UM after being 
accumulated. 

- Performance corresponding to UH after being 
accumulated. 

- Variable for accumulation of total run 
perfo·rmance. 
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Storage for current and post- stage performances. 

- Power revenue sent through 'COMMON' to OPTMZR. 

- Accumulation variable for REV. 

- Initial elevations per each reservoir. 

- Visitors sent through 'COMMON' to OPTMZR. 

- Accumulation variable for SUM. 

- Low control value from UHILO. 

- Medium control value from UHILO. 

- High control value from UHILO. 

- Stored optimum controls for all stages and 
,grid points. 

- Grid point elevations. 

- Initial elevation at first stage. 

3. Subroutine CRVFIT 

A 

B 

- First coefficient of second order curve. 

- Second coefficient of second order curve. 
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TABLE XI (Continued) 

c - Third coefficient of second order curve. 

p - Performance value returned to OPTMZR as 11 best11 • 

u - Optimum control va1ue corresponding to P. 

Xl - UL value sent from OPTMZR. 

X2 - UM value sent from OPTMZR. 

X3 - UH value sent from OPTMZR. 

Yl - PL value sent from OPTMZR. 

Y2 - PM value sent from OPTMZR. 

Y3 - PH value sent from OPTMZR. 

4. Subroutine UHILO 

AVB - · Allowable volume change to bottom of grid range. 

AVT - Allowable volume change to top of grid range if 
top exceeded. 

DMD(12) - UHILO variable for demands. 

DMWH(12) - Total monthly demands sent to UHILO. 

DPR(4,24) - Discharge data for use with FIT. 

DSCHG - Discharge rate. 

E(12) - UHILO evaporation variable. 

EL - Elevation sent to UHILO from OPTMZR. 

EV(4,12) - Main program evaporation per month. 

ELD(4,24) - Elevation data in conjunction to DPR(4,24). 

ELP(4,24) - Elevation data in conjunction to HPR(4,24}. 

ELRES(4,24) - Elevation data in conjunction to VRES(4,24}. 

EFF( 4.) - Generator efficiency (per reservoir}. 

F(12) - UHILO inflow variable (initially inflow rate -
changed to inflow volume). 



FIT 

FL { 4, 12) · 

GRD{5) 

HP 

HPR{4,24) 

I PATH 

K 

M 

MONTH 

MSECS 

MODI PI 

N 

SECNDS 

UL 

UM 

UH 

UMAX 

UMINIM 

v 

VMl 

VMS 

VRES { 4, 24). 
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TABLE XI {Continued) 

- Binary search-linear interpolation subroutine 
used. · 

- Main program inflow rate per month. 

- Grid point elevations. 

- Horsepower variable. 

- Horsepower data points for interpolation. 

- Internal variable indicating overgeneration. 

- Stage variable from OPTMZR to test for first 
stage. 

- Variable from OPTMZR to determine grid elevation. 

- Data set month number. 

- Number of seconds in on.e-half month. 

- In UHILO only used to by l. 5 demand constraint 
on UH. 

- Counter variable. 

- Number of seconds of discharge to release AVB 
or AVT. 

- Low control determined from AVT. 

- Medium control midway between UH and UL. 

- High control determined from AVB. 

- Maximum possible generation from given elevation. 

- Minimum generation control. 

- Volume at elevation EL. 

- Volume at elevation GRD{l). 

- Volume at elevation GRD(5). 

- Volume data points for interpolation. 
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TABLE XI (Continued) 

5. Subroutine RESMOD 

ACC - Energy generated to date for the month. 

ADTIM(JJ) - Number of hours before addition of another 
generating unit is added. 

BPP(JJ ,J) - Bottom of the power pool. 

DADJIN - Daily inflow rate. 

DAV - Average daily inflow rate. 

DAVl - Variable for accumulating daily discharge rate. 

DAILY - Decision variable. 

DIS - Power discharge rate. 

DISDMP - Spill discharge rate. 

DISPT(JJ,l) - First upper discharge control point. 

DISPT(JJ,2) - Second upper discharge control point. 

DISl - Total discharge rate. 

DPDD • Daily energy requirement. 

EL - Current elevation. 

Ell - Elevation at beginning of month. 

EL2 - Elevation at beginning of day. 

EL3 - Elevation at beginning of day. 

ELC - Modified elevation. 

ELINC(JJ,NJX) - Elevation increment for modification of actual 
elevation. 

ENERGY - Daily energy generation. 

EVAP - Daily evaporation. 

Fl - Flow rate at control point one. 

F2 - Flow rate at control point two. 



FRAC (JJ, l) 

FRAC(JJ,2) 

FRAC(JJ,3) 

FIT 

HP 

HRS 

INFLOl 

INFL02 

I POWER 

IU 

JMON 

JX 

JXX 

JY 

MD(J) 

MDJ 

MON(J) 

NDBUG 

MWHMIN(JJ) 

NJX 

NMON 

NDUMP 

TABLE XI (Continued) 

- Fraction of the inflow rate used as total 
discharge rate between TPP and DISPT(JJ,1). 

- Fraction of the inflow rate used as total 
discharge rate between DISPT(JJ,l) and 
DISPT(JJ,2). 

- · Fraction of the inflow rate used as total 
discharge rate between above DISPT(JJ ,2). 

- Function subroutine; binary search-linear 
interpolation for general usage. 

- Instantaneous horsepower. 
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- Hours necessary to meet daily energy requirement. 

- Daily intervening. flow at control point one. 

- Daily intervening flow at control point two. 

- Decision variable. 

- Number of generating units at the reservoir. 

- Number corresponding to the month (1-JAN, 
2-FEB, . . . ) . 

- Number of generation units being used. 

- Number of generation units being used. 

- Day counter. 

- Number of days in month J. 

- Number of days in the current month. 

- Array in which the month names are stored. 

- Decision variable. 

- Minimum daily energy requirement. 

- JX-1 

- Number corresponding to first month of data 
set where 1-JAN, 2-FEB, 

- Decision variable. 



NUNIT(JJ) 

PD(J) 

PO 

Sl 

52 

TPP(JJ,J) 

TWC 

u 

VOL 

VOLl 

JJJ 

KAL(J, l) 

KAL(J,2) 

KAL{J,3) 

MARK 

NWKHL 

TABLE XI (Continued) 

- Number of generating units at reservoir. 

- Monthly energy demand. 

- Instantaneous power. 

- Stage height at control point one. 

- Stage height at control point two. 

- Top of power pool per month. 

Tailwater change detennined when spill is 
necessary. 

- Monthly energy requirement. 

- Current volume. 

- Volume at beginning of a day. 

Calendar Variables 

- Counting variable. 

- Day number of first day in month (Monday= l, 
etc.). 

- Number of day of month on which first holiday 
falls. 
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- Number of day of month on which second holiday 
fa 11 s. 

- Counting variable (day counter). 

Control variable (=l, weekend/holiday;= 0, 
weekday). 

Average Daily Elevation - Daily Elevation Change -
Performance Index Variables 

DACNG 

ELEVAT 

EL 

- Accumulative elevation change (for RMF). 

- Average daily elevation. 

- Elevation at start of day. 



ELEV 

ELMIN 

EL MAX 

IDADVT 

IDAVST 

!LAND 

!WATER 

!DOWN 

PI 

Pll 

Pl 

P2 

P3 

P4 

PS 

Pll 

P33 

P44 

PSS 

PIDA 

RMF 

Rll 

R22 

R33 
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TABLE XI (Continued) 

- Elevation at end of day. 

- Minimum elevation for total month (for RMF). 

- Maximum elevation for total month (for RMF). 

- DADWVT (integer value). 

- DAVIST (integer value). 

- Rll (integer value). 

- R22 (integer value). 

- R33 (integer value). 

- Monthly performance returned to OPTMZR. 

- Monthly per.formance index, less generation 
benefit. 

- Normalized land and water visitation (daily). 

- Normalized downstream visitation (daily). 

- Normalized water quality benefit. 

- Normalized navigation benefit. 

- Normalized flood penalty (daily). 

- Monthly summing variable for recr.eation benefit. 

- Monthly summing variable for water quality 
benefit. 

- Monthly summing variable for navigation benefit. 

- Monthly summing variable for flood penalty 
benefit. 

- Daily normalized performance index, less GENBN. 

- Reservoir management factor. 

- SulTITiing variable for monthly visitors, land. 

- SulTITiing variable for monthly visitors, water. 

- SulTITiing variable for monthly visitors, down-
stream visitors. 



SUM 

UN HRS 

UNHRSl 

Wl 

W2 

W3 

W4 

W5 

W6 

W7 

WB 
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TABLE XI (Continued) 

- Total number of reservoir and downstream visitors 
for one month. 

- Total number of hours generated in one day. 

- Average nµmber of hours generated/day during 
month. 

- Reservoir visitation weighting factor. 

- Downstream visitation weighting factor. 

- Water quality benefit weighting factor. 

- Navigation benefit weighting factor. 

- Flood penalty weighting factor. 

- Generation benefit weighting factor. 

- Revenue weighting factor. 

- Visitors weighting factor. 

Gen~ration and Revenue Benefit Variables 

DEM 

GEN 

GENBN 

REV DEM 

REVBuv· 

REVDMP 

REV 

6. Subroutine GEM 

DIS 

- Monthly Demand (same as PD(J) in RESMOD). 

- Energy generated for month (same as ACC in 
RESMOD) 

- Generation benefit. 

- Dollar/MWH of revenue for meeting any part of 
demand. 

- Dollar/MWH bought for difference between DEM 
and GEN. 

- Dollar/MWH of revenue for generation over 
demand. 

- Net revenue. 

- Power discharge rate. 



DISTIM 

FLOW 

HRS 

VDOT 

y 

7. Subroutine FIT 

GG(M) 

IDIF 

JJ 

JUT 

KETCH 

KUT 

M 

y 

YY(M) 

TABLE XI (Continued) 

- Conversion factor, units are (seconds run -
acre feet)/ft3. 

- Inflow to reservoir. 

- Number of hours of generation. 

- Change in volume in acre-feet. 

Updated volume in acre-feet. 

- Ordinate values corresponding to YY(M). 

- Arithmetic difference between KUT and KETCH. 

- Reference to reservoir number (1 for this 
program). 
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- Intermediate variable, midrange calculated from 
KUT and IDIF. . 

- Current low data point of abscissa. 

- Current high data point of abscissa. 

- Number of pairs of abscissa-ordinate pairs. 

- Abscissa value for which an ordinate va 1 ue wi 11 
be interpolated. 

- Abscissa values forming the range of search. 

8. Subroutine BENMOD 

BN(l2,24) 

DAV 

IVFLOl 

IVFL02 

KAL(12,3) 

M 

Input Variables to BENMOD 

- Data for recreation model. 

- Daily discharge (turbine and spill). 

- Intervening flow at dam. 

- Intervening flow past Gore. 

- Calendar data. 

- Number of month. 



NAV 

PI 

STAGEl 

STAGE2 

WQ(l2,20) 

ADJVST 

BN(M,l) 

BN(M,2) 

BN{M,3) 

BN(M,4) 

. BN (M,5) 

BN(M,6) 

BN (M, 7) 

BN(M,8) 

BN(M,9) 

BN(M, 10) 

BN(M, 11) 

BN(M, 12} 

BN(M,13) 

BN (M, 14} 

BN(M,15} 

TABLE XI (Continued} 

. - Data for recreation model. 

- Monthly perfonnance index. 

- Stage height at Gore. 

·· .. Stage height. at Van Buren. 

Data for water quality model. 

Variables for Recre·ation Model 

- Total number of weekday land and water-based 
visitors. 

.. Low elevation visitation for land (monthly}. 

.. Optimum land visitation (monthly}. 

- .High elevation visitation.for land (monthly) . 

.. Low elevation visitation for water (monthly)._ 

.. Optimum water visitation (monthly)_. 
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- High elevation visitation for water (monthly}. 

.. Minimum elevation for optimum land visitation 
(monthly}. . 

- Maximum elevation for optimum land visitation 
(monthly}. . 

- Minimum elevation for optimum water visitation 
(monthly). · 

.. Maximum elevation for optimum water visitation 
(monthly). 

- Equivalent number of day in month. 

- . Weekday-weekend/holiday factor. 

.. Penalty(%) at low elevation change. 

- Penalty(%} at midpoint elevation change. 

- Penalty(%) at high elevation change. 



BN{M,16) 

BN(M, 17) 

BN{M,18) 

BN(M,19) 

BN(M,20) 

BN (M,21) 

BN(M,22) 

BN(M,23) 

BN(M,24) 

DIR 

DAVI ST 

DEL EV 

DADWV.T 

ELEVAT 

HIGEL 

· LOWEL 

NWKHL 

Rl 

R2 

RAVTWA 

RAVTLA 
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TABLE XI (Continued) 

- Low discharge daily downstream visitation (%). 

- Midpoint discharge daily downstream visitation 
(%). 

- High discharge daily downstream visitation (%). 

- Low elevation change for elevation change 
penalty curve. 

- Midpoint elevation change for elevation change 
penalty curve. 

- High elevation change for elevation change 
pena 1 ty curve. 

- Lowest discharge rate for downstream visitation 
curve. 

- Midpoint discharge rate for downstream visitation 
curve. 

- Highest discharge rate for downstream visitation 
. curve. 

- Daily discharge below dam (turbines + spill + 
intervening flow). · 

- Number of daily visitors above dam. 

~ Daily elevation change. 

- Daily downstream visitors. 

- Daily average elevation. 

- Highest elevation for visitor curves (monthly). 

- Lowest elevation for visitor curves (monthly). 

- Weekday-weekend/holiday index (l=holiday/ 
weekend, O=weekday.) 

- Daily visitors for land. 

- Daily visitors for water. 

- Raw visitation for water (monthly). 

- Raw visitation for land (monthly). 



ALPHAl 

ALPHA2 

ALPHA3 

BOOST 

BO DEF 

BODMIX 

BODL 

BODS 

CFSS 

CFSS 

DOSTAR . 

DOR ES 

DOEFFL 

DST RT 

DST RA 

DOMIX 

DS 

DODEF 

DO 
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TABLE XI (Continued) 

Variables for Water Quality Model 

- Weighting coefficient for D.O. in water quality 
benefit. 

- Weighting coefficient for D.S. in water quality 
benefit. 

- Weighting coefficient for temperature in water 
quality benefit. 

- B.O.D. of reservoir or stream flow, auxiliary 
variabJe. 

- B.O.D. of intervening flow, auxiliary variable. 

- B.O.D. of reservoir discharge or stream flow 
and intervening flow. 

Ultimate B.O.D. 

- Ultimate B.O.D. corrected to DSTRA. 

- Stream flow or reservoir discharge, auxiliary 
variable. · 

- Intervening flow rate, auxiliary variable. 

- Auxiliary variable for optimum D.O. 

- D.O. of reservoir or stream flow, auxiliary 
variable. 

- D.O. of intervening flow, auxiliary variable. 

- Predicted downstream temperature. 

- Average downstream temperature. 

- D.O. of reservoir discharge or stream flow and 
intervening flow. 

- D.S. of reservoir discharge or stream flow and 
intervening flow. 

- Streeter-Phelps D.O. deficit. 

- D.O. of stream at next control point. 



DO SAT 

DOD 

DMTC 

L 

RETMl 

RETM2 

RETM 

RKPRU 

RKZPRM 

TMRES 

TM RES 

TMMIX 

WAQL 

WQTM 

WQDS 

WQDO 

WAQ 

WQ{M, l) 

WQ{M,2) 

WQ(M,3) 

WQ{M,4) 

WQ{M,5) 

WQ(M,6) 

WQ{M,7) 

WQ(M,8) 

TABLE XI (Continued) 

- Saturated D.O. value at DSTRA. 

- D.O. deficit of mixture. 

- Downstream temperature correction factor. 

- Counting variable in water quality model. 

- First reach reach time. 

- Second reach reach time. 

- Reach time auxiliary variable. 

- K1 corrected to DSTRA. 

- K21 corrected to DSTRA. 

- Temperature of reservoir or stream flow, 
auxiliary variable. 

- Temperature of intervening flow, auxiliary 
variable. 

- Temperature of mixture. 

- Intermediate sumning variable for WAQ. 
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- Intermediate temperature water quality variable. 

- Intermediate D.S. water quality variable. 

- Intermediate D.O. water quality variable. 

- Water quality performance. 

- D.O. of reservoir discharge. 

- D.O. of intervening flow, first reach 

- D.O. of optimum. 

- B.O.D. of reservoir discharge. 

- B.O.D. of intervening flow, first reach. 

- Temperature of reservoir discharge. 

- Temperature of intervening flow, first reach. 

- Temperature of optimum. 



WQ(M,9) 

WQ{M, 10) 

WQ{M, 11) 

WQ{M, 12) 

WQ(M, 13) 

WQ(M,14) 

WQ(M,15) 

WQ(M, 16) 

WQ(M, 17) 

WQ(M, 18) 

WQ(M, 19) 

WQ(M,20) 

CFSMN3 

CFSL03 

CFSHI3 

CFSMX3 

KK 

NAVBN 

NAV(M, 1) 

NAV{M,2) 

NAV(M,3) 

NAV(M,4) 

NAV{M,5) 
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TABLE XI (Continued) 

- D.S. of reservoir discharge. 

- D.S. of intervening flow, first reach. 

- D.S. of optimum. 

- Downstream temperature correction, first reach. 

- Kat 20°C. 

- K21 at 20°C. 

- Downstream temperature correction, second reach. 

- Unused. 

- Temperature of intervening flow, second reach. 

- D.O. of intervening flow, second reach. 

- B. O. D. of intervening fl ow, second reach. 

- D.S. of intervening flow, second reach. 

Navigation Model Variables 

- CFS minimum, auxiliary variable. 

- CFS lo-optimum, auxiliary variable. 

- CFS hi-optimum, auxiliary variable. 

- CFS maximum, auxiliary variable. 

- Counting variable in navigation model. 

- Navigation benefit. 

- CFS minimum for first reach. 

- CFS lo-optimum for first reach. 

- CFS hi-optimum for first reach. 

- CFS maximum for first reach. 

- CFS minimum for second reach. 



NAV{M,6) 

NAV(M,7) 

NAV(M,8) 

NAVBNl 

RNAV 

FLDBNl · 

FLDSTl 

FLDST2 

FLDMXl 

FLDMX2 

FL DST 

FLDMX 

FLDBN 

KKK 
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TABLE XI (Continued) 

- CFS lo-optimum for second reach. 

- CFS hi-optimum for second reach. 

- CFS maximum for second reach. 

- Surmning variable. 

- Check variable to determine if second reach used. 

Flood Model Variables 

- Sunning variable. 

- Flood stage at first control point. 

- Flood stage at second control point. 

- Maximum expected stage at first control point. 

- ·Maximum expected stage at second control point. 

Flood stage, auxiliary variable. 

- Maximum expected stage, auxiliary variable. 

- Flooq penalty. 

- Counting variable. 
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TABLE XII 

PROGRAM LISTING 

FORTRAN JV G LEVEL 21 MAIN DATE • 73275 18/03/12 

0001 
(002 
0003 
1;004 
COC5 
000(, 
0007 
cooe 
0009 
OOlC 
coil 
0012 
0013 
C014 
0015 
OOlt, 
0017 
0018 

0019 
0~20 
C021 
0022 
C023 
CU24 

. 0025 
COH 
&:027 
0028 
CC2<i 
0030 
0031 
C032 
0033 
C034 
i.035 
003b 

c 
c 
c 

CC37 
c 
c 
c 

0038. 
c 
c 
c 
c 
c 
c 
c 
c 
·c 
c 
c 

C0.39 

EXTERNAL OPTMZR,CRVF f T, UHJLO, RE0 SMOO ,Fl T ,GE14,BEN1400 
IN.TEGER DAILY . 
REAL 11\F LOW, NAY, NAVBN,NAVBl'\1, ITVFU, ITVFL2, LOW EL 
REAL.HWl:IMIN . . . 
COMMCIII/ Al/ "OC31 I , POU2 I, I Ni=LOW I,. ,12 loPAN EVP 14, 12 I 
COMMON/A2/COTC 121,DUMPPI 121 
CO,.MOIII/A3/EFFl,.1,ADTIMl41 1 ELSTl4) 
C QMMON/A,.ITPP(4 ,121, BPPl4 1 12 I 
COMMON/A5/STAGE114,241,0ISSTll4,241 ,STAGE214,241,DISST214,241 
COMMONIA&/OPO(l2,3ll,DINFLOl4,12,311,DPANEVl4,12,311 
COMMON IA8/0AI LY 
COMMON/A9/DIS 
COH,.ON/AlO/JY . 
COMMOM/All/FRACC,,31 ,-LIMCl4,31 
CCMMCN/ Al 3/ OISPIIIR ( 4, 241, ELRE SD( 4 1 241 ,HPRE SI 4 ,241 ,ELRE SPC 4,241 
COMMOII./ A211 DIS PT (4 ,2 I, NUN ITC4 I 
COM"10N/A30/TAILC4,241,SPJLLC~,24) 

. COMMON/A32/ITVfLll4,121ilTVFL2C4,121 1 DITFLU~,l2w311, 
1 DI TF L2 14 , 12, 31 I 

COMl'ION /A 33/NMON,IIID8UG,LI ST, MODI Pl 
COMMCN /OPT/XNXTC121 1 USTARC12,51 1 PSTARC5,21 
CO"MON /SAV/OMDll21,FC121 ,EC121 
COM'40N /Gk.10/GRDC 51 
CO,.MON /STFIN/MSTRT,MFIN 
COM!'40111 /FI TTE R/ELRE Sl 4 ,241 ,VRE SC4 ,241 
COMMON /UMI/MWH"11N(41 
COMMON/8El'\1/BNl12,241,111QC12,201,NAVC12,81,KALC12,31 
COMMON/SEN2/~ELEV,NIIIKHL,ELEVAT 
50"MO!\i/ BENS/ ALPHAl, ALP HA2 1 ALPHA3 1 RETMt'1 RE TM2 
CO'IMON/dEl'\b/FLOSTl ,FLDMXl ,FLDSTZ 1 FLOMX2 
COHMONIBEN7/0AVIST,QADWVT,w~•,NAVBN,F~OBN,GENB~,RMF 
COMHOt-4/ BENB/ill ,1112, W3 1 W4,W5,lllb,W 7,W 8 
COMMON /BEN9/SUH,REV 
COMMON/BENlO/LOIIIEL,HIGEL 
COMMOIII/REVGEN/ REV DEM 1 REVBUV, REVDMP 
DIMENSION MON(l21 
OAT A HON/ 4HJ AN , 4HFE.B , 4HMAR , 4HAPR ,4HMA ¥ 1 4HJUN 0 4HJUL ,4HAUG 1 1t 

SHSEP ,4HOCT 14HNOV 1 4HDEC I 

NSTAGE IS COUNTING VARIABLE FOR MONTHLY DATA READ STATEMENTS. 

NSTAGE • l 

KK COOESPON.DS .TO THE NUMBER OF RESERVOIRS IN THE SYSTEM. 

N~ON IS THF. NUMBER OF THE ~ONTH CORRESPONDING TO THE FIRST MONTH 
OF THE DATA SET, IIIHERE I CORRESPONDS TO JANU 1 2 CORRESPONDS TO 
FEBR, •••••••••••••, ANO 12 CORRESPONCS TO DECEMBER. 

NO.BUG CONTROLS EXTRA WlllTE STATEMENTS, 

LIST CCNTROLS OUTPUT FORMAT. 

HOOIPl CONTROLS .TYPE OF PERFORMANCE INDEX. 

READ( 5,21NMON,NOBUG,LI ST 1 MCOIPI 
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TABLE XII (Continued) 

FOK TRAN 111 G LEVEL 21 MAIN DATE • 73275 18/03/12 

C04C 
0041 

·C042 

CC43 
tJ044 

C045 
C046 

c 
c 
c 
t 
.C 

987 
c 
c 
c 
c 
c 
c 

c 
c. 
c 

c 
c 

READ- IN OF NTOTSG CORRESPONDING TO TOTAL NO. OF MONTHS OF DATA 
TO BE i.JSEO. ALSO REAO-;-IN OF THE VARIABLE ,OAILY,IIHIC:H DENOTES 
tHAT DAILY DATA INFORMAtlO~ IS. TO 8E READ iN ALSO. 

·REAOl5~-B71NTOTSG,DAIL~ 
FORMAT112,7X,121 

READ IN lST & LAST DATA SET TO BE OPTIMIZED,MSTRT & MFIN. 

REAOl5 ,987 IMSTRT 1 MFIN 

READ IN THE NUMBER OF DAYS IN EACH MONTH. 

REA015,211MDIJl,J•l,NTOTSGI 
2 FORNATl12131 

READ I h THE MONTHLY ENERGY DEMANDS IN MWH. 

REA015,311POIJl,J•l,NTOTSGI 
3 FORMAT(4E20o71 

C READ IN THE MONTHLY AVERAGE INR.OW, IN THOUSANDS OF CFS 
c 

0047 1010 DO 200 JJ • 1 ·, KK 
004 e 200 REAOC 5 ,41.11 NF LCM I JJ, JI ,Ja l,NTOTSGI 
C04<; 4 FOR HA Tl BFlO. 01 . 

0050 
C051 

c 
c 
c 

c 
c 

READ IN THE MONTHLY AVERAGE. EVAPORATION 

0020 lJJ• ltKK 
201 READl5 1 1t II PANEVP IJJ, JltJ•l,NTOTSGI 

IN FEET• 

C READ IN THE MONTlt.Y AVERAGE INTERVENING FLOWS I~ THJUSANDS OF CFS 
C JUST BELOW DAM I ITVF ll I AND BELOW CCNT ROL POINT 1 I lTVFLZ I 
c 

0052 DO 3001 JJ•l ~ KK 
~053 READ( 5 1 31 I ITVF l1 I JJ,JI , Jal ,NTOTSGI 
0054 3001 ·READC5,3111TIIFL21JJ,Jl,J•1,NTOTSGI 

CC55 

0056 

C057 

c 
c 
C READ IN THE EFFICIENCY OF THE GENERATORS AT THE VARIOUS RESERVOIRS· 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

READC5,411EFF(JJl,JJ=l,KKI 

l!EAD 1.N THE NUMBER OF HOURS BEF:JRE AN ADDITIONAL UNIT IS USED AT 
THE VARI CUS RESERVOIRS . 

RE AOC 5 ,OCAOT IMC JJ ltJJs 1,KKI 

READ IN THE MONTHLY II ALU ES OF THE TOP AND BOTTOM OF THE POWER 
POOL AT THE VARI DUS RESERVOIRS. 

DO ·.206 JJ • 1 , KK 
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TABLE XII {Continued) 

FORTUN IV G LEVEL 21 HAIN DA TE • T.32 75 18/03 /12 

C058 206 READl5·,t+IITPPCJJ,JI, BPPCJJ,JI, J • t, NTOTSGl 
c 
c R.EAO IN THE. STARTING ELEVATION IN Feet ABOVE SEA LEVEL AT TNE 
C VARIOUS RESERVOIRS. 
c 

0059 REAOC 5,41CEL STI JJI ,JJ•l ,KKI 
c 
C READ 1111 THE UPPER DISCHARGE CONTROL POINTS AT THE VARIOUS RESERVOIRS 
c 

C060 DC 1023 JJ • l, KK 
C06 l l 023. READ( 5 ,'+II O I SPT( JJ, JI ,J•l ,21 

c 
C REAC IN THE NUMBER OF U~ITS AT TME VARIOUS RESERVOIRS. 
c 

0062 RE ADC 5, Z ICNUNI T( JJI, JJ=l, KKI 

0063 
C064 
0065 

C066 
0067 

c 
c 
c 
c 
c 
c 

c 
c 
c 
c 

c 
c 
c 

READ 1111 THE ELEVATION INCREMENTS TO HODIFt THE ELEVATION BEFORE 
INTERROGATING THE HORSEPOWER VS ELEVATION OR DISCHARGE RATE VS 
ELEVATION CURVE FITS WHEN HORE THAN ONE GENERATING UNIT IS BEl~G 
USED AT THE VARI DUS RESERVCI RS, 

DO 5 JJ • 1 , KK 
NRANGE • NUNIT(JJI - 1 

5 .REAOC5,41CEL INC(JJ,JXI.JX•l,NRA~GEI 

.READ IN THE FRACTIONAL AMCUNT OF THE INFLOW TO BE DISCH~RGED 
AT THE IJPPER OISCHAR:GE COtHR.OL POINTSo 

00 55 JJ • 1, KK 
·55·.READ15,'+ICFRACCJJ,Jl,J • 1, 31. 

READ IN GRID POINT ELEVATIC.NS IN' FEET 

CC6e ~EAOC5dl99ICGRDIJl,J•l,51 
C069 1199 FORMATl5E10.51 

c 
C REAC lh HINIHUH DAILY ENERGY TO BE GENERATED, 
C CE'QUIVALEIIIT NUMBER OF ONE UNIT HRS MUST BE LESS THAN AOTIHI 
c 

C07C IIEAICC5 ,7891 Cl'WHHINIJJl,JJ•l,KKI 
COJl 789 FORMATC4El0o31 

c 
C REAIC-1111 OF VOLU"IE-ELEVATION DATA FOR THE VARIOUS RESERVOIRS, 
c 

007 2 DO 56 JJ • l , KK . 
0073 56 READC5,50601 IELRESIJJ,J ltJ•l,241,IVR.ESCJJ,LI ,Lal, 21tt 
C074 5060 FOR~ATC8El0o51 

c 
C RUD-IN OF STAGE DISCt4ARGE DATA AT THE FIRST CONTROL POINT FOil 
C THE VARIOUS RE SE RVOI RS. 
c 

0075 DO 50 JJ • 1 , KK . 
C07fi 50 READC5,50601CSTAGE1CJJ,JI ,J•l,21+1,COISSTlCJJ,Ll,L•l,241 

c 
C REAIC-IN OF STAGE-DISCt4ARGE DATA AT THE SECOND CONTROL POINT FOR 
C THE VARIOUS RESERVOIRS. 
c 

0077 00 51 ~J • 1 t KK 



FCRTRAN 

0078 

COH 
COtlO 

0081 
C082 
0083 

lV G LEVEL 

51 
c 
c 
c 
c 

52 
c 
c 
c 
c 

53 
51J6l 
c 

TABLE XII ( Continued) 

21 MAl N DATE • 73275 

REA015,5060llSTAGE21JJ,Jl,J=l,241,IOlSST21JJ,Ll,Lcl,241 

REAO-lN OF. TAILWATER CORRECTED POWER OlSCHARGE-ELEVATJON 
THE VARIOUS RESERVOIRS. 

00 52 JJ '" l , KK 
~EADl5,5060)10lSPWRIJJ•Jl,J•l, 81,{ELR~SOIJJ,Ll,L•l, Bl 

REAO-lN OF. TAlLWATER CORRECTED HORSEPOWER-ELEVATION DATA 
THE VARICUS RESERVOIRS• 

00 53 JJ • l, KK 
REAOl5,5061JIHPR~SIJJ,Jl 1 J•l,61 1 1ELRESPIJJ,Ll,L=l,6) 
FORMAT( 6ElO. 51 
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18/03/12 

DATA FOR 

FOR 

c 
c 

READ-IN OF TAILWATER-DISCHARGE DATA, TO BE USED WHE~ SPILL IS NECESSARY, 
FOR THE VARIOUS RESERVOIRS. 

c 
COe4 CO 54 JJ " 1 , KK 
Cll85 54 REA015,506011TAlLIJJ,JI ,J•l,l61,ISPlLLIJJ,Ll,L•l,16t 

c 
C REAC-IN OF RECREATION MODEL DATA, BNIM,NI ARRAY 
c 

0086 REAOl 5,12211 IBNI M,NI ,Nsl, 241 ,M•l,NTOTSGI 
C087 122 FORMATIBEl0.2/8El0.2/8El0.21 

c 
c 
C · REAC-lt. CF LOWEST ANC HlG11EST ELEVATIONS CONSIDERED BY THE 
C RECREATION MODEL, LOWEL AND HIGEL 
c 

0088 !IE AO 15 ,123 ILOWEL I HIGEL 
CCll9 123 FQRMATIZEl0.31 

c 
c 
C READ-IN OF WATER QUALITY CATA, WQIM1 NI 
c 

0090 REA015, 18011 IWQ(H,NI ,N=l, 201,H•l,NTOTSGI 
(091 180 FORMATl8El0.3/8El0.3/4El0.31 

c 
c 
C REAC-IN OF WATER QUALITY PERFORMANCE WUGHTING COEFFICIENTS 
C ANO REACH Tl MES ' 
c 

C092 RE AO (5 ,1811 ALPHA 1, ALPHA2, AL PHA3, RETH 1, RETH 2 
C09:! 181 FORMATISFl0.31 

c 
c 
C READ-lN OF NAVIGATION ~OOEL DATA, NAVIM,NI ARRAY 
c 

C094 REAC(5,1901.l(NAVIM,Nt,N=l,Bl,M•l,NTOTSGI 
Cll9 5 190 FOR MA Tl SE l O. 31 

c 
c 
C READ-IN Of FLCOD PENALTY ~OCEL DATA 
c 

C096 READ 15, 2201 FL CST l, Fl OMX 1, FLOST2, FLOM X2 
C0~7 220 FORMATl4El0.31 

c 



. TABLE. XI I ( Continued) . 

FCRTRAN lV G LEVE( 21 MUN DATE • 73275 

CC<if! 
0099 

c 
c 

·c 
REAO•lN OF CALENDAR. DATA, KALIM,NI AR.RAY 

READ( 5 ,1 OU 11 KALI M ,NI ,N•l ,31, 11•1, NTOTSGI 
101 FORMATl3l51 

c 
c•• 
C•• REAO-IN DF REVOEM,REVBUY,R·EWMP GENERATION COSTS 
c•• 

Cl CC READ15,39931REVDEM,REVBUY,REVCMP 
0101 3993 F~RMAT(3F20.31. . 

c 
C READ IN WEIGHTING COEFFICIENTS OF MAIN PERFORMANCE INDEX. 
c 

0102 REA015,512lWl,W2,W3,W4,W5~W6,W7,WS 
ClO! 512 FORMATIBEl0 •. 31 
0104 IFIDAILYH022,1022,10ll 

c 
c 
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18/03/12 

C R.EAO IN THE. DAILY INFLOW IN THOUSANDS OF CUBIC FEET. PER SECOND. 
c 

ClC5 1011 001016JJ•l,KK 
Cl06 001016J•N.sTAGE ,NTOTSG 
0107 MDJ•MOCJ I 
0108 . 1016 REACl5,101211DlNFLOIJJ,J,JXl,JX•l,MDJI 

c 

ClC'i 
.ono 
Cll l 
0112 

Cll 3 
0114 
Cll5 
Cll6 
Oll7 
cue 
cue; 
0120 
Cl2l 
0122 

C READ IN THE DAILY EVAPORATION IN FEET PER ·DAY. 
c 

1018 
c 
c 

3002 
l 012 

11>22 

D01018JJ•l ,KK 
001 Ol8J= N STAGE ,111 TO TSG 
l'!DJ=MCiJI . 
READ 15 ,10121 ( DPANEVI JJ ,J,JJO, JX•l, MOJ I 
READ IN THE DAILY INTERVENl~G FLOWS IN THOUSAlliDS 
FEET PER SECOND AT THE VAR lOUS RESERVOIR So 
00 3002 JJ•l ,KK 
00 3002 J•l,NTOTSG 
MCJ•MOIJI 
REAUl5,101211DITFLl(JJ,J,JYl,JY*l,MDJI 
READ15,10121CDITFL21JJ,J,JYl,JY•l,MDJI 
F·ORMATl8El0o41 
CONTINU: 
CALL OPTMZR 
STOP 
END 

OF CUBIC 
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TABLE XII (Continued) 

FJRTRAN IVG LEVEL 21 MAIN DATE " 73275 18/03/12 

~oc 1 
0002 
0003 
C004 
0005 
CC Cb 
Cu07 
coos 
CC09 
COlO 

COll 
0012 
COl3 
t.014 
0015 
OOlb 
CC17 
0018 
C019 
C02C 
0021 
0022 
C023 
0024 
CC25 
CJU 
OJ27 

CJ2 tl 
cozg 
0030 
CC31 
OOJ2 
C033 
C03'1 
J035 
003b 
CC31 
0038 
0039 
0040 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••• *** 
C••• SU8ROIJT l',jE OPT"4ZR *** 

c••• ••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SUBROLTl~E OPTMZR 
COMMON /OPT/XNXTI 121 ,USTAR( 12,51 ,PSTARC5,21 
COMMQ',j /Al/HX(311,DMD(l21,FL~l4,121,PEVPl4,121 
COHMON/A3/YYY(41 ,ZZZ 141 ,SI (41 
cor~MON /GRIO/Xl51 
COMMON /STFllv"STR.T,MFIN 
COMMON /BtN9/SL'1,REV 
COM'10',j/A33/NHON,',jDBUG,LIST,'100IPI 
DIHE~SIO~ HON(l21 
DATA HON/4HJAN ,4HFEB ,4H"AR. ,4HAPR. ,4HMAY ,4HJUN ,4HJUL ,4HAUG ,4 

l HS E P , 4HOCT , 4HNOV , 41-tDEC I 
SU Ml zO. 0 
REV 1= 0 .O 
XI zS 111 I 
Hzl 
N•O 
"FINlz"F IN 
JXaC 
LHOLO:ll ST 
IF( IL IST .EQ.11.'JR..ILIST .E\l.211G.J TO 3 
LHOLOzll ST 
LI ST• 5 

3 CONTINUE 
IFl'1STRT.LT.'4FINIGO TC 35 
KMAX=l3-HSTRT+HFIN 
GO TO 36 

35 KHAX=MFl,.._MSTRT+l 
36 CONTINUE 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••• ••• c••• ••• 
C*** IIR.EII --- NORMAL OPTl"41ZER. RU',jS PROCEED 1-tfR.Eo STAGES KMAX-1 *** 
C*** THROUGH TO STAGE 2. OUTPUT OF USTAR A',jD PSTAR ARE MADE HE:RE AF- *** 
C*** TER EACH STAGE IS COMPLETED. *** 
C••• *** 
c••• ••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
100 IFl"1STPT.GT.HFINIGO TO 37 

H:JNTH=-l"F I N-N 
GC TC 38 

37 MCNTH•"Fl~l-JX 
JX=JX+l 
IF(HONTH.GE.llGO TO 38 
HONTH=12 
JXz 1 
MFl,.,1=12 

38 CONTINUE 
111 K=KMAX-N 

KMAX2zKMAX-2 
IF(K.EQ.llGO TO 200 



TABLE XII (Continued) 

FCRTRAN lV G LEVEL 21 OPTMZR DATE ,. 73275 

Cu4 l 
()042 
C043 
\aU44 
1)045 
CC46 
Cu47 
0048 
CC4c; 
C050 
IJ051 
CC52 
C05~ 
0054 
CC55 
0056 
C057 
CC5 e 
0059 
C060 
C06 l 
0062 
0063 
CC64 
C065 
0066 
C067 
0068 
uOo9 
C07C 
i.J07 l 
(072 
C073 
0074 
CC75 
CIJ76 
C077 
CC7e 
C079 
0080 
CC Bl 
C.082 

CC83 
C084 
0085 
CC86 
0087 
COB!! 
CC89 
0090 
C091 
C092 
0093 
C094 
C095 
0096 
CC'i7 

1123 
631 

212 
211 

21~ 

101 

216 

102 

l 03 
217 

703 

632 

43 
633 

44 
634 

CALL UHlLOIXIMl,MONTH,UH,UM,UL,K,M,11 
!FIL lST.EQ.51GO TO 631 
WRITEl6,1123 IUL,.UM,UH 
FOR MA TllHO, 1 UL,UM,UH--BEF CR CR\IF IT 1 , T26 ,3Fl2 041 
CONTINUE 
IFIUH.LT.-.000041GO TO 212 
IFIUH.GE.O.OIGO TO 213 
Ui-1=0 oO 

.GO TO 213 
WR l TE I 6, 2111 
FCRMATl1H0, 1 CONTROL WAS NEGATl\lE 1 I 
RE TURN 
CONTINLE 
XGR02 X (MI 
CALL RESl'COIUH,X IMI ,1,MONTH,.<NXTIM 1,P I 
XIMl=XGR.O 
L=l 
GO TO 1001 
PH=P 
lFI IABSIUH-ULI I.GT .10.0IGO TO 216 
UL•UH 
UM•UH 
Pl•PH 
PM,.PH 
GO TO 217 
CONTINUE 
XGROzXI Ml 
CALL RESMOOIUM,XIMl,l,MONTH,XNXTIMl,PI 
X IMl=XGRO 
l=2 
GO .TO lQOl 

.PMzP . . 
XGRDzX( Ml 
CALL :RESMODIUL,XIMl, 1,MONTH,XNXTIMl,PI 
XIMI =XGRD 
L=3 
GO TO 1001 
PL=P 
CONTINLE 
IFIL tST.EQ.51GO TO 632 
WRITEl6,7031PH,PM,PL 
FORMATllHO,'PH = 1 ,TB,Fl0.2,T19,'PM = ',T24,Fl0.2,T35, 1 Pl 

SFlO .z, 
CONTIM.iE 
CALL CR\IFIT(UL,UM,UH,PL,Pl',PH,USTARIK,Ml,PSTARIM,211 
lFlllST.EQ.51GO TO 633 
WRlTEl6,431USTARIK,Ml,PSTARIM,21 
FORMAT(lHO, 'RETURNED FROM CR\IFIT',T25,2Fl2.31 
CONT lNUE 
lF I IUSTARIK, fo'I .EQ.UHI .CR. IUSTARIK,MI .EQ.UL I IGO TO 89 
IFILIST.EQ.51GO TO 634 
WRITE16,441 
FORMATUHO,• CA.LUNG THE MODEL' I 
CONTINUE 
XGRD=X IM I 
CALL RES MODI US TARI K,MI ,XI l'I ,1, l'O!>TH,XNXT IMI, Pl 
XI M l•XGRO 
L-'"4 

149 

18/03/12 

1 , T 40, 
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TABLE XII (Continued) 

FORTRAN IVG LEVEL 21 OPTMZR OA TE ,. 732 75 18/03/12 

co,;9 
C099 
0100 
Cl Cl 
Cl02 
Cl 03 
Cl 04 
0105 
0106 
Cl07 
OlOB 
0109 
CllO 
0111 
0112 
Cll 3 
0114 
0115 
Cllb 
0117 
0118 
Cll<; 
0120 
Cl 21 
Cl22 
0123 

Cl24 
0125 
Cl26 
Cl27 
0128 
0129 
0130 
0131 
0132 

0133 
0134 
Cl3"i 
Ol3b 
Cl37 
cn8 
0139 
Cl40 

014 l 
0142 
0143 

GO TO 1001 
107 CONTINLE 

IFILlST.EQ.51GO TO 635 
WR1TEl6,45JUSTARIK,Ml,P 

45 FORMATllHO,'RETURNEO FROM l'OOEL' ,T25,2Fl2.21 
635 CONTINUE 

lFIIP.GE.PHI.ANO.(P.GE.PMI.ANC.(P.GE.PLIIGO TO 50 
IFIIPH~GT.PMJ.AND.IPH.GT.PLIIGO TO 51 
IFIIPM.GT.PHI.ANO.IPM.GT.PLIIGO TO 52 
IF IIPL.GT. PHI .ANO. IPL.GT .PMIIGO TO 53 
GO TO 52 

51 USTAR(K,Ml•UH 
PSTARll',21•PH 
GO TO 89 

52 USTARIK,MJzUM 
PSTAR("1,21•PM 

'GO TO 89 
53 USTARIK 1 Ml=UL 

PSTAR(l',21 =PL 
GO TO 89 

50 PSTAR(M,21•P 
89 CONTI NLE 
90 M=H+l 

IF(l'.LE.51GO TO 111 
N=N+l 
M= 1 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••~•••••••••••••••••• c••• ••• c••• ••• en• AREA 1000 -- NORMAL PSTAR UPDATE PROCEDURE HERE. • •• 
c••• ••• , c••• ••• 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
lJOO GO TO 43 B 
1001 IF(K.EQ.KMAXIGO TO 437 

00 222 J•l ,4 
lFl(XNXTIMI.GE.X(JII .AND.(XNXTIMI.LE.XIJ+llllGO TO 400 

222 CONTINUE 
WRITE(6,BI 

8 FORMAT11H0, 1 AREA 1000 CHECKSTOP - UPOATE 1 1 
RETURN 

400 P=P+PSTAR(J,l l+IPSTARIJ+l, l l-PSTARCJ, 111*1 CXNXTIMI-XCJI 111 XI J+ll-X 
SI JII I 

437 CONTINUE 
GO TOClOl,102,103,1071,L 

438 DO 333 J=l,5 
333 PSTARIJ,ll=PSTARIJ,21 

WRITEl6,ll l(X(KT 1,KT•l,51 
WRITEI b,l21K,IUSTAR(K,ll ,L•l,51 
WRITE 16, l31K, CPSTARCL, 11,L"l, 51 

11 FORM AT Cl HO, 1 ELEVAT ION1 , 125, F6 .2, T36, R, .2, T47, F6. 2, T 58,F 6. 2, Ti!9, F 6. 
$21 

12 FORMATl1H0, 1 USTAR STAGE 1 ,T14,12,T20,5Fll.21 
13 FDRMATClH0, 1 PSTAR STAGE' ,Tl4, 12,T20,5Fll.21 

GO TO 100 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••• ••• c••• ••• 
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FCRTRAN IV G LEVEL 21 · OPTHZR DATE = 73275 18/03/12 

0144 
Cl45 
Ol4b 
0147 
Cl4e 
Cl4<; 
0150 

Cl51 

Cl52 
C15~ 
0154 
Cl 55 
Ol5b 
Cl 5 7 _ 
Cl5e 
0159 
OlbO 
C lb 1 
Olb2 
Cl63 
Cl64 
0165 
0166 
Clt:7 
Cl68 
0169 
Cl7C 
Cl 71 
0172 
Cl 13 
Cl7'< 
Cl 75 
Cl 71: 
0177 
0178 
c11c; 
Cl BO 
0181 
Cl82 
018~ 
018'< 
Cl 85 
Cl et 

C••• AREA 2000 --- FINAL PSTAR UPDATE PROCEDURE HERE ••• 
c••• ••• c••• ••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
2000 OD 555 Jsl,4 

!Fl (XNXT 111.GE.X IJ I I .AND. (XNXT 111.LE.XIJ+ll I IGO TO 500 
555 CONTINI.£ 

WRITEl6,91 
9 FORMAT 11 HO,• AREA 20JO CHECKS TOP - UPDATE' I 

RE TURN 
500 P=P+PSTARIJ,ll+IPSTARIJ+l,11-PSTARIJ,lll*IIXNXTlll-XIJII/IXIJ+ll-X 

SI JI II 
GO TOI 104, 105 1 106,1081 ,L 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c••• ••• c••• ••• 
C*** AREA 200 --- OPTIMIZATION OF INITIAL ELEVATION AND BEGINNING CF ••• 
C*** FORWARD RUN STARTS HERE. OUTPUT OF FORECAST PERFORMANCE, RU~ PER- ••• 
C*** FORMANCE, INITIAL ELEVATION ,Xl,DEMANOS PER MONTH, CCNTROLS ANO *** 
C*** ELEVATION ARE MADE 1-EREo *** 
c••• ••• c••• ••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
200 MONTH=~STRT 

CALL UHILOIXl,MONTH,UH,UM,UL,K,H,11 
IFIUH.LT.-.000041GO TO 212 
IFIUH.GE.O.OIGO TO 214 
UH>:O. 0 

214 CONTINUE 
XGRD=XI 
CALL RESHOOIUH,Xl,l,HONTH,XNXTIHl,PI 
X I=XGRO 
L>:l 
GO TO 2000 

104 PH:P 
!Fl (ABSIUH-ULI I.GT.10.0IGO TO 218 
UL=UH 
UH=UH 
PL=PH 
PM=PH 
GO TO 219 

21 B CONTINUE 
XGRD=XI 
CALL RESMOOIUM,Xl,1,HONTH,XNXTCMl,PI 
XI =XGRO 
L=2 
GO TO 2000 

105 PH=P 
XGRO"'XI 
CALL RESHOOIUL,Xl,1,HONTH,XNXTIMl,PI 
XI =XGRO 
L=3 
GO TO 2000 

106 PL=P 
2l'l CONTINl.E 

IFILIST.EQ.51GO TO 636 
wRITEl6,7031PH,PM,PL 

636 CONTINUE 
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FCRTRAN IV G LEVEL 21 OPTMZR DATE • 73275 18/03/12 

Cl 87 
Cl88 
Cl89 
Cl c;c 
C19 l 
Cl 92 
Cl9~ 
0194 
Cl 95 
Cl9b 
0197 
Cl98 
Cl99 
0200 
C2Cl 
C202 
0203 
C204 
0205 
020b 
C207 
0208 
0209 
C210 
0211 
0212 
C2 l ~ 

· C214 
C2l 5 
C2H: 
0217 
C21 E 
C21 c; 
0220 
C221 

0222 
C223 
0224 
0225 
C226 
0227 
C228 
C229 
0230 
0231 
02~2 
0233 
C234 
0235 
0236 
C23 7 
0238 
0239 
C24C 

637 

638 

108 

72 

73 

74 

71 
7() 

75 
9083 

666 

25 

177 

63 

61 

CALL CRVFIT(UL,UM,UH,PL,PM,PH,USTARCK,11,PSTARCl,211 
IFC.LIST~EQ.51GO TO 637 
WRITE(~,431USTARCK,ll,PSTARC1,21 
c6NTINUE .. 
IFICUSTARCK.,11.EQ.UHI.OR. CUSTARCK,11.EQ.ULIIGO TO 75 
IFCLIST.EQ.51GO TO 638 
wRlTEC6,441 
CONTINUE 
XGRDsX I 
CALL RESHOOIUSTARCK,11 ,XI ,l,HONTH,XNXTCHl,PI 
Xl=XGRO 
IFCLIST.EQ.SIGO TO 639 
WRI TEI 6,451 USTARCK,11 ,PSYARll ,21 
CONTINUE 
Lz4 
GO TO 2000 
CONTINUE 
IFCCP.GE.PHI.ANO.CP.GE.PHI.ANC.CP.GE.PLIIGO TO 71 
IFIIPH.~T.PMI.AND.CPH.GT.PLIIGO TO 72 
IFIIPM.GT.PHI.ANO.IPM.GT.PLJIGO TO 73 
IF I CPL.GT. PHI .ANO. CPL.GT .PHI IGO TO 74 
GO TO 73 
UST AR I K, l l•UH 
PSTARC 1,21 •PH 
GO TO 70 
USTARIK,ll•UM 
PSTAR( 1,21,.PM 
GO TO 70 
USTARCl<,ll•UL 
PSTARC 1,21•PL 
GO TO 70 
PST AR Cl ,21 •P 
CONTINLE 
wR nee 6, 90831 
FOR MA"T 11 Hl, 1 •••••••••••••••••••••-••••••••••••••••••••••••••••••••• 

s•••••••••••••••••••••••••••••••••••••••••••••••,/,lH ,•••••,TlO,• 
S FORWARD RUNS ARE COMME"'ICING FROM THIS POINT ONijARD 
S 1 ,T97,'****! ,l,lH ,••••••••••••••••••••••••••••••••••••••••••••••• 
s•••••••••••••••••••••••••••••••••••••••••••••••••••••••I 

LIST=Ll-'OLO 
XGRD=XI 
CALL RESHODC USTARIK,11,XI ,l,MONTH,XNXHMI 1 PI 
XlzXGRO 
PRUNsP 
SUH l= SUM l+SUM 
REVl=REVl+REV 
00 666 J=l,4 
1FIIXNXT(Kl.GE.XCJII.ANO.CXNXTCKlrLE.XCJ+llllGO TO 777 
CONTll'iUE 
wRI TEI t:,251 
FORMATflH0, 1 CHECKSTOP FINAL RUN l ST. E"'ITRY' I 
RETURN 
K=K+ l 
IFIHSTRT .GT .MFII\I IGO TO .61 
MOI\ITH=l'STRT+l 
GO TO 62 
IFIHS.TRT.LT.l21GO TO 63 
MONTH•l 
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FCRTPAN Ill G LEI/El 21 OPTMZR DA TE " 73275 18/03/12 

C24l 
024 2 

C243 
0244 
0245 
C246 
0247 
0248 
0249 
0250 
C251 
C252 
0253 
02 54 
C255 
02 56 
C25 7 
0258 
0259 
C26C 
026 l 
0262 
C263 
0264 
0265 
C2t>6 
u2o7 
0268 
c26c; 
02 70 
C27l 

C27 2 
C273 
0274 
C275 
C27f: 
0277 
c21e 
C279 
0280 
C281 
C2B2 
0283 
(2 84 
028 5 
02 66 
C287 
0286 
0289 
0290 
0291 
C292 
C293 
0294 
(2 c;5 
C296 

62 CONTINUE 
USTARI K, ll=USTAR(K,Jl+ I US TAR( K,J+l 1-USTARIK,JII *I IXNXT(K-1>-X(J 11/ 

S(X(J+ll--X(JIII . 

"'*"+ l XGRD= XNX Tl K"-11 
CALL RESMOO(USTARIK,11,~N~T(K-11,1,HONT~,XNXT(Hl,~I 
XNXT( K-11 zXGRD 
PRUN=PRUN+P 
SUMl=SUMl+SUM 
RE\ll=RE\ll+RE II 
IF(KMAX2.EU.OIGO TO 1991 
JX=l 
HSTART=MSTRT 
DO 999 JJ=l,KMAX2 
DO 888 J=l ,4 
IF I I XNXT I KI. GE. X ( JI I • A 11.D. ( XNX TIKI. LE .x CJ +l I I I GO TO 990 

888 CONTINUE 
i.RI TE I 6,261 M 

26 FORMATl1H0,12,T5, 1 STAGE CHECKSTP - FINAL RUN 1 1 
RETURN 

990 K:K+ 1 
IFIMSTRT.GT.MFlNIGO TO 64 
MONTH= MST ART +K-1 
GO TO 65 

64 JX=JX+l 
MONT Hz MS TART +JX 
lFI MuNTH.LE.121GO TO 65 
JXzO 
'°'ONT H=l 
MSTART2l 

65 CONTINUE 
USTARIK,llzUSTAR(K 1 Jl+(USTAR(K,J+ll-USTAR(K 1 Jll*(IX~XT(K-ll-X(JII/ 

s I XI J + 1 1- XI J I I I 
M=,-+l 
XGRD=XNXTIK-11 
CALL R ESMOD( UST AR I K 1 11 1 XNXT( K-ll, l ,MON TH, XIII XT( Ml ,Pl 
XNXTI K-1 l=XGRD 
PR UN=PRUN+ P 
SUM 1= SUM l+SUM 
R Elll :R Elll +REI/ 

999 CONTINUE 
1991 CONTINUE 

I SUl"=SUMl 
WR I TE I 6, 2 71 P ST AR ( 1 , 2 I 
WR IT El 6 1 33 IPRUN 
wRITEl6,490011SUM 
WR! TE I 6, 490llRE\ll 

4900 FORMIIT 11H0, 14HTOTAL IIISlTORS,llX,1111 
49Cl FORMAT(lH0,19HTOTAL POWER REIIEMJE,6X,Fllo21 

WR ITEI 6, 471XI 
MST=MSTRT-l+NMON 
IFIHST-121755,755,756 

756 MST=MST-12 
755 ,..FN=MFIN-l+NMON 

lFIMFN-121757,757,758 
758 MFN=MFN-12 
757 CONTINUE 

lFIMST.LT.MFNIGO TO 1892 
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FORTRAN IVG LEVEL ·21 OPTMZR OAT E' • 732 75 18/03/12 

0297 
cz c;e 
C299 
0300 
c301 · 
0302 
0303 
0304 
0305 
0306 
0307 
0308 
03 cc; 
0310 

0311 
0312 
0313 
0314 
0315 
C316 
0317 

01 e 
C319 

1892 
1893 

1992 

l9CJ3 

27 

33 
31 
32 
47 
48 
49 
81 

WRITE 16, 8111 MONI LI ,L=HST t 12J, IHJN I Ml ,M=l ,HFN) 
GO TO 1893 
WRITE(b,BlllMONILl,L•MST,MFNI 
CONTINUE 
IF(HSTRT.LT.MFINIGO TO 1992 
WRITE I 6,49IIFLWI 1,LI ;L=MSTRT,l21 .,CFLWll,HI ,M•l ,HFINI 
WRITE 16, 48 I.I OMOIL 1,L=MSTRT, 121, 1 OHDI HI ,M• l, HF INI 
GO TO ·1993 
WR HE It:, 4911 FUii 1,HI ,H=HSTR T ,HF I NI 
WR IT E 16 ,48 I I OH DI LI ,L•HSTRT ,MF INJ 
CONTINUE 
WRITEl6,3111USTARll,11,Izl,KMAXI 
~RITEl6,32JIXNXTIJl,J=l,KHAXI 
FORHATl1HO,T25, 1 STAGES IN INCREASING ORDER BEGINNING FROH BETWEEN 

£STAGE ONE ANO TWO', I, lHO, 1 FORECAST Pfi!.FORMANCE 1 , T25,F 120 41 
FORMATtlHO,' RUN-PERFORMANCE' ,T25 ,F12 .41 
FORMAT( lHO, 'CONTROLS VALUES• ,T21,12F9.21 
FORMAT llH0, 1 RESERVOIR ELEVAT ION 1 ,T21, 12F9. 21 
FORMATllBHOINITIAL ELEVATICN,T21,F8.21 
F.OPMAT I l6HOMONTHL Y DEMANDS, T 21, l 2F 9. 21 
FORMAT 113HO INFLOW RATES ,T 21, 12F9.21 
FORMATC1HO,/,T26,A4,T35,A4,T44,A4,T53,A4,T62,A4,TT1,A4,TBO,A4,TB91 

$A4,T98,A4,Tl07,A4,Tl16,A4,Tl25,A41 
RETURN 
ENO 
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COOl 
0002 
(003 
0004 
C005 
COOo 

(007 

0008 

CUC<; 
0010 
coll 
0012 
0013 
0014 
0015 
0016 
C017 
0018 
COl 9 
oozu 
0021 
0022 
C023 
0024 
0025 
Cv2E: 
0027 
C02 e 
0029 
0030 
0031 
C032 
0033 
0034 
003 5 
0030 
C037 
C038 
0039 
C04 C 
C041 
0042 
C.043 
Cu44 
0045 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c•••••••••••••••••••••~••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••• ••• 
C*** SUBROUTINE CRVFIT *** 
c••• ••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

SU~ROUTINE CRVFITCX1,X2,X3,Yl,Y2,Y3,U,PI -
IF C I Y l • E Q. Y 2 I • AN C. I Yl • EQ • Y 31 I GO TO 6 2 
IF I Xl. EQ.X31 GO TO 49 
I FI X l. !:Q • X 2 I GO TO 60 
IFIX2. EQ.X3 IGO TO 61 
A=C Yl/ I I x1-x21 • I Xl -X3 I I I+ IY2/ I I xz-x 11 • IX 2-X3 111 + I Y3/ I (X3-X 1 I., X 3-X 

52111 
B=IYl/ llXl-X21*1Xl-X3 I I l*IX2+X31 +(Y2/I IX2-Xl l•I X2-X31 II *I Xl+X31+1 Y 

S 3/1 I X3-X 11 *I X3-X21 I I* I Xl+ X21 
C= I Y 1/ II X 1-x 21 *C X 1-X 31 I I• x2• X3+ I Y 2 ii I X2- Xll •I X2- X3 I I 1 •x 1 •x 3+ IY3/ IC 

SX3-Xll*IX3-X2lll*Xl*X2 
JF(A.EQ.O.OIGO TO 29 
U=B/12.0*AI 
P=A*(U*UI-IB*Ul+C 
IF IU.L T. X31 GO TO lO 
U:X3 
psy3 
GO TO 30 

10 IFIU.GT.XllGO TO 30 
U=Xl 
P=Yl 
GO TO 30 

29 P=Yl 
U=Xl 

30 JF(IP.GE.Yll.ANO.(P.GE.Y21.AND.(P.GE.Y311GO TO 50 
IFIYl.GT.PIPsYl 
IF( Y2 .GT .P Jpa,yz 
IFIY3 .GT .PIP=Y3 
IF IP. E Q. Yll UzXl 
IF(P .EQ.Y31U=X3 
IF(P.ECJ.Y2 IU=X2 

GO TO 50 
60 IFIY2.GT .Y3IGO TO 62 
63 U=X3 

PaY3 
GO TO 50 

62 U=X2 
P=Y2 
GO TO 50 

61 IFIY2.GT.YllGOT062 
U:Xl 
P=Yl 
GO TO 50 

49 U=Xl 
P=Y l 

50 CONTINUE 
RETURN 
END 
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0001 
C002 
0003 
C004 
0005 
OOOb 
C007 
OOO!l 
0009 
COlO 
0011 
0012 
C013 
0014 
COl 5 
CO lb 
0017 

.COl 8 
0019 
0020 
C02 l 
0022 
0023 

0024 
C025 
C026 
0027 
C02 E 
0029 
C030 
C031 
0032 
0033 
0034 
0035 
CC3t: 
C037 
C03 8 
CC3,; 
0040 
0041 
C042 
0043 
0044 
C045 
0046 
C04 7 
C04 8 
0049 
0050 

0051 
(05 2 
0053 
0054 
C055 
0056 
0057 
C05e 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••• ••• 
C ••• SUBROUTINE UHi LO *** c••• *** c ................................................................................. . 
c••••••••••••••••••••••••••••••••~•••••••••••••••••••••••••••••••••••••••••••••• 

SUBROUTINE UHILOCEL,HONTH,UH,UH,UL,K,M,NRI 
REAL HWiMI N 
COMMON /SAV/OMOl 121,FI 121,EC 121 
COMMON /Al3/0PR(4,241,ELDl4,241,HPRl4,241,ELPl4,241 
COMMON /Al/MXl3ll ,OMWHl121,FLl4,121,EVl4,1ZI 
COMMUN/A3/EFFl41,Al41,EXZl41 
COMMON/A33/NMON,NDBUG,LIST,MOOIPI 
COM~ON /GRIO/GR0151 
COMMON /FITTER/ELRESt4,241,VRESl4,241 
COMMON /A21/000l4,21,NUNIT(41 
COMMON /UMI/MWHHINC41 
00 lOvO N=l,12 
OMO( NI zD HWH( NI 
FINl=Flll,NI 
El NI =EVI l ,NI 

1000 CONTINLE 
U MAX GO=NUN IT (NR I *O. 74b* EF F (NR I *FIT (EL, ELP ,HPR ,6, NRI 
MSECS=l"X IHONTHl*4.32 E04 
F(MONTH1•2.0*HSECS•FIHONTHI 
UMAX•24.0*MX(MONTHl•UHAXGO 
UMINlM=H~HMiNINRl*HX(HONTHI 

19 CONTINUE 
IF I K .EQ.l lUH AXs ( 12 .O *MS ECS l*NUN IT INRI *O• 746*EFFI NR I *F ITIEL ,ELP ,HPR 

S,6,NRll/3bOO.O . 
ELA OJ= EL-EI MONTH I 
V•4.35bE04*FIT(ELADJ,ELRES,VRES,24,NRI 
VM1•4.356E04•FIT(GRO(ll,ELRES,VRES,24~NRI 
VH5=4. 35bE04•F IT ( GRD 151, ELRE S, VR ES, 24,NR I 
AVB=t V+F I MONTH I 1-VHl 
IFIAVB.LE.O.OIGO TO 10 
DSCHG=FIT I EL, ELD,DPR,8,NR I 
SEC ND S=AVi:1/1 DSCHG* NUNIT I NR JI 
HP•NUNITINRl*FITIEL,ELP,HPR,6,NRI 
UH= I EF FI NR I *O • 74b *HP•S ECNOS I/ 3600.0 
GO TO 105 

10 UH=O.O 
105 CONTINUE 

IF I UH.GT. UMA XI Ui =U MAX 
IF(MCDIPI.EQ.2JGO TO 101 

100 IF IUH.GT. (l.5•0MD(MONTHI I IUH=l .5*DHDCMONTHI 
101 SEC ND S•O. 0 

AVT = IV +FI MONTH I I-VM5 
IFIAVT.LE.O.OIGD TO 110 
DSC HG= F I Tl EL , E L D ,.DP R , 8 , NR I 
SE~NDS•AVT/ICSCHG*NUNITINRII 
HP=NUNITCNRl•FITIEL,ELP,HPR,6,NRI 
UL=IEFF(NRl•0.74b*HP•SECNDSl/3600.0 

200 CONT I NUE 
IFIUL.LE.UHIGO TO 360 
UH•UL 

110 
3b0 
350 

IPATH=3 

GO TO 350 
UL•Uf"U,l" 
I PA TH= 1 
CONTINUE 
IFIUL.LT.UMINIHIUL•UHINIH 
UM= I UH+ULI /2. 0 
RETURN 
ENO 



157 

TABLE XII (Continued) 

FORTRAN IV G LEVEL 21 MAIN DATE• 73275 18/03/12 

COOl 

0002 
COC3 
C004 
0005 
CO Cb 
0007 
0008 
Cll09 
0010 
0011 
C012 
0013 
0014 
0015 
OOlt, 
coi1 

0018 
CCl 'i 
0020 
0021 
C022 
0023 
C024 
Cl.l25 
0026 
C02 7 
0028 

CC2 c; 

C030 
0031 
0032 
0033 
0034 
0035 
C03t: 
0037 
0038 
CCH 
C040 
0041 
C042 
CU43 
0044 
C045 
C046 
0047 
C04e 
0049 
C050 

c•••••••••••••••••••••••••••••••••••••••••••••••••••.•••••••••••••••••••••••••••• c 
c 
c 
c 

c 

SUBROUTINE RESMODIU,ELl,JJ,J,EL,PlJ 

RES MOD IS THE RESERVOIR MOC EL CONTROL PROGRAM• 

INT EGER DA IL Y 
REAL INFLOW,NAV,NAVBN,NAVBNl, ITVFL 1, ITVFL21 IVFL01, IVFL02 
COM HON/A 1/ MD I 311 , PD 1121 , I NFL OW 14, 121 1 PANE VP 14 112 I 
COMMON/ A21 COT 112 l, DUMPP I 121 
COMt,,ON/ A3/ EFF 14 l , ADT IM 14 l, ELS Tilt I 
COMMONJA4/TPP14,12l,BPPl4,121 
CCMMCNJA5/STAGE114,24l,DISST114,241,STAGE214,241,DISST214,241 
COMMON/Ab/DPDl12 ,31 l ,DINFLCl4,12 ,31 l ,DPANEV 14, 12,311 
COMMUN /AB/DAILY 
COMMON/A9/DIS 
COMMON /Al 0/JY 
COMMUN/All/FRAC14,31,ELINCl4,31 
COMMON/ Al 3/ DIS PW R 14, 24 l, EL RES 014, 241, HPR ES( 4, 2 41, ELR ESP ( 4, 241 
COMMON/A2l/OISPT(4,21,NUNITl41 
COMMQN/A30/TAILl4,241,SPILLl4,24l 
COMMGN/A32/ITVFL114,121,ITVFL214,l21,DITFL114,l2,311, 

lOITFL214, 12, 311 
CCMMGNIA33/NMON,NCBUG,LIST 1MODIPI 
COMMCN/FITTER/ELRESl4 1241,VRES(4,241 
COMMON/BENl/BNI 12,241,WQI 12,201,NAVl12 ,Bl ,KALl12 ,31 
COMMON/BEN2/CELEV,NWKHL 1ELEVAT 
COMMON/BEN3/Rl,R2 
COl'MON/BEN 7/DAVI ST ,DAD loVT ,WAQ ,NAVBN,F LDBN,GENBN, RMF 
COMMCN /UM!/ MWHHINl4 I 
COMMON/dENB/-l,W2,W3,W4,W5,W6,W7,W8 
COMMON /BEN9/SUM,REV 
COMMON/REVGEN/REVOEM,REVBUY,REVOMP 
DIMENSION MON( 121 

DATA MON/4HJAN ,ltHFEB ,4Hr,,AR 14HAPR 14HMAY 14HJUN 14HJUL 1 4~AUG ,4 
lHSEP ,4HOCT ,4HNOV ,4HOEC I 

JJJ=O 
MAR K=KAL( J, 11-1 
OACNG= o. 0 
ELMIN=680.0 
ELMAX=O. 0 
Pll=O.O 
Rll =o.o 
R22=0.0 
R33=0.0 
Pll=O.O 
P 33=0. 0 
P44=0.0 
P55=o.o 
UNHRSl=O.O 
DAV l=O .O 
SUM=O.O 
EL = E Ll 
ELEV=Ell 
DI SOMP=o.o 
ACC2 O. 0 
I POWER=O 
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co51 ·· 
0052 
0053 
CC54 
0055 
C056 
CC5 7 
0058 
0059 
C060 
006 l 
0062 
0063 
C\;64 
0065 
C066 

C067 

C06 e 
0069 
0070 
C07l 
0072 
C073 
C074 
0075 
CC76 
C077 
0078 
co1c; 
COBO 
0081 
C082 
0083 
0084 
COBS 
01)86 
0087 
COBB 
0089 
coc;c 
(091 
0092 
C093 
0094 
0095 
CC% 
C097 
0098 
(099 
0100 
C101 

0102 
Cl 03 

KWs6 
X=O• 
JMON = J + NMON - l 
IFIJl"ON-12132,32,33 

33 JMON = JMON - 12 
32 NDUMP = 0 

IF I LIST. E Q. 51 GO TO 64 0 
WRITE I t, 5261 

526 FORMATllHO,'****************************************************'I 
640 CONTI NLE 

IFICLIST.EQ.ll.OR.CLIST.EQ.31.0R.CUST.EQ.SIIGO TC 505 
WRITE I 6, 5221 
WRITE16,5231 
WRI TE I 6, 5241 

522 FORMATll~O,Tll, 1 1NIT.•I 
523 FORMAT'llX,TlO,' DAILY 1 ,T21, 1 DAILY'• T33, 'OAIL'Y', T45, 'DAILY' ,T56, 1 NO. 

S • , T 6 3, •HRS. ' , T70,' DELTA' , T 82,' DA IL Y' , T93,' DA IL Y' , Tl O 3,' DA IL Y', T 113 
S, 'NA\/. ',Tl20, 1 FL000',T128, 'DAILY 1 1 

524 FORMATUX,T3 ,•DUE' ,no,• ELEV.',T22, •01s.•,T33,'0E'1AN0 1 ,T46, 'GEl'<I. 
S 1 , T 5 5, 'UNI TS' , T 6 3, 'GEN. 1 , T70, •ELEV.• , T 81 , 1 R-V I ST. • , T9 2, 1 ON-V IST o 1 , 

$T 10 2, 1 w -QU AL • •, T 113, •BEN •' , T 121, 1 BEN• ' , T 129, 1 P • I • 1 I 
505 JU= NUPIITCJJI 

VOL= FITIEL,ELRES,VRES,24,JJl 
l"OJ " MOIJl 
DPOO = U/"'OJ 
IF I DA IL Y 130, 30, 5 

30 EV AP= PAN EV PI JJ, J I *O o 7 
OAOJIN INFLOWIJJ,JI 
IVFLOl = lTVFLlCJJ,JI 
IVFL02 • ITVFL21JJ,JI 

5 DO 4 J X " 1 , I U 
NJX ,. JX - l 
E LC = El 
IFI JX.GT. llELC = EL - ELI NCIJJ,NJXl 
HP= JX * FITIELC,ELRESP,HPRES,6,JJl 
PO = HP*O. 746*EFFIJJ I 
HRS = DPOO/PO 
IF(HRS-AOTIMIJJI 110, 10,4 

4 CONTI NIJE 
JX • IU 

10 JXX=JX 
00 3 J Y • l , MD J 
NUMBER"l 
EL3 =·EL 
VOll = VOL 
IFIOAILYl47,47,48 

48 OAOJIN = OINFLOIJJ,J,JYl 
EVAP = OPANE VI JJ,J,JYl*O• 7 
IVFL02 = OITFLZIJJ,J,JYI 
IVFLOl = OITFLllJJ,J,JYI 

47 IFINOBUGl49,49,l062 
1062 WRJJEl6,l0851 MONIJMONI ,·JY, .OPOO 
1085 FORMATl///5X,6HDATE ,A4,3X,12,10X,15HENERGY DEMAND ,ElZ.4/1 
1098 WRITE16,l0861 EL , VOL 
1086 FORMAT(SX,'THE INITIAL ELEVATION IS ',El2o4, 5X,'THE INITIAL VOLUM 

lE IS •,El2.'t/J 
49 IFIEL-TPPIJJ,Jlll01t9, 1049, 16 

1049 IFIOPDOl1048,101t8,ll 
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Cl C4 
Cl05 
0106 
C-107 
Cl OB 
0109 
0110 
0111 
0112 
0113 
0114 
0115 

Cll6 
0117 
0118 
Cll9 
0120 
0121 
0122 
0123 
Cl24 
0125 
0126 
C127 
0128 
Cl29 
C130 
0131 
C132 
Cl3~ 
0134 
Cl35 
Cl3f> 
OlH 
Cl3 e 
0139 
0140 
Cl41 
0142 
0143 
Cl44 
0145 
0146 
C147 
0148 
0149 
C150 
0151 
Cl 52 
0153 
0154 
Cl 55 
0156 
0157 
C15B 
0159 
Cl60 

1048 DIS=O.O 
P0=0-'0 
j,IP=O .O 
HRSzO.O 
JX " 0 
EL = EL3 
VOL = 1/0ll 
NUMBER=NUHBER+l 
IFINUMBER.GE.31GO TO 1036 
GO TO 1054 

1C.3b WR.ITEl6,l0371 
1037 FORMATISX,'CHECKSTOP IN RESMOD - ELEVATION CHANiE DUE TO EIIAPORATI 

1 ON GREATER THAN CHANGE OU E TO IN FLOW' I 
STOP 

11 JX=J XX 
NJX = JX - l 
E LC = EL 
IF(JX.GT.llELC = EL - ELINC(JJ,NJXI 
HP= JX • FITIELC,ELRESP,HPRES,6,JJI 
PO= HP• 0.746 • EFFIJJI 
HRS = DPOO/PO 
IF IHRS-24.0123,23 1 24 

24 HRS = 24. 0 
23 DIS= JX • FITIELC,ELRESD,DISPWR,8,JJI 

1054 CALL GEHIIIOL,DADJIN,DIS,HRSI 
EL= FITIIIOL,~RES,ELRES,24,JJt 
EL = EL - Ell AP 
IFIBPP(JJ,JI-ELl1095,l095,1048 

16 IF I EL-DI SP TC J J , 11 I l 7, l B, 18 
17 DISl = FRACIJJ,ll*DAOJIN 

GO TO 12 
18 DISl = FRACIJJ,21 • OAOJIN 

GO TO 12 
12 JXs!U 

NJX = JX - l 
E LC " EL 
IFIJX.GT.llELC = EL - ELINC(JJ,NJXt 
O IS sJX *FIT I ELC, ELRESO, 01 SPWR, 8,JJ I 
lFIOIS1-DlSl13,13,14 

13 NOUMP = 1 
GO TO 1042 

14 EL2 = EL 
OISOMP = DISl - DIS 
TWC=FIT(OlSD~P,SPILL,TAIL,16,JJt 
EL = EL - TWC 
ELC = EL 
IFIJX .GT .11 ELC = EL - EL INClJJ,NJXI 
O I S=J X*F I TC E LC ,E LRE SO, DI S PWR ,8 ,J Jt 
IFI DISl-DISI 1042, 1042, 1 
DISOMP = 0151 - DIS 
TWC=F I TC DI SO MP ,SPILL ,TAIL ,16, JJI 
EL = EL2 - TWC 
OlS=DISl 
ELC " EL 
IFIJX.GT.liELC = EL - ELINCIJJ,NJXI 

1042 HP = JX * Fl TC ELC,ELRESP,HPRES,!> ,JJI 
PO = HP*O• 746*EFF( JJ I 
HRS "' 24.0 
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Olbl 
CU.2 
01&3 
Olb4 
Cl65 
0166 
Olb7 
Cl68 
0169 
Cl70 
Cl71: 
0172 
01 73 
0174 

Cl 75 
017b 
0177 
Cl7S 
0179 
0180 
Cl81 
0182 
011!3 
OlBlt 

Cl85 
Cl.86 
0187 
ClBe 
Cl89 
Cl90 

0191 
Cl 92 
Cl93 
0194 
Cl "i5 
Cl96 
Cl 97 
Cl <;tl 
0199 
0200 
C201 
0202 . 
0203 
0204 
0205 
C206 
0207 
0208 
c2oc; 

CALL GEMIVOL,tiAOJIN,DIS,HRSI 
EL• FITl~OL,VRES,ELRES,24,JJI 
EL = EL - E YAP . 
IF(EL~CISPTIJJ,21)42,42,41 

·1ti EL = EL3 
VOL • VOll 
DISl = FRACIJJ,31 • DADJlN 
GO TO 12 

42 IF(TPP(JJ,J)-ELl22,21,21 
21 I POW ER • l . 
22 !Fl NDUMPl4.3,43,l 094 
43 IF(NUSUGJ1.095il095,1044 

1044 WRITEl&,10451 
104.5 FORMAT I /5X,59H•••••••••••••••••••••• DUMP STRATEGY *************** 

1 •••••••11 
WRITElb,l04bl HP, OIS 

104b FORMA Tl lOX,4HHP ,E12.4,lOX,5HDl·S ,E12._4// I' 
1094 NOUMP = 0. 
10<;5 ENERGY " PO * HRS 

ACC ~ ACC + ENERGY 
IFINC8UGl31,31,1097 

1oc;7 WR! TE(6,l0391 JX , HRS 
1039·FORMAT(5X,10HUNITS ON ,I2,23X,5HHRS ,El2o4/I 

WRITE16,10871 PO, ENERGY 
1087 f'ORMA Tl 5X,18HPOWER GENERATED ,El2.4,5X,18HENERGY GENERATED ,El2 

l o4/ l 
31 CAY• (DIS* HRS I I 24.0 

!JAVl•OAVl+OAV 
F.l DAV + IVFLO 1 
F2 = Fl + IVFLC2 
Sl = FITIF-l,DISSTl,STAGEl,24,JJI 
SZ • FITIF2,0ISST2,STAGE2,24,JJI 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c•••••••••••**•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••• ••• 
C*** CALENDAR SECTION *** 
c••• . ••• c••••••••••••••••••••••••••••••~•••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

N=JY 
120 IFIJJJ.EQ.llGO TO 110 

MAR K=MAR K+ l 
GO ro (109,109,109~109,109,108,1081,MARK 

110 MARK=MARK+l 
lf(MARK.EQ.61GO TO 108 
lf(MARK.EQ.71GO TO 108 

GO TO l.:l9 
108 NWi<HL= 1 

lf(MARK.NE.71GO TO 112 
MARK=O 
JJJ= l 
GO TO 112 

109 NWKHL=.O 
112 IFCKALCJ,21.EQ.JYIGO TO 113 

IFIKALCJ,31.EQ.JYIGO TO 113 
GO TO 114 

113 NWKHL• l 
11 It CONTINUE 
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C21C 
0211 
C212 
C21~ 
0214 
C2l ~ 
0216 
C21 7 
C218 

0219 
0220 
0221 
0222 
0223 
C224 
C225 
0226 
022 7 
0228 
0229 
C23C 
0231 
0232 
C233 
0234 
02 35 
C236 
0237 
C23 e 
C239 

C24C 

C241 
0242 
0243 
C244 
C245 
0246 
0247 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••• ••• 
C• .. THIS SECT.ION DETERMINES THE IIVERAGE DAILY ELEVATION AND THE DAILY *** 
C*** ELEVATION CHANGE. TERMS OF THE RESERVIOR MANAGEMENT FACTOR ARE ***. 
C .. • ALSO DETERMINED *** 
c••• ••• c .................................................................................. . 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

ELEVA T=I EL+E LE YI /2.0 
OELE'V•EL-ELEV 
DACNG=OAC~G+ABSCOELEVI 
IFIEL.GT.EUHNJGO TO 500 
ELMIN=EL 

500 IF(EL.LT.ELMAXIGO TO 501 
ELMAX=EL 

501 CONTINUE 
CALL BEN~ODIJ,Pl,Sl,S2,CAY,IYFL01,IVFL021 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••• ••• 
C*** THIS SECTION COMPUTES THE PERFORMANCE INDEX ON A DAI LY BAS JS AND SUMS *** 
C*** THESE OVER THE ENTIRE MONTH • *** 
c••• ••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

1-ll=Rll+Rl 
R22=R22+R2 
R33=R33+CADWVT 
Pl=IDAVI ST/IBNIJ,21+SN(J 9 51J I 
P 2= I OA(i,; VT II SN I J, 161 * I SN( J, 2 I +SN CJ, 51 I I I 
P3:wAQ/MD( JI 
Ph( NA 1/oN/MD( JI I 
P5= I FLDBN/ MDCJ I I 
Pl l=Pll+Wl*Pl+W2*P2 
P 33= P 33+P 3 
p44,,,p44+p4 
P55=P55+ P5 
PIDA:Wl*Pl+W2*P2+W3•P3+W4•P4+W5*P5 
SUM=SUM+OAVIST+DAOWVT 
PI 1 =Pl OA+ Pll 
I OADVT=DADWVT 
!DAYS T=DAV IS T 
UNHRS=JX*HRS 
UNHR S l=UNHR S l +U"lHR S 
IFIILIST.EQ.lJ.OR.(LIST.EQ.31.0R.ILIST.EQ.511GO TJ 504 
WRITE(6,5251MON(JMONI ,JY,ELEV,DAV,DPDO,ENERGY,JX,UNHRS,DELEY,IDAVS 

ST, IDADVT ,i.A,;i ,NAYBN,FLOBN, Pl 1 
525 FORMAT(lHO,A4,Tb,12,Tl0,F6.2,Tl7,F9.2,T31,F9.2,T43,F9.2,T56,J2,T62 

$, F 5. 2, T7 0 ,F 5. 2, T 78, I 9, T90, I 9, no 3, Fb. 3 , Tl 12 , F5 .2 , Tl 2 D, F5 • 2, T 128, 
SF5.21 

504 ELEV=EL 

1190 
1191 

_ 1193 

IF I I PO loE R 11195, 119 5, 1190 
IF(JY-MDJlll91,1195,1195 
IF I ACC-UI 119.3,1194,1194 
OPOD=IU-ACCl/(MD(JI-JYI 
IF I CP.00.LT oMWHMINIJJ I IGO TO· 1194 
DO 119 b J X " l , JU 
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TABLE XII (Continued) 

FORTRAN IVG LEVEL 21 RES MOO DATE ,. 73275 18/03/12 

0248 
cz4c; 
0250 
0251 
CZ 52 
0253 
0254 
C255 
0256 
oz 57 
C25e 
0259 
C260 
0261 
0262 
0263 
C2t:4 
0265 
026b 
C267 
0268 
0269 
C27C 
0271 
C272 
C273 

(2 74 
C275 
0276 
C277 
0278 
0279 
cz ec 
C28l 
0282 
0283 
0284 
0285 
CZBt: 
0287 
czse 
C289 
0290 
C29l 
0292 
C293 
C294 
0295 

C29t: 
0297 

NJX = JX - 1 
ELC = El 
I Fl JX.GT. llE LC=E L-Ell NC I JJ, NJXI 
f,IP = JX • FIT( ac, ELRESP,HPRES,6,JJI 
PO= HP* o.746 * EFF(JJI 
HRS = OPOO /PO 
IFIHRS~24.0ll222,1222,l333 

1333 HRS = 24o0 
1222 lFIHRS-ADTIMIJJllll97,ll97,ll96 
1196 CONTINUE 

JX = I U 
1197 JXX = JX 

GO TO 1195 
1194 OPDD = MliHMIN(JJI 

JX = l 
JXX " l 

1195 !POWER~ 
3 CONTINU: 

RMF=ABSC ICACNG/MDIJI l*IELMAX-ELMINII 
l LANO•Rl l 
IWA TER=R 22 
IOO.iNsR33 
UNHRSl=U~HRSl/~OIJI 
OAVl=DAVl/MOIJI 
DE~=PD IJ I 
GEN=ACC 

c••••••************************************************************************* 
C******************************************************************************* 
C*** THIS SECTION DETERMINES THE BENEFIT OF GENERATION IN RELATION TO ••• 
C*** DEMAND IN MEGAWATTS *** 
C*** *** 
C******************************************************************************* , .....................................................................•......... 

IFCGEN-0.01301,301,302 
301 GENA Nz O. 0 

GO TO 310 
302 IFIGEN-OEMl303,304,305 
303 GENBN=Cl.O/DEMl*GEN 

GO TO 310 
304 GENBN=l• 0 

305 
310 

311 

312 
313 

GO TO 310 
GENBN=I0.25/DEMl*GEN+loO 
IFIDEM-GENl311,311,312 
REV=OEM*REVDEM+IGEN-OEMl*REVDMP 
GO TO 313 
RE V=OE M* RE VOE M-1 OEM-GE NI* REV BUY 
CONT lNUE 
Pl=W6*GENBN+Pll 
lF(LlST.EQ.51GO TO 1701 
WRITEl6,89071MONIJMONI 
WRITEl6,89081Ell,El 
WR! TE( 6, 89011 
WRITEl6,89021 
WRl TE 16, 89031 
WRI TEI 6, 89041 INFLOWI JJ,J) ,POI JI ,U,ACC,DAVl ,UNHRSl, IWATER, ILANO, 

$JOOWN,Pll,P44,P55 
WRITEl6,89061P33 
WR IT El 6, 8905 IGENBN ,REV ,Pl ,RMF 
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TABLE XII (Continued) 

FOR TRAN 111 G LE VE L 21 RES HOC CATE = 73275 18/03/12 

0298 
02~9 

0300 

0301 

0302 

0303 

0304 

C305 
0306 
C3C7 
0308 
C309 
C31 C 
0311 
0312 
C313 
0314 
0315 
C316 
031.7 

8907 FORMATl1H0,23HTHE MONTH BEING RUN IS ,A41 
8908 FORMATllH0,27HTHE INITIAL ELEVATION IS a ,F10.3,T40, 

S25H'i'HE Fl_NAL ELEVATION IS " ,Fl0.31 
8901. FOPHATI lHO, T5,3HAVG,T15,7HMONTHLY,T25,9HOPTI MlZER,T37,6HENERGY,T47 

S ,9HAIIG-DA I LY, T60 ,9 HAVG.:.DA I LY, T 73, 5HT OT AL, T 84, 5HTOTAL, T95, SH TOTAL, 
$ Tl06, 5HTOTA L ,Tll 6, 5H TCTAL, H26 ,5HTCT AL I 

8902 FORMATllH ,T3,bHINFLOW,Tl5,6HDEMANO,T2b,7HCONTROL,T3B,4HGEN.,T47, 
$9HOI SCHARGE, H,0,8HGEN-T I ME,T 73 ,5·Hw AT ER, T 84, 4HLA'IO, T95, 7HDWNSTRM, 
$Tl06, 5HRECR., Tll6,4HNAV., Tl2b,5HFLCCDI 

8903 FORMATllH ,11HITHOUS-CFSl,Tl6,5HIMWHl,T27,5HIMWHl,T37,5HIMWHI ,T46t 
f.llHI THOUS-CF SI ,Tb0,9H(UMT-HRI ,T72 ,BHV ISITORS ,T83, 8HV IS ITCRS,T94, 
SBHVISITJRS,Tl05,7HSENEFIT,Tll5,7HBENEFIT,Tl24,7HBENEFITI 

89 04 FOR HAT ll HO, T 3, Fo .3, T 14, F8 • 2, T 2o, F 8. 2, T 35, F B. 2, T 49, F 6. 3, T6l,F 4.1 , 
$ T 73 , I b , T 84 , I 6 , T 9 5 , I b , Tl 06 , F 5 • 3 , T 116 , F 5 • 3 , Tl 2 b , F!> • 3 I 

8905 FORMATllHO,lX,lbHPOWER. BENEFIT= ,Fl0.3,T30,l6HPOWER REVENUE=$, 

8906 
1701 
551 

552 

553 

SFl0.2,T60,16HTOTAL BENEFIT= ,Fl0.2,T90,6HRMF = ,Fl0.31 
FORMATllH0,2X,5HwATER,/,1X,7HCUALITY,/,3X,F4.21 
GO TOl551,552,553,5541,HOD1Pl 
Pl zPI 
GO TO 52 l 
P l=R EV 
GO TO 521 
PI s SUH 
GO TO 52 l 

554 PI=w7•PEV+W8*SUH 
521 CONTINUE 

U=ACC 
RETURN 
ENO 
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TABLE XII {Continued) 

FORTRAN IVG LEVEL 21 MA IN DATE • 73275 18/03/12 

000 l 
0002 

0003 

C004 
C005 
0006 
0007 
coca 

COC9 
0010 
0011 

c•••·········································································· c 
c 

c 
c 
c 
c 
c 

c 
c 
c 

c 

SUBROUTINE GEMIY,FLOW,DIS,HRSI 
COMMON/ A33/ NMON, NOBUG, LI ST ,MODIP I 

GEM PERFORMS AN EULER INTEGRATION. 

FLOW IS THE EXPECTED INFLOW RATE. 

DIST IM c I HRS * 3&00. I I lt3Sb0. 
VDOT z FLOW• 1.983471 - DIS • OISTIM 
IFI NOBUG 119, 19,20 

20 WRITEIKW,211 FLOW , DIS, VOOT 
21 FORMATl5X,13HINFLOW RATE ,El2.4,3X,lbHOISCHARGE RATE ,El2.4,3X,l 

15HVOLUME CHANGE ,El2.4/I 

19 Y = Y + IIOOT 
RETURN 
END 

FCRTkAN IVG LEVEL 21 FIT DA TE 73275 18/03/12 

COll l 
0002 
ll003 
CO!:lo 
0005 

!:llOt: 
0007 
COC!l 
C009 
0010 
0011 
C012 
0013 
(014 
0015 
C016 
CCl 7 
cote 
0019 
C02 C 
002 l 
0022 
C023 
0024 

C025 
00 21> 

FUNCTIGN FITIY,YY,GG,1',JJI 
DIMENSION YYl1t,Ml,GGl4,MI 
IFIIY.GE.YYIJJ,111.ANO.CY.LE.YYIJJ,MIIIGO TO 20 
WR I TE I 6, l 01 Y 

10 FORMATl51HO•••• VALUE GIVEN TO FIT OUTSIDE RANGE OF PTS. •, 
SF12 o4 ,5H ••••I 

STOP 
20 KETCH= 1 

KUT=( 1'+11 /2 
IFIY-YWJJ,KUTII 40,b0,30 

30 KET CH=KUT 
KUT=I' 

40 IOIF=K~T-KETCH 
IFIIDIF.EQ.llGO TO 50 
JUT=KUT-IIOIF/21 
IF( Y-'l'YI JJ,JUTI I 70,80,90 

10 KUT=JUT 
GO TO 40 

90 KETCH•JUT 
GO TO 40 

60 FIT= GGIJJ 1 KUTJ 
GO TO 100 

60 FIT= GGIJJ,JUTI 
GO TO 100 

50 F 1. T=GGIJJ ,KETCHI +I I Y-YYI JJ ,KETCH 11 /( YY I JJ, KETCH+l l-YY (JJ,KETCHI 11* 
SIGGIJJ,KUTI-GGIJJ,KETCHII 

luO RETURN . 
EN.D 



COOl 
0002 
C003 
CL.104 
C005 
C006 
0007 
coo a 

·coos 

0010 
llO 11 
C012 
0013 
CL.114 
CU15 

tCH 
C\ll7 
COl B 
CCl 'i · 
\l020 
0021 
C022 
0023 

C024 
0025 
COZe 

C027 
0028 
0029 
C030 
0031 

GU32 
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TABLE XII· (Continued) 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
SUBROUTINE BENMODI M,PI ,STAGcl,STAGE2 ,DAV, lVFLOl, IVFLOz'I 
RFAL NAV,NAVBN,NAVBNl, I VFLOl, I VFL02,LOWEL 
COMMON/bENl/BNl12,241,WQl12,201,NAVl12,81,KALl12,31 
COMMuN/l>E N21DELE V, NW KH L, ELEVAT 
CdMMCN/B~N3/Rl,R2 
C OM.MJN/B E N5 / Al PH Al , ALPHA2 , ALPHA3 ,.R.ET Ml, R ET M2 
COMMOo!/8 Ell.o/Fl OS Tl ,F LDMXl ,FLO ST2 ,F LQMX2 
COMMON/ B EN7 /DAVI ST, DAOWVT, WAQ, NA\IBN, FLOBN, Gl!NBN, RMF 
COMMON/BENlO/LOWEL,HIGEL 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c••• ••• 
C*** BENEFIT MODEL ••• 
c••• ••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••• ••• 
C••• CALCULATE VALUE OF RAW MONTHLY LANO VISITATION *** 
c••• ••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

DIR=OAV+IVFLOl 
IF I El EV AT-LOW Ell 130, 130, 131 

130 RAVTLA = BN(M,11 
GO TO 139 

131 IFIELEVAT-BN(M,711132,133,134 
132 RA\ITLA=l ldN( M,21-BN( "4 1 11 l•ELEVAT+BN(M,ll•BNIM,71 

1-L Ow El *BN IM, 211/1 BNI M, 71-LOtiELI . 
GO TO 139 

133 RAVTLA=:INIM,21 
GO TO 139 

134 IF(ELEVAT-BN(M,811135,135,136 
135 RAVTLA=BNt'M,21 

GO TO 139 
136 IFIELEVAT-HIGELl137,138,138 
137 RAVTLA=( I BNI M, 31-BNI M,21 I *ELEVAT+BNIM,2l*HIGEL 

l-BNCM,31*BNIM,Bll/(HIGEL-BNIM,811 
GO TO 139 

138 RA\ITLA=BNIM,31 
139 CONTINUE 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c••• ••• 
C••• RAW LAND BASED VISITATICN HAS BEEN CALCULATED AS RAVTLA *** 
C*** CALCULATE RAW WATER BASED VISITATION *** 
c••• ••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

IFIELE~AT-LO~Elll40,i40,141 
140 RA\ITWA=BNIM,41 

GO TO 149 
1'<1 IF I ELEVA T-BNC M,911142 ,143 ,144 
142 PA\ITWA=(IBNIM,51- BNIM,411•ELEVAT+BNIM 1 4l*BN(M 1 91 

1-LOw EL*BN( ,.., 5 I)/ I BNI M,9 I-Low EL I 
GO TO 149 



C033 
0034 
C035 
~036 
C037 
C03E 
ou3q 

C04C 
0041 
0042 

CC43 
C041t 
0045 
C046 
C047 
C048 
C04<; 

O.J50 
C051 
C052 
0053 
0054 

0055 
C056 
Ou57 
C0:,8 
CC59 

C060 
C06l 
0062 
0063 
0064 

143 RAVTWA=BNC M,51 
GO TO 14q 

TABLE XII (Continued) 

144 lF(ELEVAT-l:INll',1011145,145,14& 
145 RAVTWA=i!NCM,51 

GO TO 149 
14& IFCELEVAT-HIGELl147,148,l48 
147 RAVTWA•ICBNIM,61-BNIM,5ll*ELEVAT+BNIM,51*HIGEL 

1-BN I M,61 *l:IN CM, 10 11/ C HIGEL-BNI M, 1011 
GO TO 149 

148 RAVTWA•tlNIM,61 

166 

149 CONTINUE 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••• ••• 
C*** BOTH LAND AND WATER BASED VISITATICN ARE CALCULATED *** 
C*** CALCULATE TOTAL DAILY VISITORS *** 
c••• ••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Rl •RAVTLA/BNI !',111 
R 2 =P. AV l wA /B NI M , 1 11 
ADJ)/$ T =I RAVT LA+R AV TWA I /BN CM, 111 
IFCNWKHL.EQ.OIGO TO 150 
OAVIST=dNCM,121*ADJVST 
GO TO 158 

150 DAVIST=ADJVST 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••• ••• 
C*** THIS GIVES OAVIST AS# OF DAILY VISITORS ••• 
c••• ••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C••• THIS SECT ION APPLIES THE CAILY ELEVATION CHANGE PENAL TY ••• 
c••• ••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

158 IFIDELEV-BNIM,1911151,151,152 
151 DAVIST=DAVIST•BNCM,131 . 

GO TO lbO 
152 IFCDELEV-BNIM,2011153,154,155 
153 DAVIST=DAVIST•CIB~IM,l41-BNIM,l3ll*DELEV+BNCM,131*BNIM,201 

l-BNIM,l91•BNIM,l411/IBNIM,201-BN(M,1911 
GO TO 160 

154 OAVIST=OAVIST*BNCM,141 
GO TO 160 

155 IFIDELEV-BNIM,2111156,157,157 
156 DAVIST=OAVIST•IIBNCM,151-BNIM,l41l•DELEV+BNIM,l4l*BN(M,2ll 

l-BNC M, l51*BNIM,201 I ICBNCM,211-BNC M,2011 
GO TO 160 

157 DAVIST=OAVIST•BNCM,151 
160 CONTINUE 

Rl=l~l/1Rl+R211*CAVIST 
R2=DAVIST-Rl 

c•••*••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c••• ••• 
C*** THE DAILY AVERAGE VISITATION, DAVIST, HAS BEEN FOUND FOR ABOVE DAM *** 



COb5 
OOM, 
0067 
OObl:l 
00b9 

cun 
0071 
CC72 
0073 
0074 

0075 
0076 
.C077 

CCH 
CU7«; 
CURO 
COHl 
0082 
0083 
CU84 
0085 
001:lb 
0Utl7 
0088 
0089 
CO'lO 
0091 
0092 

CO'l3 
C094 
C095 

167 

TABLE XII ( Continued) 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••• ••• 
C*** ft'E FOLLO.iING COMPUTES tHE DOWNSTREAM VISITATION 
c••• ••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

IFIDI R-l:ll\11"1,2211161,lbl ,162 
lb l OAD.iVT=OAVI S T*BN IM, l bl 

GO TO 170 
162 IFIDIR-BNIM,23111&3,1&4,1&5 
lb3 DAOWVT=OAVIST*CC8NCM,171-8NIM,lbll*DIR+BNIM,l61•BNCM,231 

l-BNIMt171*BNCM,2211/CBNCM,231-BNIM,2211 
GO TO 170 

lb4 OAD.iVT=OAVIST•BNCH,171 
GO TO 170 

lb5 IFIOIR-BNCM,2411166,167,167 
lb6 DADWVT=(Djvrsr•ccsNCM,lBI-BN(M,·1711•DIR+BN(M,171*8NCM,241 

1-BN CI', 181 * BN IM ,2 3 I I I II BN 11' ,24 1-B I\C M, 23 I I 
GO TO 170 

167 DAOWVT=DAVISt•BNCM,181 
1 70 CONTINUE 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c••• ••• 
C*** WATER QUALITY MODEL *** 
c••• ••• 
C*** THIS MODEL COMPUTES THE WATER QUALITY AT A POINT DO.iNSTREAM ••• 
C*** FROM THE RESERVJIR AS DETER,"IINED t:IY A REACH TIME IN DAYS *** 
c••• ••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

WAQsO.O 
DOS TAR=WQ( M ,31 
TMIIES =WQCM, 6 I 
Tl"IEFF si.Q C 1"1, 7 I 
DORE' S= WIJ IM t 11 
DO!:FFL=.i QCM,21 
BODS T.,hQ IM,4 I 
BOOEF=WQ CM, 51 
DSSTM.,Wlol IM,91 
DSEFFLsWQCM,101 
CFSS=DAV 
CFS EFF=IVFLOl 
OMTC=WQC "1,12 I 
Ls l 
R ET H=R ET Hl 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C*** *** 
C*** THIS SECTION COMPUTES THE TEMPERATURE OF THE STREAM AT THE RESERVOIR *** 
C*** AND DOWl\lSTREAM AT THE NEXT CONTROL POINT *** 
c••• ••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

182 TMMIX=ITMRE'S*CFSS+TMEFF*CFSEFFI/ICFSS+CFSEFFI 
DSTR T=TMl'I X*DMTC 
DStRA•CDSTRT+TMMIXl/2.0 



0096 
0097 

0098 
C099 

0100 
0101 
0102 
0103 

0104 
Cl 05 
Cl ct, 
0107 
01 OB 

Cl O<; 

0110 

0111 

0112 
0113 

TABLE XII (Continued) 

RKPRM=kQIM,131*1l.047**1DSTRA-20.0II 
RK2PRM=~QIM,141*11.0l59••1DSTRA-ZO.OII 

168 

c••······················ .. ·······················~······························ c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••• ••• 
C*** THIS SECTION CCMPUTES THE CO OF THE MIXTURE *** 
c••• ••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

DOM I Xz ID ORE S•CF SS+OOEFFL•CF SEFF I II CF SS+CF SEFF I 
OOSATzl-9.832E-5 l•IDSTRAl**3 

1+18.6B54E-3l•IDSTRAl**Z 
2+1-.40551*COSTRAI 
3+ 14. 61 'i51 

IFIOOSTAR.EQ.O.OJOOSTAR=OOSAT 
000=005 AT-OOH IX 
IF (OOOl l 8t»,1B6,l 87 

186 000,-0.0 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••• ••• 
c••• THIS SECTION COMPUTES THE eoo AT THE RESERVOIR AIIID CORR[C TS IT TO ••• 
C*** THE STREAM TEMPERATURE AT THE NEXT CCNTROL POINT *** 
c••• ••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

187 BOOMIX=IBOOST*CFSS+BOOEF*CFSEFFl/(CFSS+CFSEFFI 
IFIL.EQ.21BOOL=BOOHIX 
IFCL.EC.ZIGO TC 184 
BOOL=IBOOMIXl/11.0-10.0**l-w.;)( M,131•5.0I I 

184 dODS=BGOL*Cl.O+O.OZ*COSTRA-20.011 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••• ••• 
C*** THIS SECTION COMPUTES THE 00 OF THE STREAM CORRECTED FOR TEMPERATURE *** 
C*** AT THE ',jEXT CONTROL POINT. I THE STREETER-PHELPS EQUATION) *** 
c••• ••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

OOOEF=C IRKPRl'•BOCS II (RKZPRM-RKPRM 11*( 10,0••C-RKPRM*RETM 1-10.0** 
1(-R KZPRM*RET Ml I +000* (10.0** (-RK2 PRf'!* RETH 11 

DO=OOSAT-OOOEF 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••• ••• 
C*** THIS SECTION COMPUTES THE OS AT THE NEXT CONTROL POINT *** 
c••• ••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

255 DS=IDSSTM•CFSS+DSEFFL*CFSEFFI/ICFSS+CFSEFFI 

c ••••••••••••• •••••••••••••••••••••·•••••••••••••••••••••••·•••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••• ••• 
C*** WATER "UALJTY PERFORMANCE INDEX *** 
c••• ••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

WQOO=ABSl(DO-OCSTARI/DCSTARI 
WQOS=ABS((OS-WQIM,1111/WQIM,llll 



0114 
0115. 
i:116 
0117 
Cll e 
Cll9 
0120 
0121 

0122. 
012? 
0124 
012 5 
C 126 
0127 
012 e 
0129 
Cl30 
Cl31 
0132 
0133 
Cl34 
CL,~ 
Cl 36 
Cl 3 7 
cue 
0139 

0140 
0141 
0142 
0143 
C144 
0145 
0146 
Cl4 7 

Cl 4€ 
0149 
0150 
Cl 51 
ci5 2 
0153 
Cl54 
0155 
Cl56 

TABLE XII (Continued) 

Wi.lTM=ABSI (DSTRT-WQ(M ,811/WQI M,811 
IFIWCOO.LT.l.OIGO TO 260 
WQDO•l.O 

260 IF(wQOS.LT.1.01Go TO 261 
WQOS=l .O 

261 !Fl Oj:;}TM. LT.1.0IGO TO 262 
WQTM=l.O 

262 WA~·(ALPHAl•t1.o-wcoo1+ALPHA2*11.0-WQOSl+ALPHA3•tl.O-WQTMII 
$/IALPHAl+ALPHA2+ALPHA31 

lf(RETM2.EQ.-O.OIGO TO 201 
IFIL.EC.21GO TO 183 
THRES•OSTRT 
TMEFF=WQIM,171 
DORE SaOO 
DOEFFL=WQIM, 181 
BODST=BODL-BODL•ll.O-lO.O••t-RKPRM•RETMlll 
BODEF•(WQ(H,1911/(l.o-10.o••t-RKPRH•S.OII 
OSST M=CS 
OSEFF=l,Q(M,201 
CFS S=CFS S+CF SEFF 
CFSEffslVFL02 
WAQLsWAQ 
RETM=R.ETM2 
L=2 . 
GO TO 182 

183 CONTINLE 

169 

WAC=(-A~+WAQLl/2.0 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••• ••• 
C••• NAVIGATI Cl'. BENEFIT MODEL ••• 
c••• ••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••~•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

201 NAVBNl•O .O 
RNAV=INAVIH,51+NAVIM,6l+NAV(M,71+NAVIM,811 
KK,.1 
CFS MN3 •NAV I H, 11 
CFS L03 =NA II IM ,21 
CFSHl3=NAVIM,31 
CFSHX3•NAV IM,41 
DSC=Ol R 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c••• ••• 
C*** DETERMINATION OF NAVIGATION BENEFIT ••• 
c••• ••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

205 IFICSC-CFS~N31192,192,193 
192 NAVBN=O.O 

GO TO 202 
193 IFIOSC-CFSL031194,l95,196 
194 NAVBN= Io. 5* IO SC-CF SMN31 I IICF SL03-CFSMN3 I 

GO TO 202 
195 NAVBN=0.5 

GO TO 202 
196 IF( osc-:F SHI 31197,197,198 



0157 
0158 
Cl 5<; 
0160 
Cl61 
Clb2 
Ul63 
0164 
Clt,5 
Ol6b 
Olt>7 
Cl66 
0169 
0170 
Cl7l 
017 2 
0173 
\ll74 

Cl 75 
Ol7b 
Cl 77 
Cl78 
0179 

018 0 
Cl Bl 
Cl82 
018 3 
Cl84 
Cll:!5 
0186 
Cl 87 
ClM 
011!9 
Cl SC 
Cl91 
0192 
(193 
.:1i;4 
Ol9'i 
Cl <;t, 
01<11 
Cl 98 

197 "IAV8NzO. 5 
GO TO 202 

TABLE XII (Continued) 

198 IF(DSC-CFSMJ<31199,200,200 
199 r.AVB~=I0.5*1CFS~X3-DSCII/ICFSMX3-CFSHl31 

GO TO 202 
200 "JAVBN=Oo O 
202 IFIR"JAV.EQ.O.OlGO TO 206 

IFIKK.EQ.2 IGO TO 204 
NAVBNl=r.AVBN 
KK• 2 
CFSMN3=NAV(M,51 
CF SL03.,NAV( M,61 
CF SH I 3=NAV04, 71 
CFSMX3•"iAVIM 1 8 I 
DSC=DI R+ I VFL02 
GO TO 205 

206 NAVeN=2.0*NAVBN 

170 

2 04 "JAVB "i=NA IIB Nl +r.AVBN 
C********•***********************•*•*************•****************************** 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••• ••• 
C*** FLOOD BENEFIT "IODEL *** 
c••• ••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

F LDBNl =O. 0 
KKK= l 
FLDSTzFLCSTl 
FLO MJl.zF LOMXl 
STAGEz STAGE l 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c••• ••• 
C*** OETERl"IINE FLCCO BENEFIT *** 
c••• ••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

228 IFI STAGE-FLOSTI 222,222,223 
222 FLOBr.=o.o 

GO fO 226 
223 IFISTA&E-FLOMXl224,224,225 
224 FLDBN=t-2.o•STAGE+2.o•FLOSTl/(FLOMX-FLOSTI 

GO TO 226 
225 FLOBN•-2.0 
226 lF(KKK.EQ.2 IGO TO 227 

!Fl STAC.E2.E.J.O.OIGO TO 229 
FLOBNlsfLOBN 
KKK=2 
FLDST•FLOST2 
FL OMXzFLOMX2 
STAGE•STAGE2 
GO TO 228 

2 29 FLDB"ls 2.0•FLOBN 
227 FLOt!N=FLOBNl+FLOBN 

RETURN 
ENO 



TABLE XIII 

DATA FOR SAMPLE RUN 

12345678911111111112222222222333333333344444444445555555555666666666677777777778 

9 
01234567890123456789012345678901234567890123456789012345678901234567890 

0 3 1 
12 

1 
0 

12 
30 31 30 
5410.0 
17930.0 
6940.0 

31 31 28 31 30 31 30 31 31 

2.0863 
1.745 
u.u 
u.o 

o.5 
1.6 
1.3 

13.694 
22.687 
ll e 169 

.93 
10.0 

633.0 
633.0 

. 633·0 
622·9 

638.0 
2 

1.55 
o.o 

595.1., 
11.0 
sau.o 
61200 
644.0 
18608 

430.5 
821.3 
1.0 
3.325 
9.55 
c.o 
.3 
6.o 
2.0 
11.0 
21. 
c.o 
78.5 
225. 
1.6 
589.11 
11.2 
589.ll 
o.o 
4.51 
a.a 
a.a 
31000.u 
628•U 
0.03 
2aoov.u 
626.0 
0.06 

4.787 
0.1411 
o.o 
o.o 

595.o 
595.0 
595.0 

640.0 

O.A 
606.0 

584.U 
616.0 
648·0 
211. 2 
470.2 
883.2 
2.s2 
4.25 
9.88 
.02 
.5 
6.5 
6.5 
19.0 
28. 
10.0 
101.25 
243. 
le615 
600.63 
19.5 
600.63 
.75 
4.93 
1.0 
9.0 
97000.0 
632 .o 
0.01 
0ouuu.u 
632·0 
0.01 · 

16870.0 
14670.0 
7620.0 

2.,447 
o.4513 

. o.u 
o.o 

3.5 
0.015 
0.005 
41.418 
l9el00 
23.898 

633.0 
633.0 
633.0 

1.5 
617.0 

s0e.o 
620.0 
652.0 
237.2 
512.1 
949.o 
2.62 
s.2 
l '.J. 56 
.03 
1.0 
7.5 
9.0 
20.0 
2 9. 
20. 
115. 
2 65. 
lo64 
617.66 
23. 
617.66 
1.4 
5.3 
2.0 
10.0 
38000.U 
49.0 
-1.u 
40uuo.o 
11.0 
-1.0 

0.1142 
0.2484 
OeL 
o.o 

595.o 
595.o 
595.o 

628.0 

21100.0 
11:730·0 
5730.0 

1.9297 

o.o 

2.5 
Q .• Q 15 
0.005 
23.024 
20.615 
17.841 

633.o 
633.0 
633.0 

640.0 

~96.0 
628.0 
660•0 
294.2 

592.0 
624.0 
6:>6·0 
264.9 
556.8 
H>l0.8 
2.1 
5.9 
10.9 
.04 

. 604 • 1 
109202 
20775 
6.9 

1.5 
8.0 
10.0 
21.0 
31. 
25. 
128.75 
313. 
1.65 
625.67 
24.8 
625.67 
2.0 
5.68 
3.0 
11. 0 
12000.0 
2.0 
o.o 
15UOO.O 
s.o 
o.o 

llo6 
.cs 
2.5 
9.0 
12 oO 
22o0 
32 • 
35. 
133. 
3450 
lo695 
635.3 
21.0 
63503 
206 
6.0 
4o0 
l2o0 
14000000 
u.90 
3o0 
95000.0 
0.95 
3o0 

1. 709 

OoO 

59500 
595.Q 
59500 

600oo 
632.o 
664.0 
32502 
654ol 
1169·2 
2.9 
0.1 
l2o2 
007 
4.0 
10.0 
l3o0 
23.o 
33. 
42o5 
1600 
382. 
lo659 
640.0 
27o0 
666.48 
3.15 
6.3 
5o0 
l3o0 
10000.0 
1.0 
o.5 
67000.0 
1.0 
o.5 

13070•0 
848000 
411000 

lo3626 

o.o 

0.015 
0.001 
0.005 
41 o 13 
6036 
llo633 

63300 
63300 
63300 

60400 
63600 
668·0 
35802 
70609 
125102 
3o0 
805 
l3o9 
.09 
4.5 
l3o0 
15 oO 
24o0 
34. 
58o5 
17605 
425· 
lo62 
645.63 

3.63 
606 
600 
l4o 
627.o 
0.90 
3.0 
625.o 
0.95 
3.0 

007217 

o.o 

595.o 
595.0 
595.0 

608.o 
640.0 
672.0 
393.1 
76205 
1338.2 
3.08 
9o2 
l4o9 
.1 
s.s 
15.0 
16·0 
2500 
36. 
67.5 
192. 
515. 
l.49 
666048 

4.1 
6•85 
1.0 
15. 
633.0 
0.01 
8.o 
635.o 
0.01 
a.a 

171 



172 

TABLE XIII (Continued) 

180U(,.O 50000.0 36000.U 14000.0 56000.0 41000.0 625.0 635.o 
626.0 632·0 67.0 5.o 0.95 1. 0 0.9~ 0.01 
0.06 0.01 -1.0 o.o 3.o o.5 3.o e.o 
llOuu.u 31UUU.U 25ul.O.U 1uuoo.u !'>Ouoo.u 36000.0 625·0 63~.o 
626.U b32 .o 74.0 5.0 c.95 1.0 0.95 0.01 
o. 06· 0.01 -1.0 o.o 3.0 o. !', 3.0 s.o 
120uv.u 31000.0 16000.0 9i.JOO.O 40000.0 2sooo.o 625.0 635.0 
626.0 632·0 75.0 5.0 .95· 1.0 .95 .01 
.06 .01 -1.0 o.o . 3.0 o.5 3·0 s.o 
l.60uu. O 40·JUC.U 2CO<.;O.C 12000.0· 51000.0 37000.0 625.o 635.o 
6:!6.0 632.0 64.0 5.0 .95 1.0 .95 .01 
.06 • 01 -1.0 o.o 3.o o.s 3.c 8.0 

21,,,.,c.u 57000.0 21000.0 eooo.o 67500.0 46000.0 625.o 635.0 
626.C 632.o 63.o 5.0 .95 1.0 .95 .01 
·06 .01 -1.0 o.o 3.0 o.5 3.o e.o 

33ouv.u s2uou.u 50(..VQ.U 17l.OO.u 100000.0 50000.0 627.o 633.o 
628.u 632·0 38.0 2.0 c.90 1.0 0·90 0.01 
0.06 0.01 -1.0 o.o 3.0 0•5 3.0 s.o 
47Uuu.u 112000.0 450l.O.o 19000.U 200000.0 100000.0 621.0 633·0 
628.v 632·0 42.0 2.0 c.90 1.0 0·90 0.01 
0.06 0.01 -1.0 o.o 3.o o.5 3.o s.o 
51ou .... u 145000.0 57000.c 32000.u 280000.0 140000.0 627.0 633.0 
628.u 632.0 38.0 2.0 0.90 1. 0 0·90 0.01 
c.03 0 .c, l -1.0 o.o 3.o o.5 3.0 s.o 
6-?0u0.U l 6l•OUO • C 63:JUO.u 38000.U 300000.0 150000.0 627.0 63 3.0 
628.ll 632·0 41.0 2.0 C.90 1.0 0.90 0.01 
0.03 0.01 -1.0 o.o 3.o o.5 3.0 0.0 
570.Jv.u l42v(JO.o 66UUO.U 32uoo.u 24CJCOO.O 120000.0 627.0 633.0 
628.u 632·0 41.0 2.0 0.90 1. 0 0·90 0.01 
c.o3 o.c l -1.0 o.o 3.o o.5 3·0 s.o 

594.5 667.0 
2.0 8.745 o.o 3.0 600 15.555 22.667 r5.54 
11 o. ~ l 5U .O 110.0 0.920 0.01 o.4 o.o o.o 
o.o c .o o.o o.o 
3.0 9.528 o.o 3.0 6.o 16·111 lB.176 15.54 
110. u 150.0 110.0 0.920 0.01 0.4 o.o o.o 
o.o o.o o.o o.o 
5.0 11.os1 o.o 3.0 6.0 15.0 11.111 15.54 
11 o.v 1sa.o 110·0 0.920 0.01 0·4 O•O o.o 
u.o o.u o.o o.o 
9.o 12.504 o.o 3.0 6.·o 90444 50917 15.54 
110. v lSCJ.U 110.0 00920 Uo07 o.4 OoO OoO 
o.o OoO o.o o.o 
10.0 -130558 o.o 3.0 600 B.889 2.778 15.54 
110 o u 150.0 110.0 0.92 0.07 Oo4 OoO OoO 
o.o 0. :i o.o o.o 
10.0 120852 o.o 3.0 600 8oBf!9 4o83 15054 
110.,, 15u.o llOoO 0.92 0.01 0.4 OoO o.o 
o.o c.o o.o OoO 
0.0 llollB o.o 3.0 600 Bo333 10.845 15054 
11.0 • 1., 15000 llOoO Oo92 0.01 Oo4 O•O OoO 
o.o o.o OoO OoO 
5.0 90874 o.o 3.o 6.o 8.889 16.389 15.54 
llOov 1~0.0 110.0 loOOO Oo07 Oo4 OoO o.o 
o.o o.o o.o OoO 
4o0 90246 o.o 3.0 600 10.555 19.722 15.54 
11000 150.0 110.0 loOOO 0.01 Oo4 OoO o.o 
o.o o.o o.o o.o 
'3. 0 Bo 121 o.o 3.0 6.o 11.111 22.782 15054 
110 o O 15000 110.0 1.oso 0.01 o.4 O•O o.o 
o.o o.o o.o o.o 
2.0 8.39 a.a 3.0 600 12.778 24.897 15.54 
110.u 150.0 110.0 1.oso u.01 0.4 OoO o.o 
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TABLE XIII (Continued) 

a.a a.a a.a a.a 
1.s 90026 a.a 3.ci 6.0 140444 20.988 15.54 
110.0 15000 110.0 1.oeo 0.01 Oo4 O•O o.o, 
o.o o.o o~o a.a 

100.0 1.0 1.0 0.25 
o.o OoU43 5.0 8 .. (J o.o o.5375 20.0 100.0 
o.o o.o3e 5o0 a.a OoO' Oo4 7,5 20.0 100.0 
o.o 0033 , 5.0 e.o o.o .4125 20.0 100.0 a.a 0.02934 5.0 a.a o.o Oo,3667' 20~0 100.0 
o.o 0•028 5.o e.o o.o 0.35 , 20.0 100.0 
O'oO 0002934 5.o B'.O o.o o.3667 20.0 100.0 
o.o 0.033 5.0 a.a a.a 'Q.4125 20.0 100.0 
o.o 00038 5.0 Bo'O o.o 0.475 20.0 1,00.0 
o.o 00043 5 oO' a.a o.o .5357 20.0 100.0 a.a 0004666 5.0 a.a o.o 005833 20.0 100.0 
o.o O.tl4B 5o0 e.o a.a o.6 20.0 100.0 
o.o .04666 5.0 a.a o.o .5833 20.0 100.0 

9.0 l9o0 12.0 35.0 
2 7 
4 12 
7 11 
2 25 
5 1 
1 15 
1 0 
4 0 
6 31 
2 0 
4 5 
7 3 

9.0 600 z.o 
u.5 o.5 1.0 1.0 1.0 1.0 1.0 ·c.526 



TABLE XIV 

OUTPUT FOR SAMPLE RUN 

ELEVATIUN 595. 00 606. 00 617. 00 62 8. 00 640.0l 

USTA?. STAGF 12 1418.27 6164.96 6164.96 6164.96 20769. 51 

PSTAR STAuE 12 1. 92 3.lJ 3.36 3 .62 4.31 

ELEVAT 10 ... 59 5 .uo 606.00 617.00 62 Sa 00 640.00 

USTAR STAGE 11 2576. 75 6llt4.21 8594.99 8594 .99 21248.0l 

PST AR STA CE 11 3. 97 5. 73 6. 59 7.15 7.73 

ELEVATIOt. 595.uO 606 .oo 617.00 6211- 00 640.00 

USTAR STAGE 10 51 o. (.0 3312. 58 9928.14 11429 .92 217"0.56 

PSHR STACE 10 6. 54 8.16 9.56 10. 52 11. 09 

ELEVA TI 1J~ 595. OJ 606 .oo 617 .uo "'211 .Jo 64J.OJ 

UST~k STACt. 9 5l 1. OJ 527. 00 10409. 96 916J.74 27184.22 

PSTAR STAGE 9 10. 72 12.13 13.49 14.65 15. 08 

ELEVA Tl 1\\1 595. OJ 606.00 617.0J 628.00 640.0l 

USTAR STAGE 8 510.00 510.00 50 l'o. 85 10686.11 21734. 39 

PSTAR STAGE 8 13. 31 14.84 16.37 18 .05 18.79 

ELEVATION 595.0J 606.00 617. 00 62 a. oo 640.00 

USTAR STAGE 1 52 7. OJ 527.00 527.00 10103.11 24485. 31 

PSTAR STAGE 1 16. 85 18. "" 20.16 21.62 22.4lt 

ELEVATION 59 s .oi.> 606.00 617.00 628.00 6'+0. 00 

USTAR SUGE 6 4 71>. co 476.00 4 76 o<lO 112"0 .1+8 24988,51 

PSTAR STACE 6 20. 84 22.54 24.08 25.25 21>.12 

E LE ~ATI ON 595 .oo 6Ub .OO b 17 .oo 628.00 640.00 

USTAR STAGE 5 527. OJ 527. 00 527.00 10265 • 86 27688 .29 _, 

PSTAR STAGE 5 25.35 26.81 28. 03 2s.s8 29. 65 
........ 
.J::o 



TABLE XIV (Continued) 

ELEVATIOI\I 595.ov 606.ov 617.vO 628 .oo 640.00 

UST AR STACE 4 527. 00 527.00 527. 00 122 85.45 22184.17 

PSTAR STAGE 4 28.05 29 .54 30. 78 31.92 32. 88 

ELEVATION 5 95 • co 606.00 617.00 62 8 .oo 640.00 

UST lR STAGE 3 510.00 510.00 510.00 12908.94 26971.13 

PSTAR STAGf 3 32.69 33.85 34.94 35 .51 36.10 

ELEVATION 595.00 606. 00 61 7. 00 628.00 640.00 

USTAR STAGE 2 52 7. 00 527 .00 12534.69 23240.43 2787 3. 25 

PST AR STAGE 2 37. 66 38, 18 38, 71 38,98 38 o!i3 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
••• FORWARD RUNS ARE C1M~fNClN~ FR~~ THIS POINT ONWARD •••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••• 
THE MONTH dflN~ RU" IS SEP 

THE 11'.ITIAL E~EVATION IS= 622.900 THE FINAL ELEVATION IS "' 627,932 

AVG 
INFLOW 

IT11CUS-CFSI 

2.oe6 

WATEP 
Q\JALI TY 

0.52 

MuNTHLY 
DEMAND 

IMIIHI 

5410.00 

OPTI~llfR 
CONTROL 

I MWH I 

8114. 94 

ENERGY 
GEN. 

IMWH I 

8114.91 

AVG-DAILY 
DISCHARGE 

(THJUS-CFSI 

1.098 

AVG-DA IL Y 
GEN-TIME 
I Ul'fl T-HRI 

16.0 

TOTAL 
WATER 

VI SI TORS 

102946 

TOTAL 
LAND 

VI SI TORS 

74076 

TOTAL 
DWNSTRH 

VISITORS 

9281 

TOTAL 
RECR. 

BENEFIT 

0.653 

PCwER BENEFIT 1,375 POWER REVEl'fUE s$ 54099.82 TOTAL BE"EFIT • 3.55 RMF • 0.815 

TOTM. 
NAV, 

BENEFIT 

1.000 

TOTAL 
FLOOD 

BENEFIT 

o.o 

__, 
......... 
u, 



TABLE XIV (Continued) 
•••••••••••••••••••••••••••••••••••••••••••••••••••• 
Tt1E MONTt; BEING A.UN IS OCT 

Tt'E IN IT I Al ELEVATION IS = 627.932 THE FINAL ELEVATION IS= 635. 950 

AVG 
I NfLOII 

I THCUS-CF SI 

4.787 

iollTER 
QUA ll l't 

0 .70 

MONTHLY 
DEMAND 

( MWHI 

16870.00 

POkER BENEFIT 

OPT! Ml ZER 
CONTROL 

IMWHI 

ENERGY 
GEN. 

IMWHI 

23173.89 24908.36 

AVG-DAILY 
O I SCHARGE 

ITHOUS-CFSI 

3.113 

1.369 POWER REVENUE =S 167906.69 

•••••••••••••••••••••••••••••••••••••••••••••••••••• 
Tt,E MOr,,TH 0EING RUN IS NOV 

AVG-DAILY 
GEN-Tl ME 
I UN IT-HU 

44.6 

TOTAL 
WATER 

VISITORS 

93705 

TOTAL BENEFIT • 

THE INITIAL ELEVATION IS = 635.950 THE FINAL ELEVATION IS• 633 • 003 

AVG 
H,FLCW 

I THOUS-CF SI 

2.545 

kATER 
QUALi TY 

0 .76 

MONTHLY 
CEMA NC 

( MWHI 

21100 .oo 

POkER BENEFIT 

OPTI ,.I ZER 
CONTROL 

l,.WHI 

ENERGY 
GEN• 

I MWH) 

22225.66 25088.19 

AVG-DAIL 'f 
DISCHARGE 

IT HOUS-CFS I 

3.198 

1,297 POWER REVENUE •S 197876.38 

•••••••••••••••••••••••••••••••••••••••••••••••••••• 
THE MCr,,T~ eEING RUN IS OEC 

AVG-DAILY 
GEN-Tl ME 
IUNIT-HRI 

45. 6 

TOTAL 
WATER 

VISITORS 

57197 

TOTAL BENEFIT • 

THE INITIAL ELEVATION IS= 63.3 .003 THE FINAL El EVAT ION IS • 628. 371 

AVG 
INFLOW 

I THtlU S-CF SI 

iJ. 774 

loATER 
QUALi TY 

o .81 

MOI\JTHL '( 
CEl"A t\O 

I MWHI 

13070.00 

POloER BENEFIT 

OPTIMIZER 
CC"lTKOL 

(MWHI 

ENERGY 
GEN. 

(MWHI 

16412.38 13817.18 

AVG-DAILY 
D ISCHO.RGE 

ITHOUS-CFSI 

1. 727 

1.264 POWER REVENUE=$ 119124.31 

A VG-DA I LY 
GEN-Tl ME 
IUNIT-HRI 

24.8 

TOT Al 
WATER 

VISITORS 

44927 

TOTAL BENEFIT • 

TOTAL 
LAND 

VI Si TORS 

79 551 

TOTAL 
OWNSTRM 

VI SI TORS 

4193 

TOTAL 
RECR. 

BENEFIT 

o.666 

2. 96 RMF • l.999 

TOTAL 
LAND 

VISITORS 

51886 

TOTAL 
DWNSTRM 

VISITORS 

3602 

TOTAL 
R ECR. 

BENEFIT 

o.757 

3.55 RMF • 0.353 

TOT AL 
LAND 

VIS I TORS 

2 7863 

TOTAL. 
OWNS TRM 

VI SI TORS 

4739 

TOTAL 
RECR. 

BENEFIT 

0.867 

3. 71 RMF • o. 634 

TOTAL 
NAY. 

BENEFIT 

0.556 

TOTAL 
FLOOD 

BENEFIT 

-o. 339 

TOTAL TOTAL 
NAV • FLOO C 

BENEFIT BENEFIT 

0.815 -0.082 

TJHL TOTAL 
NAv·. FLC'JC 

BENEFIT BENEFIT 

0.857 -0.091 

__, 
...... 
O'I 



TABLE XIV (Continued) 
•••••••••••••••••••••••••••••••••••••••••••••••••••• 
THE ~C~T~ eEII\G RUN IS JAN 

THE INITIAL ELEVATION IS• 628.371 THE FINAL ELEVATION IS• 631.118 

AVG 
INFLGW 

I TriOUS-CF SI 

1.930 

loATER 
QUALITY 

0.93 

MONT Hl Y 
CE~AI\D 

IMwHI 

17930.00 

PO ~ER BENEFIT 

OPTIMIZER 
COMROL 

I MWH I 

ENERGY 
GEN• 

I MWHI 

l0804.b4 10804.60 

AVG-DAILY 
DISCHARGE 

ITHOUS-CFSI 

1. 371 

0,603 POWER REVENUE=$ 118617.56 

•••••••••••••••••••••••••••••••••••••••••••••••••••• 
THE ~CI\TH BEl~G RUI\ IS FEB 

A VG-DAI l Y 
GEN-TIME 
CUN IT-HR I 

19. 8 

TOTAL 
WATER 

VIS IJORS 

39940 

TOT AL 8ENEF IT z 

THE INITIAL ELEVATION IS= 631,118 THE FINAL ELEVATION IS= 629.501 

I.VG 
I !';FLOM 

ITHuUS--CFSl 

l, 709 

IIATER 
(;UAL ITY 

0.87 

MONTHLY 
OEMAI\O 
-ll1wH I 

14670,00 

PONER BENEFIT = 

OPTIMIZER 
CONTROL 

I MWHI 

ENERGY 
GEN, 

IMwHl 

14812.3~ 14812,24 

AVG-DAILY 
DIS CHAR GE 

I THOUS-CF SI 

2.073 

1.252 POWER REVENUE =S 132314.44 

•••••••••••••••••••••••••••••••••••••••••••••••••••• 
THE MONTH BEING RUN IS ~AR 

AVG-DA I l Y 
GEN-TIME 
C UNIT-HR I 

29.9 

TOTAL 
WATER 

VISITORS 

50852 

T CTAL BEi'l EF IT • 

Tt,E INITIAL ELEVATION IS z 629.501 THE FINAL ELEVATION IS a 628. 748 

AVG 
INFLON 

IT HCUS-CFS I 

1.363 

WATER 
QUALITY 

c. 73 

l'ONTHLY 
DEMAND 

I HWHI 

11730.00 

POioER BENEFIT • 

OPTIMIZER 
CONTROL 

I.Ml.HI 

ENERGY 
GEN. 

IHWH I 

11901.77 11901.71 

AVG-DAILY 
DISCHARGE 

I THOUS-CF SI 

1.516 

1.254 POWER REVENUE zS 105913.38 

AVG-DAILY 
GEN-T IHE 
I UNI T-HRI 

21.9 

TOTAL 
WAT fR 

VIStTORS 

67417 

TOTAL BENEFIT '" 

TOT Al 
LANO 

VISITORS 

30954 

TOTAL 
OWNSTRH 

VISITORS 

4261 

TOTAL 
RECR. 

BENEFIT 

o.928 

3. 43 RHF z o.236 

TOTAL 
LAND 

VIS !TORS 

39884 

TOTAL 
DliNSTRH 

VISITORS 

5774 

TOTAL 
.RECR, 

BENEFIT 

0.952 

4.07 RHF "' 0,090 

TOTAL 
LANO 

VISITORS 

56930 

TOTAL 
OWNSTRM 

VIS (TORS 

8191 

TOTAL 
RECR. 

BENEFIT 

0.969 

3.94 RHF'" 0.010 

TJTAL 
NAY. 

BENEFIT 

0,965 

TOTAL 
FLOOD 

BENEFIT 

o.o 

TJTAL TOTU 
NAY, FL COO 

BENEFIT BENEFIT 

0.993 o.o 

TOT Al TOTAL 
NAY. FLOOD 

BENEFIT BENEFIT 

0.901 0 .o 

__, 
....... 
....... 



TABLE XIV (Continued) 
················*··································· 
TH~ MO~TH OEl~G RUI\ IS APP 

THE INITIAL ELEVATION IS= 628.748 THE FINAL ELEVATION IS = 624. 769 

AVG 
!NFL OW 

( THCUS-CFSI 

o. 722 

wtr E~ 
QI.All TY 

o.53 

MONTHLY 
DEMAND 

I MWHI 

8480.00 

POkER BENEFIT 

OPT! Ml ZER 
CONTROL 

IMWH I 

ENERGY 
GEN. 

IMWHI 

11374.94 11374.92 

AVG-DAILY 
DISCHARGE 

I Tt<JUS-CFSI 

1. 521 . 

l.335 POWER REVENUE •$ 82109.81 

•••••••••••••••••••••••••••••••••••••••••••••••••••• 
T~E MONT~ BEING RUN IS MAY 

AVG-DA llV 
GEN-Tl ME 
( UN IT·HR I 

22.1 

TOTAL 
WATER 

VI SI TORS 

95639 

TOTAL BENEFIT• 

ThE INITIAL ELEVATION IS~ 624.769 THE FINAL ELEVATION IS a 627. 392 

AVG 
I I\ FL CW 

ITHCUS-CFSI 

l. 74 5 

WHER 
QUALIH 

0 .11 

MO"lTHU' 
CEMANO 

( MWHI 

6940.00 

POioER BENEFIT 

OPT! Ml lER 
CONTROL 

(MWH I 

9527. 66 

ENERGY 
GEN. 

CMWHI 

9527.66 

AVG-DAILY 
DISCHARGE 

ITHOUS-CFSI 

1. 240 

1,343 POWER REVENUE z$ 67635.31 

•••••••••••••••••••••••••••••••••••••••••••••••••••• 
THE MQf,jTH eEING RUN IS JUN 

AVG-DAILY 
,GEN-TI ME 
I UN IT-HR I 

1a.1 

TOTAL 
WATER 

VISITORS 

1891.40 

TOTAL BENEFIT • 

THE INITIAL ELEVATION IS • 627.392 THE FINAL ELEVATION IS• 623,372. 

AVG HONTHL Y OP Tl Ml ZER ENE RGV AVG-DAILY AVG-DAILY TOTAL 
lf\FLOlo DEMAND CONTROL GEN. DISCHARGE GEN-Tl HE WATER 

I THUUS-CFSI ( MWHI C MWH I IHWHI IT HOUS-CFS I (UNIT-HRI VISITORS 

0 • 742 7620.00 11346.96 11346.92 1. 534 22. 3 257297 

lo.ATER 
QUALITY 

0 .41 

POloER BEJ\4EFIT " 1,372 POWER REVENUE.,$ 76033 .a 1 TOTAL BENEFIT • 

TOTAL 
LANO 

VI SI TORS 

80054 

TOTAL 
OWNS.TRH 

VI SI TORS 

11576 

TOTAL 
RECR • 

BENEFIT 

0.937 

3 .00 RHF " o.511 

TOTAL 
LANC 

VI SI TORS 

109788 

· TOTAL 
OWNSTRH 

VI SI TORS 

18485 

TOTAL 
RECR. 

BENEFIT 

o.902 

3. 95 Rl"F • 0.215 

TOTAL TOTAL TOTAL 
LAND DWNSTRH RECR. 

VIS I TORS VI SI TORS BENEFIT 

138754 21143 0.821 

3.57 Rl"F " o. 5 21 

. TOTAL 
NAY. 

BENEFIT 

1. 000 

TOTAL 
NAY. 

BENEFIT 

1.000 

TJTAL 
NAY• 

BENEFIT 

0.966 

TOTAL 
FLOOD 

BENEFIT 

o.o 

TOTAL 
FLOOD 

BENEFIT 

o.o 

TOTAL 
FLOOD 

8ENEFI T 

o.o 

__, 
-....J 
co 



TABLE XIV (Continued) 

•••••••••••••••••v•••••••••••••••••••••••••••••••••• 
THE MCNT~ eEING RUN IS JUL 

THE INITIAL ELEVATION IS = 623.372 THE FINAL ELEVATION IS = 619.416 

AVG 
I NFL OW 

(THOUS-CF SI 

0 .451 

loA TlR 
CUAL ITV 

0.34 

MONTHLY 
DEMAND 

(HwHI 

5730 .oo 

OPTIMIZER 
CONTROL 

I HWH I 

8591t.99 

ENERGY 
GEIII. 

I HWHI 

8594. 93 

AVG-DAILY 
DISCHARGE 

ITHOUS,-CFSI 

lo 164 

PO,ER BENEFIT = 1.375 POWER REVENUE•$ 57299.85 

•••••••••••••••••••••••••••••••••••••••••••••••••••• 
THE "'01\ TH BEi t.G RUt. IS AUG 

A VG-DAI LY 
GEN-Tl HE 
IUNIT-HRI 

17. 0 

TOTAL 
WATER 

VISITORS 

245720 

TOT AL BENEFIT 

THE !NI TIAL ELEVATION IS = 619.416 THE FINAL ELEVATION IS= 615 .802 

AVG 
I t.FLCw 

ITHOUS-CFSI 

0.248 

WATER 
QUALITY 

o. 31 

MONTHLY 
OEMANC 

IMWHI 

4110.00 

PO.,ER BENEFIT 

OPTIMIZER ENERGY 
CONTROL GEN. 

(HWHI (MloHI 

6164.96 6164.93 

AVG-DAILY 
DISCHARGE 

ITHGUS-CFSI 

Do862 

loJ75 POWER REVENUE•$ 4lu99o85 

AVG-DA IL Y 
GEN-T IHE 
I UNIT-HR I 

12. 6 

TOTAL 
WATER 

VISITORS 

173753 

TOTAL BENEFIT • 

TOTAL 
LANO 

VISITORS 

1"1483 

3.50 RMF 

TOTAL 
LANO 

VIS !TORS 

116203 

TOTAL 
DWNSTRM 

VISITORS 

22966 

TOTAL 
RECR. 

BENEFIT 

o.11a 

·o.489 

TOTAL 
DWNSTRH 

VISITORS 

18595 

TOTAL 
RECR. 

BENEFIT 

0.121 

3o42 RHf • 0.408 

TJTAL TOTU 
NAY• FLOOD 

BENEFIT BENEFIT 

1.000 o.o 

TJTAL 
NAY. 

BENEFIT 

1.000 

TOTAL 
FL COO 

BENEFIT 

o.o 

..... 
-...J 
\,0 



TABLE XIV (Continued) 

STAGES IN INCREASING ORDER BEGINNING FROM BET~EEN STAGE ONE AND TWO 

FORECAST PERFOR'4ANCE 42.53'35 

RUN-PERFO~MANCE 43.4266 

TOTAL Ill SI TCRS 2498777 

TOTAL POftER REVENUE 1220029.00 

l~ITIAL ELEVATIO~ 622.90 

SEP OCT "40V DEC JAN FEB MAR APR MAY JUN JUL AUG 

INFLOW RATES 2 .09 4.79 2.54 o. 77 1. 93 1. 71 1.36 0.12 1. 74 o.74 o.45 0.25 

MONTHLY DEMANDS 5410.00 16870000 21100.00 13070.00 1793J.OO l467u.OO 11730.00 8480.00 6940.00 7620.00 5730.00 4110.00 

CONTROLS VALUES 8114.91 24908.36 25088.19 13817.18 10804.60 14812.24 11901.71 11374.92 9527.66 11346.92 8594.93 6164.93 

RESERVOIR ELEVATIC~ 627.93 63 5 .95 633.00 628.37 631.12 629.50 62 a. 75 624.77 627.39 623.37 619.42 r,15 .au 

__, 
CX) 
0 
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