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ABSTRACT

The Operating Rule Program was developed in an earlier study to furnish a means to determine
optimum desalting plant size, optimal operating rule, and costs of operating in conjunction with existing
water supply systems. Under the present study, five further objectives were accomplished: (1) The program
was applied to a New York City water supply system feasibility study in connection with a dual purpose
nuclear power plant to develop costs for adding firm yield to the New York City water supply system in
conjunctive operation with the desalting plant. (2) The program was modified to enable assessment of stage
construction of desalting units when used in conjunction with a natural water supply system on the basis of
both constant costs over the period of analysis and inflationary costs. Techniques were developed for
applying the program to determine the optimal plant module size, timing of units, and cost of the water.
(3) A separate, smaller program was developed to enable analysis of desalting plant operation in conjunc-
tion with a natural water supply system having no storage capacity. (4) A training program provided
instruction to a selected group designated by OSW on the detailed use and application of the Modified
Operating Rule Program. (5) A feasibility study of the Norfolk, Virginia, water supply system was also
carried out by applying the modified program.
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INTRODUCTION

As population growth places greater demands on existing water systems, new sources of supplemental
water supply must be developed. Desalting of seawater or brackish water is one promising source of
additional firm water yield. If the deslating alternative is to be evaluated fairly in any given system, a
comparison should be made with other alternatives such as reservoirs, imports, groundwater, or recycled
wastewater. In an earlier study by Clyde and Blood (1969) a computer program was developed as a
planning tool to assist in evaluating supplemental water sources. Frequent reference will be made to the
earlier report instead of repeating material that is adequately covered therein. It is strongly recommended
that the reader have a copy of the report for reference, since this current report is viewed as a continuation
of and supplement to the earlier report.

The Operating Rule Program of Clyde and Blood (1969) embodied two important considerations.
First, the natural supplies in existing water systems are highly variable over time. Thus, a desalting plant
utilized as a supplemental source should operate intermittently to supply water only when the natural
supplies are insufficient. Second, what is added to the system by the desalting plant is an additional
quantity of firm and reliable yield. Thus the relevant parameter to compare is the unit annual cost of
additional firm yield.

The Operating Rule Program utilizes modern operational hydrology coupled with digital simulation
of the water system to determine the firm yield that will be added by a desalting plant and the associated
cost of the firm yield. Optimal size of the desalting plant, optimal reservoir size, and other alternatives can
also be investigated utilizing the OPRUL program.

The principal problem solved by the program is when to turn the desalting plant on and off. An
operating rule is expressed as a percent of the reservoir contents. Thus a 60 percent turn-on rule implies a
decision to turn the plant on when the reservoir storage contents decrease to 60 percent of the total. Delay
in turning the plant on as a dry period occurs may result in water shortages. Delay in turning the plant off
may result in wasting precious water over the spillway. Thus, the program searches for and finds the
optimal operating rule for the desalting plant operated in conjunction with the existing system. The optimal
rule is the basis for cost computations and comparisons.

In this study the usefulness, efficiency, and flexibility of the Operating Rule Program have been
extended; additional applications of the program have been made in analyzing the desalting alternative in
water systems; and a training program in the use of the computer program has been conducted.

The specific objectives of the research are stated briefly as follows:

1. To modify the Operating Rule Program so as to add the capability of analyzing stage construction
of the desalting plant, improve the program efficiency and thereby decrease computer costs, add optional
ways of defining the firm yield of the system, and test the effects of cost escalation on desalting costs.

2. To apply the Modified Operating Rule Program to analyze the desalting alternative in two
systems: New York City (dual purpose nuclear power MSF/VTE plant) and Norfolk City (single purpose
MSF plant).



3. To prepare a separate version of the Operating Rule Program suitable for analyzing the desalting
alternative for water systems in which there is no reservoir storage.

4. To conduct a Training Seminar to assist interested individuals and agencies in learning to utilize
the Modified Operating Rule Program.

The parts of the investigation were separately authorized by the Office of Saline Water (OSW) by
means of Work Orders and the presentation of the report sections follows the same sequence.



SUMMARY

The Operating Rule Program as reported by Clyde and Blood (1969) was improved and modified and
the program was applied to analyses of desalting feasibility in both New York City and Norfolk, Virginia.

Improvements included a change in the procedure for iterating on a value of firm yield so as to reduce
the required computer time. An optional cost analysis for a plant built in stages or modules was added to
the program. A procedure was also added to allow a constraint, by month, on the desalting plant operation.
The constraint overrides any decision for plant turn-on that would be made by the operating rule and forces
the plant to remain off for the month or months specified. This last modification was incorporated to take
advantage of low cost process steam that might be furnished by a nearby power plant in all but the months
of peak power demand.

Work done on the project was divided into five work orders as follows:

Work Order No. 1, Application of the Operating Rule Program to the New York City Water Supply
System. Until 1990 the anticipated 500 MGD growth in water requirements of New York City can be met
by conventional projects. During the planning period from 1990 to 2020 an additional 450 MGD of firm
yield will be needed according to estimates by the New York Board of Water Supply. The Modified
Operating Rule Program was used to perform a cost analysis of supplying the 450 MGD added firm yield by
means of a desalting plant operating conjunctively with the existing water supply system. The desalting
plant considered was a multistage flash vertical tube evaporator (MSF/VTE) plant with energy supplied by a
dual purpose nuclear power plant. Five different policies were studied each producing the required firm
yield or more at any point in the planning period. The results showed the trade-off between the capital cost
of the increased plant capacity and the lower energy cost to be in favor of building the larger plant and
using the surplus interruptible low cost energy. The best policy, staged construction of a 750 MGD plant
using interruptible energy, produced the required yield at a total cost of $36,800/yr/MGD. The effect of
escalating cost on the results of the stage construction analysis was also studied. The cost increased to
47,300 and 54,300 $/yr/MGD for annual cost escalations of 3 percent and 5 percent.

Work Order No. 2, Stage Construction Analysis. The Operating Rule Program as developed previously
was modified to enable assessment of the stage construction of desalting units when used in conjunction
with a natural water supply system on the basis of a stable economy (constant costs over the period of
analysis). The program was modified and logic extended in order to function in a variety of analytic
situations including annual escalation or inflation of costs at a constant rate. Once the planner has
ascertained that the given supplemental source is adaptable to stage construction, a staging policy must be
determined. The staging policy indicates the point in time at which the next stage of the supplemental
source is to be added to the system. The optimal staging policy is not given directly by the computer
program. However, by repeating the analysis in the light of practical and physical limitations of the system,
a best (least cost) staging policy for the assumed conditions can be approximated.

Work Order No. 3, Operating Rule Program Modification for No Storage Capacity Systems. For the
efficient use of the computer, a separate, smaller computer program was developed to enable analysis of the
planning situation where the water system has no appreciable reservoir storage capacity. The operating rule
is simple, i.e., turn on the desalting plant or a module when the demand becomes greater than the available
natural supply. An example application of the no storage capacity analysis was made for a modified
Norfolk, Virginia, water supply system.



Work Order No. 4, Training Seminar. To furnish more information and to encourage and facilitate the
use of the Modified Operating Rule Program, a training seminar was held May 26-28, 1970, at Utah State
University. Necessary instruction and training to a selected technical group as designated by OSW on the
detailed use and application of the Modified Operating Rule Program were given.

Computer services utilizing a Univac 1108 computer were provided. All participants were able to
analyze the conjunctive operation of a desalting plant, and also to make a stage construction analysis of a
desalting plant. Suggestions received from participants were incorporated in the program, especially changes
in the format and information of the computer printout.

Work Order No. 5, Application of the Operating Rule Program to the Norfolk, Virginia, Water Supply
System. To examine the use of a desalting plant operated in conjunction with the existing Norfolk,
Virginia, water supply system to meet future demands, the Modified Operating Rule Program was applied.
The desalting plant costs were based on a single purpose multistage flash distillation process. Computer
analysis showed that, to fill the requirement of increasing the firm yield by 45 MGD from 80 to 125 MGD
and thus meet continuously the needs of the year 2000 A.D., a 60 MGD plant would be required. Average
cost to meet such a demand would be 175,000 $/yr/MGD of added firm yield. This cost is much higher
than the cost reported in Work Order No. 1 for the New York City system due to the different type of
plant, the much smaller scale of development and the higher cost of firm energy that would be used.

Since demand is actually growing continuously a staged or incremental construction of the facilities
may be economically more efficient. Stage construction analyses were carried out for the system with three
alternative demand growth curves. For the linear demand growth expressed as D; = 30 + 1.5j in which D, is
the average demand rate in year j, “average annual cost/ultimate firm yield increase” is 91,296 $/yr/Md‘vD.
When the demand rate is higher in the earlier stages, and the demand growth curve expressed as D, = 130 -
50e%77 “average annual cost/ultimate firm yield increase” becomes 120,659 $/yr/MGD. When the
demand rate is lower in the earlier stages, and the demand growth curve expressed as D; =60 + 20e%4%
““average annual cost/ultimate firm yield increase” becomes 77,155 $/yr/MGD.

Another strategy was to build the entire plant the first year with capacity greater than enough to
meet the ultimate demand at the end of the period when operated according to the optimal operating rule.
Then the operating rule was modified frequently to optimally meet the growing demand. The same three
demand growth curves mentioned previously were used in the study, and the desalting costs were found to
be higher than stage construction costs. However, this strategy has the additional advantage of providing
some extra “drought insurance” and growth capacity in its early years.



Work Order No. 1

APPLICATION OF THE OPERATING RULE PROGRAM TO THE
NEW YORK CITY WATER SUPPLY SYSTEM

Introduction

A technical team representing Federal, State, City, and power company interests was organized to
study the feasibility of a dual purpose nuclear-power and desalting plant to meet the long range (1985 and
beyond) projected water requirements for New York City Metropolitan region. The team consisted of
representatives from Consolidated Edison Company, New York City Board of Water Supply, New York
State Department of Environmental Conservation, Atomic Energy Commission, and the Office of Saline
Water (OSW). The Utah Water Research Laboratory through its contract with OSW was asked to develop
costs for adding firm yield to the New York City water supply system in conjunctive operation with the
desalting plant.

This report outlines the procedure by which the costs were determined utilizing the Operating Rule
Program developed previously for OSW. Results of this work are summarized herein and were utilized in the
team study.

General Approach

The Operating Rule Program as reported by Clyde and Blood (1969) was improved and modified
slightly to handle the unique features of this application. The procedure for iterating on a value of firm
yield was modified in such a manner as to reduce the computational time. A cost analysis for a plant built
in modules was added to the program. Further, a procedure was added to put a constraint, by month, on
the desalting plant operation. The constraint overrides any decision for plant turn-on that would be made
by the operating rule and forces the plant to remain off for the month or months specified.

This last modification was incorporated to take advantage of low cost process steam that can be
furnished by the power plant in all but the months of peak power demand.

Data for Simulation Model

Streamflow, storage, and draft data for the study were furnished by the New York City Board of
Water Supply. Desalting plant cost data for the MSF/VTE plant were furnished by OSW through the Oak
Ridge National Laboratory. The Consolidated Edison Company furnished the energy supply cost details.

The total inflow to the New York City system for the period 1928 to 1967 is shown in Table 1. This
includes the runoff into the seven reservoirs. Available storage for the system was determined to be 489.6
BG (billion gallons).

The area-capacity curve, as shown in Figure 1, was used for computing evaporation losses. Monthly
evaporation potential for the equivalent reservoir is listed in Table 2.

New York City is required to make releases in excess of its own requirements. The excess release is
for pollution control and to fulfill certain court decrees. The required annual mandatory releases were



I

L3 e

Table 5. Capital cost of VTE/MSF desalting plant in million dollars.

D.L.E.* Plant Size (MGD)
(%) | 100 | 125 | 150 | 175 [ 200 [ 225 | 250 | 275 | 300 | 325 | 350 | 375 | 400 | 425
30 | 39.0|47.2]556| 647|728 | 81.2 | 89.4| 97.5|1053 | 113.2 |120.8 | 128.8 | 136.4 | 144.1
40 | 405|486 573 663|751 | 832 | 9211000 | 1082 | 116.4 |124.4 | 132.2] 140.0 | 1479
50 | 41.4|495] 590|680 770 | 856 | 94.4| 1028 |111.0| 119.5 [127.7 | 135.7 | 1436 | 151.8
60 | 43.6]53.1| 625|720 81.6 | 91.5 [100.8 | 109.7 | 118.4 | 127.5 |136.3 | 144.8 | 153.1 | 161.2
70 | 46.5|56.2| 668|768 |87.0 | 97.4 [108.0 | 117.3 | 126.5| 1358 | 1453 | 1535 | 1622 | 1713
80 | 499|603 | 71.4 826|935 [1046 | 1154 | 125.2 | 134.7 | 1445 [ 1542 | 163.4 | 1727 | 1815
Table 5. Continued.
D.LF.* Plant Size (MGD)
® 450 | 475 | s00 | 525 | 550 | 575 | 600 | 625 | 650 | 675 | 700 | 725 | 750
30 | 1515 | 159.4 | 167.1 | 1749 | 182.5 | 190.5 | 198.0 | 205.8 | 213.5 | 221.0 | 228.3 | 236.0 | 244.0
40 | 1555 | 163.4| 171.2 | 179.2 | 187.0 | 195.5 | 203.0 | 210.6 | 218.4 | 2258 | 233.5 | 241.5 | 2486
50 | 159.7 | 167.8| 175.6 | 183.6 | 191.8 | 200.2 | 208.0 | 2155 | 2233 | 2313 | 238.8 | 246.5 | 254.4
60 | 169.5|177.7| 185.9 | 194.4 | 202.5 | 211.0 | 219.3 | 227.3 | 2305 | 2435 | 251.5 | 259.4 | 267.5
70 | 180.5 | 189.2| 198.2 | 207.2 | 2162 | 2255 | 234.0 | 241.7 | 249.8 | 256.6 | 265.5 | 272.0 | 282.0
80 | 190.8 | 199.6 | 208.8 | 217.8 | 228.0 | 236.0 | 2443 | 2524 | 260.5 | 268.7 | 276.6 | 285.0 | 293.0

*Design Load Factor.
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Table 6. Summary of cost computations for dual purpose plant for New York City.

Best Operating Rule
P £ Relative cost of

Description of Plant ON OFF $/yr/MGD desalted water

Staged construction of a 750 MGD
plant using interruptible energy
(no production in June, July, and 79 65 36,800 1.00
August) to meet growing demand.
Add 125 MGD modules in years 1, 6,
11, 16, 21, and 26

Stage construction of 700 MGD

plant using firm energy (no 38 70 39,300 1.07
constraint on summer operation)

Unstaged construction of 750 MGD 20 30 51,000 1.39
plant, but operating with a to to
changing demand 79 65

A 750 MGD plant to meet constant
450 MGD firm yield increase (no 79 65 75,800 -
production in summer)

A 700 MGD plant to meet constant
450 MGD firm yield increase (no 38 70 80,800 -
constaint on summer operation)

Same conditions as line 1 except
3 percent per year cost 79 65 47,300 1.29
escalation

Same conditions as line 1 except
5 percent per year cost escalation 79 65 54,300 1.48




Work Order No. 2
STAGE CONSTRUCTION ANALYSIS
Introduction

The stage construction analysis is a study to investigate the economic advantage associated with
incremental construction of desalting plants. A plant designed and installed with capacity to meet future
demand will be economically inefficient in the early years of operation. A plant built in stages, in
accordance with projected growth in demand, would defer some capital investment until it is needed. Under
many conditions the staging of construction would be a more efficient scheme than an initial full size plant.

The Operating Rule Program originally was developed to determine the least cost operating rule for a
fixed size desalting plant in conjunctive operation with an existing water system. The program has been
modified and the logic extended in order to function in a variety of analytic situations. In each situation
the option specification and input requirements are somewhat different. Table 7 summarizes the utilization
of the program and the input requirements by categories. (See Appendix A, input data.)

The Operating Rule Program was substantially modified to decrease the computer execution time and
thus decrease the cost of its application in practical problems. Work orders 1 and 5 are applications of the
Modified Operating Rule Program and the stage construction analysis. Before presenting the detailed
description of the stage construction analysis, the general description and explanation of the Modified
Operating Rule Program will be introduced in the following section.

13
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Table 7. Summary of operating rule program* utilization.

Case Key Option
No. Description of Utilization Input Data Categories Specification
1 YIELD OF EXISTING SYSTEM. Firm yield Athrul,and X KREAD=2
determination without supplemental supply KVAR=1
system. Set NOF in category I equal to zero. STAGE=1

2 CONJUNCTIVE OPERATION YIELD. Firm yield A thru P, T,UW.X KREAD=3
analysis with supplemental supply. Finds KVAR=1
feasible rule set, performs cost analysis, STAGE=1
and selects minimum cost rule.

3 COMBINED USAGE. Combines cases 1 and 2. A thru O, T, X KREAD=2

KVAR=1
STAGE=1

4 COST ANALYSIS. Finds feasible rule set, A thru P,T,V,W X KREAD=1
performs cost analysis, and selects minimum KVAR=1
cost rule (all firm yield data is input). STAGE=1

5 VARYING OPERATING RULE. The operating A thru Q,T,U(a),W,X KREAD=3
rule is varied in such a manner that the KVAR=2
yield follows the expected demand function STAGE=1
(input category I defines the varying
operating rule).

6 STAGE CONSTRUCTION COST ANALYSIS. The costs A thru P,R,S,T,U(a),W X KREAD=3
for a given stage construction policy are KVAR=1
computed. STAGE=2

7 MODIFIED CASE 2. Analysis is based on Same as No. 1 and KREAD=4
selected hydrographs as specified by the include P KVAR=1
arguments of the random number generator. STAGE=1

*The complete deck of IBM cards or magnetic tape of the Operating Rule Program is available for $25 per copy from the Utah Water Research Laboratory,
Utah State University, Logan, Utah 84321.



General Procedure for the Application of the
Modified Operating Rule Program

The following are suggested steps to follow in a simple application of the Modified Operating Rule
Program:

1. Determine the firm yield of the existing reservoir water supply system. Prepare the input data as
specified in case no. 1 of Table 7.

2. Estimate the approximate optimal size of the desalting plant from

in which

S, isthe estimate of the optimum size desalting plant
Dy is the design demand rate
Y, isthe firm yield w/o desalting (from 1)

o

The constant 1.3 is based on past applications of the program.

3. Determine the least cost feasible operating rule for the given design demand rate and plant size.
Prepare the data deck as specified in case no. 2 of Table 7. The key to this step of the analysis is to input
the turn-on and turn-off fractions that will give a fairly broad range of yields. The output of yields from
this computer run can serve as the basis for formulating subsequent runs. A typical set would include four
turn-on and four turn-off fractions within the range of 0.40 - 0.80.

The first trial may or may not locate an approximate least cost feasible rule. If the operating rule set
has a broad enough range of yields, then an approximate least cost rule will probably be located. If not, by
analyzing the results of the first trial run, a different and smaller set of operating rules can be specified and
another computer run should then locate the optimal rule. The plant size, cost, and operating rule should
be recorded.

4. Increase the plant size, S, as determined in step 2, by about 25 percent. Use the same data deck
setup as in step 3 but change the plant size and the turn-on and turn-off fractions. Since the size of plant
has been increased, the turn-on and turn-off fractions should be somewhat smaller than those used to locate
the optimal rule in step 3. If the approximate least cost rule is not obtained on the next trial, adjust the
operating rules and run again. A third run is rarely needed.

5. Decrease the plant size, S, from step 2 by approximately 25 percent. Change the plant size and the
turn-on and turn-off fractions in the data deck. In this trial the turn-on and turn-off fractions should be
somewhat larger than those used in step 3.

6. Compare the costs obtained from steps 3, 4, and 5. The desired condition is that the cost obtained
in step 3 be smaller than that obtained in step 4 and step 5. If this condition is not achieved then the plant
size and operating rule set must be adjusted accordingly and another trial run made. This fourth run should
establish the basis for selecting the approximate optimal size plant.

The additional steps to follow in a stage construction analysis are found starting on page 32.
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General Description of the Simulation Model

As the demands on our limited water resources continue to increase, the need for efficient water
resource utilization must become the focal point in planning and design. Projected demands for water in
most areas show the present supply to be inadequate for the future. Therefore, planners are looking for
ways to firm up their present supply and obtain additional water. The conjunctive operation of a
supplemental source with the existing surface water facilities warrants consideration in such planning
situations.

Conjunctive operation

Conjunctive operation is not a new concept; however, its application by digital simulation, as
described herein, is a new approach. The usefulness of operating a supplemental source in conjunction with
an existing system can be easily demonstrated. A plot of the accumulation of inflow minus demand as a
function of time is shown in Figure 2. The curve ABCD is the mass curve of inflow minus demand. The
straight line AJEFG represents a balance between inflow and demand. It is assumed that the storage of the
existing system is full at time, t;. If there are not at least BE units of storage in the system, a shortage will
be incurred at time, t5.

Consider a situation where the existing storage is less than BE and greater than or equal to BK. Under
the given inflow-demand pattern, a shortage would be realized at t. Therefore, the demand is too great for
the given supply. Now consider a supplemental source of a given capacity as represented by line JKLM to
be activated at time t,. The difference, at any point in time, between JKLM and the mass curve ABCD is
the amount of natural supply needed to satisfy the demand. Therefore, with the storage as stipulated and
the supplemental source operating,a shortage is averted at time t;.

Once the supplemental source is operating, the problem is to turn it off at the best time. Ideally,
before an extended drawdown of storage occurs, the storage should be full. If, referring to Figure 2, the
supplemental source is turned off at any time between t,and t,, the storage will not be full when
drawdown starts at t . If the turn-off is delayed beyond t,, then the storage will spill supplemental water
that has been added. This is inefficient utilization of the supplemental source if the supplemental water is
more costly than the natural water of the existing system. The ideal turn-off point in time is t,. In this case,
the storage would just fill at time t prior to the subsequent drawdown. Since it is not possible to have a
perfect knowledge of future hydrologic events, only by extreme good luck would the ideal time to turn-off
the supplemental source be selected. t, is not the time when the supplemental source can be turned on to
prevent the shortage from occurring at t;. Therefore, the basic conjunctive operation problem is to
determine, based on a given hydrologic inflow, a method (rule) for operating the supplemental source in
such a manner as to prevent a drought (shortage) from occurring and at the same time minimize the amount
of supplemental water wasted by spills over an extended period of time.

If the supplemental source were operated independently as a base load source, the system would
obviously be using the more costly supplemental water during those periods when the natural or
conventional water was adequate. Mawer and Burley (1968) and Clyde and Blood (1969) have
demonstrated the efficiency achieved by operating desalting plants in a conjunction with water systems.

Optional criteria for determining firm yield

The firm yield of a water supply system, as presented in this study, involves a rate and a specified
tolerance of shortages. The rate is the maximum average demand that can be satisfied on a sustained basis.
It is a function of the inflow and demand pattern as well as the specified tolerance of shortages. Factors
such as frequency, magnitude, and/or duration of shortages can be used to specify the tolerance in a given
planning situation.

16



{ Volume )

Inflow Minus Demand

Accumulated

[
i
v

f! '2 t3 t4 f5 15 Time

Figure 2. Illustration of conjunctive operation.

The simulation model described herein permits any one of three different tolerance specifications for
determining the firm yield as follows:

1.

A firm yield that is based on satisfying the expected demand schedule 100 percent of the years;
i.e., no shortages tolerated.

A firm yield that is based on satisfying the expected demand schedule something less than 100
percent of the years; i.e., a certain number of years with shortages occurring would be tolerated.
For example, a firm yield determined on a 95 percent frequency basis would register 5 years
out of 100 in which shortages occurred. The magnitude and duration of the shortages are not
considered in this type of firm yield determination. However, the average amount and the
average duration of shortages for the given period of hydrology are computed and made
available to the planner.

A firm yield based on the maximum monthly deficit that can be tolerated during the most
severe expected drought. This is accommodated in the model by specifying the maximum
tolerable deficit as a decimal fraction of the expected demand.

Choosing the manner in which the firm yield is to be determined is the responsibility of the planner.
A design based on a firm yield that tolerates a small frequency of shortages or a small amount of deficits
may be acceptable in some planning situations, especially if the consequences were to be only minor
austerity measures. On the other hand, the responsible planner may not wish to become subject to the
social and/or political consequence of any shortages. Thus, to minimize the probability of shortages
occurring the planner may only accept a design based on a firm yield determined with no shortages.
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These different ways in which the firm yield can be defined permit a degree of flexibility in the use of
the model and, consequently, to the planning tasks to which it may be applied. A firm yield value obtained
on the basis of no shortages will obviously be smaller than a firm yield value obtained when shortages are
tolerated. Thus, different designs to meet a specified requirement would be required and the associated
costs would be different. Thus, there is a cost attributable to the definition of firm yield. Analysis of the
costs of designs based on different tolerances of shortages may be made to aid in the decision making
process.

Storage considerations

Storage is handled in the model by means of a simulated reservoir with a conservation pool. The pool
is augmented by monthly flows greater than the demand. On the other hand, the pool is diminished during
those months where the demand is greater than the inflow. Limits are set on the size of the pool. Provisions
are incorporated for specifying inactive (dead) storage.

For any complete analysis (i.e., determination of the optimum supplemental capacity to meet the
specified demand rate), the storage capacity of the system is fixed. This is a reasonable assumption since the
methodology is intended to be applied to planning situations dealing with existing water supply systems.

Storage is utilized in the model to meet a primary demand that is described by an average demand
rate and a set of monthly coefficients. The primary demand may be for municipal and industrial needs,
irrigation, or other uses as long as the monthly coefficients define the total demand schedule. An extension
of the model would be required if the reservoir storage is to fulfill multiple purposes that follow different
demand patterns.

The parameters required to define the storage in the model are: (1) maximum available capacity of
the reservoir; (2) inactive storage; and (3) surface area as a function of reservoir contents (tabular form).

Generation of streamflow values by
operational hydrology

Much of the usefulness of simulation as used in this study depends on the capability of approximating
the expected performance of the water supply system that is being modeled. The response of the system
over a given period is uniquely determined by the particular sequence of streamflow that is input to the
model. In most planning situations, the planner is confronted with short historical records of streamflow on
which to base the design. Also, future streamflow events will not duplicate those of the past. Consequently,
no qualified statement can be made about the expected performance of a system based on only one
sequence of streamflow.

To provide more reliability to the design, operational hydrology is used to furnish many different
streamflow sequences. Thus, it is possible to analyze the response of the system to as many different, but
“equally likely,” streamflow sequences as desired or as can be economically justified. From the spectrum of
responses, the planner can approximate the expected performance of the system with cognizance of the
possible extremes.

Monthly streamflow sequences are generated by means of a mathematical model such as reported by
Fiering (1967). A first-order auto-regression process is utilized that reflects the nonrandomness inherent in
a monthly streamflow sequence. The basic one station model utilized involves the solution of the following
recurrence equation
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in which

K; ; ; is the generated monthly flow logarithm expressed as a normal standard deviate for month i + 1
is the generated normal standard deviate for month i

B; is the least squares regression coefficient for estimating flow in month j + 1 from flow in month

]

is a random number from the standard normal distribution, N(0,1)

is the correlation coefficient between flows in month j + 1 and month j

i= 123....12

i= 12,3....12N

N is the number of years to be generated

Equation (5) can be extended to generate flows at more than one gaging station as reported by the
Hydrologic Engineering Center (1967) of the Corps of Engineers. The computer subprogram used to
generate the monthly streamflow values is a modified version of the computer program developed by the
Hydrologic Engineering Center. As presently constituted, the subprogram (GNFLO) can generate monthly
flows for as many as five gaging stations for a period of up to 100 years in length.

Operational hydrology should not be considered as the “cure-all” to planning problems encumbered
by meager hydrologic data. In fact, the indiscriminate use of generated streamflow in any planning situation
can be very dangerous. Fiering (1967) indicates two potential problems that can produce serious
discrepancies in generated flow values. First, the stream must have a stable regime. Secondly, the
characteristics of the watershed must remain unaltered either by the forces of man or nature. Furthermore,
it is obvious that reliable streamflow generation is impossible without a minimal amount of accurate
records.

In order to function properly in its intended role, operational hydrology should synthesize the critical
patterns of low (and high) flows that are probably not found in a short historical record. Such flow patterns
might by chance occur in a short record, but could be expected only in very long records. Thus, the use and
adequacy of a streamflow generation model should be based on this consideration as well as those
mentioned previously.

Draft on storage

The draft is the rate of outflow from the reservoir conservation pool as a consequence of any or all of
the following:

(a) Releases to satisfy the Municipal and Industrial (M & I) water needs serviced by the water
supply system.

(b) Mandatory releases for other than M & I requirements.

(¢) Evaporation losses.

The overall response of the simulation model is assumed insensitive to any other form of loss (outflow)
from storage.

Releases to meet the M & I requirements are specified in the form of a demand schedule. Included is
the planner’s best estimate of the average demand rate projected to the end of the planning horizon and a
schedule of monthly demand coefficients. The projected demand rate is referred to as the design demand
rate. The monthly coefficients reflect the variation in demand from one month to the next. By utilizing
information on per capita consumption of water, seasonal consumption patterns, and population
projections the planner can project water requirements into the future. The response of the water supply
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system during simulation and, consequently, the optimum design selected depends directly on the demand
schedule used in the analysis.

During simulation of the system, a demand rate for M & I requirements is computed each month by
the program as follows:

di=Dj CDi for i =1,2,...,12
J=1,2,000,N . .0 (6)
in which
d; isthe M & I demand rate for month i
D;  isthe average demand rate in year j
Cp; is the seasonal demand coefficient for month i
N is the number of years in the period of simulation

The seasonal demand coefficient must satisfy the following condition:

12
-::—2 X CD. =1
i=1 L s e e e e (63)
Monthly demand rates must be formulated in the model in two different phases of simulation: (1)

Firm yield analysis; and (2) cost analysis. Equation (6) is used in either case, but D can have varied

functional forms in the cost analysis simulation. The average demand rate, D, can be represented in one of
the following forms:

(a) Constant relationship

in which

K s the design demand rate if doing a cost simulation or a first estimate of firm yield if simulation
is to determine the firm yield

(b) Linear relationship (used only in cost analysis)
ﬁj=A+j «B for j =1,2,...,N ... ... ... .. (8)
in which
A is the demand rate for j = 1 (intercept)
B is the rate of change of demand (slope)
(c) Exponential relationships (used only in cost analysis)

’ﬁj =U=-We & for § = 1,2,00a,N . . ©9)
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in which

U is the final demand rate in the yearj =N
W s the difference between the demand rates in the year j = N and the year j = 1
a is the fraction that defines the curvature of the exponential relationship

Figure 3 illustrates the possible representation of the demand rate functions.

Mandatory releases from storage generally have priority over all other uses. Usually, the mandatory
release must satisfy the terms of some decree or compact. An example would be a decree to maintain a
certain gage height at some point on a stream for the purpose of water quality and/or fish and wildlife
conservation.

D=K

(D)

Demand Rate

>
Time (j)

Figure 3. Optional representations of demand rate.

The manner of formulating the mandatory releases will probably vary in each case studied. As a
consequence, a modification of the model may be required. The extent of the modification will depend on
the complexity of the required releases.

Mandatory releases are formulated in the present model in the same manner as the demand for
consumption. A monthly release rate is computed from an average release rate (MGD) over the period of a
year and a set of 12 monthly coefficients as follows:

m, = M Cyy for i = 1,2,000,12 . . . . . . L. (10)

in which

m; is the mandatory release rate for month, i

M  is the average mandatory release rate over the period of a year
Cu; s the release coefficient for month, i
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The coefficients must satisfy the condition.

1 2

1
Vi if1 Cy =1 . .. .. (10a)

The set of monthly release coefficients can, in some cases, be determined from past release
information.

Evaporation losses are calculated by means of monthly evaporation coefficients. The coefficients are
estimates of the average monthly evaporation from lakes and reservoirs in the area, expressed in inches per
month. The water lost by evaporation is calculated from

B, = 27152 x 10° K e, fordi=1,2,...,12 .. .

in which
E;, isthe volume of water evaporated in month i in billion gallons (BG)

A, is the average water surface area (acres) in month i
e; is the evaporation rate for month i in inches

The water surface area is obtained each month by interpolation in the storage content-surface area
table.

Operation of the supplemental source of water

The supplemental source is operated in conjunction with an existing water supply system in such a
manner as to increase the firm yield of the system. Operating in this way the supplemental source is called
on to supply water during the periods of drought which deplete the natural supply. In order to function in
its intended role, the supplemental source must satisfy the following requirements:

(1) The supplemental source must be independent from the causative factors producing the natural
droughts.

(2) The supplemental source must add water to the system at a constant rate (specified by its
capacity or size of development) when it is operating.

(3) The supplemental source must have the capability of being activated (turned on) or deactivated
(turned off) with comparative ease.

(4) The capital, operating and maintenance, replacement, turn-on, and turn-off costs must be
identifiable.

Any departure from the above would require modifications of some form in the model as presently
developed.

During simulation of the system when the supplemental source is activated, it supplies water for a
minimum of one full month. There are no provisions in the computer program for operating for any shorter
period of time. If extended continuous operation is called for; i.e., for periods of 11 months or greater,
provision is made to deactivate the supplemental source for the period of one month for maintenance
and/or replacements as required.

Desalination of sea and/or brackish water, pumping from large rivers, pumping from groundwater,
importation, and recycling are some of the possible sources of supplemental water.
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Operation of the Simulation Model

Simulation is performed in three phases. In phase one the expected firm yield of the reservoir without
the supplemental supply is determined. In phase two an expected firm yield is determined for every
operating rule specified for the conjunctive operation with the supplemental supply. The time period for
which the simulation is conducted is a selected input to the program. Some judgment is required on the
part of the user to select an appropriate time horizon. One that appears adequate and is used in subsequent
demonstrations is the life expectancy of the reservoir or reservoirs in the system. In phase three costs are
determined for a selected set of feasible operating rules.

The basic storage equation involved in the simulation model is
I=0=A8 . . . . e (1D
in which
I is the inflow to the system
O  is the outflow from the system

AS isthe change in storage

Substituting for each term of Equation (12) its components treated as rates and introducing subscripts give
the following equation:

= <+ " - - - 1 =
(As)i,j qi,j woelJd ey di r, for i = 1,2,...,12
J=1,2,000,N .(13)
in which
q;; isthe average streamflow rate in month i, year j
w  is the rate of the supplemental source
J is 1 if the supplemental source is operating and O if the supplemental source is not operating
e;  isthe average evaporation rate for month i
d;  isthe average demand rate for month i as obtained from Equation (6)
r;  isthe average mandatory release rate for month i
N  is the number of years in the period being simulated

Prior to the start of each month, the state of the storage in the system is examined by converting each
term of Equation (13) to a volume (BG) on the basis of the number of days in the given month, and solving

=S, ., +Q

S, . .o , ,+W, +«J=-E, -D, =R
i+1,] i,3 1,3 i i i

;- (18

in which

S;+1,jis the contents of storage at the start of month i + 1 (or end of month i), year j
S;i is the contents of storage at the start of month i year j
All other terms correspond to their counterparts in Equation (13)

The value of S;,, . is compared to the specified limits of storage. If S, . is greater than the
maximum, an average (spill) is recorded and S;, ; ; is set equal to the maximum value. On the other hand, if

Si+1,j is less than the minimum, a deficit is recorded and S;,, j is set equal to the minimum value.
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Phase One--Reservoir Without the Supplemental Supply
The objectives of the simulation in phase one are as follows:

(1) Obtain the firm yield of the existing water supply system, Y .

(2) Identify the critical range of the generated streamflow hydrograph.

(3) Select, at random, a set of reservoir starting contents from a sample of the distribution of
year-end contents.

Firm yield of the reservoir
without the supplemental supply

As previously mentioned, the firm yield of the system is the average demand rate, with its associated
seasonal variation, that can be satisfied subject to some specified constraints on shortages. Thus, the value
of the firm yield for any given generated hydrograph cannot be solved for directly. The unknown quantity
in the simulation is D from Equation (6). Consequently, d, , in the basic storage equation, Equation (13), is
dependent on the value of unknown D. An iteration procedure is proposed as the method to determine the
value of D that satisfies the constraints on shortages. Once determined, the value of D is identified as the
firm yield of the system, Y, . The following sections outline the iteration procedure used to determine Y, .

Iteration procedure for determining
the firm yield, Y,

The procedure outlined identifies the critical range of the period of generated monthly streamflow.
Iteration is subsequently carried out over the critical range and not over the entire period. The iteration
technique is described in the following steps.

Step 1. Make an initial guess for the yield (demand that can be satisfied), Y. This first guess is made as
a function of the mean inflow to the system and the estimated scale of development as follows:

Y1=6.f ........................... (19)

in which

Y, s the firm yield estimate and is used as the value of D in Equation (6)
Q is the mean inflow rate calculated from the historic record in MGD
f is an estimated fraction, 0< f <1

Step 2. Using the demand rate (yield estimation) obtained in step 1, simulate operation of the
reservoir without the supplemental supply for the entire period of N years. This involves the repetitive
solution of Equation (14). The system is operated under the policy that the full demand is satisfied every
month as long as water is available.

During simulation, the response of the system to the particular pattern of inflow and outflow is
recorded. Of particular interest are the following:

(a) The relative minimum drawdowns (where the reservoir content stops decreasing and begins to
increase).

(b) The month and year of each drawdown in (a).

(¢) The month and year of the reservoir full condition prior to each minimum in (a).
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(d) The amount of each monthly deficit that occurred, and the amount of the shortages.*

(¢) The month and year of each deficit.

(f) Duration, in months, of each shortage.

(g) The month and year of the reservoir full condition prior to each deficit and each shortage in

(@.

Step 3. After simulation is completed for the period of N years, the response is compared to the
specified definition of firm yield. Logic is provided for the following cases.

Case A. Firm yield defined at the 100 percent level; i.e., no shortages tolerated. The iteration
technique in this case works equally well whether shortages did or did not occur during the simulation. The
iteration procedure can move directly to step 4.

Case B. Firm yield defined at less than 100 percent; i.e., some number of years with shortages will be
tolerated. For example, let the firm yield be defined at the 98 percent level. The iteration scheme then
requires, as a minimum, three years in 100 years in which shortages were recorded. In the event that the
required number of years with shortages are not obtained, the demand rate, Y, is increased by an
appropriate amount. Step 2 and step 3 (case B) are repeated until the requirement on the years with
shortages is satisfied. If the initial estimate of the demand rate is large enough, the required number of years
with shortages will be obtained on the first trial.

Case C. A specified maximum monthly deficit will be tolerated. In this case monthly deficits become
the focal point of the iteration. As in case B some deficits must be recorded before the iteration procedure
can continue. Thus, if no monthly deficits were recorded, Y must be incremented and step 2 repeated.

Step 4. Determine the critical range of the period. The logic employed in defining the critical range
depends upon the manner in which the firm yield is defined. Thus, either the shortages, the monthly
deficits, or the relative minimum drawdown could be the controlling factor. The logic is somewhat different
in each of the three cases so each case is treated separately.

1. Shortages are the controlling factor. The critical shortage is a function of the amount of the
shortage, the number of months since the prior reservoir full condition, and the tolerance of shortages
specified in the definition of firm yield. To illustrate, Figure 4, a graph of reservoir storage versus time,
shows shortages A, B, C, and D of amounts 20, 33, 40, and 11 BG respectively. An index of the severity of
each shortage is calculated as follows:

Amount of shortage plus sum of prior
shortages having the same prior
reservoir full condition

Severity Index =

Months since reservoir full .- -(19)
The index calculated in the above illustration produces values of 1.00, 1.77, 1.86, and 1.73 respectively. If
firm yield is defined as 100 percent, then shortage C with the largest value of the index (1.86) is the critical
shortage. The critical range over which subsequent iteration is conducted is obtained by moving back in
time five years from point F. The range is, therefore, 110 months. Moving back five years assures that the
reservoir full condition is always achieved when iterating over the critical range.

If the firm yield definition tolerates two occurrences of shortages, then shortage D (Severity Index =
1.73) is the critical shortage and the critical range is 120 months.

*A shortage is defined as the sum of any consecutive monthly deficits which occur. A single isolated deficit is also
termed a shortage.
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Figure 4. Reservoir storage vs. time showing shortages.

2. Monthly deficits are the controlling factor. The logic in this case is similar to the shortage case. A
severity index is determined for each shortage occurring over the simulation period. The critical monthly
deficit occurs in some time during the shortage with the largest value of the severity index. The critical
range begins five years preceding the reservoir full condition prior to critical deficit and ends at the end of
the shortage in which the critical deficit occurs.

3. Relative minimum drawdowns are the controlling factor. The only condition under which this
logic is employed is when the firm yield is defined at 100 percent and no shortages were recorded from step
2. Figure 5, a graph of reservoir versus time, shows eight (A-H) relative minimums. The procedure must
identify the critical drawdown, that is, the drawdown that approaches the minimum usable storage the
fastest as the demand rate, D, is increased. Minimums at A, B, E, and H can obviously be removed from
consideration. Minimums, C, D, F, G, have values of 5,9, 5, and 10 BG, respectively. The critical drawdown
is a function of the difference between the drawdown and the minimum usable storage and the number of
months since the prior reservoir full condition. Let the number of months between C and D and full
condition at I be 20 and 30 months. Likewise, let the number of months between F and G and full
condition J be 18 and 25 months. A critical index is calculated as

d - U,
m min R ¢ &)

Months since reservoir full

Critical Index =
in which

d,, is the drawdown (relative minimum)
U, ;n is the minimum usable storage
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The differences in this illustrative example for a minimum usable storage of 2 billion gallons are 3, 7,
3, and 8 respectively. The corresponding values of the critical index are .15, .23, .17, and .32. In this case,
the smallest value of the index identifies the critical drawdown. In the example, drawdown C (index of .15)
is the critical drawdown and the critical range is I minus five years to the occurrence of drawdown C plus an
arbitrary two months.

Step 5. Record the critical range as obtained in either (1), (2), or (3) from step 4 for the given period
of generated streamflow.

Step 6. Iterate to obtain the firm yield based on the critical range as recorded in step 5. The logic of
the iteration procedure is dependent upon the controlling factor as was the determination of the critical
range in step 4. Each case is outlined separately.

1. Shortages are the controlling factor. The objective is to iterate to remove the critical shortage that
occurs at the end of the critical range. The iteration formula is:

a);
= - i = * Coe
Yi+1 Yi 0305 W for i = 1,2,...,5,15% . . . (18)

in which

Y  is the estimate of the firm yield
(Ay); is the amount of the critical shortage in the ith iteration
M is the number of months since the previous reservoir full condition .
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Figure 5. Reservoir storage vs. time showing relative minimum drawdowns.

*1f the program fails to converge to after 15 iterations, the lack of convergence is flagged, the program then uses the
last available iteration result and checks to see if it meets the appropriate firm yield criteria.
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The iteration is terminated when
< o Y. (.0305) . . ..o
(), se 3 ) (19)
in which
e is the error tolerance expressed as a decimal fraction

2. The monthly deficit is the controlling factor. The iteration is conducted, in this case, in such a
manner as to remove all monthly deficits greater than a specified amount. The amount of deficit tolerated
is expressed as a fraction of the demand rate (yield). It is specified by the program user as input variable
FDT.

The iteration formula is
(A4
Yi#1 T Y1 " 70305 W for i = 1,2,000,5,15 .. (20)
in which

(A y); is the summation of monthly deficits in the critical shortage up to and including the critical
deficit, in the ith iteration

M is the number of months between the critical deficit and the prior reservoir full condition

Y s the same as in Equation (18)

The iteration is terminated when

), = (L0305)Y, . f <@ ©3))
in which

- (M, ), is the critical monthly deficit in the i™ iteration
f is the allowable deficit expressed as a fraction

Y, s the yield (demand rate) in the i*® iteration

3. Relative minimum drawdown controls. The objective in this case is to draw the reservoir down to
the minimum usable contents without incurring any deficits. The iteration formula is

— v Sy 4 (dm)i - Umin for i = 1.2 <15 (22)
i+1 - i .0305M sbgeeeysyl) oo
in which
- Y. is the estimate of the yield

1
(d,,); is the drawdown in the ith iteration

Uppin is the minimum usable contents
M s the number of months since the reservoir was full

The iteration is terminated when

< e . Yi('0305)

(dm)i B Umin

The value of the yield determined from any iteration formula (17), (18), or (19) is the corresponding
value of firm yield of the reservoir without any supplemental supply and is designated as Y, .
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Critical range of the hydrograph

The identification of the critical range is actually a by-product of the iteration performed above to
get Y, . This range is uniquely determined for each generated streamflow hydrograph by the definition of
firm yield (constraints on shortages). It is identified and recorded in this phase of simulation so that the
computational effort will be greatly reduced when entering phase two.

Selection of reservoir starting contents

The reservoir contents at the beginning of a simulation period can exert some influence upon the
overall results. This is more likely the case if the simulation period is short. A suitable selection of a starting
storage content, or a set of replicate starts, requires that the stationary state probabilities of the reservoir
contents be known in advance (Fiering, 1967). Since this is not practical to attain, a next best procedure is
advocated.

Treating the first period of simulation as a “typical” period, a 50-year sample of year-end storage
contents is generated. The assumption was made at the beginning of the computation that initial storage
contents were one-half the storage capacity. The first period value of firm yield, Y, , was determined on this
assumption. In the procedure it has been observed that the value of Y,, determined over a long simulation
period is not sensitive to this starting assumption. With the value of D in Equation (6) set equal to Y, ,
simulation is next conducted for a period of 75 years. The contents of storage are recorded at the end of
each year. The first 25 years are discarded and the remaining 50 years are used as a sample from the
distribution of year-end reservoir contents. A set of year-end (or start of year) contents are selected in a
random fashion from this sample. All the subsequent yield and cost determinations utilize this random
selection of starting contents.

Phase Two--Conjunctive Operation

In phase two simulation, the supplemental source is operated in conjunction with the existing water
supply system. The increase in yield of the conjunctive system is a function of the capacity of the
supplemental source and its mode of operation. In any particular analysis, the capacity is fixed so the mode
of operation becomes the focal point of the analysis.

The objective associated with this phase of simulation is to determine the manner in which the
supplemental source should be operated to produce a firm yield equal to the design demand rate. This
involves the search of a decision space defined by a set of operating rules. The operating rules are furnished
by the planner. Judgment must be used in defining the decision space so as to keep the problem tractable.

The following sections will deal with the nature of the operating rule, the formulation of the decision
space, determination of the yield of the rules in the decision space, and obtaining a set of feasible rules.

Formulation of operating rules
See pp. 10-11 in Clyde and Blood (1969).

Determination of the firm yield
associated with each operating rule

Each operating rule in the decision set will produce a certain firm yield which for a given supple-
mental capacity is a function of the hydrology and the constraints on the definition of firm yield. As in
phase one of the simulation, an iterative scheme is used to determine the various values of firm yield
associated with each rule.
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An initial estimate of the firm yield is made on the basis of the following:

Y, =f- Q+C) ... (24)
in which
Y, is the initial estimate of the firm yield (becomes D in Equation (6))
f is estimated scale of development

is the overall average inflow rate
is the capacity of the supplemental source expressed as a rate

ool

Iteration is conducted in much the same manner as in phase one. The variable quantity to be
determined is D of Equation (14). This quantity is adjusted by iteration until the firm yield constraint is
satisfied within a certain error tolerance. Once the constraint is satisfied, this quantity then becomes the
firm yield. In this phase of simulation, the term (W, *J) in Equation (14) becomes active in the yield
determination. While in phase one, J was set at O for all computation, in the conjunctive operation mode, J
is set to either 0 or 1 depending on whether the supplemental source is to be shut down or to be operated
during the month.

The iteration is conducted over the critical range of the generated streamflow period as was predeter-
mined in the phase one simulation. Equations (18), (19), or (20), (21), or (22), (23), are applicable in the
iteration depending on the constraint defining the firm yield and the factor that subsequently controls;i.e.,
shortages, deficits, or drawdowns.

Upon the completion of the iteration, simulation is conducted over the entire period as specified by
the input parameter NYFY. The purpose of this is two-fold. First, to verify the critical range and ascertain
that the addition of the supplemental source and its subsequent operation has not changed the critical range
of the period. During the check, if some event is encountered that violates the constraining definition of
firm yield, the critical portion of the period is relocated and the iteration procedure is repeated. Second, for
the verified simulation, two load factors pertaining to the operation of the supplemental source are com-
puted.

(a) The average operational load factor is computed by

N
100
e 25
" TN D jﬁ1 0, (25
in which
L, is the average operational load factor (i.e., the percent of a year the source remains active once

it is turned on) for a given operating rule and a given period of hydrology

is the number of months in year j that the source was active

is the number of years in the simulation period (NYFY)

is the number of times the plant was turned on during the simulation period

Z Z_O

(b) A gross load factor is computed as
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in which

L s the gross load factor or the percent of time the source was active during the entire period
Nand O; are the same as in Equation (25)

After the firm yield and load factors are determined for each rule in the decision set, the whole
procedure is repeated for a new period of hydrology; i.e., generated streamflow sequence. The number of
period repetitions is specified by the program user as input parameter NPFY.

The expected value for the firm yield of each operating rule is obtained as follows:

N
5 1 P
Y- = - Z Y. for 1 = 1,2,QQQ,N .......... (27)
i Np j=1 i,] P
in which
?i is the expected firm yield for rule, i
Y;; is the firm yield for rule i in period j
N, is the number of periods (NPFY)

The expected load factors L  and L are determined for each rule in the same manner as the firm
yield.

Generally, the confidence in Y as a point estimator of the population mean varies directly as the
number of periods used. There is, however, a practical upper limit set by the amount of computational
effort involved compared to the amount of new information generated. Here again there is no substitute for
judgment on the part of the program user.

Determination of feasible operating rules
See pp. 14-15 in Clyde and Blood (1969).
Stage Construction Analysis

Earlier applications of the Operating Rule Program have been made on the basis that the full capacity
of the supplemental source is installed at the beginning of the planning period. Full capacity implies the size
of the supplemental source required to meet the project end-of-period demand rate. Furthermore, the
end-of-period demand rate is used throughout the entire simulation period. For the purpose of determining
the optimum final size of a given supplemental source the procedure is suitable. However, in situations
where the planner needs an estimate of the actual expected costs over the plant lifetime or wishes to
compare alternate supplemental sources, an additional cost analysis is necessary.

In a situation showing a growth of the demand for water, a supplemental source installed with full
capacity in the first year of the planning period is grossly over designed throughout the early portions of
the period. There will be an associated loss of efficiency with this type of policy. The ideal condition would
be an expansion of the supply system such that the firm yield available just keeps pace with the demand.
Practically, the firm yield can only be added to the system in increments. However, by adding small
increments as the demand grows, increased operating efficiency and probably increased economic efficiency
can be achieved.

The obvious policy, if the nature of the supplemental source permits, is to add the source to the

system in stages or modules. Some advantages of the staging policy over the policy of building the full
capacity initially are:
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Deferred investment of capital resulting in savings of interest payments.

Reduced operation and maintenance costs in the earlier portions of the operating period.
Inadvertent excess capacity can be avoided.

Deferred commitments on construction may benefit by advances in technology (especially true
in the case of desalting technology).

L=

The following sections will outline a procedure for formulating a stage construction policy and
performing a cost analysis.

Formulating a stage construction policy

Once the planner has ascertained that the given supplemental source is adaptable to stage construc-
tion, a staging policy must be determined. A staging policy is a step function indicating installed capacity of
added firm yield as a function of time. It dictates the point in time at which the next stage of the
supplemental source is to be added to the system.

The optimal staging policy is not given directly by the analysis described herein. However, by
repeating the analysis in the light of practical and physical limitations of the system, a best (least cost)
staging policy can be approximated. Figure 6a, b, and ¢ shows three different policies imposed on a
hypothetical demand curve. Staging policy No. 3 consisting of four modules shows the minimum deviation
of firm yield from demand and is the best of the three policies. A further reduction in module size would
result in a decrease of the deviations of firm yield from demand and, hence, would become the preferred
staging policy from that standpoint. Even before the physical limitation of module size is reached, there
may be a point of diminishing returns associated with the reduction in size of increments added to the
system. The smaller modules have less economies of scale and may not have an economic advantage over
larger modules.

The following steps outline a procedure for formulating a staging policy.

1. Obtain the increase in firm yield added to the system as a function of the optimal supplemental
capacity as shown in Figure 7.

To obtain the curve in Figure 7,.an analysis as outlined in the earlier section must be conducted for
the various values of the design demand rate. The number of times to repeat the analysis is somewhat
arbitrary but a suggested procedure follows:

(a) Solve for AY in

in which

Q_{' is total increment of yield to be added
D, is the design demand rate (end-of-period)

Y, is the expected firm yield of the system without any supplemental source

(b) Calculate an increment of firm yield by
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Figure 8. Determination of firm yield as modules are added.

(2) Input categories R through U a. The data for computing costs, category T, must be input in
equation form. ’

(3) Input categories W, X.

An annualized cost is determined in a manner similar to that outlined in pp. 16-17 of Clyde and
Blood (1969). However, the equation which is used to compute the uniform fixed cost must be modified
for use with a stage construction policy. The capital investments in staged construction produce unequal
cost streams which are annualized as follows:

N
Vo= I _1_3- [£ - k(C )] for k = 1,2,000ym . o o o o .. .(32)
ji=1 (1+I)
in which

V  isthe present value of the annual fixed charges

I is the interest rate

f is the fixed charge rate which if multiplied by the capital cost of a module gives the total annual
charge for interest on initial capital, amortization of initial capital, interim replacements, taxes,
and insurance
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Cn s the capital cost of a module of capacity, M,
k is the multiplier that increases the supplemental capacity in accordance with the staging policy.
Thus, k is incremented each year that j equals a year in which a module is scheduled to be built

n is the number of modules

The annualized fixed cost is calculated by

U = Ce .f. U ' d L 33
. ]]

U;  is the annualized fixed cost
c.r.f. is the capital recovery factor I(1+)N/(1+I)N- 1.0
Cy is the capital costs of nondepreciable items such as land and working capital

The stage construction analyses based on the procedure described in this section have been made for
the New York City water supply system (see Work Order No. 1) and the Norfolk, Virginia, water supply
system (see Work Order No. 5).
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Figure 9. Determination of a staging policy.
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Work Order No. 3

OPERATING RULE PROGRAM MODIFICATION
FOR NO STORAGE CAPACITY SYSTEM

Introduction

Heretofore, desalting has been considered either as a base load operation or in conjunction with an
existing surface water supply with some appreciable carry-over storage. In the conjunctive scheme the

desalting plant

is operated intermittently. The crux of the conjunctive operation problem is to find the

most efficient size plant to furnish the specified requirements on firm yield. This in turn requires looking at

many different

operating rules and selecting the rule that will meet the requirements at the least cost.

Another application of desalting is found in the planning situation where the municipality has no
appreciable storage capacity. In this case the operating rule is simple: turn on the desalting plant or a
module thereof when the demand becomes greater than the available natural supply. This too is an
intermittent type of operation and a modular type plant would work effectively in this situation.

General Procedure

No storage analysis is accomplished in the following steps:

1. Determine a module size.
(a) Compute the variable D
= - i = 1,2,.0..,12
D, Max [C fi(qi,j)k] for i 52, s
J=1,2,...,NY
k= 1’2’...,N ........... (34)
in which
D, is the capacity of desalting plant required to prevent a deficit in the month of lowest
flow, in the kt® generated streamflow sequence
C  isthe projected consumption of water at the end of the planning period (MGD)
q;; is the average monthly rate in month i of year j of the k" generated streamflow
sequence (MGD)
f;  is the fraction of the natural flow rate that can be withdrawn for consumption in month i
NY is the number of years in the planning period and the number of years of the generated
streamflow sequence
N is the number of periods
(b) Treating the variable D, as normally distributed compute the mean D, and the standard

deviation Jp
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N =2
o = I (Dk - D)
k=1 36
o e (36)
(c) Calculate a size of module as
M o= D+NS)/M (37

in which

is the module size rounded to an integer (MGD)

is the number of modules as specified by the input parameter NMOD

is the number of standard deviations to be added to the expected value of D as specified
by the input parameter NSTD ex., if N = O the average value, D, will be used as the requir-
kd capacity of the desalting plant

zZzz=

rate, MGD

Demand

Year in planning period

Figure 10. Graphical procedure for determining modular configuration.
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Determine the modular configuration with respect to time based on the projected demand
function. Modules are added to the plant to keep pace with the growth in demand as illustrated
in Figure 10. The first module is required at the start of year 1, the second module is required
at the start of year 3, the third module is required at the start of year 9, and a fourth module at
the start of year 21.

Generate a period of streamflow and simulate operation of the desalting plant using the cal-
culated configuration and the demand function. Record, by year, the number of months each
module was in operation, and the number of modular turn-on and turn-off events.

Perform a cost analysis based on the simulated operation to obtain a uniform annual cost. It is
required that all costs are input in equation form as a function of plant or module size. The
present value of the costs are obtained as follows:

(a) Capital investments

N 1
P = X — [kC]Ef . ... ... .. ... (38)
¢ 5=1 (1 + 1) n
in which
P, is the present value of all capital investments
I is the interest rate
f is the fixed charge rate
k is the number of modules that have been constructed by year j
C,, is the cost of the module
N is the number of years in the planning period
b
co=aM) (39)
in which
M, is the module size calculated in Equation (37)
a,b  are constants specified by the input parameters CCP and EXCP, respectively
(b) Operating and maintenance costs
N 1 M
P = I ———.0_ (L D (40)
° j=t a+1)d ¢ k=t %,

in which

P,  is the present value of all operating costs for load factors > 0 percent

is the number of modules comprising the desalting plant

is a cost coefficient obtained by linear interpolation in the two dimensional array of load
factors, FACT, and coefficients, COEFF. This array is part of the necessary input data for
the program.

O, is the modular operational cost

N,I are the same as in Equation (38)

Ck.j
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in which

M, is calculated module size

c,d are constants specified by the input parameters COP, and EXOP, respectively

(c) Operating costs at zero load factor
N
b=y — 1 )
j=1 (1 + 1)? J

in which
P, is the present value of all modules operating at zero load factor
(N,,); is the number of modules, constructed, that did not operate in year j
O, is the module operating cost at zero load factor
N,I are the same as in Equation (38)

f
o, = e(MS) ............................

in which

M, is the module size

e,f are constants specified by the input parameters CNO and EXNO, respectively

(d) Plant turn-on and turn-off costs
1 No + Nf

P = — >
1 (1 + 1) ot

t .
J

™=

in which
P,  isthe present value of the turn-on and turn-off costs

N, is the number of module turn-on events
N, is the number of module turn-off events

O, isthe cost of a module turn-on, turn-off event
N,I are the same as in Equation (38)
h
Ot = g(MS) ...........................

in which

M, is the module size

g,h are constants specified by the input parameters CTN and EXTN, respectively

A uniform annual cost for the period is obtained by

= +
U=corofo (P +P +P +P) ..

in which

U is the uniform annual cost
c.r.f. is the capital recovery factor I (i+D)N/[(1+D)N - 1.0]

4
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6.  Repeat steps (3), (4), and (5) for as many periods as specified by the parameter NPSC and
obtain an average uniform annual cost

in which

U s the average uniform annual cost

N is the number of periods specified by the parameter NPER
U s the uniform cost obtained in Equation (41)

A

general logic flow chart for NOSTOR program is shown in Figure 11.
An example application of the no storage capacity analysis was made for a modified Norfolk,

Virginia, water supply system. The input data and the simulation results are shown in Figures 12, 13, and
14.
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Input NOSTOR control
parameters & data

Generate a sequence
of streamflow

Determine D ..
for the sequence

Last period

Compute the mean and
std. deviation of the
variable Dmax and determine
the module size

Determine the modular
configuration of the
desalting plant

Generate a sequence
of streamflow
Simulate desalting plant
operation using the
projected demand growth
Calculate a uniform

annual cost for
period

Last period

Compute the average
annual cost and
output the cost values

Figure 11. General logic flow for NOSTOR.
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Figure 12. NOSTOR input data printout.
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Work Order No. 4
TRAINING SEMINAR

After the publication of Utah Water Research Laboratory report PRWG61-2, “Optimum Operation of
Desalting Plants as a Supplemental Source of Save Yield,” numerous requests were received asking for more
information about the Operating Rule Program and its practical uses. In response to these requests for
information and to encourage and facilitate the use of the computer program by others, a training seminar
was held May 26-28, 1970, at Utah State University jointly sponsored by the Office of Saline Water, U.S.
Dept. of Interior, and Utah State University.

Objectives of the training seminar were as follows:

1.  To completely describe for the participants the improved Operating Rule Program including the
logic, the various program options, and the various ways of defining the firm yield of a water
supply system.

2. To describe in detail the steps to be followed in applying the improved Operating Rule Program
to analyze the conjunctive operation of desalting plants.

3. To describe the use of the program in finding the optimal stage construction schedule for a
conjunctively operated desalting plant.

4. To give the participants some “hands on” experience in using the improved Operating Rule
Program in a practical situation.

A schedule of the training seminar is shown on the following page as Table 9. Costs of instruction, the
printed materials and use of the computer were met by Utah State University from funds supplied by the
Office of Saline Water. Participants or their employers provided travel and living expenses. The names and
addresses of the 21 participants are shown in Table 10.

Computer services for the seminar were provided by a Univac 9200 terminal utilizing a Univac 1108
computer in Salt Lake City, Utah. High priority service was arranged such that very little delay was
experienced with most computations. All participants were able to analyze the conjunctive operation of a
desalting plant. Teams of participants were organized and each team also carried out a stage construction
analysis of a desalting plant.

After the seminar the participants were asked to send in comments and criticisms concerning the
seminar and suggestions for improvements in the computer program and the program description. Based on
the many thoughtful and constructive suggestions received, several substantial changes were made in the
OPRUL program, especially in the format and information of the computer printout.

Copies of the report, “Optimum Operation of Desalting Plants as a Supplemental Source of Safe
Yield,” (Utah Water Research Laboratory Report No. PRWG61-2 or OSW R & D Progress Report No. 528)
were given to the participants.

Complete computer program card decks were made available at a nominal cost to the participants
who desired them.
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A training manual was prepared for the seminar containing a description of the OPRUL program and
its use. The title page and table of contents only are shown on the following two pages. The body of the
training manual has been integrated into the appropriate sections of this report. (See Work Order 2 &
Appendix A.)
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Supplement to PRWG61-2

OPTIMUM OPERATION OF DESALTING PLANTS AS
A SUPPLEMENTAL SOURCE OF SAFE YIELD

by

Calvin G. Clyde and Wesley H. Blood

Prepared for a Training Seminar
on the use of the
Operating Rule Program
May 26-28, 1970

at
Utah Water Research Laboratory
College of Engineering
Utah State University
Logan, Utah 84321

May 1970
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Work Order No. §

APPLICATION OF THE OPERATING RULE PROGRAM
TO THE NORFOLK, VIRGINIA, WATER
SUPPLY SYSTEM

The Office of Saline Water first suggested that the Operating Rule Program be applied to the Norfolk,
Virginia, water supply system. After consultation among OSW, USU, and Norfolk City, it was decided to
undertake such a study. The objective of the investigation was to examine the use of a desalting plant
operated in conjunction with the existing system to meet future demands. The optimal size plant and the
optimal operating rule to meet demands through 2000 A.D. were to be determined. Furthermore, the
optimal stage construction policy was to be investigated for the deslating plant. Effects of increased
reservoir size and expansion of pumping plants upon the system were also to be studied.

Description of the Norfolk City Water Supply System

Norfolk City furnished most of the basic information describing the water supply system, the avail-
able water and the demand. Additional records of streamflow were taken from USGS Water Supply papers.
A brief summary of the system is given here. A more detailed description is included as Appendix C.

The Norfolk City water supply system consists of 5 principal storage reservoirs, 2 pumping plants for
importing water, several other pumping stations for distribution, several treatment plants, some wells and
over 1000 miles of water mains. The system is shown in Figure 15.

The principal storage reservoirs and their capacity, drainage area and estimates of safe yield (reported
by Norfolk City) are shown in Table 11. Also shown in the table are the import pumping stations and the

wells near Lake Prince.
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Figure 15. Norfolk City water supply system.
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Table 15. Varying operating rule costs for 60 MGD plant for three demand growth curves.

D; =80+1.50)

Time Period Demand at Operating Rule Yield
Years Start of Period ON OFF MGD
1-6 80 0.10 0.10 9
712 89 20 .10 18
13-15 08 34 20 27
16-24 107 49 40 36
25-30 116 .59 .60 45
(Average annual cost)/(Ultimate firm yield increase) = 115,935$/yr/MGD.
D; = 130 - 50¢0-077
. Time Period Demand at Operating Rule Yield
. Years Start of Period ON OFF MGD
1-3 80 0.10 0.10 9
4-7 89 .20 .10 18
811 98 .34 .20 27
12-17 107 49 40 36
18-30 116 .59 60 45
i (Average annual cost)/(Ultimate firm yield increase) = 129,1783/yr/MGD.
D; =60 + 20e0-04
Time Period Demand at Operating Rule Yield
Years Start of Period ON OFF MGD
. 19 80 0.10 0.10 9
10-16 89 .20 .10 18
17-22 98 .34 .20 27
, 23-26 107 49 40 36
27-30 116 .59 .60 45

(Average annual cost)/(Ultimate firm yield increase) = 110,550%/yr/MGD.

4. Two 70 MGD pumping plants with 15.75 BG storage. This yields 94 MGD firm yield.

5. Two 70 MGD pumping plants with 21.75 BG storage. This yields 107 MGD firm yield.

If costs of these alternatives were known the unit costs of meeting future demands could be com-
pared with the desalting alternative. The studies mentioned in the previous sections provide only

preliminary results and should be used as a basis to justify a more complete and thorough desalting
feasibility investigation.
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STAGE CONSTRUCTION SIMULATION PUN PERIOD NO. 3

YE AR TIMES ON TIMES OFF MONTHS ON DSPRO psSspP SPILL SHORT.
1 n 0 0 <00 -00 9.58 «00
2 X 0 0 «00 <00 10 .46 «00
3 8] L] ] 00 .00 6 .94 <00
4 ] 1 1 «37 <37 6.89 .00
5 7 1 1 37 <37 4.57 .00
& 1 1 1) 2.23 . 1.86 4.11 <00
7 1 1 5 3.72 <94 .94 .00
3 1 pd 7 521 2.54 2.54 .00
a 1 1 2 1.49 4.71 13.53 «00
1 ‘ 1 2 1.49 2.23 4.01 «00
11 n 1 2 1.49 2.23 23 .45 «.00
12 ] n U0 .00 ~0D 9.73 «00
13 ) 4 4 .46 02 02 .00
14 ul 1 3 3.35 2.05 2.05 00
15 ] 1 1 1.12 .85 19.21 00
16 1 fi 2 2.23 «.No 24 .22 «00
17 2 2 6 65.70 .00 00 «000
13 1 1 « 5.58 «61 «h1 «-00
12 1 > 4y 9.95 S5.69 5.69 .00
At 1 1 L 1.49 2+32 2432 <00
21 1 it 1 1.49 1.26 B.35 «00
z2? 2 > € 8493 .00 -.00 «00
"3 2 ° 4 525 5.13% 5.13 «00
24 1 1 3 4 .46 z.20 3.20 .00
25 i 1 Ve 372 «91 .21 «00
26 3 > 7 132.02 .00 .00 .00
27 1 1 4 T uls 3.65 3.65 .00
2 1 1 4 744 9.17 17.33 .00
29 2 2 [ 11.16 00 «00 .00
i ! 1 3 11.16 .07 3.07 .00
CEManLz 1285.,0N EFZICTIENCYS .50}
INCREASE TN YIFLDZ 45 00 M.G.D. BNNU AL € O0STE 42i4126. $/YEAR

DISCCUNTESD UNTIT CCOTZ 1759r¢, S/Y_ AI/IM .0 COST OF FYINC= 93425, $/YEAR/M.G.D

(AVERALE ANMUAL COSTY/FYIMCC R IR ‘

AVERPAGE GF UNIT COST RISCAUNTT Rz }aw iy g, B/YELR/* e Cal

Figure 25. Typical stage construction simulation and results printout.
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OFI2 medium flow month increment that is sub-
tracted from the turn-off fraction (columns
9-16).

ONI3 high flow month increment that is subtracted
from the turn-on fraction (columns 17-24).

OFI3 high flow month increment that is subtracted

from the turn-off fraction (columns 25-32).

P. Arguments for random number generator.
IYPER arguments used in RAN which enable repeti-
tive generation of streamflow sequences must
be supplied if KREAD set to 1, 3, or 4 (6
values per card, 6I15, right justified). The

number of values entered is the same as the
number specified by NPFY.

Q. Variable operating rule schedule.

NVYR number of times that the operating rule is
changed during the period, entered if
KVAR=2 (column 1).

KVYR array of years within the period that signifies

a change in the operating rule if KVAR=2
(1012, starting in column 6).

R. Stage construction schedule.
NMOD number of modules that comprise the ulti-
mate plant, input if STAGE=2 (column 1).
MODY schedule of years, within the period, that a
new module is added (ex., 1, 6, 11, 16, 21),
must be input if STAGE=2 (1012, starting in
column 6).

SIZE (NMOD) module sizes, input if STAGE=2
(10F8.0).

YLDIN (NMOD) firm yield increases, input if
STAGE=2 (10F8.0).

S. Operating rules for the staged construction.

RFOP array of operating rules for each period when
a module is added to the plant. RFOP(1) is
the turn-on fraction for period 1, RFOP(2) is
the turn-off fraction for period 1, etc. There
must be NMOD pairs entered in RFOP

(16F5.0).

T. Desalting plant cost data.

(a) Design (optimized) load factors.

NOLF number of design load factors for which cost
data are to be input (columns 1-2, right justi-
fied).

OFACT  array of the design load factors (8F5.0, start-

ing in column 6).

(b) Operational load factors.

NOFF number of operational load factors for which
cost data are to be entered (columns |-2, right
justified).

FACT array of the operating load factors (8F5.0,

starting in column 6).
(c) Operating and maintenance cost.

OPCST if KCOPT=1, a two-dimensional array (NOFF,
NOLF) of operational costs in dollars. NOLF
cards are required with NOFF entries per card

(8F10.0).

if KCOPT=2, a two-dimensional array (NOFF,
NOLF) of coefficients used in the equation
for computing operational costs (8F10.0).

(d) Interest and fixed charge.

INT interest rate used in discounting cost streams
to the present expressed as a decimal fraction;
i.e., 5 percent is 0.05 (columns 1-10).

RATE fixed charge rate expressed as a decimal frac-
tion; i.e., 12 percent is 0.12 (columns 11-20).

CCND capital cost of nondepreciable items.

(e) Capital costs, input only if STAGE=2.

CSTM capital cost of a module, input if STAGE=2
(8F10.0).
CAPC array of the capital costs of the plants de-

signed at the NOLF different load factors
(8F10.0).

(f) Plant turn-on and turn-off costs, if KCOPT=1.

ETONC  estimated cost for turning on the plant in dol-
lars (columns 1-10).
ETOFC  estimated cost for turning off the plant in dol-

lars (columns 11-20).

(g) Constants and exponents of cost equations, if
KCOPT=2.

CNO constant in the equation for computing oper-

ating costs at zero Joad factor (columns 1-10).
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EXNO exponent of plant size in the zero load factor
operating equation (columns 11-20).

CTN constant in the equation for computing on
and off costs (columns 21-30).

EXTN exponent of plant size in the on-off cost equa-
tion (columns 31-40).

COP constant in the equation for computing yearly
operating costs for load factors > 0 (columns
41-50).

EXOP exponent of plant size in the operating cost

equation (columns 51-60).

U. Firm yield data if KREAD=3.
FYWO the expected value of the firm yield of the
system without any desalted supplement
(columns 1-10).
MSCP array of starting points for the critical seg-
ment of each period of generated flow, input
if KVAR#2 or STAGE#2 (1615, right justi-
fied).
MECP array of ending points for the critical seg-
ments of each period of generated flow, input
if KVAR#2 or STAGE#2 (1615, right justi-
fied).
DDCP array of initial estimates of the yield for each
period. Used in the iteration procedure, input
if KVAR#2 or STAGE#2 (8F10.0).

The above variables are all obtained from
some previous computer run when KREAD
was set at 2.

V. Firm yield data if KREAD=1.
AVFY array of expected (average) firm yield values,
contain NR values eight per card (8F10.0).

XLF array of expected average yearly operational
load factors, contains NR values eight per card
with XLF(1)=0.0; i.e., operation w/o desalting
(8F10.0).

GLF array of expected gross load factors, contains

NR values eight per card with GLF(1)=0.0
(8F10.0).

W. Start-of-period reservoir contents.

RS array of reservoir start-of-period contents as
determined in firm yield analysis (8F10.0).

X. Input data to the streamflow generator GNFLO.

(a) Identification card. Contains hollerith information to
identify the data being used.
Must have an A in column 1.

(b) Control parameters (all right justified).

IYRA earliest year of record at any station for which
flows are to be generated (columns 2-8).

IMNTH  calendar month number of first month of year
being used (columns 9-16).

IMSNG indicator, any positive number for estimating
missing correlation coefficients (columns
17-24).

ITEST indicator, any positive number calls for con-
sistency test of correlation matrices (columns
25-32).

IRCON indicator. any positive number calls for recon-
stitution of missing data (columns 33-40).

NSTA number of streamflow stations at which flows
are to be generated (columns 41-48).

IPCHQ indicator, any number greater than O calls for

outputing the generated flows on magnetic
tape (columns 49-56).

(c) Historic streamflow data.

ISTAN station number (columns 1-6, right justified).
IYR year (columns 11-14).
QM array of monthly streamflows (12F5.0, start-

ing in column 15).

Repeat (c) for each year of streamflow to be
entered.

(d) Blank card, terminates the streamflow input.

Y. Factors for escalating prices, if KESC=2 and if
STAGE=2.

EFO escalation factor for operating costs (columns
1-10).
EFC escalation factor for construction costs

(columns 11-20).

EFI escalation factor for the interest rate (columns
21-30).



TERP

TERP3

entered to perform a linear interpolation in
the elevation-capacity-surface area tables. The
tables must be arranged with the elevation and
corresponding capacity and water surface are
in ascending order. The increments should be
small enough to adequately describe the
curves.

interpolates in the three-dimensional array of
average firm yield values to determine the set
of feasible operating rules. The argument is
the projected target demand rate (TRDEM).
Each turn-off fraction, in turn, is held con-
stant and the interpolation performed to ob-
tain a turn-on fraction. The number of inter-
polations attempted is always the same as the
number of turn-off fractions specified by
NOF. The general logic flow diagram of
TERP3 is shown on page 84.
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XLOC

YIELD

for a given period of generated streamflow,
XLOC is entered to identify the critical seg-
ment of the record. Subsequent iterations are
performed using the critical segment and not
the entire period.

simulates system operation, using a generated
streamflow sequence to determine the firm
yield of the system for the various operating
rules specified in the decision set of rules. An
iteration scheme is employed which involves
entering subprogram XLOC to identify the
critical period of the streamflow sequence and
performing an iteration over this period until
the defining constraints on firm yield are satis-
fied. A firm yield of the system w/o desalting
is determined unless input paramter KREAD
is set to 3. The general logic flow diagram of
YIELD is shown on page 85.



SUBPROGRAM COST FLOW DIAGRAM

Select the appropriate cost column
in the table of plant cost data

Obtain the O. M. R. cost and turn-
on and off costs for year n

Discount the costs for the
nth year to the present and sum

Increment n

No

n = number of years in
the economic period

Yes

Apply capital recovery factor to obtain
uniform annual O. M. R. cost

Obtain total annual cost
(i.e., O.M.R. + annual fixed charge)
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SUBPROGRAM PLOT FLOW DIAGRAM

Convert monthly reservoir content
into percent of total capacity

Rank values of monthly reservoir
content into descending order

Print the ordinate, in
10 percent increments

Plot values of monthly
reservoir content (for 10 years)

All years plotted

Increment by No
10 years

Yes
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SUBPROGRAM RULE FLOW DIAGRAM

Combine the turn-on and off
reservoir contents to determine
the number of the rules

Formulate the rules for
two season case

Formulate the rules for
three season case
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SUBPROGRAM TERP3 FLOW DIAGRAM

Fix the turn-off fraction

arget demand in the
range of firm yield

Print: Target demand

is out of range

Interpolate to obtain turn-on
fraction within T 2 percent

More turn-off fractions

84



SUBPROGRAM YIELD FLOW DIAGRAM

Generate NYP years of streamflow
and convert rates to monthly volumes

Generate the initial
reservoir content for
NPFY periods

First period

Iterate to obtain firm yield
without desalting plant

Iterate to obtain firm yield
with desalting plant for
each operating rule

Last period

Yes
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LISTING OF SAMPLE INPUT DATA CARDS
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CON-ED STUODY VTE DESALTING PLANT

NO.OF PERIODS IN STMULATIONZ 5
NO.OF PERIODS IN FIRM YIELD= S

NPRC= 24
CMAX-489.600 B.G.

CMIN= 20.000 B.G.
DSCAP=300.00 M.G.D.
FORCE= 1

K10z 1

KPC= 2

Xip= 2

KREAD= 2

IFLON- &

ISTORZ= 2

IYEAR= 2

KIK= 1

KESC= 2

NRSC= 10

STAGE= 1}

KVAR=- 1

KYLD= 1

FOT= .15

xcoev:= 2

DESIGN DEMAND RATE= 17a5,
AD= 133S. BD= 1.50

DEMB=2350.000 M.G.D.
RBAR= 296.500 M.G.D.

DEMAND COEFFICIENTS

RELEASE EOEFFICIENTS

EVAPORATION COEFFICIENTS
MAXY= O
PERIOD= 1 Iy=

NO. OF YEARS IN EACH PERIOD= 30
NO.OF YEARS IN EACH PERIOD= 75

DEMAND CODE= 1
ub= 0. Wo= O. AF= .000
+98 «98 «97 .96 -97 1.03 1.06 1.05 1.0%
.07 <39 .15 «15 .18 «30 1.81 3.30 2.B3
1.00 2.J0 2.00 3.00 4.00 S.00 S5.00 ~.00 3.00
7985 1

87

1.00
2.69

2.00

.98
55

1.00

98
.06

1.00



SEASAN 2 ONZ1G4.7F 3.6 CFFZ2T78.28 sl
SEASAN T Amz]rAa,0 A AEF I N4 .2 .G,
PERIOG MOWz 1 PULE NC. T 3
YTFLD=Z 1723, FREN= A7, FIz16.n AVDUP T 1.0 ALOAD= u45.3 GLOADZ ?72.3
KREAD-1 TEST FuUM
NOLOF PFRTIODS TN STMULATIONE 1 NO. OF YFARS TN €ACH PERIOD= 3n
NO.OF PFRTODS IN FIRM YIFLNZ & NNLOF YEAOS IN EACH PERIOD= 75
NPRCZ= 24
CMAX=4P9, 0N (S
CYINZ 2r,.nr0 koh.
DSCAPZUNN, D M.r. N,
FoRCE= 1
KT0zZ 1
KPC= 1
KIP= 2
KREADZ= 1
IFLCWT 4
ISTORS 2
TYFARZ 2
KIK= 1
KESC=z 2
NRSC= 5
STAGE= 1
KVAR= 1
KYLD= 1
FOT= .15
KCOPT= 1
DESIGN DEMAND RATF= }7°°%, ICMEND COPEZ 1
ADZ 1525, enz15.00 unz 20 W= Ue AF:z <300
DEMB=23I50,.NON M, G.M,
RBAR:= 296,500 M.6.0.
THIS IS & % STASNOM RUN
AVE. SEASMM ON INCZ 04T AVE. SEASPH OFF INCZ .08C
WET SEASONM ON INC.Z 107 WET STASON CFF INC.Z 17D
J Feq MAR 1,0 MAY JUNE JuLy AuC SEPT OfT NOV OEC
MONTHLY SEASQOY ASSTIONMINT 2 Py 3 2 2 1 1 1 1 1 2 2
DEMAND FOEFFICTENTS .92 R .97 <96 «97 1.33 1.36 1.05 1.04 1.00 .28 -328
RELEASE COFFFTTTENMTS a7 9 « 15 .15 «1R «30 1481 3430 2463 ?2.R° 55 <06
EVAPNARATION COFFFICIENTS Lelee 247d 24790 3,90 4.30 5,360 5.3% 4.00 3.77 2.7°0 1.JC 1.30
TURN-ON FPACTIONS PR B
TURN-QFF FRACTTIONMS AN « R0 .41
START= .F&
PCFz1.nnN

OPER. L. F.
(TN PFRCENT)

AWMNUSL (NST TN S/

7. 4"
n. 1T !
19, FEES P
2. Ny 7R "
. 17700 11
cn 27

n

vy, Foo

FSALTING

THF PLANT THAT

37,

1xen,

4y Cu T,

777700,

11307

e

1% 53005,

PLANT COST DATA

FTe 7.

135600, 135090,
3957 10N, PB170530.
TuERCNC.  TZ2R 00N,

10873070, 10663000.

17097000, 17474907,

ITERATIONSZ

2

TS OPTIMIZED AT THE GIVEN LGCAD FACTOR (IN PERCENT)



0. 28287030, 26987 NN, 25593020, 249970r 0.
90. 63190, , 34255030, 37589C00. 21809000.
100. 39987050, 3ATRI IO, 3R4NINLI. TS2R5NTO.
ANNUAL FIXED CHARGE 17113770, 17F45J10, 18573007, 19207000
ESTIMATED TURN-ON COSTZ 253070,
ESTIMBTED TURN-QOFF CIST: 250000,
FIXED CHARGE RATE- .020N
THE INTERFST RATFZ ,n5nn
AVERAGE FTPM YTEL"
1525.0 1as 12 1794, 9] 174,91 1778.20 1720415
AVERAGE { DAN FACTOPC
.00 57.¢4 PR s1.97 S8.54 44.3)
GROSS LOAN FACTORS
.nn S7.16 4436 34476 11.93 21.76
MAXTMUM VALUE NF CUPVE 3 LFSS THAN TRNMHM
INTERPOLATED TURN-ON FRACTICONS
AR . 747 M
INTERPOLATED AVEPAGE LOAD FACTOPS
58.€5 42,57 .10
RULE NO.: ? PERINMN NO.Z 1
YE AR TIMES ON TIMES OFF MONTHS ON DSPRO
1 1 n 3 36.80
2 1 1 7 84 .80
z 1 2 € 72.40
4 1 1 ? 24 .40
5 1 n 2 24 .40
f 1 1 8 97.20
7 1 1 [ 97.20
8 2 2 s £0.40
q 0 1 ? 23 .60
10 1 1 3 35.40
11 2 1 S 63.00
1? 1 2 4 ug .80
13 1 1 4 48.80
14 0 a 0 .00
15 1 1 u 48 .80
16 1 [l 4 48.80
17 1 ? 6 72480
13 1 0 S 61.20
19 1 1 8 97.20
20 1 2 8 96 .80
21 ? 1 4 48 .N0
22 1 1 6 72,40
22 1 1 7 84 .80
24 1 2 S 60.40
25 1 1 4 48.80
26 1 n 5 61.20
27 1 1 3 72.40
28 1 2 3 35.60
29 1 0 S 61.70
30 1 » 6 72.80
DEMAND= 17R85.00 EFFICIENCYZ .27
INCREASE IN YTELO= 259.77 M.G.0. ANNUAL COST=17339766.9

AVERAGE COSTS FOR FEASIBLE OPERATING RULES
84748.1943 66652.93N7ssssssssssnw

91

24107000.
3Na29000.
34304000,

19923000.

1666.95

?6.92

13.60

DS SP
.20
.20
.00

194,00
24.40
.00
.00
T4.71
134.75
.00
10.76
22.17
112.28
48.80
-00
48.80
.00
121.60
.30
.00

78 .64
20.13
.00
148.82
14.43
88.28
36.24
142.57
12.00
43.26

S/ YEAR

SPILL
190.52
.00
.00
359.87
330.99
.00
.00
T4.71
533.78
455.53
10.76
22.17
197.39
St .49
317.76
172.81
.00
274.30
.00
.00
78.64
20.13
.00
148.82
14.43
88.28
36.24
167.65
105.12
43.26

SHORT.
3N
<00
.00
.00
.00
3N
<00
.00
.30
«70
30
.00
.00
.00
00
.00
.00
-30
.00
<00
.00
.00
.00
«00
.00
.30
.00
.00
<00
.30

COST OF FYINCz 66653. S/YEAR/M.G.D.



MINIMUM COST OF FYTNC= su74”

INCREASE TN FIRM YFTL D= 2F9,

TURN ONZ - h4 THIN

DESIGN LOAN FACTNRZSA,S

SINGLF PLANT WITH A VAPYTYH

ND.CF PERINNS IN
ND.GF PERTNDS IN

SIMULATIOMC
FIRM YTIELNZ

NPRCZ 24
CMAXZ489,RON 2,06,
CMINZ 2,100 2.6,
DSCAPZ750.N0 M.5
FORCE= 1

XT0= 1

KPCz 2

KIP= 2

KREADZ 2

IFLCW= 4

TSTOR:- 2

IYEARZ 2

KIK= 1

KESC= 2

NRSC= 5

STAGE= 1

KVAR:= °

KYLD= 1

FOT: 15

KCOPT= 1

<

DESIGN DEMAND
AD= 151F.,

PATFZ 1966.
AN=15.70

DEME=2350,0300 M G.DW
RBARZ 27 .60 M.G.G.

THIS IS & 3 SFasnu
AVE. SEASON ON INC=
WET SEASCN ON INC.Z

RUN
« 050
. 100

J AN FLa

MONTHLY SFASAN 2SSIGNMENT
DEMAND COCFFICIFNTS
PELEASE CACFFICTENTS
FVAPORATION CCFFFICIENTS

TURN-CM FRACTIONS on
TURM-OFF FDACTIONST

START:Z &5
erFz1.70

uoz Na

e $/YEAR/™.Go", ADDED FIRPM YIELD
7 M.CaDs
OFFz PRl
LRSS LOAR FACTORZ 33.3
G OPEPRTINA QRULE v

5 NO .

‘n

DEMAND CODFZ 2

w0z 0. AFZ=

AV, SEASON OFF INC=
WET STASON OFF INC.=

. 08N
.100

MAR AP MAY JUNE
K 2 3 3 2 1
«36 .97
.15 .18
3.20 4.20

40
<70

.79
.75

92

CF YFARS IN FACH PERIOOD=
NO.OF YEARS IN EBCH PERTODZ

«3060

JuLy
1

3n
75

AUG
1

NOV

BEC
2

.38

1.00



514

51§

517
518

519

C CALL TERP TO OBTAIN THE SURFACE APEA

115
114

116
118

117

EY

GO 90 J=1sNYP

DO A0 I=1.12

IF (STAGE .NE.2) GO TO 14

IF (J.NE.MODY(IN)) GO TO 14
S=SePS

L=2¢ (IN-1) 4]
ONCANC 1) ZRFOP(L) sUCAP+CMIN
OF CNN{ 1) ZRFOP(L+ 1} *UCAP+ (M IN
IFINSN.EQ.1) GO TO S14
ONCON(2) =ONCCN (1)~ UC AP »ONI 2
OF CON( 2) ZOFCOM (1 )-UCAPsOFI2
IF (NSN.EG.2) GO TO S14
ONCON( 3) ZONCON(1)-UCAP *ONI 3
OF CON{( 3) ZOFCON(1)-UCAP0OFI3
CONT INUE

00 515 L=1.12

CALL CON(S+DS+TsIYEAR)
DSviL) DS

CONT INUE

INZEN+]

IF(KVAR.NE.2) GO TO 518

IF (J.NE.KVYRIIN}) GO YO 518
ONCON(1) =ONLEV (I N} *UCAP+CMIN
OF CONC1) ZOFLEV(IN) *UCAP+ CMIN
IF (NSN.EQ. 1) GO T0 517
ONCON(2) ZONCON (1 )-UCAPsONI2
OF CON{2) ZOFCON(1)-UCAP*0FI2
IF(NSN.EQ.2) GO TO S17
ONCON{3) ZONCON (1 )-UCAP*0ONI 3
OF CON{3) ZOFCON (1L )-UCAP+0FI 3
INZIN+1

JIINSN*(N-1) sMSN (D)
IF(I.£0.12) GO TO 519
JIINSN*(N=-1) +MSN (T +1)
RSP=RSTOR

DELP=DELS

Mz M+ ]

MM MM+ L

CALL TERP(CAP+SANPRCeRSTORs SSANSIG?

TF (NSIG.EQ.1) GO TO 132
EVAP =SSASRLOSS(I )« C
DELS=Q (M1 )-CMD(TI+J)-EVAP
RSTOR=RSTOR+DELS

GO TO (17+16)+KA00D

IF (KCON.LT.11}) GO TO 118
IF(NSN.GT.1) GO TO 116
KADD =1

NT OF (JI=NTOF (J)+1

KF =F ORCE

KC ON =0

60 TO 17

IF{MSN(I).GT.1) GO TO 115

IF (NOPCV{I).F2.1.0R.RSTOR.LT NPCON)

IF(KOFF.EQ.2) GO TO 17
KOFF =2

GO TO 114

IF(KOFF.EQ.1) GO TO 119
KOFF =1

DELS =DEL S«DSVII)

KEND =1

KF =K F-1

KCON-KCON+1
DSPROC I =OSPRO(J I+ DSVI )
SDSP ISDSP+DSVII)

NMON (JI=NMON(J )+ 1

KON= 1
PSTOR=RSTOR+DSV(I)
IFIRSTORLLT.CMAX) GO TO 26

G0 Y0 117

IF (K 2DDe£Q.2.AND.DELP.LT.U.0) GO TO 218

GO TO 19

XG0=2

G0 TO 33

DELS =RSTONR-CMAX

RS TOR= CM AX

LEv=1

SSPL(J) = SSPLtJ) + DFLS
IF(KONLEG.D) GO TG 70
GO TO(184+22) «KEND

IF (DELS.LT.SOSP) GO T0 20
DSSP (J)I=DSSP LI )+ SDSP

20

22
23

24

26

200

1202
202

28
30
330

33

32
33

134
34

35

37

38

4

-

us

50

s

w

54
55
70
71
80

AT THIS POINT HAVE COMPLETED ONE YEAR OF THE PFRIOD

a0

AT THIS POINT HAVE JUST COMPLET D A PERIOD OF NYP YEARS +

a1
@2

» L]
SDSP=0.

KE ND =2

GO Yo 22

DSSP(J)=DSSP (U I+ DELS
SDSP=SDSP-DELS

GO TO(T70+23)+KADD
IF (KF) 24424470

ENTER HERE TO TURN OFF THE DESALTING PLANT

KADD =1

KOFF =1

NTOF (JI=NTOF tJ )+ 1

KF =F ORCE

KC ON =0

60 To 70

KGO=1

IF (RSTORLGT.CMIN) GO YO 30
IF (CMIN.LT..00D5) GO TO 201
GO TO0(201+200)s (FLAG
DFLAG=2

DELS =CMIN-RSTOR
RSTOR=CMIN

60 TO 202

D=L D1

IF(CHMD (I +d)eLTOtMe1 ) GO TO 1202

AL OSS= AL OSS+EVAP

DELS =CHD (T +J)-Q( Ms 1)
RSTOR=CMIN-ALOSS

IF (RSTOR.GT.N.) GO TO 282
RS TOR=O0.

G0 TO0 202

DELS =CMIN-RSTOR

LEV=2

SSHY {JI=SSHT {J )+ DELS

IF (I .EQ.12.AND,J.EQ.NYP} GO 70 330

GO TO(38+70)+KADD
GO TO (33133071 DFLAS
IDZID+1

IF(T.EQ.12.AND.J.EQ.NYP) GO ™0 8D

o=t

DFLAG=1

AL 0SS=0.0

IF (KADD.EG.1) GO TO 35
IF (DELS) 35+35.32

IF (DELP) 33.73,34
TEM=DS VLI

IF (NOPCV(I).EQ.O) TEM=O.

IF ({RSP-CMINI.GT .{SDSP-TEM)) GO TO 134

SO SP RSP —CMIN+TEM
G0 TOU34.19) KGO

IF ((RSTOR-CMIN).GT .SDSPY GO To 35

SDSP =RSTOR-CMIN

IF (DFCON (JUY.LT. ONCONt JJ)) GO TO uS

60 TOU(37+41)KADD

IF (RSTOR.GT.ONCON(JJ 1)GO TO 70
ENTER HERE TO TURN ON THE DESALTING PLANT
IF (NOPCV(I).EQ.0.AND.2STOR .G T. OPCON)

KADD =2
NTON (JI=NTON(J )+ 1
G0 TO 70

IF (RSTOR .GT.OFCON( JJ })GO TO 23

G0 Y0 70

IF (RSTOR.LTLONCON( JJ ) IGO TO 50

GO TO 22

IF (RSTOR .GT.OF CON(JJ 1)IGO TO 53

G0 TO 5SS

IF (DELS.LT.0.0.AND.DELP.LT.0.0) GO TO 5S4

GO TOUT70+23).K2ADD

GO TO(38+70)KADD

GO TO (38+70)¢KADD

IF (KPC.NE.1) GO TO 80O
KSTO (MM- 1) ZRSTOR +0.5
CONT INUE

CONT INUE

GO TOC91+92) +KPC

CALL PLOTIKSTONYP ¢KMAXeKMIN)
TEMA =0 .

TEMB =0,

DO 95 J=1eNYP
TEMAZTEMA«DSPPO( N

.



TEMBZTEMB+DSSP (J)
95 CONTINUE
OSEFFINP )= (TEMA-TEMB )/ TE MA
IF(KIX.£EGe2) GO TO 97
IF({STAGE .NE.2) GO TO 196
WRITE(Ae2090) NP
2030 FORMAT (1H] +*STAGE CONSTRUCTIN SIMULATION RUN PERIOD NOCG.'I3)
GO T0 197
196 IF(KVARJNE.2) GO TO 9%
WRITE(6+2091) NP
2091 FORMAT (1H1,*VARYING OPERATING RULE SIMULATION RUN PERIOD NO.'I3)
GO TO 197
96 WRITE(Ge3000) ONI(NDIeNFLEVIN) NP
3000 FORMAT(1HL+*OPERATING RULE cu v oo ve ONZ"FlHo2¢3Xe*OFF="FU.2¢5Xy *PERIL
10D NO.'I3)
137 WRITE(G.30D1)
3001 FORMAT (1HO.* YEAR TMES ON TIMES OFF MONTHS ON
10SPRO DSSP SPILL SHORT.*)
00 3002 J-1+NYP
3002 WRITE(Gs3003) JsNTONCJDeNTOF (J)eNMON (J)eDSPROCY) vDSSPLUI +SSPLL U »
1SSHT (J)
3003 FORMAT (4T12¢4F12.2)
WRITE(6+3004) DD «DSEFF (NP)
3004 FORMAT (1HO+*DEMAND = FR.2.1NX*EFFICIENCYZ'F5.2})
97 IF(STAGE.EQ.1) GO TO 98
CALL SCOST(NYP,ANCSTeNMODyKE SCoPWT Hs AUNITVEFI)
AVEUZAVEU+ AUNI T
SAC=SAC+ANCST
Go TO 100
98 AVELF=AL (N)
CALL COST(NYPsNP +¢AVELF +ANCST sK COPT+DSCAP¢+KVAR)
100 UCFY (NPsN) ZANCST /F YINC
GO0 TO(120.300) +KIK
170 WRITE(6+2000) FYINCs ANCST+UCFY (NPeN)
2000 FORMAT (LHD»*INCREASE IN YIELD-*F842¢° MaGo.Da"SX"ANNUAL COST='F12.0
1+* S/YEAR®SX'COST OF FYINC=*F7.0+* $/YEAR/M.G.D. ")
JIF{STAGE .£Q.2) WRITE(E»2092) AUNIT
2092 FORMAT {1HO+*NTSCOUNTED UNIT ONSTZ*F8.Me* S/YEAR/M.G.D.')
300 CONTINUE
400 CONTINUE
C AVERAGE THE UNIT COST OF THE INCREASE IN FIRM YIELD
DO 410 J=1+NOF
403 DO 40S I=1sNPER
AVUC (V)= AVUC (JDI+UCFY (T »J)
405 CONTINUE
AVUC (J)= AVUC (J )/ NP ER
410 CONTINUE
IF (STAGE .NE.2) GO TO 406
AV AN =S AC /NPEP
IF(EFTI .. T7.0.0005) GO TO 398
WRITE(6+2096) AVAN
2096 FORMAY (LHD+°*THIS IS AN INTEREST ESCALATION RUNs THE COST NUMBER GI
1VEN BELOW IS THE AVERAGE OF THE PRESENT VALUE OF THE COSTS OF NPER
2 PERIODS */1HO *AVPV="F12.0¢* DOLLARS ")
G0 TO u1S
338 AVEUZ-AVEU/NPFR
WRITE(6.2093) AVUC (1)sAVEU
2093 FORMAT (LHD»* {AVERAGE ANNUAL ST)/FYINC=*"F10.0+/1HDs *AVERAGE OF UN
1IT COST DISCOUNTED=*F10.0v+°* S/YEAR/M.GaD.")
IF (KESC.EQ.1} GO TO 3530
EFORT=100.0+FFO
WRITE(6¢33301EFORT ~
3330 FORMAT (1HO»*THIS IS A COST E SCALATION AT*FlU.1+° PERCENT/YR.')
3530 GO TO 415
406 IF(KVARJNE.2) GO TO 411
WRITE(6.2094) AVUCI(1)
2094 FORMAT (1HO+*AVERAGE UNIT COST=*F10.0+* S$/YEAR/M.G.D.'}
G0 TOD 415
411 WRITE(6.2009)
2009 FORMAT (1HO+" AVERAGE COSTS FOR FEASIBLE OPERATING RULES®)
WRITE(E+20107) (AVUC(J) oJZ1sNOF)
2010 FORPMAT (1H +10F12.4)
C FIND THE LOWFST AVERAGE UNIT COST OF FYINC
Ix=1
CALL FINDCAVUCINOF «IX)
412 WRITE(G.30N05) AVUCI(IX)
30NS FOPMAT (1HL »*MINIMUM COST OF FYINC=*F7.0¢°' $/YEAR/M.G.D. ACDED FIRM
1 YIELD®
WRITE(6.3006) FYINC
3006 FORMAT (1HOU«* INCREASE IN FIRM YEILNDZ'F7.2¢" M.G.D.")
WRITE(&+3007) ONCIX)eOFLEVI IX)

3007 FORMAY (1HO+°* TURN ON=°*F6.2+10X* TURN OFF=*F6.2})
WRITE(G,3008) AL {IX)}WGL(IX)

3008 FORMAT {1HO*DESIGN LOAD FACT(R="F4.1+5X*GROSS LOAD FACTOR=*Fy.1)

415 SToOP

132 WRITE(G.84001) RSTOR

4001 FORMAT (1HD+*RSTOR="* F10.2}
sToP
END

aFOR IS CSTIO,CSTIO
SUBROUTINE CSTIO{KCOPT+STAGE +NMOD)

C THIS SUBPROGRAM IS ENTERED TO INPUT AND OUTPUT THE COST DATA
COMMON /BLOCC/ FACT (10} +CAPCU10)+0PCST(20s10) +OFACT (10) +NOLFoNOFF »
LINTo+RATE +ETONC +E TOFCoCNO+EXNOs CTNsEXTN s COPSEXOP+ CCND
COMMON/BLOCD/ MODY {10} +STIZMU1U) »YLDIN(10) +CSTH(10) +EFO
DATA A/1He/oE/2H e/

INTEGER STAGE
REAL INT
1 READ (S+1000) NOLFe (OFACT (J)s J=1 ¢NOLF)
PEAD (S+1000) NOFFs (FACT(J) v»J=1+NOFF)
1000 FORMAT(I2+3X+8FS.0)
DO S JZ1eNOLF
READ (S+1001) (OPCST(IvJ)sI=1sNOFF)
1001 FORMAT (8F10. 0!}
5 CONTINUE

READ (5+1001) INTRATE.CCND

IF (STAGE .NE.2) GO TO §

READ (5,1001) (CSTM(L)+LZ1.NMD)

G0 YO 7

READ (5+1001) (CACPC(JIeJ=1+NOLF )

IF(KCOPT .£G.2) GO TO 8

READ (5+1001) ETONCLETOFC

G0 TO 3

8 READ (S5+1001) CNOsEXNOsCTNeEXTN+COPEXOP
9 WRITE(6,2022) .
1022 FORMAT (1H1+4DX "DESALTING PLAN COST DATAY)
GO TO(1Ds12)KCOPT
10 WRITE(Bs1023)

1123 FORMAT (1HO."OPER., L. F. *SXs *ANNUAL COST IN S/YR. FOR THE PLANT TH
LAT IS OPTIMIZED AT THE GIVEN LOAD FACTOR (IN PERCENT)I*/1H +*{IN PE
2RCENTI %)

GO TO 15
12 WRITE(By1024)
1024 FORMAT (1HD«*O0PER. L. F. *SX¢°TABLE OF COEFFICIENTS USED FOR COMPUT
1ING THE OPERATING COSTS*/1H +* (IN PERCENT)®*)
15 WRITE(641025) (OFACTUIJ)eJ=1eNOLF)
10?5 FORMAT (1HO+15X+10F10.0)
DO 20 I=1+NOFF
GO T0(16+18)+KCOPT
16 WRITE(6¢1026) FACT(I)e (OPCST (I +J)eJ=1eNOLF)
1076 FORMAT (1HD+2XeF5.0+13X+10F10.0)
G0 T0 20
18 WRITE(6+1027) FACT(IVe(OPCST (I oJ)voJ=1¢NOLF)
1027 FORMAY (1HO+2X+F5.0¢11X+10F10.3)
20 CONTINUE
IF (STAGE .NE.2) GO TO 21}
WRITE(Gs1D28) (CSTM(L)+L=1+NMD)
60 T0 121
21 WRITE(6+,1028) (CAPCIL)sL=1eNQ F)

1028 FORMAT (1HO-"CAPITAL COSTS*7X.10F10.0/71)

121 GO TO0U22+25) +KCOPT
22 WRITE(6¢1029) ETONC.ETOFC

18029 FORMAT (1HO*ESTIMATED TURN-ON COST= °*F8.0¢/1H +"ESTIMATED TURN-OFF
1 COST=°*3.0)

25 WRITE(6+1030) RATE »INT

1030 FORMAT (1HO#*FIXED CHARGE RATE-*FEel4e/1H »*THE INTEREST RATE=*F6.4&)
GO TO(40+26) +KCOPT

C OUTPUT THE EQUATIONS USED IN THE COSY COMPUTATIONS

26 WRITE(H.2000)

2000 FORMAT (1HD»*EQUATIONS USED IN THE COST COMPUTATIONS®)
WRITE(Hs»2002) CNOsAsEEXNO

2002 FORMAT (1HO.*0OPER. AT 7ERO LOAD FACTOR*10X*COST='FB8.0+A1¢"'S*A2.F6.4
1)

WRITE(6,2003) CTNeAsEJEXTN

2003 FORMAT (1HU«*TUPN-ON AND TURN OFF*15X"COST="F8.0+A1¢"S*A2,F6.4)
WRITE(Rs2004) COPsA+E+EXOPsA

2004 FORMAT (1HO+*OPERATING AND MAINTENANCE * 9X*COSTZ'F8.0¢Ale*S*A2+Fb.
14,4 °CCI) D)

40 PETURN
END

SFORIS COST,HCOST

SUBROUTINE COST{NYPNP+AVELs BNCSTsKCOPT+SeK)

~ o



il

COMMON/BLOCC/ FACT (1ID) wCAPC{I0)+0°CSTL10s10) +OFACT (10) +NOLFINOFF
LINT+PATE vETONCETOFC+CNOVEXNCo CTNGEXTNGCOPIEXOPs CCPe EXCP 2 CCND
COMMON/BLOCKD/ NTON(SDNY, NTOF (50)) + NMON{50)
RE AL INT
IF(K.EG.2) GO TO 3
IF (AVEL.GT .OFACT (1) GO TO 12
3 Jmd
60 TO 20
12 IF(AVEL.LT.OFACT(NOLF)) GO TO 1u
J=NOLF
GO TO 20
14 DO 18 I=1+NOLF
IF(OFACT(I+1).LT.AVEL) GO TO 18
C ENTER HERE IF AVEL FALLS BETWEEN OFACT(I) AND OFACT(I+1)
IF(AVEL-OF ACT(T} L T.OFACTC I+1) -AVEL) GO TO 17
Jz1+1
60 TO 20
17 =1
E0 TO 20
18 CONTINUE
20 PWTH=0.
[ ANNUALIZE THE OPERATING EXPENSES
DO 40 L=1+.NYP
AAZNMONIL)
XLF-AA/12.0+10N0.0
C DO TABLE LOOK-UP WITH INTERPOLATION(L INEAR TO ORTAIN COST(S/YEAR)
IF{XLF .GT0.) GO TO 22
CST=CPCST(Le )
IF (KCOPT eEQ.2) CSTZCNO#S*v EXNO
TEM=0.
60 TO 35
22 IF(XLF . T.395.0) GO Tn 25
CST=0PCSTINOFF +J)
G0 TO 30
25 DO 27 I=1¢NOFF
IF (XLF .GT.FACT (I +1)) GO T 27
C ENTER HERE IF XLF FALLS BETWEEM FACT(I) AND FACT(I+])
FRACZ(XLF-FACTH(I }) /(FACT(I+1)»FACT (1))
CSTZOPCSTII eIV +FRACE (OPCSTUI 41+ J)-0PCST(IoU))
GO TO 30
27 CONTINUE
C DISCOUNT THE COSTS FOP THE L TH YEAP TO THE PRESENT
20 GO TO(31+33)+KCOPT
31 TEMCETONCeNTONIL )+ ETOFCsNTOF L )
G0 TO 35
CST=CST*COPsSasEX0P
TEMZ (NTONCL) NTOF(L) ¥/ 2.0%CT Ne S=EXTN
35 FACT (1.0+INT )esL
OWTHZP WTHe (CST+TEM )/ FAC
40 CONTINUE
c APPLY CAPITAL RECOVERY FACTOR TO OBVAIN UNIFORM SERIES
USER =P WTH* INT+FAC/ (FAC-1.0)
4l CAP=CAPCLJ}ePATE
45 ANCST=USER+CAP+INT+CCND
RE TURN
END
AFOR IS SCOSTFeSCOST
SURROUTINE SCOST(NYP+ANCST sNMIDeKESC+PWTHeAUNITLEF I}
DIMENSION COEFF(1Ns10) +CAPT(5Q)
COMMON/BLOCC/ FACT({10).CAPCC10)«NPCST(10+10)+OFACT (10) «NOLFeNOFF
LINToRATE vETONC+ETOFC+CNOSEXNCe CTNEXTN2COPEXOP Y CCND
COMMON/BLOCKD/ NTON(S5N)s NTOF (SU)«NMON(50)
COMMON/BLOCD/ MODY (10} +STZM(1L) »YLDIN{10}CSTH (1D »EFO
EQUIVALENCE (OPCSTSCOEFF)
DATA KENTZ1/
RE AL TINT
GO TOU5+1)+KFSC
1 GO TOL2+7) «KEMT
C TF ENTERING COSY FOR THE FIRST T ME READ IN THE ESCALATION FACTORS
2 PEAC (5410000 EFOEFCIEFI
1000 FORMAT (3F10.0)
KENT =2
GO TO 7
5 EF0=D.
EFCz0.
EF I=0.
PUTH=D .«
PWUC =0 .
MIZ1
CADD =0 .
00 9 JZ1WNYP

X

w

~

>

v

12

15

19
17
20

3

o

31

35

JFOR s

5000

)

IF(J.EQ.MODY(MIV} GO TO 8

CAPT {J)=CAPT(J-1)

G0 T0 9

FIXCRATE+EF I+ (J-1)

CAPT (J )= {CSTM(MI)e (1.0+EFC*( J-11}))+F IXC+CADD
CADD =CAPY(J)

MIMI+]

CONT INUE

MI =1

S=0.

B0 30 J=1.NYP

IF (J.NE.MODY (MIV) GO TO 1D

STS¢SIZM (MDD

YINCZYLDIN(MI)

MI=MT+}

TEM=1.0¢EF0e (J-1)

AR INMONC )

XLF=AA/12.0%100.0

IF (XLF .6T.0.) GO YO 12
CSTZTEMs CNOs S+ +E XNO

GO TO 20

IF(XLF &L Ta95.) 60 TO 15

C=COEFF{NOFF+1)

GO TO 17

DO 19 I=1+NOFF

IF (XLF .GT.FACT(I+1)) GO TO 19
FRAC=Z(XLF-FACT (I} /(FACT(I+1)-FACTUIN)
CZCOEFF(Ts1? +FRAC* (COEFF (I +1+1)-COEFF(I+1))
GO TO0 17

CONT INUE

CST=TEM* COP* S« +EXOP* C

CTURNZ INTONCUJ) +NTOF({ J) )/ 2.0 TEMeCTNe Ss»EXTN
TIZINT 40U~ 1) *EFT

FACT(L.0+TT) sy

YEARC=CST+CTURN+ CAPT (J)

UNIT -YEARC/YINC

PUTH-PWTH+YEARC/FAC

PWUC =PWUC+UNTIT /F AC

CONT INUE

ANCST=PWTH

IF (KESC.EQ.2.AND .EFI .GT.0.00005) GO TO 35
AFAC ZINTFAC/(FAC-1.M

ANCS T= AF AC*PWTH+ INTs CCND
AUNIT:EFAC'PUUC’INT:CCND

RE TURN

END

IS YIELDsYLELD

SUBROUTINE YIELD(NOP+NYP +NOR K I0+ONLEVsOFLEVsNONNOF)
COMMON /BLOCKA/QG{1201+5)

COMMON /B8LOCKB/ONCON(100),OF CON({10C) +UCAP
COMMON 7/BLOCKZ/ 1Y

COMMON /BLOCKG/GLF (500

COMMON /BLOCKC/CAP(100)+DM (12 «+RSISO}»SACIUDIRLOSS(12),

IRELC12)+MSN{12)»DSVI12) s SSHT (100) FYU(20+50) ¢ AVLF (500 »
2CMAX sNPRCsDSCAP+FORCE+START+ERRs PCF eNSNeDEMBs CMINsKIP+RBAR

3KREADyRSTORs IFLOWs IYEARs NPER sJNRSCs OPER+OPCONSNOPCV (12)
42IYPER (20) vKYLDs FD T4+ MSCP (50) »MECP(50) ¢ DOCP (50)

COMMON /BLOCW/STOT( 501+ MOS( 501+ MOF(SOIsMRMI25) s MRFI 251+ SMINI25)
OIMENSION KON{75)¢ IDD(75)+DD(75)+CHMD (12) «KDUR (200)+RCON (100}

LeDFCIT{20+10)9sMODI 20+ 10) +MPF (2041019 TEMH(12) + TEML(1 2}
DIMENSION ONLEVU10)«OFLEV(1D)
INTEGER FORCE.DFLAG
FNYP N YP
MA XY Z(FNYP-PCF *F NYP) +0.51
WRITE(H+5000) MAXY
FORMAT {1HO»*MAXY='13)
NYPSVINYP
PPCF =P CF+100.
C=.00004356%7.48/12.

KSTRT=1
KTHRU= 1
IARG=798531
ZRAN R AN (I ARG)

IY =T ARG

DO 6 L=1.50

CONTINUE

00 170 NPZ1+NOP

IF (KREAD .EQ.2) GO TO 7
IY I YPER INP)
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C GENERATE NYP YEARS OF STREAMFALOW AND CONVERT TO MONTHLY VOLUMES

1

1000 FORMAT (1HO+°PERIOD

1

n

31
1

7 KIT=1
DBARZDEMB
NV =1
MS 1
ME-NYP*]12+1
IF (KREAD .EQ.3) NV=2

0 NYG=NYP
IF (NPL.EQ .1 . ANDNYP .LT.75.AND KREAD.NE.3) NYG=T5
TF (KRE AD .E£G. 2} IYPER(NP) LY
WRITE(E.1000) NP.IY

I3.10Xe* IY='115)
CALL GNFLO(NYG+KIP+IFLOW+IYE AR)
NRZNOR +1
2 DO 160 N=NVeNR
JUINSNS(N-2) +MSN (1)
ITIME=D
00 (1)=DB AR*START
IF (KRE AD .NE.3) GO 70 311
DD (1)=DDCP (NP) +DSC AP
MSZMSCPINP)
ME =MECP(NP)
KIT=2
IF (MS.EQ.1) KFULL=2
60 TO0 13
1 IFIN.EG.1Y GO TO 13
A=ONCONC JJ)
Bz OF CONC( JJ?
RAZO.5*UCAP+CMIN
RB=0.75+UC AP +CMIN
IF (A.GT.RA) GO TO 313
IF(B.LT.RA) DO(1)=DBARS(STARTF0.05)
60 70 13
3 IF(A.GT.RB.AND.B.GT.RB) OD(1)=DBAR*(START+0.05)
3 00 14 L1.20
KONC D Z0
ooty =0
CONT INUE
bx=0.
DELS=0.
110

-

&

20 II=II+1

c C

IF(IT.NE.1) DDCII) ZDODOII-1)e DX
TEST=DD(II)+*.0305
IF(KYLDeER .2} TESTZFDYTSTEST

ONVERT ¥HE MONTHLY DEMAND RATES TO VOLUMES

322 DO 21 I=1.12

2

DEM=ND(IT)*OMCI) +REL (I)=RB AR
CALL CON(DEMCDeI+IYEAR)
CMDI( I} =CD

1 CONT INUE

22 LEV=1

32

2

DO 323 L =175
3 STOT(L)=0.
KC ON =0
KSUM =0
KADD =1
RS TOR=RS (NP)
IFIN.EG.1) GO TO 30
IF (RSTOR.GTL.ONCONL JJ)Y GO TO 23
KADD =2
KCON =1
KON(IT)=1
3 IF(RSTOR.LT.OFCONLJJ)) LEV=2

30 KF =F ORCE

2

KD =0
MD =0
KH =0
KL =0
IF (KYLD.NE.2) GO TO 2?6
D0 25 I=1+12
TEM=TEST*DM(T)
TEMH (T I=TEM¢ERR+ TEM
TEML (I )= TEM-ERReTEM

& CONTINUE

?f IDZ0

AL 0AD=0.

GL 0OAD=D.

LD =1

KFULL=1

IF tIMS.EQ .1) KFULL=2

c

MEULLZ]
MF T1
DFLAG=1
AL 0SS=0.
KDUR (1)=0
RMIN=999939.
CRITHM=999999.
MCFL6=2
D0 330 J=1+20
330 SMIN(J)=99999.
DO 31 J=1eNYP
SSHT (J)=0.
CONT INUE
L=
IFIMS 6Ta1) MI(MS-1)61201
DO 90 J=MSeNYP
D0 81 I=1.12
MM}
IF (M .GT.ME.AND.KTHRU.NE.2) GO TO 93
DELP =DELS
IFIN.EQ.1) GO TO 32
JJINSNe(N-2) sMSN (1)
IF(I.EQ.12) GO TO 32
JJINSN#{N-2) +MSN{I +1)
32 CALL TERP(CAPsSAINPRCsRSTORs SSA«NSIG)
IF INSTG.EQ.1) GO TO 902
EVAP =SSASRLOSS(I )+ C
DELS =0 (M+1)-CMD(I) -EVAP
RS TOR=RS TOR+DELS
GO TO{36¢35)+KADD
35 IF (KCON.LT.11) GO Y0 338
ENTER HERE IF CONTINUOUS OPERAT ION FOR 11 MONTHS
IFINSN.GT.1) GO TO 336
335 IF(DFLAG .EQ.2.0R.RSTOR.LT.CHN) GO TO 339
TURN OFF DESALTING PLANT IF STORAGE IS NOT EMPTY
KF =F ORCE
KADD =1
KS UM K SUM+ KC ON
KCON =0
G0 TO 36
336 IF (MSN(IJ.GT.1} GO TO 335
338 IFINOPCVI(I).EQ.O.AND.PSTOR .G T.O0PCON) GO TO 335
339 DELS=DEL S+DSV(I}
KF =K F-1
KCON =K CON+1
ADD DESALT PRODUCTION FOR THE G IVEN MONTH
RSTOR=RSTOR+DSVL I}
36 IF{RSTORLLT.CMAX) GO TO 50
MFULL=M
DELS=RSTOR-CMAX
RS TOR=CM AX
KFULt=2
LEvV=1
42 IF(KADD.EG.1) GO TO 80

3

-

ENTER HERE IF STORAGE IS FULL AN) DESALTING PLANT IS ON

44 JF(KF) 46+46¢80

46 KADD =1
KF =F ORCE
KS UM K SUM+ KC ON
KC ON =0
60 T0 80

S0 IF (RSTOR.GT.CMIN) GO TO 56
IF (CMIN.LT.0.0D05) GO TO S4
GO TO{54+53) +DFL 4G

S4 DFLAG=2
KD =X D+ 1
MOF(KD)=MFULL
DELS =CMIN-RSTOR
RSTOR=CMIN
G0 TO SS

53 DL D+1
IF(CMDUID.LT.G(Ms2 )Y GO TO 155
AL OSSZ AL OSS+EVAP
DELS =CMD(I)-Q(M. 1)
IF(N.GTa1. ANDoNOPCV(I) NE.O) DELSZDELS-DSVII)
RSTOR=CMIN-ALOSS
IF(RSTOR .GT.D0.) GO TO 55
RSTOR=DO.
GO TO S5

155 DELS=CMIN-RSTOR

S5 LEV=2



€01

C SUM THE SHORTAGES
IF(KYLD.EQ.1.0R.KIT.FQ.1) GO TO 156
€ RECORD TH MONTHLY DEFICITS *+se s susssn
IF (KTHRU GEQ4 2. AND. DELS oG To TEMI (1)) KHIKH+1
MG MDD+ 1
DFCIT(MD+KO) =DELS
MODIMD «KD) =M
MPF{MDKD) ZMFULL
156 STOTUKD) =STOT(KD )¢ DELS
SSHT (J )= SSHT (JI+ DELS
IF (M .E Q. ME LAND .K THRFU.NE. 2) GO TO S7
IFIN.EG.1) GO TO 80
GO TO(85+80) sKADD
56 IF(DFLAG.EG.1) GO T0 S9
C ENTER HERE IF COMING OFF & DROUGHT
57 ID=ID+1
MD =0
IDCIT)=ID
KDUR({IDI LD
to=1
DFLAG=1
MOS(KD)I=M
AL 0SS=g0.0
IF (M.EG.ME .AND .KTHRU.NE.2) GO Y0 &0
59 IF(KIT.EG.1.AND.KTHRU.EQ.1) GO TO 60
IF (RSTOR.GT.RMIN) GO YO 62
oM IN SR STOR
MF SMFULL
MOMZ M
GO Y0 B2
60 IF(RSTOR.GT.UCAP*0.75) GO TO 62
SMAX =0«
D0 A1 IMZ1.20
IF ASMIN(IM).LT.SMAX) GO TO &1
SMAX ZSMIN{IM)
Ix-Im
1 CONYINUE
IF (RSTOR .G TL.SMAX) GO TO 62
SMIN(IX) ZRSTOR
MRF(IXIZMFULL
MRMUIX)IZHM
62 IFIN.EG.1) G2 TO 8O
IF (OFCON(JJ) .LT.ONCONC(JS ) GO TO 70
IF (K ADD.EQ@.2) GO TO €8
IF (RSTOR.GT.ONCON( JJ))Y GO TO 2D
C ENTER HERE TO TURN ON THE DESALT ING PLANT
65 IX=I+1
IF(IX.EQ.13) IX=1
IF (NOPCVLIX) .EG.D) GO TO 80
KADD =2
KON{IT I=KONCIT 31
60 TO 80
68 IF(RSTOR.GT.OFCON(JJ}) GO TO 44
G0 TO 80
C ENTER HERE IF TUPN-ON LEVEL HIGHER THAN TURN-OFF
70 IF{RSTOR.GT.ONCONCJJ)) GO TO 42
IF IRSTORLLTLOFCONC IS GO TO 75
IF (DELS<LT.0.0.AND.CELP.LT.0.0) GO TO 75
G0 TO (80+44)+KADD
75 IF (KADD.EQ.1) GO TO 65
80 IF (MAXY.EQ.O) GO TO 81
IF (ARS (M-MCRIT).GT .2.0R.MCFL G EQ.1Y GO TO 81
IF (RSTORLGTLCMIN) GO TO 378
MCFLG=1
GO To 81
378 IF(RSTOR.LTLCRITM) CRITMZRST ™
MCF=MFULL
A1 CONTINUE
TF (KSTRT .NE.2) GO TO 90
RC ON (JIZRSTOR
90 CONTINUE

C AT THIS POINT A PERIOD OF NYP YE MRS HAS REEN COMPLETED

IF (KTHRU.EG. 1) GO TO 93

91 IF(KSTRT.EG.1) GO TO 100

C TF KTHRU=> AND KSTRT =2 GENERATE STARTING CONTENTS

D0 92 L=1+NRSC
XNUM RAN (I ARG) #50. D+ 0.5
NUM= XNUM
NUMZ NUM+ 25
RS {L )=RCON(NUM)
TXST=CMAX-0. D0« (M AX

L R R R N TR

@2

3n2o

IF (RSCLY SGTLTXST) RS(LI=ZTXST
CONT INUE
WRITE(6+3020)(RSILI«L=1+NRSC)

FORMAT (JHO+*QESERVOIR STARTING CONTENTS®/{1H »10F12.4))

KSTRTI=}
NYP=NYPSV
GO TO 100

C ENTER HERE WHEN IN ITERATION PROCESS

93

394

3030

96

6000

a7

IF(KIT.EG.2) GO TO 9§

IF (KD.GT MAXY) GO TO 394

DX =0 .05+D8 AR

IF(IT.EG.5) STOP

GO To0 20

CALL XLOC(KDs+MSTRT +MEND+DX+CMIN+MAXY+MDsTEST+KYLD)
MCRIT=MEND-2

MS D1

IF (MSTRT —-60.GT.0) MSZ(MSTRT-E0)/12+1

ME MEND

TEM-DD(IT) +DX

WRITE(Ge3030) MS.TEM

FORMAT (1H+ +60Y *MSZ *I 445X *ADJUS TED DEMAND='F8.2)
KIT=2

MSSV=MS

ME SV =ME

G0 To 20

IF (KFULL +EG. 1. AND. MS.NE. 1} GO TO SO1

IF (IT.LE.15) GO TO 97

WRITE(6+6000) NoNP

FORMAY (FHO+»"RULE NO. *I3+5X*IN PERIOD"I3.2X°*0ID NOT CONVERGE")

DD(IT) (DDIIT)I +D DN II~1)) /2.
G0 TO0 100
IF (KD.EG.0) GO TO 98

€ SHORTAGE OCCURRED AT LOCM

IF(KYLD.EG.2) GO TO 99
IF (MAXY.EQ.D) GO TO 397
IF (MCFLG.EQ. 1) GO TO 395

c ENTER IF MAXY.GT.O AND MCF1G .E Q.2

397

94

395

95
7000

RM IN =ZCRI TM

MOM=MCRIT

MF =MCF

G0 TO 98

SMAX =0.

SSuM=0.

DO 94 L=1+KOD

SSUM ZSSUMeSTOT (L)

IF(STOT(L) .LT.SMAX) GO TO 9u
SMAXZSTOT(L)

=

CONY INUE

G0 YO 95

SSUMZSTOT(KD?}

ITXD

WRITE(E+7000) MOSUIT)IeMOFC IV )e SSUM

FORMAT (1H °"MONTH OF SHORTAGE =* 13, 10X *MONTH FULL=*I3+F15.2)

IF (SSUMLLT LERR#TESTY GO TO 10U
DX==SSUM/{ (MNOSC(IT)Y-MOF (I T} )+ .0305)
G0 70 20

C RSTOR GREATER THAN CMIN AT LOCHM

a8
7001

240
250

WRITE{6s 7001) MOMeMFsRMIN

FORMAT (1H +*MONTH OF MINZ* I3«EOX*MONTH FULLZ'I3,F15.2)

IF {(PMIN-CMIN.LT.ERR«TEST) GO TO 100
DX Z{RMIN-CMIN) /( (MOM-MF) ». 3 305)
GO YO 20

IF(KD.EQ.0) GO TO SO3

=1

IF (KD.EG.1) GO TO 250

T™MAX=OD.

DO 240 I=1+KD

TESSSTOT LI/ (MOS(I)-MOF{ D))
IF(TES .LT.TMAX) GO TO 240

T™AX ZTES

=1

CONTINUE

tNGTHZKDUR (L)

ITRUNS (MOD(LsL)-1) /12

IMUW T=ITRUN*12

ICC=MOD(IeL) -TMULT -1
IF(ICC.EQG.N) TCC=12

c=Ice

DO 255 I=1«LNGTH
IF(OFCIT(IVL)I.GT.TEMHIIC)) KHKH+1
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IF (DFCIT (I+L }a LT TEMLOICIE KLEZKL+1 MS ZMSSVY

IC=ICe1 ME MESV
IF(IC.EQ .13 ICL C COHPUTE THE FREQUENCY.AMOUNT AND AVERAGE DURATION OF SHORTAGES
255 CONTINUE KFa=D
IF (KH.EQ .0.AND.KL. NE.LNGTH) G TO 100 T07=0.
IF (KH.GT .0) GO TO 257 DO 105 J=1.NYP
LL L NG TH TOT=TOT+SSHT (J)
ITRI(MODLLeL) -1}/ 12 TF (SSHT(J) .NE.O. ) KFOZKF Qe 1
MZITRe12 105 CONTINUE
ICC=MOD(LL oL )~ IM~-1 YOEM=DD(IT )+ .365
IF (ICC.EQ.0) TCC=Z12 FNYP =N YP
SUM=TEMH (I CC)~DF CITCLL oL ) FKFO =K FO
DX =SUM/Z{ (MOD (LL+L) -MPF (LLeL) )¢ .0305) FREG =(1.0~-FKFO /FNYP) »100.
G0 TO0 20 PI=(1.0-TOT/ (FNYPsYDEM)) +100 .
257 IF(LNGTH.GT.1) GO TO 259 KD SUM=0
Ix=1 DO 110 L=1+ID
SUM=DF CIT(1+L) ~( TEMH(ICC )+ TEM (ICC)) /2.0 KD SUM= KD SUM+ KDUR (L }
G0 TO 265 110G CONTINUE
259 Ixz=2? SUMZ KD SUM
Ic=1cc FID=1D
SUMZDFCIT(1,0L) AVDUR=O.
DO 263 I=2+LNGTH IF(FID.GT.0.) AVDUR=SUM/FID
262 IC=IC+1 C COMPUTE THE LOAD FACTORS
IF(IC.EQ.13) TC=1 IF(N.EG.1) GO TO 123
IF(DFCIT(ISLI.LT.TEMHLICH GO TO 263 FK SUM=KS UM
SUMZ SUMsDF CLTU1aL) FK ON =K ON (L 1)
Ix =T AL OAD=FK SUM/ (FKON«12.)+100.
263 CONTINUE GL OAD=FK SUM/ (NYP»12) »100.
IF (IX.EQ.LNGTH) SUM=SUM-TEST AVLF (N)=AVLF (N)+ ALOAD
265 DX=-SUM/ ({MODIIX+L)-MPF(IXeL N »0.0305) GLF(N) SGLF (N)+GLOAD
G0 TO 20 123 FY (NPeN) =DDCIT)
€ ENTER HERE IF THE ITERATION IS COMPLETED G0 TO (125+150)+KI0
100 IF (K THRU.EQ.2) GO TO 101 C ENTER MERE TF INTERMEDIATE PRINTOQUT IS CALLED FOR
KTHRU= 2 125 IF(N.GT.1) GO TO 128
MS T1 WR ITF(6,3000)
ME SN YP &1 2+1 3000 FORMAT(1HD."OPERATION WITHOUT THE DESALTING PLANT®)
IF (NP.EQ 1 .AND .N.EQ. 14 AND. IT MELEQ O} KSTRT=2 G0 TO 132
KON(II)=0 128 KPINSN*(N-2) +1
KSUM=0. WRITE(6.3001)
60 T0 22 3001 FORMAT (1HO»*OPERATING RULEs» EXPRESSED AS RESERVOIR CONTENTS®)
101 IF (MAXY.EG.D) GO TO 102 D0 130 K=1sNSN
IF(KYLD.EG.2) GO TO 506 WRITE(6¢30021K +ONCON(KP) +OFC (N (KP)
IF (KD.GE JMAXY-1. AND. KD .LE.MAXY+1) GO TO 104 3002 FORMAT (IH +*SEASON®I2¢® ONZ*F6.2+* B.G.*10X"0FFZ'FRa2¢* Bu6a")
IF (KD.GT MAXY+1) GO TO una KP =K P+ 1
WRITE(6s4050) KDsMAXY 130 CONTINUE
4050 FORMAT (1H1+*ONLY REGISTERED® I3+* SHORTAGES *5X 132 WRITE(6+3003) NPN
1L OOKING FOR'I3+* SHCRTAGES®) 3003 FORMAT (LH +*PERIOD NO.=* I2+5X°RULE NO.=*I3)
ST 0P WRITE( 6 3004)00(II)sFREGsP I+ AVDUR+ALOADsGLOADYIT
1n2 IF (ITIME .6T.5) GO TO 502 3004 FORMAT (1H +*YIEL D= *F8.2¢5X *FREGZTFA.NeSX"PI="FE.1+5X"AVOURZ*F3.1y
IF (KD.EQ .0.0R. II.EQ.16) GO T0 104 15X *ALGAD =" F5.1+5X" 6L OAD= *F 5. 1+ 5X "I TERATIONS="13/ /)
SSUM=0. WRITE(6.3005) KD
DO 402 L =1eKD 3005 FORMAT (1HO+*SHORTAGE INFORMATION— — — THERE WERE®I2+»* SHORTAGES I
IF (MAXY.EQ.0) 60 TO 103 LN THIS SIMUL ATION® /)
TF (MOS (L 1-5. LT JMEL OR .MOS (L )+ 4. GT .ME) GO TO 402 IF (KD.EQ@.0) GO TO 150
103 SSUM=SSUM+STOT (L} DO 149 L =1,KD
402 CONTINUE WRITE(6+3021) MOS(L) +KDUPIL) »STOTIL}
IF (SSUMLLT LERRTEST) GO TO 104 3021 FORMAT(1H ,*CRITICAL MONTH OF SHORTAGE="Ius 10X *DURATION IN MONTHSZ
C ENTER HERE IF ITERATION OVER PREDETERMINED CRITICAL 1°12+10X® AMOUNT IN BoGe=*F7.1)
€ PERIOD NOT VALID FOR THE ENTIRE PERIOD 189 CONTINUE
ERR? =5 .0*ERR 150 IF (N.EQ.1)DBAR=DEMB+ DSCAP
IF (SSUM. LT .ERR2« TEST) GO TO 104 160 CONTINUE
IF (ITIME .6 Te2. AND. SSUM.LT. 0. 1G+TEST} GO TO 104 C AT THIS POINT HAVE COMPLETED ALL RULES FOR ONE PERIOD
404 CALL XLOCCKD +MSTRT +MENDeDX +CMINoMAXY s MDsTESToKYLD) 170 CONTINUE
MS =1 C AT THIS POINT HAVE COMPLETED ALL PERIODS
MCRIT=MEND-2 WRITE(6.3008)
IF (MSTRT-48.GT.0) MST(MSTRT-481/12+1 3008 FORMAT {1H1."TABULATION OF FIRM YIFLD BY RULE AND PERIOD®)
ME MEND WRITE(6s3009) (FY(Ls1}oL=1eNOP)
WRITE(6,8040) MSME 3009 FORMAT (1H +*ONZ .00 +5X*OFF= .00%¢5X» 15F6.0)
5040 FORMAT (LH " ADJUSTED CRITICAL PERIODs MST*I3+SX*ME-"I13) IF (NOF .£G.0) GO TO 2nn
KTHRU= 1 K= 1
DD (1)=DD{I I} +DX DO 181 IA=1+NON
ITIMESITIME«+1 DO 181 IBI1eNOF
G0 T0 13 KK+l
406 IF (KH.EQ.0) GO TO 10u WRITE(6+3010) ONLEV(IA}oOFLEVE IB)s (FY(L oK) +L=LsNOP)
WRITF(Host051) 3010 FORMAY (1H +®ONZ'F4 295X Y OF FZ'F4.245Xs 15F6.0)
4NS1 FORMAT (1HD+* CHECK RUN.....FOUND A DEFICIT LARGER THAN ALLOWABLE®) 181 CONTINUE
IFIITIME .LT.R) GO TO 40y 200 RE TURN
ST OP 501 WRITE(6.6001)
104 KTHRUZ 1 6001 FORMAT(1HL+*THE RESERVOIR DID NOT REACH THE FULL CONDITION PRIOR
ITIME=O 170 LOCM* )
KSTRT=) G0 To 999



-
502 WRITE(6¢6002) 48 IF (J.EG.1) GO TO 52
6002 FORMAT (LH1+*CRITICAL PERIOD MOT LOCATED IN § ITERATIONS') G0 TO S7
60 TO 993 52 DIFFSTROEM-AVFY(T)
503 WRITE(6+6003) IF(DIFF. 6T .0.0025¢ TRDEM) GO TO S5
6002 FORMAT (LH1+*NC MONTHLY DEF ICITS WERE RECORDED®) ON (L )=ONLEV( D)
50 TOo 999 AL (LI=XLF()
9N2 WRITE(Geu002} Gz FcD
4002 FORMAT(LHI*SSA NOT IN RANGE OF TABLE®) . 60 TO 60
939 STOP 57 ON(LI=ONLEV(J) +({ TRDEH- AVFY (I 1) /(AVFY (I-NOF )~ AVFY (I ) ={ ONLEV(J-1) -
END LONLEVE D) )

AFORIS XLOCXLOC AL IL)=XLF(INSC(ONCLI-ONLEVI J) ¥/ {ONLEV (J-1)-ONLE VL J} )# (XLF (I-NOF )~

sol

SUBROUTINE XLOC(KD +MSTRT+MENCs DOvCMINIMAXYsMDe TOLsKYLD)
COMMON /BLOCW /STOT(SD)e MOS( SO} MOF(SD) e MRM{25) +MRFL25) s SMIN (25}
DIMENSION AMT(S0O)s TEST{50)

IF (KD.EQ.O) GO TO 10

KNT=Q

AMT(1) =STOT(1)

IF (KD.EG.1) GO YO S

DO & L =2+KD

IF (MOF (LV.NEMOF (L-1)) GO TO 3

AMTIL) SAMT L -1)+STOT (L)

GO YO &

AMT(L)SSTOTIL)

CONT INUE

SMAX=0.

DO 8 L=1+KD

TEST(LI=AMTIL) /(MOSIL) -MOF (L DY

IFITEST(L) .LT.SMAX) GO TO 8

SMAX =TEST(L)

Ix=t

CONT INUE

IF (MAXY.EQ .0.0R. KYLD.EG.2) GO TC 9

KNTZKN T+ 1

IF (KNT .GT.MAXY) GO TO 9

STOT (IX) =0.

60 70 1

9 WRITE(6+10021(MOSCI) sMOF(T) e MT(I)TEST(I)s IZ1sKD)

-

[

@

10N2 FORMAT (1HD+*PE CORDED SHORTAGES USED TO DETERMINE THE CRITICAL RANG

LE®* 7/1H »* MOS MOF SHRTAGE S
22F15.20

MSTRT=MOF(IX)

MEND =M OS (T X) +2

DD =—AMT(IX}/ L{MEND-MSTRY )* .0305)
IF(KYLD.EG.2) DO=DD*D0.75
WRITFE(6+1000) MSTRT+MEND+AMT (LX)

SEV.INDEX*/IH o (/1H+:216,

1000 FORMAT (LHO+*FULL =" T3+ 10X SHOPT =*I13+10X *AMOUNT="FB.2)

60 TO 15

10 STEST=93999.

DO 13 L=1.20

TESTI(LI=SMIN(L)/ (MRMIL)-MRF L))

IFA(TEST(L) .GT.STEST)Y GO TO 13

STEST=TEST (L)

Ix=L

CONT INUE

MSTRI=MRF(IX)

MEND =MRM (I X) +2

DD =(SMINEIX)-CMIN) /( (MRM(IX) -4RF (IX) }+.0305)
WRITE(6+1001) MSTRT/MENDSMIN IX)

w

1001 FORMAT {1HO«*FULL=*TI3+10X *MIN=*I3» IOX "RMINZ=*F8.2)
15 RETURN

END

AFORVIS TERP3.TERP3

SUBROUTINE TERP3(NON+NOF ¢TRDEM.ONL EV.OFLEV)
COMMON /BLOCKG/GLF (SO)

COMMON /BLOCKE / AVFY (SD) oXLF (50) vONC10)AL(10).GLO1ID)
DIMENSION ONLEV(10) OFLEV(10)

DO 5 J=1NOF

ON (J1=0.

CONT INUE

KN T=NOF

D0 60 L=1+NOF

00 50 J1+NON

I=NCFes (J-1)¢b+1

IF(AVFY(I) .LT.TRDEM) G0 TO 4=

IF tJ.NE<NON) GO TO SO

«w

-

45 DIFF-AVFY(I)-TRDEM

IF(DIFF,6T.0.0025«TROF M) 60 ™ 50
ON (L I=ONLEV(J)

AL (LI=XLF(D)

GL(LI=GLF(T)

GO TO 66

50
2000
55
2001
60

2002

62
2003

LXLF(T))
GLIL)I=BLF{TIN+(ON(L)-ONLEV(J) ¥ (ONLEV (J-1)-ONLEV{J) )* (GLF (I-NOF )~
1GFCIN

60 TO 60

CONT INUE

WRITE(6.2000) L

FORMAT (JHO+*MINIMUM VALUE OF CURVE'I2+* GREATER THAN TROEM®)
KNT=KNT-1

G0 TO 60

WRITE(6.,2001) L

FORMAT (1HOB»*MAXIMUM VALUE OF CURVE'IZ+* LESS THAN TRDEM')
KNTZKNT-1

CONT INUE

WRITE(6+2002) KNT

FORMAT {1HO/ /1H +"FEASIBLE RW E INFORMATION®/1H +»*NUMBER OF FEASIRB
1LE RULES FOUND=*I2/)

IF (KNT .EQ. D) STOP

DO €2 L=1¢NOF

TF (ON(L) .GT.0.0) WRITE (6520031 ON(L) »OFLEV (L) e AL (L)sGLIL)

CONT INUE

FORPMAT (1H +*ONZ*Fu.2+,GX"0F F= F4.2.5X *0P. L.

FU.DeSX'GROSS L .F .=

1°Fu.0)

RE TURN
END

AFOR-IS PLOT.PLOT

~N

w

20

SURROUTINE PLOTI{MSTORNY NFULL +NEMPF)
DIMENSION NARR(120)¢MA(120)+0UT(120)+MSTOR(360)
DATA BK/1IH /+X/1He/

NKNT =NY* 12

D0 2 I=1eNKNT

MSTOR{I) Z({MSTOR(I) *+1N0)/ N UL L
TEMZMSTOR(I)

TEM=TEM/ 2.0

NTEM -TEM

ATEM NTEM

IFATEM-ATEM.NE o0.0) MSTOR(I) MSTORI(I)¢]
CONT INUE

FLINZNY

TEM=FL IN/10. +0.5

NN =TEM

DO 30 II=1WNN

KK =120

tL=(II-1)*10

IF CONY-L£) LT 10) KKZLL*12
JAZtII-1)e120

DO 5 JUS1eKK

NARR tJJ) =MSTOR (JJs UA)

LU IN] BV}

CONT INUE

RANK VALUES IN DESCENCING ORDER
N= KK

MzN

M=M/ 2

IF (M) 10+2010

K=N-M

g1

=y

L=I¢M

IF (NARR(L) -NARR(I) ) 1R¢1FRe15
NB =N ARR(L)

NAZMALL)

NARR (L )=NARR (1)
MA(LDIZMA (D)

NARR (T )= N8

MA (T)=NA

I=I-m

IF(I-1)16+22412

NSRS |

IF(J-KI11e119Q

WRITE(G¢1000) NFULLsNEMPT, I



901

1000 FORMAT (1H1+*CAPACITY WHEN FULL =* 16"
1ABLE LEVEL="T4+* B.G."/1H »"ORDINATE (RESERVOIR CONTENT)

1002

22
1Np3
122
23
24

25
26
1001
28
30
35

2ENT® +20X+*PAGE=*12/)
KORD =100

K=}

Ix=1

DO 28 IZ1e51

IF (I .NE.IX} 6O TO 22
NORD ={51-IX)*2
IXZIX¢5
WRITE(6¢1002) NOPRD
FORMAT {1H +I3+1H-)
60 T0 122
WRITE(6.1003)

FORMAT (LH +3XelH-)
D0 23 J1e120
ouTL W ZBK

IF (K .GToKK) GO TO 26

IF (NARR(K) .NE.KORD) GO TO 25

L=MA (K
QUTCL) =X
K=K+ 1

GO TO 24
KORD =K ORD-2

WRITE(6s1001) (OUT(J)ed=1s120

FORMAT (LH+ +6X¢120A1)
CONT INUE

CONT INUE

RE TURN

END

GFOR VIS TERPTERP
SUBROUTINE TERP(AsBsNPTSsARG sV AL +NSI GY
THIS SUBROUTINE ASSUMES THAT THE B8 ARRAY IS NONDECREASING &S THE

c
c

10

20

30

A ARRAY INCRFASES.
DIMENSTION A(100).8(100)

IF (ARG «L To A1) .OR. ARGe GT 4A (NPT S) )
IF (ARG «NE. A(NPTS)) GO TO 10

VALZ ARG

G0 T0 SO

DO 20 I=1eNPTS

IF (ARG «GE. ALI)) GO TO 20

VALZBOI-1) +(BUI) BAI-1)) *( ARG ACI-1) )/ (A(I}-ACI-1))

GO TO 50
CONT INUE
GO YO S0
WRITE(E.80)

Go T0 30

AeGa®oUXe"CAPACITY AT MIN. US

IS IN PERC

40 FORMAT (1HO«®*THE ARGUMENT IS QT OF THE RANGE OF THE RESERVOIR DATA

50

1°)
NS IG -1
RE TURN
END

SFORSIS RULE sRULE
SUBROUTINE RULE(NONINOF¢NORe NSNoKIO)
COMMON /BLOCKE/ONCON(1DOD)«O0F CON(100) »UCAP

[2)

THIS ROUTINE FORMULATES THE RULES THAT CONSTITUTE THE DECISION SPACE *#% 3¢ =

w

COMMON /BLOCKF/ONI2+0F I2+ONI3«0FI3

DIMENSION RUL{25.,2)

KM =0

00 5 I=1sNON

DO S J=1+NOF

KM =K M+ 1
RUL(KM1)=ONCON( )
RUL(KM +2)=OF CONtL D)
CONT INUE

KP =N SN *K M
IFINSN.EG.1) GO TO 15
DO N2 =0 NI 2« UC aP
DOF2-0FI2+UCAP

IF INSN.EG.2) GO TO 15
DON3 -ONI3*UC AP
DOF3=0DFI3«UC AP

IF (NSN.NE.3) GO TO 90D
NORZ KM

L=o

00 20 I=1¢KPNSN
L=Le+1
ONCONCTI) ZRUL (L#1)

OF CONCI}ZRUL (L+2)

TF INSN.EQ.1) GO TO 20
ONCONCTI+1) =ONCOM (I~ DON?

20

21
1005
22
00

2000

OF CONUI+1})=OFCON(I)- DOF2

IF INSN.EQ.2) GO TO 20

ONCON(I+2) =ONCON(I)-DON3

OF CONCI+2) =OFCON{I)-DOF3

CONTINUE

60 TO (21+22})¢KIC

WRITE(6+s1005) (ONCONIJ)es OF COM UJ) +J=1+KP)
FORMAT (1H1<"OPERATING RULES® # (1H +10F10.2))
RE TURN

WRITE(6s 2000}

FORMAT (1H1+*NUMBER OF SEASONS SPECIFIED IS IN ERROR®)

ST OP
END

BFOR IS CONSCON

10
11
1

v w N

SUBROUTINE COMI(VALCVALsKe IYEAR)
G0 TOC10+11}IYEAR

GO TOC1s3vdvle2sle3sde3elelel) oK
60 TOC1le2e193s103edele3ele3sl)ek
CYAL =.031sVAL

60 TO 5

CVAL =.028&VAL

60 TO S

CVAL =. 03D+ VAL

RE TURN

END

aFOR+IS FINDF IND

SUBROUTINE FIND(AAWN.IX)
DIMENSION AA (50)

€ THIS SUBROUTINE FINDS THE MINIMUM COST OF THE INCREASE IN FIRM YIELD®

?0

AM IN =999 99999.

DO 20 J1eN

IF (AACY) 6T, AMIN) GO TO 20
AMINZAACD)

Ix=y

CONT INUE

RE TURN

END

8FOR+IS DEMF +DEMF

ww

FUNCTION DEMF(LeJYsCoABoUsWeAF)
G0 FOC1e2¢3) L

DE MF =C

60 Y0 S

DEMF ZA+B=JY

60 T0 5

DE MF ZU-W+E XP (-~ AF »J Y)

RE TURN

END

BFOR IS RANCRAN

[

FUNCTION RAN (IARG)
COMMON/BLOCKZ/ TY

DATA IX/0/

IF (IARG.EQ.IX) GO To0 3
IXZTARG

Iv=1x

IY=IYe 262147
IF(IY.LY.D) TYZIY+34359738367%1
RAN=TY

RANZRANe .,2910383€-10

RE TURN

END

AFOR IS GNFLOsGNFLO

c

[+

SUBROUTINE GNFLO(NYRG.KIPs IFLOWIYEAR)

FIVE STATION VERSION DNIMENSIMNED FOR 100 YEARS
COMMON/BLOCKA/ G (120145}

COMMON /BLOCKZ/ 1Y

DIMENSION ALCFT(12¢5)+AV (1245 +BETAL12¢5+5)¢DG(12¢5)+16(15)¢

QM {12) »QPREV (10 »
2ZRUI0+11) eRA(1I2¢5+10)+SDC12+5)s SKEW(13+5)¢S0AC12,10)95S0B(12+10)»
NLG(12+»5)¢AVG(12
4+5)sSDVI12¢5)eAAC12+5+10)+AB(12¢5+10)+ACI10) «B(20) »GR{1201+S)

LISTALS)eMO(17) W)NCAB(12:5)+NL(G(12¢5)
3SUMAT12¢10)9SUMB(1210)¢X(10)eXPAB (L2100

23-C»-L267 MONTHLY STREAMFLOW SIMULATION HEC.

C OF Ev

uUsa

8-18-67

C INDEXES I=CALENDA® MONTH J-YEAR K=STA L=RELATED STA MISUCCESSIVE MONTH

c

DOUBLE PRECISION R.8

DATA LTRA/IHA/ +BLANK/IH /+E/IHE/WKENT/1/
NY MXG=NYRG

IF (KENT.EQ.2) GO TO 1n9)]

KENT =2

KSTAZS

C=.0004356+7.48

IARG=TY



Lol

KYR=100 110 M=Js12-11
KMZKYR*12+1 DO 120 I=1.12
IENDFZ=D M= M+ )
IDGST=0 IZ=eM(D
1 FOPMAT(1X:¢I7491I8) IF(IZ.EQ.-1) GO TO 120
2 FORMAY (1 X+ A3+3A4,10A8) NLOG (T oK IZNLOG (T oK I+ 1
3 FORMAT (1HD) C CONVERY THE FLOWS TO B.G./MONTH
4 FORMAT (T6eliXeT4.12F5.0) 60 TO (506+507¢505¢50R)s IFLOW
6 FORMAT{1XeI3e14,1216) 505 GM{II=GM (I)sC
7 FORMAT(1X»I3+T4s12F6.3) 60 TO 508
WASTE CARDS UNTHI AN A IN COLUMN 1. FIRST TITLE CARD 506 GMIII=GM (I }e .AUE317
10 READ{5+12) TAs(Q(Me1)eM=1+20? 507 GO TO (S11+512)sIYEAP
IF (IA.NE.LTRA) GO TO0 10 511 60 TO (502+5034502¢502+504+5029503+502»503+502,502+503)+1
IF (TENDF .GT.N) GO TC 1271 512 GO TO (S02+504+502:503+502+503+502+502+5030502+503+502)91
IENDF=IENDF«1 502 @M (I)=GM (T )e.031
11 FORMAT{IH +J4,16+1218,110) GO TO0 508
12 FORMAT (Al+A3+9A4,10A0) S03 GM(IY=GM (I )= .030
WRITE(6e3) GO TO 508
IF(KIP .E6.2) GO 10 13 SO4 GMI)=QM (T )+ .028
WRITE(G.2) QM1 eM=1,20) 508 DO (I eKI=DG (T +KI+OMIT )
13 PEAD(S 1) IYRALIMNTHIMSNG»I TEST«IRCONSNSTA,IPCHG G(MeKY M)
ITMP ZTRCON+NYRG 120 CONT INUE
IF (ITMP.GT.0)G0 TO 30 G0 TO0 75
G0 TO 10 130 NSTAASNSTA+]
20 WRITE (6425) IFINYRS.GT.KYR) GO TO 20
ST OoP NSTAXZNS TASNSTA
2% FORMAT (/19H DIMENSION EXCEEDED ) C & &« » & = &« COMPUTE FREGUENCY STATISTICS * % % ¢ % % ¢ & & & & % & & & & & &
30 IF(KIPLEG.2) GO TO 42 G0 TO(131+316),KIP
WRITE(6240) 131 WRITE(Gs314)
40 FORMAT {1HO+*IYRA IMMTH IMSNG ITEST IRCON NYRG NSTA IPCHG NYMXG* 314 FCRMAT (/21H FREQUENCY STATIST ICK)
1) WRITE(Ge315) (MOUTIYsI=1s12)
WRITE(Ge41) TYRACIMNTH IMSNG ¢I TEST+IRCONsNYRGeNSTAsIPCHQeNYMXG 315 FORMAT (7 14H STA ITE¥ I7,1118)
41 FORMATY (2016} c MISSING FLOW PRECEDING FIRST RECORD MONTH
SET CONSTANTS 316 DO 317 K=1sNSTH
42 T=99999%99. G(1sK) =T
™=T-1.0 317 CONTINUE
IYRAZIYRA-1 D0 421 K=1+NSTR
IMNTHZ IMNTH-1 318 DO 320 I=t»12
DO 50 I=1e12 AV T eK =0,
ITMP K ST A« 2 SO (T+K)=D.
DO 46 K=1sKSTA SKEW (T +K 1=0.
D0 45 L=1.ITMP TEMP INLOGITI+K)
AA (T KoL 3ZD. DO (I +KI=DG (I +sK)* .012/TEMP
45 AB(IeKsL)=0. IF(DOCIvK) LLTo o001V DO (T+K )= .02
4€ CONTINUE 320 CONTINUE
MO (Y )= IMNTH+T Mz1
TIF(MOUD) .LT.131G0 TO SO D0 350 J=1eNYRS
MO (I)=MOI(I}-12 D0 340 I=1.12
S0 CONTINUE M= M+ }
S8 NYRSZ=O IZ2=0(MeK)
DO 70 Kz 1.KSTA IF(TZ.EQ.-1) GO TO 330
ISTA(K)=1000-K c REPLACE FLOW ARRAY WITH LOG ARRAY
INITIATE -1+ NO RECORD FOR ALL FLOWS TEMP ZALOG(A(M«K) +DG( T+ K) }/2.3026
DO 60 M=1+KM G(MeK) ZTEMP
60 O(MeK) =—1. C SUMs SGUARESes AND CLFES
D0 65 I=1.12 AV AT +K )= AV (T oK b+ TEMP
NLOG (I K)=0 SDAT +KIZSD(IsK 1+ TEMP 2TEMP
DO (T eK)=D. SKEWIT oK }=SKEW (I +K I+ TEMP sTEM Pe TEMP
65 CONTINUE 60 TO 340
70 CONTINUE [ MISSING FLOWS EGUATED TO T
# &« + & & + READ AND PROCESS 1 STATION-YFAR OF DATA ¢« = * s % % = & * & & % * 330 G(MeK) =T
NS TA =0 340 CONTINUE
75 READ (54 )ISTANSIYRW(OM(I Vs IZ1e12) 350 CONTINUE
BLANK CARD INDICATES END OF FLOW DATA DO 360 I=1+12
78 IF(ISTANGLT.IIGO TO 130 TEMP NLOG( T K}
IF INSTALLT.1)60 TO 90 TMPZ AV (T 4K}
ASSIGN SUBSCRIPT T0 STATION AV (I +K )= TMP/ TE MP
DO 80 K=1+NSTA IF(SDU{T+K).LE.D.)GO TO 355
IF (ISTAN LEQ. ISTA({K))GO TO 100 TMPA ZSDUT.K)
RC CONTINUE SDAIsKIZ(SDUT oK) ~AVITeK) #THP )/ {TEMP-1.)
90 NSTAZNSTA+] SCAI+K)IZSDUI+K)e s S
K=NSTA SKEWCT oK )= (TEMP2 TEMP sSKEW( 1o K) =3¢ TEMP s TMP #THP A+ 2. »THP sTHP #THP )
ISTA(K)IZISTAN I/CTEMP#( TEMP -1, «( TEMP-2.) S D( I 1K} #s3.)
ASSIGN SUBSCRIPT 10 YEAR IF (SKEWII+K).ET 5.0 SKEWIIeK) =5,
100 JS1YR-TYRA IF (SKEW(IKI.LT (=-5.1) SKEW (I eK}=(-5.1)
IF INYRS LT LJINYRSZ Y GO TO 360
IF(J.6T.0160 TO 110 355 SCHI+KI=0.
WRITE (6+105)IYR SKEW(IL eK)=Na
105 FORMAT (/184 UNACCEPTABLE YE * 15} 360 CONTVINUE
ST 0P C » * * » % % QUTPUT FREGUFNCY STATISTICS * # » # + + » & & 5 * * & » 3

STOPE FLOWS IN STAT ION AND MONTH ARPRAY TMPZ SKEW (12K}



80!

SKEW({13¢K) ZSKEW( 1K) 570 FORMAT(9H WITH STA TI13,11110)

GO TOU361+421)KIP 575 DO 580 L KXeNSTAX
361 WRITE(6s362)ISTA LK) (AVI ToK) »T 1412} c ELIMINATE PAIRS WITH LESS THAN 3 YRS DATA
3h2 FORMAT (/I6.8H MEAN 12FR.3) IFANCAB(T+L) .LE.2)GO TO 580
WRITEC(Be364) (SDUTeK) oI =1412) TEMP NCABUI.L)
364 FORMAT (TX+7HSTD DEV 12F8.3) AA (T oK oL F=SUMA (I +L }/ TEMP
WRITE(69366) (SKEW(ToK) »IZ1412) AB (I ¢K oL )=SUMB (T oL )/ TEMP
366 FORMAT (10X UHSKEW 12FR.3) TMPZ {SGA (I oL )= SUMA (I oL }& SUMA (T +L }/ TEMP }& {SGB (I +L )~ SUMB I +L)*SUMB
WRITE(6¢368) {DOCT+K) s I=14+12) 1L LI/ TEMP)
368 FORMAT (8XGHINCRMT F7.2+,11F8.2) 4 ELIMINATE PAIRS WITH ZERO VARIANCE PRODUCT
421 CONTINUE IF (TMP .LE.D.)G0 TO 580
* ¢ + s &« ¢ TRANSFORM TO STANDARDIZED VARIATES & * = & & = & & % & & & & & » ™PB 1.
440 DO 490 K=1.NSTA TMPASXPABIT L) -SUMACT+L) *SUMBL Lol ) /TEMP
M1 [ RETAIN ALGEBPAIC SI®N
00 480 J=1/NYRS IF(TMP A, LT .0.) TMPB == TMPB
D0 470 I=1.12 TMPASTMP A« THPA /T MO
M= M1 TMPAZL o~ (1.~ TMPA }e [TEMP-1.)/ (TEMP-2.)
IF (G (M,KI.GT.TM) GO TO 470 IF (TMPALLT .0.) TNPA SO,
1Z=SDCI+K)+0.999 RA(T +X oL )=TMPB +TMP As 2. 5
IF(IZ.EQR .0 GO YO 46D IF (L .6T.NSTA) GO TO S80
GUMeK) =(G(MeK)} -AVIToKI I/ SD (L oK ) RA (I +L oK )=RA(I oK oL }
PEAPSON TYPE III TRANSFORM AA (T oL oK)= AB (I oK ol )
IZ=ABS (SKEW(I.K) }¢+0.9939 AB (T ol oK)= AA (T oK oL )
IF (IZ.EQ.0) GO TO u70 580 CONTINUE
TEMP Z.S*SKEWIT oK )* QE{ MoK} 41, IF {ID6ST.LE.OY GO TO S96
™P=1. WRITECE¢590) (INCABCToL) sRAL To KoL) oL T1eNSTAD
IF(TEMP.GE .0.)1G0 TO 45D 590 FORMAT(12H THIS MONTH 12( 14+ 6.3})
TE MP =- TE MP WRITE(6s595) (NCAB(ToL) vRAC Io KeL) oL SNSTAASNSTAX )
™MP= 1. 595 FORMAT (12H LAST MONTH 12( I4+,F6.3))
450 QUMeK) 6.4 (TMPeTEMPr al 1. /3.0 -1 .) /SKENC oK) +SKEWI Lo K) /6 o c ELIMINATE NEGATIVE CORREL AT IONS
G0 TO 470 596 DO S9I7 L =1.NSTAX
460 G(M«K)ZO. TZ=RACTeKeL)
8470 CONTINUE IF(RACToKoL) oL T. 0. AND.IZoNE ~8) RACIVKoeL)Z0.
480 CONTINUE §97 CONTINUE
490 CONTINUE 598 CONTINUE
* &« & & & COMPUTE SUMS OF SQUMRES AND CROSS PRODUCTS * = + * & & % » & s & 600 CONTINUE
DO 6D0 K=1sNSTA 612 TEMP-D.
KX =K +1 IF (IDGST.LE.D) GO TO 185
DO 510 L=KXeNSTAX WRITE(6+3)
D0 SO0 I=1s12 C % &« & % &« « PRINT CORRELATION MATRIX & ¢ & & o« & & & & % & & & & % % & & &
RALI KoL) =(-u,) 815 DO 880 I=1.12
SUMA (I .L)=0. WRITE(6e 8201 M0 (1)
SUMB (Y oL }=0. 820 FORMAT(//40H CONSISTENT CORRA ATION MATRIX FOR MONTH I3}
SQA(T.L) =0. WRITE(G. 825) (ISTACK) sK=1eNST £}
SQR{T.L)=0. 825 FORMAT (/3X+3IHSTA 18I7)
XP AB (T ,L . WRITE( 6+ 830)
SN0 NCAB (L )=0 830 FORMAT (20X +19H WITH CURRENT MONTH)
510 CONT INUE DO 840 K=1sNSTA
D0 S20 I=1.12 840 WRITE(G+850) ISTACK) »(RA(I+K L ) eL=1eNSTA)
DO S15 L=1K 850 FORMAT(I6+18F7.3)
S15 NCAB(I L I=-1 WRITE(6.B60)
520 RA (T +K+K)=1. 860 FORMAT (20X38H WITH PRECEDING MONTH AT ABOVE STATION)
M= ITP=NSTA+1
DO 550 J=1sNYRS DO 870 K=1eNSTA
DO 540 T=1s12 870 WRITE(6e850) ISTA(K)I ¢ (RACToKo L) oL =ITP+NSTAX)
M= M1 880 CONT INUE
TEMP =0 (MoK ) 885 IF (IRCON.LE.O) GO TN 1015
IF(TEMP.GT.TM} GO TO $a0 WRITE( 6. 3)
DO 530 L=KXeNSTAX M=1
SUBSCRIPTS EXCEED ING NSTA RELATE TO PRECEDING MONTH NVARZNST A+l
LX L -NST A c USE AVERAGE FOR MONTH PRECEDING RECORD
IF (LX.LT 1) TMPZGUMsL) D0 931 K=1sNSTA
IF (L X.GT o0) TMPZQIM-14LX) 931 8(1eK})=0O.
IF(TMP GT.TM) GO TO 530 DO 990 J=1sNYRS
COUNT AND USE ONLY FECORDED PAIRS 00 980 I=1.12
NCAB (T L JSNCAB (Lol )¢ 1 M=Me )
SUMA (T oL )=SUMR (T L )+ TEMP DO 370 K=1+NSTA
SUMB (I +L )=SUMB(IsL 3¢ TMP QR (MoK )= BL ANK
SOA(TeL) SSOALTJL I+ TEMP s TEMP IF G {MeK)ILT.TH) G0 TO 970
SGB(TIeL) SSGB(I+L )+ TMPeTMP NINDP=0Q )
XPAB (T oL )=XP AR (I 4L )+ TEMP 2T HMP c FORM CORRELATION MATRIX FOR EACH MISSING FLOW
530 CONTINUE DO 950 L =1+NSTA
540 CONTINUE LX =L sNSTA
550 CONTINUE IF{L~-K)} 938,932,933
# = % ¢ ¢« &« COMPUTE CORRELATION COEFFICIENTS * = = = = * & & * % & % & * % » 932 NINDP=NINDP+1
DO 598 I<lel? XUNINDPY =0 (M—14L )
IF (IDGSTLLE.OY GO TO 575 AC {ININOP )= AB (T oK oL X} -A AL Te Ko LX)
WRITE(BeS60IMO(I Vs ISTAIK) RUL«NVARIZRA (T +KsLX)
560 FOPMAT(/39H RAW CORRELATION EFFICIENTS FOR MONTHI3s 12H AT STAT 60 TO 935
1IONI6) 933 IF(O (M. }).GT.TM} GO TO 950
WRITE(GsSTM (ISTALL)Y oL Z1sNSTR) 934 NINDP=NINDP«1



601

[a¥s}

XCNINDP) ZQ (Mot )
ACININDP)IZ ABUT oK oL )~ AA (L sKsL )
RUNINDPeNVAR)IZRA (I vKsL)
935 ITP=NINDP
ROITP,ITPY =]
DO 94N L AZL«NSTA
IF (LA.EQG.L) GO TO 9uO
JX L A+NSTA
IF (L .EQ.K) GO TO 936
IF (O (MWL A) .GT.TH.AND.LALNE LK) GO TO 940
ITP=ZITP+1
TF(LALEQ.KIR(NINDP o I TP JZRA (I oL +JX)
IF (LALNE cKIR(NINDP «ITP)ZRA (I ol oL A)
60 TOo 939
936 IF (G(M+L A} .GT.TM) GO TO 940
ITPzITPe1
RININDP.ITP)ZRA(I+LASLX)
ADD SYMMETRICAL ELEM NTS
939 RUITP«NINDP) ZR(NINDP+ITP)
940 CONTINUE
950 CONTINUE
ITHMP N INDP +1
DO 952 L =1+NINDP
952 R{L.ITMP C(LoNVAR}

ADD RANDOM COMPONENT TO PRESFRVE V
TEMP R AN (I &R G)
TMP=RAN(IARG)
TEMP Z( -2 .+ ALOG(TEMP) )24, 5+SIN(6.28322THP)
COMPUTE FLOW
IF {DYRMC.LE .l.. AND.OTRMC.GE .0.) GO TO 95§
WRITE (6+7) TeKeDTRMC
IF (DTYRMC.GT.1.) DTRMC=1.
IF [OTRMC.LT.0.) DTRMC=D.
955 AL={1.-DTRMC)*».5
TEMP =TEMP# AL
DO 960 L =1+NINDP
960 TEMP -TEMP+B(L)s(X(L)-AC(L))
QUMsK) ZTEMP
GR (MoK I=E
970 CONTINUE
980 CONTINUE
990 CONTINUE
IF (KIP .EQ.2)
WRITE (6.993)
993 FORMAT (33H RECORODED AND RECONSTITUTED FLOWS
1994 ANYRS=NYRS
D0 1011 K=1+NSTA
IF(KIP.E0.2) GO TO 1995
WRITEC(Ee995) (MOLT) eI=1012)
995 FORMAT (/11H STA VYEAR 12[8+6Xs SHTOTAL )

GO T0 19934

1995 Mz1
DO 1999 J=1«NYRS
=g
00 997 Iz1.12
M= Me 1

TEMP =9 (M oK )
CONVERT STANDARD DEVIATES TO FLOWS
TMPZSKEW (T oK}
IF (TMP)2000.2001.2000
2000 TEMPZC(TMP s (TEMP ~TMP/6.) /6 .+ )e*3 -1.182./
2001 IF(GR(MsK) .NFLE) GO TO 992
IFATEMP.GT 22 oo AND. SDIIvK)a GT 0o 3) TEMPZ2.4( T
TMPZ (- 2.1/ SKEWLI oK)
IF(SKEW(IsK)) 991+992+9394
991 IF(TEMP.GT.TMP) TEMPZTMP
G0 To 992
994 IF(TEMP.LT.THP) TEMPZTMP
922 TMP=TEMP *SDUT+K) +AVII+K)
QUMeK) Z10. %+ TMP- DA (I X))
IF (O (MK IaLTa0L) B MeK)IZNL
GM(TI=GR (MWK}
996 IG(T)I=Q(MsK)+.5
a97 ITPZITP+IG (D)
IYRZTYRA +J
IF(KIPEQ.2)60 TO 1999
TF (IPCHO .LELOIGO TO 998
WRITE (7:6) ISTA(K)I«IYRW(IQ( D IZ1s12)
998 WRITE(E+993TSTA(K)oIYRy (TOCD +OMIE)eIZ1e12

qag
1999
[

1000

1001

1002
1003

1004
1011

1012

ARTANCE

1013

1015

) 1052

1055

1057
1060

4
1065
c

1070

THP
1072
EMP-2.) 2.3/ SD (1K) 1

1078

1079
1080
1090
C * =
1091

FORMAT (1X+ T4 +16e18+A1¢2L(I79sAL}.I10)
CONT INUE
* *« «RECOMPUTE MEAN AND STANDARD DEVIATION « « & ¢ * & @
DO 1001 I=1.12
AV (I K )=0,
SDUT+K)=D.
=8}
DO 1003 J=1+NYRS
DO 1002 I=1.12
M=Me )
TEMP —ALOGIG(MsK) +DGL I.K) )
AV AT »K )= AV (I oK ) ¢ TEMP
DI KI=SDITeKIs TEMP +TEMP
CONT INUE
DO 1004 I=1+12
TEMP ZAV(IeK)
TMP= (SD(I+K) ~TEMPe TEMP /ANYRS ¥/ (ANYRS -1.)
SD AT oK )= TMP* #,5¢ 4342945
AV AT +X IZTEMP /ANYRS ». 4342945
CONY INUE
PRINT ADJUSTED FREQUENCY STATISTICS
IF(KIP.EG.2) GO T0 1015
WRITE(6s 3
WRITE(6,1012)
FORMAT (/304 ADJUSTED FRE QUENCY STATISTICS})
DO 1013 K=1sNSTA
WRITE (5¢315) (MO(I)sI=Zkel2)
WRITE (6+¢362) ISTA(K)I«(AVIIvK) +I=1e12)
WRITE (6+364) (SD(IeK}sIZ1y12)
WRITE (6+366) (SKEW(I+K}sI=1s12)
WRITE (6+368) (DGUI«K)eIZ1lrl2)
CONT INUE
* % & ¢ FLOW GENERATION EQGUATIONS = * % * + & & & ¢ & & =
NINDPZNSTA
NVARCNSTA+1
DO 1090 I=1.12
IPzI-1
IF C(IP.LT.1) IP=12
DO 108D K=1e¢NSTA
DO 1060 L=1+NSTA
CORRELATIONS IN CURPENT MONTH
IF (L.GE.K) GO TO 1055
RULsNVARIZRA (I »K oL}
DO 1052 LAZLNSTA
LXZL A+NSTA
IF (LALLTLK) R(LLAYZRACTIsLsLA}
IF (LAWGE.KY RELsLAYZRA(TeLotX)
RULASL }=R(LeLA)
GO TO 1060
CORRELATIONS WITH POECEDING MONTH
LXZL +NSTA
RCLs NVARI=RA (T +K oL X)
DO 1057 LAZL «NSTA
RULLAIRA(IPsLoLA)
ROLASLI=ZR(LeLA)
CONT INUE

CAtL CROUT(RDTRMC,NINDPR)

DO 1070 L=1eNSTA

BETA(T +K oL )=8BLL)

IF(DTRMC.LEL1.) GO TO 1078

WPTTE(E+1072) 1+ K+ DTRMC

FORMAT {34H INCONSISTENT CORFEL MATRIX FOR I= I3.4H
8H DTRMC= FR.3)

DTRMC= 1.

K=I2.

IF (DTRMC .GE.D. ) GO TO 1079
WRITE(Gs7) IeKsDTRMC
DTIRMC=O.

ALCFY(I+K) Z(1.-CTRMCI* 2.5
CONT INUE

CONT INUE

% ¢ x o« GENERATE FLOWS & % & & & & ¢ % & & & & & & & % #
Ja =1
N=D
MA =0

1095 DO 110G K=1+NSTA

1100
c

) o ITP

GPREV(K) =0.

GENFRATFE 2 YEARS FOR DISCARDING
NJ 22
JX =2

L A

*« s 5 x s

- ¥ & & & & & %



ol

1105

11086
5106

3106
3107
1108

1111

1110

1120
1125
3125

1122

GO TQ 5106
N =
WRITE(E:e3)
NN«
IFIKIP.EG.2) GO TO S106 [+
WRITE(6+41106)
FORMAT (16H GENERATED FLOWS)
JXTMP= UX
D0 31D7 KZ1sNSTA
DO 3106 1=1.12
NLG(TeK) =0
AVG(IeK) =O.
SDV{TeK) =0
CONT INUE
CONT INUE
DO 3125 J=JUAWNJ
Mo12%( 1) +1
JXZJ X+l
DO 1125 I=1.12
LELTSY
00 1120 K=1+NSTA
RANDOM COMPONENT
TE MP =R AN (I ARG)
TMP=RAN(IARG)
TEMP Z(-2.# ALOG(TEMP) )2 4.5« SINM 6.2R324TMP )
TEMP =TEMPe AL CF T { 1+ K)
GENERATE COPPEL ATED STANDARD DEVIATE
DO 1110 L=1eNSTA
TMP=QPREVIL)
TIF (L L ToKY TMPZG( My L)
TEMP ZTEMP+BETA (L oK+ )¢ TMP
M G(TIeK)INLG (I KD+ 1
AVG(TeK) SAVG (T oK )+ TENMP
SOVITIeK) SOV II+KI¢TEMP2TEMP
QU MoK} TEMP
BPREV(K) =TEMP C
CONT INUE
CONT INUE
CONTINUE
DO 1130 K=1»NSTA
IF (INJe UXTMPL.GT .DAND K IP .EG. 1)
DO 3126 I=1.12
TEMP ZNLG (I +K )
AVGUIeK) ZAVG I +K )/ TEMP
SDVETeK) SO USDV (I oK - AVGI TeK) s+ 25 TEMP )/ TEMP )% 9,5
IF INLG(I +»K}o.CT .19, AND.KIP.EQ .1) WRITEtE+5126) ISTALK)sMO(I)eAVGI 1o

SEQUENCE NO.s M = MONTH NO.s JX = YEAR NO.

WRITE (64995) (MO(I)eI=1s12)

1K) »SDV (T K}

3126
51286

1123
1174
1126
1127
3128
1128

1129

CONT INUE

FORMAT (4H STAI4.0H
JX I XT NP

DO 31293 J=JAWNY
JXZJIXe ] 4
M- 12+0-11
IF (JUXJLE.O)
ITP=0

DO 1129 Iz1s12
M= M+ ]

MO NT HI 2 7H MEANF6.3+10H STD DEVFS5.3)

60 T0 3123

TRANSFORM T0 LOG PEMRSON TYPE III VARIATE (FLOW!
TMP=SKEW (I ¢K)
IZ=ARS (SKEW(T+K) )+0.9999
IF{TZ.E0.0) GO TO 1176
IF (NLGUIvK) «GTa19) AU MeKI Z{ G MeK) —AVG UL+ K)) /SOV (I oK)
TMPZ ({ TMPs {Q (MK )= TMP/ 6o )/ Ba+l o) 53 —1.)%2./THP
TEMP =( -2 .1 /SKEWC T+ K)
TF(SKEW{TeK)) 1123+112691124

IF(TMD GT. TEMP)ITMP ZTEMP
G0 TO 1127
IFLTMP L T.TEMP) TMPZTEMP
GO Y0 1127
TMP= QI M. K)

IF(TMP .G Te2. <AND.SDCTeK) GTa 3)
TMP= TMP& SD (I ¢K )+ AV (I +K)

O(MeK) =104 *« TMP- D0 (L oK)

JF (O (MK 1alLToDa) GUMyK )DL
IG(TI= QI MeK) 4.5

ITP=ITP+I0GII)

CONT INUE

Io(12)=17P

IF(KIP E£G.2) 50O TO 3129

WRITE (6ell) TSTACKYodXe (IG( T »Iz1+13)
IF(IPCHR JLELDIGD TO 3123

TMPZ2. +(TMP-2. 1% .3/SDUI+K)

3129
1130
1250

1270

1271

1273
1275

[

10
20

30

ag

50
60

70
80

0

WRITE (7+6) ISTA(K) o IX (IO (I)eIT1012)
CONT INUE
CONT INUE
NJ = NYMXG

GO TO NEW JOB
IF (NYRG.LE.O) GO TO 1271
IF INJ.GT .NYRGINJZNYRG
NY RG =N YR 6— NJ
60 TO 1105
IF (NSTA.EQ.1) GO TO 1275
M= 1

DO 1273 JT1+NYMXG

DO 1273 I=1.12

MM+ 1

TEMA=G (M+3)e¢0.50
TEMB=0tMe2)*0.50
IF(TEMA.6T.2.1350) TEMAZ2.1350
IF (TEMB.G6T.2.1350) TEMB=2.1350
Q(Me1) B (Mo 1)+ TEMASTEMS

CONT INUE

RE TURN

END

AFOR IS CROUTsCROUT

SUBROUTINE CROUT (RX+DTRMCeNINDP.B)
DIMENSION B(20)RU1De11) «RXC100 1))

DOUBLE PRECISION R+B+RX
NVAR SN INDP +1

D0 5 J-L+NINDP

DO 4 K=1.,NVAPR

REJeK) RXCJe K

CONT INUE

IF (NINDP .GT.11GO TO 1D
BUEYZR(1+2)V/R(1.1)
DTRMC=B(1)*B (1)

RE TURN

¢ s & &+ DERTVED MATRIX =« = »
DO 2N K=?eNVAR
RUIeK) R (LeXK2I/R(1s1)

DO 6N K=2.NINDP

ITPzK-1

D0 uD J=K.NINDP

DO 3D I=1.1TP

L=K-1

REJsKY R OJoKI-RUJsL) #P (L oK )
IF (J.EG.K) G0N TO ap
R{KedJ) SR (JoKI/RIUKeK)
CONT INUE

00 S0 I=1.ITP

L=Kk-1

RUKeNVARIZR(K«NVARI-R{ L+ NVAR ¥ R{K.1)

R{KeNVAR)I=R(K+NVARI/R(KeK)
* % & ¢ BACK SOLUTION = = * «
BUNINDP) SR ININDP «NVAR)

D0 80 I=2.NINDP

JZNVAR-I

Ix=1-1

BUJ) =R {J+NVAR}

DO 70 L=1sIX

KzJ+L

BUL B (JI-BIK) =R (JeK )
CONTINUE

DYRMC=0.

D0 90 J=1.NINDP
DTRMC=DTRMC+B( 4) *R X( Je NV AR
RE TURN

E£ND

-

.

* e s e

Xk % % 2 e &
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Suggestions for More Efficient Use of the Operating Rule Program

The user may be somewhat bewildered as to the
proper formulation of certain input parameters to achieve
the desired objectives. Therefore a few suggestions are
made for getting started on a computation.

The projected water demand is satisfied by two
components: (1) the natural yield of the system, and (2)
the supplement from the desalting plant. The natural yield
of the system is determined by the program and is not
known beforehand. This makes selection of the trial plant
size somewhat difficult. If the plant size selected is too
small, then even the high yield producing rules fall short
of the required demand. On the other hand, if the plant
selected is too large, the lower yield producing rules
exceed the target demand. In either case, the set of
feasible rules cannot be determined and the computer
time involved is wasted. Experience with the program has

shown that a plant size 1.30 times the required increase in
firm yield is usually near optimal.

To decrease the wasted computer time, a pilot run
should be made utilizing the best information available
about the physical system under study and with the trial
plant size suggested above. Select one or two operating
rules and make a run using two or three periods. If one
high and one low yield producing rule are used, the results
will indicate an upper and lower limit on the firm yield
for the given plant size. Actually, the information gained
is twofold. First, the ability of the selected plant to
produce the required yield can be judged, and second, if
the plant is adequate, information is gained for formu-
lating the operating rules. If the required demand is in the
range of the high yield producing rules, then the lower
yield producing rules need not be considered, and vice
versa. By judicious selection of the operating rules, the
computational effort can be greatly reduced.
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APPENDIX B

DETAILED DESCRIPTION OF THE NO STORAGE
VERSION OF THE OPERATING RULE
PROGRAM AND ITS APPLICATION

Input Data Required by the NOSTOR Program

A. Job identification card. The first card contains
from 1 to 80 columns of hollerith information specified
by the program user to identify a particular job.

B. Specification card. This card contains the para-
meters that control the operation of the program.
Card Definition
Columns

Variable
Name

NPER 1-2 number of periods of generated
streamflow used in the determina-
tion of the required desalting

plant capacity.

number of years in a period.
NPSC 5-6 number of periods of generated
streamflow used in the simulation
for determining costs.

IYEAR 8 specifies the type year used in the
study.

l=calendar year (January to
December).

2=water year (October to Septem-
ber).

IFLOW 10 input option for the historical
streamflow data.

1=monthly flow values are in
cubic feet per second (cfs),
2=monthly flow values are in mil-
lion gallons per day (MGD),

number of modules desired to
build the plant up to its required
capacity.

NMOD 11-12

NSTD 13-14 number of standard deviations to
be added to D for determining the
required desalting plant capacity
(-3 <NSTD < 3).

KIP 16 printout option for generated

streamflow values .

113

I=printout statistics of historic
data and the monthly values of
the generated streamflow for each
period .

2=no printout .

printout option in the simulation
analysis .

I=output a summary by year of
the plant operation.

2=suppress the printout .

KIO 18

C.  Design demand rate and monthly demand co-
efficients.

DDR design demand rate, i.e., end of planning peri-
od demand rate expressed in millions of gal-
lons per day (columns 1-10) .

DC array of monthly demand coefficients

(12F5.0 starting in column 11).

D.  Parameters for specifying the demand growth
function.

KDF 2 specifies the nature of the demand
growth,
1=constant.
2=constant slope, i.e., linear in-
crease with time.
3=exponential function.

CDEM 11-20 design demand rate, used if KDF
=1,

AD 21-30 year zero (intercept) of the linear
demand function, required if KDF
= 2 .

BD 31-40 slope of the linear demand func-
tion, required if KDF =2,

UD 41-50 upper limit (asymptote) of the
exponential demand function,
required if KDF = 3,

WD 51-60 difference between UD and the

demand rate in year zero, required
if KDF =3,



AF 61-70 exponent of e that defines the
rate of growth, required if KDF =

3.

E.  Coefficients that constrain the amount of
water that can be withdrawn.

PSDA monthly coefficients (decimal fractions) ex-
pressing the percentage of the natural flow
that can be withdrawn for consumption

(12F5.0 starting in column 1).

F.  Data required for generating streamflow se-
quences.

(a) Identification card contains hollerith information
specified by the user to identify the data being used. Must
have an A in column 1.

(b) Control parameters (right hand justified in their re-
spective fields).

IYRA 5-8 earliest year of record at any of
the stations for which flows are to

be generated.

calendar month number of first
month of year being used, ex., if
water year is specified IMNTH =
10.

IMNTH  15-16

IMSNG 2324 indicator, any positive number for
estimating missing correlation co-

efficients.

ITEST 31-32 indicator, any positive number
calls for a consistency test of cor-

relation matrices.
39-40 indicator, any positive number
calls for reconstitution of missing
data.

IRCON

number of streamflow stations at
which flows are to be generated.

NSTA 47-48

IPCHQ 55-56 indicator, any number greater
than o calls for output of the

generated flows on magnetic tape.

(¢) Historic streamflow data.

ISTAN 1-6 station number (right hand justi-
fied) .

IYR 11-14 year of record.

oM 15-74 array of monthly flows for year

IYR (12F5.0).

Repeat (c) for each year of streamflow and for each sta-
tion.

(d) Blank card, terminates the streamflow input.
G.  Desalting plant cost data.

(a) Operating load factors.

NOFF 1-2 number of load factors to be used
in the cost analysis.
FACT 6-45 yearly operational load factors ex-

pressed in percent of a year that a
plant or module operates (8F5.0).

(b) Operating and maintenance cost coefficients.

COEF 1-80 multiplicative coefficients for
determining yearly operating and
maintenance costs as a function of
load factor. Either the coefficients
or data from which coefficients
are derived were furnished by

ORNL (8F10.0).

(c) Desalting plant cost equations (constants and expo-
nents).

CNO 1-10 constant in the equation for com-
puting operating and maintenance
costs at zero load factor.

EXNO 1120 exponent of plant size in the zero
load factor operating equation.

CTN 21-30 constant in the equation for com-
puting turn-on and turn-off costs.

EXTN 31-40 exponent of plant size in the

equation for computing the turn-
on and turn-off costs.
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cop 41-50 constant in the equation for com- CCP 61-70 constant in the equation for com-
puting operating costs for load puting capital cost of the module.
factors > 0.

EXOP 51-60 Exponent of plant size in the  EXCP 71-80 exponent of plant size in the
operating cost equations. capital cost equation.
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AFOR »
c NO

1
1onn

1NNl
10ns
10
1006

S
20n0

10
2001

11
12
2002
20n3

20ny

C RE

n

200

IS NOSTORWNISTNF
STOPAGF IMELIMNETATION
COMMOM /2 LOCL /I LBUTS)
COMMAN/RLNCTE 7 MSUM (1D
INCCOP(RY)

COMMON /9LOC7/TY
DIMENSTION DC(12) sPSTACLI2) e MNTHA(] 7)o MM THE(12) 0 DMAX (100) e FLOWCLLtO ) o
TMONTHE LOD) sMID0P (1 7) « SFC IT (50) » ML (SN) « ANCST(SN) 4MODAV (SN +FMT (20)
DATA MNTHA/4HJIAN +4HFF3 ¢uHMAR ZUHAOK , GHMAY +4HJUNE BHJULY »
14HAUG vLHSCPTeudNCT »UHNOY »840EC /

DATA MNTHB/4HOCT +uHNOV +4dDE” oGHJAY o UHFES ,4HMAR 4 4HAPR
14HYAY JGHJUNF o8H JULY» 4HAUG 2 44STPT/

DATA FA/SHOLH o/ sFSK2/GHLDX e /e FT/UHTI1Go /o FF/3UTISe/oFC/2M4 17

READ (5,1000)

FORMAT (804

1 )

WRITE(H«1000)

READ (S +10N1) MPERSNYOWNPSCoI Y AReIFLOW,NMODINSTOWKIP+K IO
FORMAT(3I2)

READ (S+1005) NLP o (NC(T)eT=1,412)

FORMATIF1U.Ls12F5. 0)

READ(So1011)) KDF sCPEM, A0 ¢3ANe ')y Wil AF

FORMAT (I2+3X+FF1N. D)

PEAD(SVIN0NE) (PSDA(INeIZ1412)

FORMAT (12F5.()

WRITE(6420N0) MPER +NYP ¢NPSCy I¥F AR IFLOWICORKIQWKIP

FORMAT (1HD+*N", OF PFRJODS IN ANM YSISZ 'T34/1H +*NO. OF YEARS IN
1EACH PERION=*T3+/1H +*NO. OF PERICDS TN COST SIM=*I3s/1H *IYEART®
212/ 1H o *TFLOWZTTI2+/1H o+ *PESIGN CEMAND PATEZ'F7.0e¢/1H »*KIO="12+/1
3JH «*KIP=*I?)

GO TC (10+11)+IYEAP

WRITE(Be20131) (MNTHAII)sI1412)

FORMAT (1H40+27X+12A46)

GO YO 12

WRITF(Re21INLY (MNTHR(I)eT21412)

WPITF(Re?20u2) (DCCIYeIZ1e12)

FORMAT (1HO.*PFMAND CNTFFICTENTS *5Xe12FR.?)

WRITE(Ee2003) (PSCALIY»TZ1e12)

FORMAT (1HN,»"STRTAM DIVERSINAN ZOFFF . 9,12F6.3)

WRITE(Rs2N0DY) KOFyCFMy AN 20, AF

FORMAT ({1HO+"NCYANT FUNCTION "G TA'/1H +*CODET"T24SXCPEM=FE LD «5X
18Dz "FBalle SX PN *F U ToSX UNT F AN X" WDZ FE.NsSXYAFZTFR.3)
FMT(1) =F A

FMT(2)=F T

FMT(3)=FT

FMT(u) =F SKP

Jz=s

DO 15 IzZ1eNMOD

FMT({J) =FF

Jod+

CONT INUE

FMTCUY F T

FMT(J+1) =FT

FMT(J+2) =FT

FMT(J+3) =FC

TARG =732 53]

0% 3N NT1NPFP

NYG=NYP

CALL GNFLOINYGWKIPWTFLOWSTYF 22 )

TUPN FOOM GNFLO WITH NYP YEART OF MONTHLY FLOWS IN MaG.0G.

TMAX zZQ,

Mz )

D0 75 J-leNYP

Co 20 I=1.12

Mz M+ 1

DZDOR*NC (I)-0( My 1) »PSNAL T

IF(D.LT.TMAX) GO TO 20

T™AX =D

MX ™

Ix=I

CONT TNUE

CONT INUFE

DMAX (M) TMAX

FLOWI(N)IZA(MX 1)

MONTHON) ZTX

CONT IMyE

WRTTFE (Be 20500}

FOPMAT (LHL»* ™AX D 2T LY

SnMmz It

ToKOIMEA) o KOFF (S0) »MYFAP £10) sNMCDOCID)

WRITE(Re20010) DMAX IN)«FLOWIN I, MONTHI{N)
2010 FORMAT (IR +27]5.2.T1M
SDM=SOM+OMAX (N}
SOMS ZSDMS+DMAYX (N )« IMAY (N}
35 CONTINUE
DMAXRZSOUM/NCFR
STD=SQRT ({ SOMS-STM+SOM/NPFR) /INPER-1))
WRITE(6¢2020) DMAXE.STD
2020 FORMAT (1HOW"MEANZ*F7.2, INX*S TANOACD DFVIATIONZ'F7.2)
CAPT ZNMAXB +NSTD*STD
KAPM =C AP T/NMOD +1}.99°
WRITE{6+2011) KAP™
2011 FORMAT (1HO+*CALCUL ATER MONULE SIZE='IS)
€ DETERMINE THE MANUL &° CONFIGURATION WITH RESPECT TO TIMF
MYEAR(1) =}
NMODO(1) =]
FYWO =NDR-DMAXR
NM 1
N=D
DO SO J=1eNYP
IF{NM.EQ.R) GO TO 49
KzJ+1
YO=DEMF(KDF Ko COFM ANy BD +UD v WN+ AF)
KFLAG=1
TEMZFYWO +NMe« KAPM
IF(YD.LT.TEM) GO TO 49
TF (KFLAG tEQ.1) NZN¢1
KFLAG=2
NM INM+ 1
MYEAR(N) =J
NMODO(N) =NM
GO YO ub
&9 MODAVE J) =NM
S50 CONTINUE
C OUTPUT THE MODULAR MNSTRUCTION SCHFDULT
NMC=N
WRITE(Ge2040) (MYFARIN)} NMONDP(NI+NZLsNMC)

[

o

2040 FORMAT(1HO,"MODULAR COMSTRUCTIGN SCHFNULE®/1H40.°YE AR OF PERION'10X

1*™MODULFS IN CPEPATION®// (11Me25X+17))
AVCST=0.

1Y =79853})

DO 150 NZ1+NPSC

C SIMULATE OPFRATION TO OBRTAIN THE COST sesvesssesesrs st srsavonenssssns

ND =0
DO S5 UZ1.NYP
KONU J} =0
KOFF tJ)=n
D0 S4 t=1.10
MSUM (L JIZ0)

4 CONTINUE

55 CONTINUE
NYG=NYP
CALL SNFLOINYGIKIP+TFLONSTYE 0R)
MODOP(1) =0
L= §
DO 95 J=1eNYP
DO 25 Iz1e12
MZMe ]
DD =DFMFIKDF s JeCOFM AN RD4UD,yWwN o AF) «DC(T)
MODOP(TI+1) =0
0=DD-0{Ms11+PSDACT)
TFID.LT.0.) €0 TO B85S

C DETERMINE THE NUMBER NF MODULES HMEZDT0 T PREVEMT A DEFICIT

TEM= D/ KAPM
KTEM=TEM
FM-TEM XK TEM
TFAFMLGT at)ul) KTEMZKTE Me)
MODOP(I+1)=KTFM
TIF IKTEM.LE LMONAV UM GO TN 85
ND=ND+ 1
AVZMODAV {J)*X8PM +Q( Mel) #PSPACTY
DFCIT(NDIZND-AYV
MMDIND )= M
MODGPET+1) zMCN AV (U}

RS CONTINUE

€ SUMMAPI?E THE OPFRATION FO2 THE YFAR

MMAXZMGCO02 (2)
Do A 1=2.13
KZMOTPOP(TY-MCOOP (T ~11)
IF (K .EN.1N. AND.MODRF(T).EG.) £0 TO ar
IFIK.LT.0) G2 TO 8%



-

KON{J) KON (J V=K
FO TO 37
26 KOFF (J)ZKNFF (J)-¥
27 KK=MOPOP ()
IF (KK.LE .MMAX) GO Tr 23
MMAX oK K
89 IF(KK.EQ.N) S0 T9 9n
N0 B2 LZ1.KK
MSUM (L +J )ZMSUMIL vJ )+ 1
R 8 CONTINUE
90 CONTINUE
MODOP( 1) =MODOP {1 3)
NODG P J) =MMaX
CONT INUE
CALL COST(NYP,UACIKAPHM)
IF(KINLEQ.?) 6O TO jue
C OUTPUT THF SUMMARPY N TH MODULE APERATION
! WRTTF(5.2021) N
2071 FORMAT (1H1+*APERATION OF THE “0DULAR PLANT FOR PERIOD NO.'13v/ /)
00 1060 J=1.NYP
WRITE(GeFMT) JoMODAV(J) s (MSUM Led)sL=1sNMOD) +KON (U)o KOFF (J) +NODOP
1100
1IN0 CONTINUE
WRITE(6+s2022) NMOD
2072 FOPMAT (1HN.*COL. 1 IS THE YELR*/1H ,'rOL. 2 IS THE NUMBER OF MODUL
1ES AVAILABLE*/IH +*THE NEXT*TI, " COLUMNS ARE THF NO. OF MONTHS THA
2T EACH MONULF OPERATFD®/1H o °*THE LAST 3 COLUMNS ARF THE MOCULF TUR
IN-OM. TURN-OFF, ANG NO. OPERATES) PESPFCTIVELY ')
IF(ND.EG.O) GO TO 149
WRTTF(6s2023) NDoNe{DFCITOL) MMDIL JoL =) oND)
2073 FOPMAT (1HA+* THERE WFOF*[3,2X NEFFRITS TN PERTOGC'I3/1HOs
L *AMOUNT MONTH OCCUPED® /1H + (F5.2,14X13))
149 ANCSTN) U AC
AVCST=AVCST+uAC
158 CONT INUF
AVCST=AVCST/ZN
WO ITE(Ge2024) (ANCST(N).NZ14NOSC)
2074 FOPMAT (1HD.1NF12.01)
WRITE(6,2025) AV CST
2075 FORMAT (IHD.*UNIF ORM ANNUAL COST=Z'F12.0)
sToP
END
AFOR.IS COSTHCOST
SUPROUTINE COST(NYP.UACIKAPM}
COMMON /BLOCB/ MSUM{IN+S0)+ KON SU) «KOFF (50) +MYEAR (10} sNMODO (100 »
LNODOP(50)
DIMENSION COTF (1) «FATT(10)
DATA KENT/1/eA71He 7 oF/ 2H on /
REAL TNT
IF (KENT.EQ.2) G0 T0 10
KENT =2
PEAD (5+1N30) NOF Fo (FAFT( Ul o J 1o NOFF)
PEAD(S+1601) (COEF (J1eJ=1eNOFF)
1000 FORMAT (I243XsRF5.0)
1901 FORMAT (BF1D.0)
PEAD (5510011 CNNsEXNOLCTNGEX TN, COPLEXNP+CCPoE XCP
CAPCCPsKAPMasEXCP
READ (S ,1002) FIX+INTW.DSLF
10n2 FORMAT (3FiN.M)
[+ QUTPUT THE COST DATA
WRITE(6+2000) NSLF
2NN0 FORMAT (1HOWYCOST DATA FOR A ESION LCAD FACTOR OF*,Fu.Q)
WRITE(Be2N01) (FAT( »JZ1.NCFF)
WP ITE(Be2101 1 (COEF (U)o JZTaNOFF )
2001 FOPMAT (1HOD.*OPERATING LOAC FACTOPS ADFT*8F17.0)
2101 FORMAT (1H +*THE ONST COEFF ICIENTS ARF *&F12.7,//)
WRITE(Be2002) CNOsAsFeEXNC
2002 FORMAT(1HN."FQUATION USED TN TH COST FOMPUTATIONS'/1HOs*OPER. AT 7
LERO LNAR FACTORT 1AX*FOSTZ F8 .y 414 %S *A2 4 F Gul4)
WRITF(6+2003) CTNeAsFeEXTH
20N3 FORMAT (1HO* TURN-ON AND TURN QFF*15X*COSTZ"FR.MsAle TS A2,FR.4)
WRITE(G+2000) COPsAsTsEXOPA
20Nu FORMAT (1HOW"OPERATING AND MATNTFNMANCE * QX 'COSTI'FR.DsALe*S*A2,FR.
14sAlerCtI) ")
WPITE(Re2A05) CCO» 84 F EXCP
20N5 FORMAT {1HN.*CAPITAL fOST IN “[LL. § ‘'1OUX'COSTZ"FR.0,A1+'S"A2.Fb.4
1o/ /1H WPWHEPT € IS THE MORULT OR THE OLANT STZF AND CUI) IS THE IN
PTERPALATFS COEF, %/ /)
WRITE(Re200E) FIXsINT
20NE FORMAT (1HUW"FIXF D CHOOGE OATEZ'FR.2,10X*DISCOUNT RATFZ'FE D)
10 S=n.

q

»n

PWuTH=0O.
I=1
DO 4B J-1leNYP
IF(J.NE.MYEAR(IN) GC TO 15
NOM=NMODOC(T)
CAPTF=NOM« CAP«FIX
I=Te1
15 CSTOP=(.
M=NONOPL J)
DO 20 L=1eM
OLF=MSUMIL,»J)}/12.0*1030.0
IFIOLF L T1.5.06) GO YO 25
DO 16 K=1eNOFF
IF(OLF.LT.95.0) GO TO 12
C=COEF (NOFF)
GO To 17
13 IF(OLF .GT.FACT(K+1)) 6GC TN 1F
FRAC-({OLF-FACT(K)) /{FACT (X +1)FACT (K))
C=COEF (K)+FRAC*{ COFF (K +1)- COFF tK))
GO TO 17
16 CONTINUE
17 CSTOP=CSTOP+COP+ KAPM ¢ EXOP oC
20 CONTINUE
25 NMNOP=NOM-M
S=NMNO P+ KAPN
CSTNOP =0 .
IF (NMNOP .EQ.DN) GO TO 26
CSTNOP CNO*S+s EXNO
26 CTURNS (KON (J)I+KOFF (J)) /2.8 CTNRKAPM#xFX TN
DFAC =1 .0/((1.0+INF)eng)
PWTH =P WTH+ (CSTOP +CSTNDP+ CTUR N+ CAPT C) «NFAC
40 CONTINUE
Fz1.0/0F AC
UACZPWTH*INT*F/(F-1.M
RE TUPN

AFOP IS RANSRAN
FUNCTION RAN (IARG)
COMMON/BLOCZ/TY
DATA TIxs07/
IF (IARG.EN.IX) GO TO 3
IXIARG
Tr=Ix
TY=IY«262147
TIF(IY.LT.0) TYSIY+34759733367+1
RANZ=
RANZRAN= .29IN%83E-10
RE TURN
END
AFOR +IS DEMF +DEMF
FUNCTION DEMFILeJYsCoBsRsUsWeAF)
GO TO(1e2e3) L
1 DEMF =C
60 Tn 5
2 DEMF -A+BsJY
G0 TO 5
3 DEMF ZU-W*EXP (- AF #JY)
S RETURN
END
AFOR IS GNFLOSGNFLO
SUBROUTINE GNFLO(NYRGKID, IFL"WeIYEAD)
4 FIVE STATION VERSION NIMFNSIMNED FOR 50 YEARS
COMMON /BLOCA /G (601+5)
DIMENSION ALCFT(12+5)+AVI(12+5 +BETAL12+5+5)009(12¢5)+168(15)
LISTA(S)eMOU12) sNCASE12+5)sNLOG (1245)» OM{12) +QPREV(10)»
PRUT0*11) +RAI1295+10) ¢SDU12+5)eSKTW(13+5)+S0A{12+201+SGBC12+10)
3SUMA€12+410)+SUMB (124 1C)eX(10B)+XPABIL? 4100 4 NLGU]Z2+S)sAVGLL2
4e5)oSDVIL2+5S)0AA(1205+10)¢8B(12+5¢10)9ACI1I0) #+BI20) +GR(601+5)
c 23-C*-1L267 MONTHLY STREAMFLOwW SIMULATION HECs € OF E» USA B8-186-67
C INDEXES I-ZCALENDAP MONTH JZYEAR WISTA L=RELATED STA M=SUCCFSSIVE MONTH
c

w

DOUBLE PRECISION R.R

DATA LTRAZ/IHA/ +BLANK/LH /0E/IHEZ sKFNT/ 1/
NY MX G= NYRG

IF(KENT.EQ.2) GO Tr 1091

KENT =2

KSTAZ=S

TARG=79P 531

Cz.UONU3ISEe7 .08

KYRz SN

KM K YR e]17241



8l

“

IENDF=D Mz M+

1065T=0 17=0M( 1)
1 FORMAT (1X4I74918} IF(IZ.EQ.-1} GO TO 120
2 FORMAT (1 XoA3eQAU,10AY) NLOG (I +K)=NLOGII ¢K2¢1
3 FORMAT (1K) C CONVERT THE FLOWS TO MGD
4 FORMAY (I6e4XsI4,12FS.0) 60 TO (5N6+507).IFLOW
6 FORMAT (1XeI3eI4+1216) 506 GMIII=OM(I)* .AU6317
7 FORMAT (1XeI3+TU4+12F6.3) GO YO0 sD7
WASTE CARDS UNTTL AM A IMN COLUMN 1. FIRSY TITLE CARD 507 DGI+KI=ZDQ{I+KI+QMI(I)
10 READ(5412) TAe(Q{Me1)eM=1420) GUMsK) ZOM(T}
IF (TA.NE.LTRA) GO TN 10 120 CONTINUE
TF(TENDF .GT.0N) GO TO 1271 G0 TO 75
IENDFZIENDF+1 130 NSTAASNSTA+)
1T FORMBT (1H +I4sI6+12T8.1I1M IFINYRS.GT.KYR) GO TO 20
12 FORMAT (A1.,A7,924,10A4) NSTAXZNSTASNSTA
WRITE(Ge ) €C =+ » & » & &« COMPUTE FREGUENCY STATISTICS & & # & & « s # » # & & & & & * % &
TF(KIP .E£Q.2) GO TO 13 GO TOU131+316)4+KIP
WRITE(E.2) (O(MesLYeM10201) 131 WRITE(&y314)
13 READ(S+1) IYRALIMNTH IMSNG+ITF ST.IRCONSNSTA,IPCHG 314 FORMAY (/21H FREQUENCY STATIST ICS)
ITMP ZTRCON+NYRG WRITE(Be 315 {MO(T}»I=1e12)
IF(ITMP.GT.UYGO TO 30 315 FORMAT (/14H STA ITEM I7.1118}
GO TO 10 c MISSING FLOW PRECED ING FIRST RECORD MONTH
20 WRITE (6.+25) 316 DO 317 K=1sNSTA
ST oP QlleK} =T
?5 FORMAT (/19H DIMENSION EXCEEDED) 317 CONTINUE
I0 IF(KIP.EQ.2) GO TO u? DO 821 K=1+NSTA
WRITE(G.40) 318 DO 320 I=1+12
40 FORMAT (1HO+*IYRA IMNTH TMSNG ITEST IPCON NYPG NSTA IPCHG NYMXG® AV (I+K)=0.
1 SD(I+K)=0.
WRTITE(Ged4l) TYRAWVIMNTHIMSNGsITEST+IPCONseNYRGINSTA2IPCHR«NYMXG SKEW(I+K)=0.
4t FORMAY (2016) TEMP -NLOG(I+K}
SET CONSTANTS DO (I +KIZNQ (I oK )e .012/TEMP
42 7299939999, IF(DQ(TeK) L Te .01 DOEToK )= .01
™T-1.0 320 CONTINUE
IYRAZIYP A~ 1 Mz 1
TMNTHZ IMNTH-1 DO 35N J=1sNYRS
00 S50 TI=1.12 D0 340 I=1s12
ITMP K ST A#2 M= M+ 1
DO 46 K=1+KSTA IZ=0 (MK )
DO 45 L=1.ITMP IF(IZ.FG.-1) GO TO 330
AA (T oKl }=0)e [ REPLACE FLOW ARRAY WITH LOG ARRAY
45 AB(I+K.L)=0. TEMP ALOG{OG(M+K) +DO( T+KY I/ 2. 2026
46 CONTINUE GUMeK) STEMP
MO (T }=IMNTH+T C SUMs SQUARES. AND CUBES
IF (MOCI) .LT.13)GC TO 50 AVII oK IZAVII WK+ TEMP
MO (I I=MO(I)-12 SOAIsKI=SOUI+KI+ TEMPTEMP
S0 CONTINUE SKEW(TsK I=SKFW (LK )+ TEMP «TEM P+ TEMP
S8 NYRS:-O GO TO 34D
00 70 K=1+4KSTA [ MISSING FLOWS EQUATEL TO T
ISTA(K)=1000-K T30 QU MeK) =T
INITIATE -1» NO RECOPD FOR ALL FLOWS 340 CONTINUE
DO 60 M= 1eKM 350 CONTINUE
A0 O(MeK) =1, DO 360 I=-iet?
D0 €5 IZ1.12 TEMP INLOG(T oK)
N OG (I +K)I=D TMPZAV (I WK)
DO (T eK)=0. AVATI+KIZTMP/TFMP
65 CONTINUE TIF(SD(JeK) .LEL.D. }GO TO 355
70 CONTINUE TMPA =SDUI+K)
# = % = * +« READ AND PROCESS 1 STATION-YFAR OF DATA # * * * & % » % & % % * & SDATSKIZ(SDUT oK) -AVITIoK) #THMD )/ (TEMP-1.)
NSTAC-Q SDAI+KIZSD(IsK I, 5
TS READ(S,4)ISTANSIYR»(QM(I)eIZ1s12) SKEWC(IsK)I=Z(TEMPY TEMP sSKEW( Io ¥} ~3.# TEMP +TMP *TMPA+ 2, +TMP *TMP*TMP)
BLANK CARD TNDICATES END OF FLOW DATA 1/CTEMP s(TEMP -1.) s( TEMP -2,) «SD({ 1+K) 2¢3.)
78 IFCISTAN.LT.1160 TO 130 IF (SKEW(TeK)a6T 5.0 SKEW( TeKI =5,
IF(NSTA.LT.1JGC To 9pn IF (SKEW(IsKI LT ol ~-5.)) SKEWITeKIZ(~5.)
ASSIGN SURSCRIPT TO STATION 60 T0 360
D0 A0 K=1+NSTR 355 SD{I.K)=0.
TF (ISTANLEGL.ISTA (KNI GO TO 100 SKEW (I K )I=0.
R0 CONTINUF 350 CONTINUE
90 NSTAINSTA+] C * s * « 2 % QUTPUT FREQUENCY STATISTICS * ¢ # * % ¢ % ¢ & 2 % % % % »
K=NSTA TMPZSKEW (12+K)
TSTA(K)IZISTAN SKEW(T 3¢ k) =SKEW{ 1K)
ASSTGN SUBSCOIPT TN YEAR G0 TO(3R1s421) eKIP
1008 J=IYR-IYRA 301 WRITE(Ge362)TSTAUK) o (BAV(I+K) o1 =1412)
TF(NYRS.LT .JINYRSZJ 362 FORMAT (/16 +8H MEAN 12F8.3)
IF (J.GT.016G0 TO 11C WRITE(Gs364) (SCLTeK) s T121e12)
WRITE {6,L0S)TYR 364 FOPMAT(TX+THSTD DEV 12F8.3)
INS FORMAT (/18H UNACCFPTARLE YE&™ [S) WRITE(Es366) (SKEWITeK)sIZ1,12)
STOP 36E FORMAT (10X +4HSKEW 12F8.3)
STOPF FLOWS IN STATICN ANG MONTH ARRAY WRITE(6y368) (NI TeK)sTZ1s12)
110 M=ge12-11 368 FORMAT (8XEGHINCRMT F7.2,11F8.2)
0C 170 T=1.1? 471 CONTINUE



6l

C

.
uyp

4s 0

a6
u70
us80
490

sa0
510

s15
520

530
540
550

550

570
575

* *+ &« = » TRANSFOPM TO STAMDARUIZER VARTATES + » * » %
DG 490 K=Z1eN<TA

Mz

D0 48R0 J=Z1eNYRS

00 470 I=1.12

MM+ 1

IF (O (MeK )BT .TM) GO T~ 470
I2=S0CT+K) +0.°99
IF(TZ.€G.0) GC TO 460

QUMK Z(B(MeK)-AV(TI oK) }/SOUI &K )
PFARSON TYOF ILI TRANSFORM
T2 ZARS (SKEW{T+K) )¢ (.9239
IF(IZ.EQ.D) GO TO 470
TEMP . 5% SKEW (T oK )% QU MyK) +1 .
TMP=1.
IF(TEMP.GE.N.)CO0 TO 150
TEMP =~ TE MO
TMP= -1 .
GEMeKIZ6E o« (TMP*TEMPx 2( 14 734) -1} /SKEWE ToK) +SKEWL T K} /6o
60 TO0 470
G{MeK) =0
CONT INUE
CONT INUE
CONT INUE
# % % ¢ +« COMPUTE SUMS OF SOQUARES AND CROSS PRODUCTS =
DO €00 KZL+NSTA
KX 2K +1
DO SIN L =KXsNSTAX
DO 500 I=-1.12
RA (T oK oL ) ~4.)
SUMA(TsL)=0.
SUMB (T L )=0.
SGA(T.L) =0,
SeetI.L) 0.
XPAB(I»L)=0.
NCAB(I«L)=D
CONT INUE
D0 520 I=1s12
DO S15 L =1+K
NCAB ([+L )= -1
RA(I WK +K)I=1.
Mz 1
DO S50 JZisNYRS
DO 540 T=1.12
Mz Me 1
TEMP =@ (MK }
IF(TEMP.GT.TM) GO TO 540
DO S30 L ZKXeNSTAX
SUBSCRIPTS FXCEEDING NSTA QRELATE T0O PRE CEDING
LY=L -NST A
TIFILXaLTa1) TMPZQ( ML)
TF (L XaGT .0) TMP=ZQ(M-1.LX)
IF(TMP .GT.TM) GO IC 530
COUNT AND USF ONLY PFCORDER PAIRS
NCAB (L +L )=NCAB (It )+ 1
SUMA LT oL J=SUMA (T »L 1+ TF MP
SUMB (I +L }=SUMR(T +L )¢ TMP
SOACTeL) ZSOA (T +L }+ TFMPTEMP
SOR{Tel} ZSABIT+L I+ TMP+TMP
XPAB (T «L )ZXPAB (T ot )¢ TE MP 2T MO
CONT INUE
CONT INUE
CONT INUE
* * * « o COMPUTE CORRFLATION COEFFICTENTS + * » * * &
DO =98 TI:=1+12
TFINGSTLLELD) GO TO 575
WPITE(E+S56NIMO(I I+ ISTA(K)
FORMAT (/39H RAW CORRTL AT JON (HEFFICTENTS FOR MONTHI3, 1}
1 JONIE)
WRITEC(GeSTON(TSTACL) oL Z1eNST QY
FORMAT(SH WITH STA I13,11T101}
D0 580 LZKXeNSTAX
ELIMINATE PAIRS WITH LESS THAN 3 YRS DATA
IFINCAB(TIsL}.LE.2)CC TO 580
TEMP CNCAR(T L)
AA (T o¥ oL )T SUMALTI «L )/ TF MP
AR (T oK oL D2 SUMR (I SL )/ TEMP

TMP= (SGA (T oL )= SUMA (T oL )% SUMA(LL M/ TOMP )% (SGA(T 4L }-SUMB(I L )*SUMB

1L LY/ TEMP Y

ELIMINATE PLIRS WITH ZFRN VARPJIANCE PRODUCT
TEAT¥P LLE.NJIGC 6 T2

v ok o a

« * ®

MONTH

« % % &

.

.

2H AT STaAT

ok x % % & &

. 5

58

590

59

597
598
600
612

870
880
885

9z

-

a2

933

934

o

w

TMPB=1.
TMPAZXPAR{T+L)-SUMACToL) *SUMHI 1oL ) /TEMP

QRETAIN ALGERRAIC SIGN
IF(TMPALLT .0.) TMPE =~ TMPR
TMPACTMP A« TMPA /T MP
TMPAZL o~ (1.-THMPA Jo (TEMP-1.)/ (TEMP-2,)
IF(TMPALLT.0.)TMPA =0,
RAIL +K oL I=TMPS ¢ TMP Ax s, 5
IFAL .GT.NSTA) GO TO &on
RA(TSL oK J=RA (T +K oL )
AA (T L oK )= AB{I +Kel)
AB T oL oK IZAA(T +KoL)
CONTINUE
IF(IDGST.LE.D) GO TC S96
WRITE(6+590) (NCABIT+L)+RACTeKeL)oL ZLeNSTA)
FORMAT {12H THIS MONTH 12( I4+w6.3))
WRITE(6+595) (NCABUIoL) sRACTeKoL) oL SNSTAALNSTAX)
FORMAT {12H LAST MONTH 12( 14+ 6.31)

ELIMINATE NEGATIVE CORREL AT IONS
B0 S97 L Z1«NSTAX
IZ=RA(T+KyL)
TF(RA(TeKeL) oL T 0 JAND.IZ.NE -~ 4)
CONT INUE
CONT INUE
CONT INUE
TEMP -0
IF(IDGST .LE.M GO TO /85
WRITE(6.3)
¢ ¢ & ¢ PRINT CORRELATION MATRIX * * + % « % = ¢ & * ¢
DO 880 I=1+12
WRITEC(6+820) M0 (I)
FORMAY (7 74DH CONSISTFNT CORRE.ATION MATRIX FOR MONTH I3)
WRITE(B¢825) (ISTACK) ¢KZLsNSTH)
FORMAT {/3Xs3HSTA 1817)
WRITE(6s830)
FORMAT (20X«19H WITH CURRENT MONTH)
DO 840 K=1sNSTA
WRITE(6+850) TSTACK)»(RA(IWK L JsLT14NSTE)
FORMAT (I6+18F7.3)
WRITE(6+860)
FORMAT {20X38H WITH PPECEDNING MONTH AT ABOVE STATION}
ITP=NSTA+1
DO 870 K=1leNSTA
WRITE(Gr8SOIISTA(KIo{RALToK L) »L=ITPyNSTAX)
CONTINUE
IF ({IRCON.LE.D)
WP ITE({Be D)
M1
NVAR N ST A+

USE AVERAGE FOR MONTH PRECFMING RECORD
D0 931 K=1sN<TA
0t 1eK) =0.
DO 29 J=1+NYRS
DO 980 I=1s12
Mo Me 1
DO 970 K=1sNSTA
OR (M+K )= 9L ANK
TF (G (MK 1o LT THM)
NINDP=O

RACTI+KeL)=0.

GO Tn 1015

GO T0 970

FORM CORRELATYON MATRIX FOR EACH MISSING FLOW
DO 950 L Z1sN<TA
LX L +NST A
IFIL-K} 334,9324933
NINDP=NINDP+1
XUNINOP) =0 (M-1,L)
ACINTINDP IZAB(I oK oL X) -AA( TeKoLX)
RULeNVARIZRA (T +K oL X)
60 TO 935
TF (O (ML ) GT . TH)
NINDP=NINDP+1
XONINDP) 20 (Mol )
AC(NINDP )= AB(T sK oL )- A8 (1K oL}
RININNPsNVAR)I=RA (L eXoL )
ITP=NINDP
ROEITP,ITP) =1,
DO 94N LASLNSTA
IF(LA.EG.L) RO TO Qw0
JXTLASNSTA
IFIL.EG.K) GNP TO 234
TEAO (ML A) JGT. TM.AND L AL N K ) GO TO 94D
ITPZITP+)

G0 T0 950

£ & & 5 6 & & ¢ 0



114}

TFALA.EQ KIRININDP»TTO IR (T oL » UX) AV (ToK)IZAVIT oK )¢ TEMP

IF(LACNE KIR(NINDP s TTP )ZRA(T oL oL A) 10102 SDUYsKI=ZSDIL +X J+ TEMP 2T EMP
GO TO 939 1003 CONTINUE
936 IF(Q(M.L AY.GToTM) GO TO 94U 0O 1004 I=1.12
ITPZITP+1 TEMP ZAV(I«K)
R{NINDP, ITP) =R AL T+LANL X) TMPZ (SDCT+K) ~TEMP« TEMP JANYRS ¥/ (ANYRS -1.)
ADD SYMMETRICAL ELEM NTS SD(T+KIZTMP=+.5% 4342945
9T9 R ITP,NINDP) =R (NINDP.ITP) 10Nn4 AVTI+K)I=TEMP/ANYRS», 4342945
o940 CONTINUE 1011 CONTINUE
950 CONTTNUE c PRINT ADJUSTED FREGUFNCY STATISTICS
TTHMP N INDP +1 IF(KIP.EG.2) GO TO 1015
00 952 L =1NINDP WRITE1G. 3)

952 RULeITMP

RULoNVAR ) WRITE(6+1012)

1012 FORMAT (/30H ADJUSTED FREQUENCY STATISTICS)
DO 1013 K=1,NSTA
WRITE (6+315) (MO(T)I+I=1412)

ADD RANDOM COMPONENT TQ PRESFRVE VARTANCE WRITE (6+4362) ISTA(K)+(AVIIeH) vIZ1412)
TE MP =R AN (I ARG) WRITE (6+364) (SDITeK)sIzZ1,s12)
TMP-RAN(IARG) WRITE (Re366) (SKEW(TeK) T=Z1012)
TEMP =( -2+ ALOG(TEMP) }# 2, S« ST M E.? A3 2+TMP) WRITE (6¢368) (DO{TeK)oIZ1s12)
COMPUTE FLOW 1013 CONTINUE
IF (DTRMC.LE.1.. ANDL.DTRMC.GE .0.) GO TO 955 C s s * &« & &« FLOW GENERATION EQUATIONS + % % & * & & & » & s & & s & & & »
WRITE (6+7) TeKeOTRMC 1015 NINDP=NSTA
IF (DTRMC.GT.1l.} DTRMCZCL. NVARNST A+l
IF (DTRMC.LT.0.) DTRMC=QA. D0 1090 I=1.12
956 AL =(1.-DTRMC)*=*.5 IP=I-1
TEMP ZTEMP=* AL IF (IP.LT.1) IPZ12
DO 960 L =1+NINDP 00 108D K=1+NSTA
960 TEMP ZTEMP+B(L) s( X( L) -ACIL) ) DO 1060 L=1+NSTA
OUMeK) ZTEMP c CORRELATIONS IN CURRENT MONTH
OR {MeKIZE IF tL.GE.K) GO TO 1055
970 CONTINUE RELeNVARIZRA(I oKt )
980 CONTINUE DO 1052 LAZL.NSTA
990 CONTINUE LXZL A+NSTA
IF(KIP EQ.2) GO 70O 1994 IF (LA TaK) R(LWL A ZRACTsLoLA)
WRITE (64993) TF (LA LGELK) R(LLAIZRACIsLoLX)
993 FORMAT (334 RECORDEC AND RFCONSTITUTED FLOWS) 1052 RULASLI=R{LeLR)
1994 ANYRSZ-NYRS GO YO 1060
DO 1011 K=1+NSTA c CORRELATIONS WITH PRFCENRING MONTH
IF(KIP.EQ.2) GO TO 1995 1NS5 LXZL +NSTA
WRITE(6,935) (MOTT)sI=1412) ROLe NVARDIZRA (T +K oL X)
995 FORMAT {/11H STA YEAP 12I8+F¥, SHTOT AL ) DO 1MNS7 LACL.NSTA
1995 M2 R(LsLAI=RA(IP,LoLA)
DO 1999 J=1+NYRS 1057 ROLASLIZRILsLA)
1TP=n 1060 CONTINUE
D0 997 I=1+12 c ===
M= M+ 1 10fS CALL CROUT(R+DTRMC+NINDP «B 1}
TEMP =G (MyK) c ===
CONVERT STANNARD DEVIATFES TC FLOWS DO 1070 L=1+NSTA
TMP=SKEWI(IsK) 1070 BETA(I KoL IZB(L}
IF(T™P 200020012000 IF(DTRMC .LE.1.) GO TO 1078
20N0 TEMP S{ (TMP*{TEMP -TMP/6.) /Getle )*+3 —12)42./THP WRITE (6+1072) I+Ke DTRMC
2001 IF(BR{MeK) .NE.E) GO TO 9°2 1072 FORMAT (34H INCONSISTFNT CORFEL MATRIX FOR Iz I3.4H K=I2e
IFATEMP.GT a240 ANDa SNHT K)o 6T oo 3) TEMOZ? . +(TEMP-2.) ».3/SDITWK) 1 8H ODTRMC= FB6.3)
TMP= (= 2. )/ SKFW (L +K) DTRMCZ 1.
IF(SKEW(IeK)) 991+.382,994 1078 IF(DTRMC .6E.O.} GO TO 1079
991 IF (TEMP.GT.TMP) TEMPZTMP WRITE(Gs T) ToK+DTRMC
G0 TO 992 DTRMC=0.
994 JF(TEMP,LT.TMP) TEMPZTMP 1079 AL CFTUTeK)=(1.-DTRMCI*+,5
992 TMPZTEMP «SD{I+K) +AVIIsK) 1080 CONYTINUE
G(MeK) Z10. %« TMP-DB (1K) 1090 CONTINUE
JF (3 (M KD LT.D.) G (MyK )DL €C * & » % o« « GENERATE FLOWS * & % & % % 2 % % % % & & & % * & % &« & & & ¢ &« &
GM (T 1=0R (MsK) 1nN91 vacl
996 IO(I)I=G(MsK)+.5 Nz O
997 ITPZITP+IG(I) MA =0
TYRZTYRA +Y 1095 D0 1100 K=1eNSTA
IF(KIP ,EQ.2) GO T0O 1999 1100 GPREVIK) 0.
IF(IPCHO.LE.OYGO TO 998 c GENERATE 2 YFARS FOP DISCARDING

WRITE (T7+6) ISTA(K)I»TYRP (IO »IZ1+12)
Q38 WRITE(G+493D ISTAIKI+IYRY(TQE D +O¥(T¥oI=1e12) +ITP

999 FORMAT (1XeI4eT6sI8+A1+11(I7+A1},110) 60 7O 5106
1999 CONTINUE c N = SEQUENCE NOae M = MONTH NOus» JX = YEAR NO.
* & + » «QECOMPUTE MEAN AND STANIARD DFVIATION * = % + = % 2 % % % % * & & & 110S WRITE(E. 3D
10010 DO 1001 I=1e12 N=N+1
AVAITK)ZN. IF(KIP .EQ.?) GO TO 5106
1001 SD(I«X)=0. WRITE (6+,1106) N
Mz ) 11N6 FORMAT (27H CFNERATFDN FLOWS FOR PFRICP I3)
00 1003 JZ1eNYRS 5106 JX TMP= X
DO 1002 I=1+12 D0 3117 KZ1sNSTA
M= M+ ] DO 31N6 I=1+12
TEMP ZALOG(OIM K} +D0OL T, K ) N_GLTIsK) =0
» - - - & » » - - -



1zl

AVGII«K) =D, DO 1273 JZ1.NYMXG
SOVITIeK) =0, DO 1273 IzZ1.12

31N6 CONTINUE M= M+ ]

3107 CONTINUE TEMAZO (Me2)%0.5

1108 DO 3125 JzJa.NJ TEMB =0 (M»3)%0.5
MZ12000-1)+1 IFATEMA.GT .35, )TEMA=Z5.0
JXZJxe} IF(TEMB.GT.35.)TFMB=35.0
00 1175 I=1.12 GIMs1) B (Mo1)+TEMASTEMB
Mo Me 1 1273 CONTINUE
DO 1170 K=1eNSTA 1775 RETURN

c RANDOM COMPONENT END
1111 TEMP =2 AN (T ARG)

TMPZRAN(IARG ) aFOR.IS CROUT.CROUT
TEMP ={ -7 .+ ALOG(TEMP) )+ = 5« SIN( 622832+ THP ) SUBROUTINE CROUT (R X+ DTRMCeNINPoR)

TEMP TEMP* ALCFT( T+ K) DIMENSION B(201+R(10s11)+PX{10s 11
C GENFRATE CORREL ATED STANDARD OEVIATE DOUBLE PRECISION ReB,2X
DO 1110 L=1+NSTA NVAR N INDP +]

TMPZQPREVIL) DO 5 JSLeNINDP
TF (L L T.K) TMPZQ{MsL) DO 4 K=1.NVAR

1110 TEMP-TEMP+BETA (I +K oL e TMP 4 ROJeK) RXUJeK)
M G{TeK)INLGUI K )+ 1 S CONTINUE

AVGIT K VG (T +K )¢ TEMP IF(NINDP .GT.1)G0 TO 10
SDVUIeK) SSDVUIvK )+ TEMD T EMP BUIYR(1+2)/P(1o 1)

G{ Mo K) ZTEMP DTYRMC=B(1)*RB (1)

GPREV(K) TEMP RE TURN
1120 CONY INUE C * % * & s » DERIVED MATRIX % s & % * s % % 2 & & % & & % & & & & & & & & & &
1125 CONTINUE 10 DO 2N K=2¢NVAR
3125 CONTINUE 20 RU1eK) SR (1sKI/RI101)
DO 1130 K=1sNSTA DO 60 K=2+NINDP
1122 IF(NJ+IXTMPL.GT o0ANDLKIPFQ.1) WRTTE(6y295) (MO(I)»I=ts12) ITPoK-1
DO 3126 I-1+12 DO 40 J=KeNINDP
TEMP =NLG (1K) 0O 30 I=1+ITP
AVGCT oK) CAVGUT oK )/ TEMP L=x-71
SOVEIeK) ZCA(SOVIT oK I-AVGI TeK) #»#x2sTEMP )/ TEMP ) s € 30 RUJsKI R IJsKI-ROJo L) 3P (LK)
TF(NLGUI oK )aGT o 19 ANDLKIP.EQ 21) WRITF(B5126) ISTALK)+MOII)eAVG(T, IF(J.EQ.K) GNn TO an
1K} »SDVI(IsK) R(KeJ) =R (U1K }/R(KsK)
3176 CONTINUE 40 CONVINUE
$176 FORMAT (4H STAT«.8H MONT HI 2, 7TH MEANFB.2s10NH STD DEVFS5.3) DO 50 I=1+ITP
JXZJXTMP LZK-1
DO 3129 J=JAWNJ SO RIUKeNVAR )ZRUKNVAR )-R(L+NVAR I RIKsL)
IX X1 60 R{KINVAR)IZRIK+NVAR)I/P(KeK)
MI12+J-11 € * * + % & » BACK SOLUTICN * * = » % % & & & & & 5 + % & & &« % & s & & & & &
TF (JX.LE.OY GO 7O 3179 RUNINDP) =R INTNDP «NVAR)
ITPz=0 DO 80 I=2.NINDP
DO 1129 I=1+12 . JENVAR -I
MM+ IX=zI-1
c TRANSFORM T0 LOG PEARSON TYPF TII VARIATE (FLOW) BUJ) =R {JWNVAP)
TMPZSKEW (T +K) DO TN L=leIX
I7=ARS (SKEW(T+K) }+0.9a99 K= Je L
IF(1Z.€0.0) GO TO 117F 70 ROJ) ZBII-BIK) *R (JoK)
IF (NLGUI¢K)GTa19) QAUMeKIZ{OIMeK) -AVG (TeK ) Z/SPV (I 4K 30 CONTINUE
TMPZ ({ TMP+ (Q (MK )~ TMP/ 6. )/ 6o+l o) #%3 =10 %2,/ THP DTRMC=D.
TEMP ={ -2 .) /SKEW( T+K) DO 90 J=1+NINDP

TF(SKEW(TI+K)) 1123+1176,1124
11723 IF(TMO .GT.TEMP)TMPCTFMP
60 TO 1127
1124 IF(TMP LT, TEMP) TMP-TEMP
GO TO 1127
1126 TMPzZQ(MsK)
1177 TF(TMP .GTa 0 cAND.SDUTeK) oGTa o3) TMPZ2. +(TMP-2.1% .3/SDUIsK)
TMP=TMP=SD (T oK ¥+ AV (T oK)
QUMiK) Z10. #s TMP-DG (T4 K )
3178 IF(Q(MeKI.LT.0u) O (MsKIZOW
1178 T0(II=G{MsK) +.5
ITPZITP+IQ (T}
1179 CONTINUE
I (1) =1 TP
IF(KIP .£0.2) GO TO 3129
WRITE (6911) TSTALK)eJXe(IQI TN IZ1+13)
TIF(IPCHO .LE.DIGO TO 3129
WRITE (T+6) ISTA(K)oJXs(I0(I ) I21012)
3129 CONTINUE
13130 CONTINUE
1250 NJ = NYMXG
C 50 To NEW Jom
1270 IF(NYPG.LE.O) S0 TO 1271
IF(NJ.GT .NY?GINJINYP R
NYRG =N YR G- NJ
G0 TN 1105
1271 IFAINSTALFR.1) GO TO 1775
Mz 1

3N DYRMC=DTRMC+P( J} =R X{ JoNVAR)
RETURN
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(a) Module analysis.

Plant Operating Yield Cost
Size Rule MGD $/yxr /MGD
120 90 - 70 1409 92300
125 78 = 65 1410 91400
150 55 - 60 1410 97100
225 80 -~ 90 1483 90500
250 78 - 65 1485 86200
275 52 = 70 1485 86700
t 500 79 = 65 1635 79600

This analysis combined with that in section (1) indicates the module
size should be 125 MGD.

(b) Six modules of 125 MGD per module.

Year Module Total Plant Operating Yield

Stage Added Capacity Rule MGD

’ 1 1 125 78 = 65 1410
2 6 250 78 - 65 1485

3 11 375 78 - 65 1560

4 16 500 79 - 65 1635

5 21 625 79 - 65 1710

6 26 750 79 - 65 1785

Average unit cost = $36800/year/MGD
Total cost = $496,800,000

4. Operating a 750 MGD plant in a growing demand condition with a
varying rule,

Time
Period Demand at Operating Yield
Year Start of Period Rule MGD
1- 6 1335 20 - 30 1430
7-11 1425 30 ~ 40 1495
12-18 1500 40 - 50 1610
% 19-23 1605 40 - 60 1699
24-27 1680 50 - 70 1743
28-30 1740 79 - 65 1785
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Average unit cost = $51000/year/MGD
Total cost = $688,500,000
The basic conditions for the above computations are:

The firm yield analysis is based on the average of five periods of
75 years per period;

Firm yield defined at the 100% level;

Cost figures are the average of 10 useful life periods;
Useful life of the plant or any one module is 30 years;
Fixed charge rate = 8%, discount interest rate = 6%; and

Capital and operating costs for VIE plant as furnished by ORNL.,
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