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CHAPTER I

THE POTENTIAL OF WATER REUSE FOR MUNICIPAL SUPPLY

Introduction

Municipal water supply systems in the United States are sources
of potable water for an ever increasing metropolitan population.
The amount of water delivered has nearly doubled in the period
from 1950 to 1970.1 Even though, by some estimates, the rate of
increase has decreased,2 projections of use for the year 2020,
assuming the "medium" population figures, are over four times the
present use (Table 1).3

The practicability of recycling renovated waste water is being
widely discussed today as a promising alternative for supplying
water for the increasing urban demands. In response to the increase
in demand, cities have usually opted to adopt those alternatives
that increase the available supply. And, except under emergency
conditions, such as drought, alternatives that would lower demand
have been ignored. Although metering has been shown to curb per

capita utilization of municipal water, meters were usually installed

lU.S. Bureau of the Census, Statistical Abstract of the United
States, 1972 (934 edition) Washington, D.C., 1972, p. 173.

21hid.

3Nathaniel Wollman and Gilbert W. Bonen, The Outlook for Water,
Baltimore: The Johns Hopkins Press for Resources for the Future,
1971, p. 60.




U.S. MUNICIPAL WATER SUPPLY USE AND SOURCE:

1950 TO 1970 AND PROJECTIONS TO 1980
(in billion gallons daily average)

Year Surface Water Ground Water Total
1950 10.32 3.78 14.10
1960 16.32 5.68 22.00
1965 17.78 5.96 23.74
1970 20.47 6.56 27.03
1975 23.04 7.27 30.31
1980 25.87 7.73 33.60

Source: U.S. Bureau of the Census, Statistical Abstract of the
United States: 1972. (93d edition) Washington, D. C.,
1972, p. 173.
for an entirely different reason--as a mechanism for an equitable
system of pricing.
Following a review of the alternatives for balancing supply
of and demand for municipal water supply, reuse of renovated waste
water will be appraised and two important research problems

identified (Table 2).

MODIFY WATER SUPPLY
The major source for municipal water supply, accounting for
75 percent of total capacity, is water from the diversion of rivers
and streams. Recent estimates are for surface water flows to
increase slightly as a proportion of total demand in the future.
As urban areas have grown, streams nearest to the cities have been
developed and future opportunities for diversion are becoming more

scarce. Three regions in the United States are generally short of



ALTERNATIVES FOR BALANCING SUPPLY AND DEMAND FOR

TABLE 2

MUNICIPAL WATER SUPPLY

Do Nothing

Modify Supply

Modify Demand

1) Accept Shortage

2)

3)
4)

5)

Increase Supply

a. Divert New Streams

b. Provide Increased Storage
c. Use Ground Water

Increase Efficiency

a. Reduce Reservoir Evapora-
tion

b. Eliminate Leaks

c. Increase Runoff

d. Reduce Evapotranspiration

Weather Modification
Desalinization
Renovated Wastewater

a. Non-potable Uses
b. Potable Uses

1)

2)

3)

4)

5)

Restrictions

Price Elasticity

a. Peak Pricing,
Summer Pricing

b. Marginal Cost Pricing

i.e. Peak

Meters

Publicity Campaign Emphasizing
Water Use Conservation

Technological Innovations and
Application, e.g. Changes
from water cooling to air
cooling




water and interbasin transfers are required.l

Transfer of water can be expensive, especially if the location
is a distant basin; the difficulties, both economic, political,
environmental, and technological increase. The area in which the
water originates, the donor region, is usually rural and often with
a higher incidence of individual well users. There is a tendency
to regard the water as belonging to the region and to view its
transfer as necessary only because of unreasonable use by profligate
urban water users.2

Groundwater, which presently represents 25 percent of total
municipal supply,is expected to decrease slightly in proportion
to the use of surface water.3 Sources capable of sustaining high
withdrawal rates are limited to distribution and while groundwater
is the predominant source of self-supplied individual users, most
major cities using groundwater do so as a supplement rather than
as a sole source of supply.

Desalinization and weather modification are other potential
sources which may, in selected circumstances, serve to augment
conventional supplies. In general, weather modification is highly
variable but in some instances has considerable potential, such as

increasing snow pack and subsequently spring runoff during years

lWollman and Bonen, op. cit., p. 18.

2This is an attitude expressed commonly by groups such as S.0.S.
(Save Our Streams) in Western Massachusetts fighting the diversion
to the Quabbin system; also, see: Marion Clawson, Suburban Land
Conversion in the United States, Baltimore: The Johns Hopkins Press
for Resources for the Future, 1973, p. 130.

3

U.S. Bureau of the Census, op. cit.



when winter reservoir storage is low. Desalinization, on the other
hand, is comparatively expensive and requires large amounts of
energy.

Although efforts to reduce seepage and evaporation have not
been highly successful, reduction of water loss by identifying
undetected leaks can be substantial: 1in some cases as much as 15
percent of the water withdrawn may be unaccounted for because of

leakage.l

MODIFY DEMAND

Although other alternatives are available and practicable,
planners traditionally have seen supply as the variable in the
supply-demand equation. Price has been shown to be a significant
variable which is usually disregarded as a method of controlling
demand.2 Marginal efficiency theory in Welfare Economics suggests
that marginal costs should equal marginal revenues. However, the
decreasing block~rate pricing system, which is common to most
cities, encourages high water-use and prices the last gallon of
flow, which has most often been the most costly, at the lowest
price. Increasing block rates, peak-rate summer pricing, yearly-
rate changes based on the supply in storage, have all been proposed

as methods of reflecting marginal cost in the pricing of water.

lJohn Simmons, "Economic Signifiance of Unaccounted for Water,"
Journal of the American Water Works Association, LVIII (1966),
pp. 639-641.

2The literature is extensive. See Charles W. Howe, "Municipal
Water Demand," in Forecasting the Demands for Water, ed., by W. R.
Derrick Sewell et al. (Ottawa: Dept. of Energy, Mines, and

Resources, 1968), p. 48.




Rationing and restricting uses have been used as a management
tool only during drought periods. It is an attractive method of
planning for supply: the costs to the consumers of water restriction
have been 1ow.l In one city, the prohibition of once-through cooling
water was an economic benefit to industries which installed cooling
towers and consequently saved in water bills more than the costs
of the investment in recirculating equipment even when a discount
rate of 20 percent was used.2

Little evidence is available to evaluate the effects of
encouraging the public to reduce the amount of water consumed.
However, during the drought of the early sixties in the Northeast,
the available evidence suggests that such pleas were largely not

heeded.3

REUSE AND PLANNING
Renovation and reuse of municipal water is neither a new
concept, nor is it an inherently efficient method which should
be employed to supply water. Water reuse is a broad term which is
applied to any additional application of waste water. It can be
inadvertent and unplanned as the withdrawal and use of water from
a river with an upstream discharger, or direct and planned, as in

a factory where water from one process is directed with or without

lClifford S. Russell, David G. Arey and Robert W. Kates,
Drought and Water Supply, Baltimore: The Johns Hopkins Press for
the Future, 1970.

2

Ibid.

31bid.



treatment to a second in a series of cascading uses. In the
municipal system, planned reuse involves the collection and treat-
ment of sewage and the use of the effluent for irrigation, recrea-
tion, industry or for return directly or through an intervening
body of water or aquifer for general municipal uSe.1

Although physical conditions in water-short areas will dictate
increased water reuse, it has already been recognized by innovative
water managers in all areas of the country as a source for industry,
recreation, and irrigation of public and private lawn areas and
parklands. Water reuse is also being encouraged by federal legis-
lation which, under the Water Resource Planning Act of 1965,
requires that reuse be considered as one of the alternative methods
of meeting future demands for water.2 In a study of the nation's
water needs by the National Water Commission, reuse has been
recognized as an attractive potential source of water which merits
careful and serious consideration.3 It is a source available to
all municipal systems which holds promise at least as an alternative
to conventional sources of supply and especially in the future be-

cause of the recent federal legislation requiring standards for

1Examples of reuse applications are: Irrigation, Lubbock and
San Angelo, Texas; recreation, Santee and South Lake Tahoe, Calif-
ornia; aquifer recharge, Whittier Narrows, California; direct reuse,
Windhoek, S. E. Africa.

2Water Resources Planning Act of 1965 (P.L. 85-90). Sec. 102;
also Water Resources Council "Principles and Standards for Planning
Water and Related Land Resources," Federal Register, XXXVIII, No.
175, Sept. 10, 1973, 24778-24869.

3National Water Commission. New Directions in U.S. Water Policy,
(Washington, D.C.: Government Printing Office, 1973), p. 126.




discharge into navigable waterways.l

In practice, however, reuse is not usually being considered
as an alternative, but as an additional source, adopted by communi-
ties for reasons not connected with the status of the water supply
system. This adds unneeded capacity and as a result increases
costs without necessarily increasing benefits. In a preliminary
analysis carried out as a part of this study, the costs and bene-
fits of reuse in Santee and Whittier Narrows, California; Lubbock,
Texas; and Colorado Springs, Colorado, showed that only Lubbock
had a net benefit from reuse.2 Each of these cities have at
present an adequate or abundant water supply. Whittier Narrows
and Santee draw water from the recently completed Feather River
Project. Lubbock has surface and ground water reserves which
will be adequate for over thirty years. Colorado Springs has been
provided with major interbasin transfers along with the development
of the capability for reuse.

Although reuse represents excess capacity for Whittier Narrows
and Colorado Springs, both consider that reuse provides net benefits.
Both cities use average rather than marginal costs in their analysis.
The former compares the cost of water provided by the MWD for
aquifer recharge with the cost of water from the reuse plant, the

latter with the average cost of water from the municipal system.

lThe scheduled deadlines are established by the Federal Water
Pollution Control Act Amendments of 1972, Public Law 92-500;
92nd Congress, S. 2770, Oct. 18, 1972.

2Daniel M. Dworkin, "Economic Considerations of Reuse--
Prologue to a Model” in Community Adoption of Water Reuse Systems
in the United States, Roger Kasperson et al. (Worcester: A Report
to the Office of Water Resources Research, 1973), p. 4.




Marginal costs comparisons, however, might lead to different
conclusions.

Renovation and reuse of municipal water is neither a new
concept, nor an inherently efficient method which should be
employed to supply water. It is, however, a potentially attractive
alternative which should be investigated to determine if it is
safe, acceptable, and efficient. To make a valid judgment of the
efficiencf of reuse, a plan is required for examining the supply,
demand, and treatment of water with alternatives for increasing
the system capacity by providing reuse or conventional additions

to supply.

RATIONALE FOR REUSE

Reuse provides a source of water which could delay or obviate
the need for conventional additions to supply. 1In addition to
supplying water, the presence of a standby source can increase
system yield and provide planning flexibility. The benefits
would result from its application in three areas: 1) as a
substitute for high levels of assurance or reliability of supply;
2) as a method of mobilizing over-supply resulting from under-
statement of system yield; 3) as a method of shortening the plan-
ning cycle which would allow pragmatic evaluations of change in

demand to replace present long term projections.

System Capacity: The Supply of Water.

The yield of a water supply system based on storage of flows

is usually expressed as a quantity of water available for a stated



percentage of the time or expected probability of occurrence.

The availability is of some high-order, typically 95 percent or
more of the time. This concept of safe yeild is simple and while
it is often regarded as a deterministic quantity, it is not. The
streamflow records which would be required for a statistically
satisfactory calculation are not available. As a result, the
short record available which is assumed to represent the entire
population of flows is used. Alternatively, a synthetic trace of
streamflows is generated which also may not be representative of
the actual population of flows encountered during the life of the
system.

The engineer must, using the synthetic trace of flows, select
the severity of events which will then determine the yield of the
system. Engineering texts and the standard reference handboocks
urge a conservative calculation.1 Social Scientists, on the
other hand, claim yields are often, if not always, understated.2
As an alternative to this sometime academic debate, renovation
and reuse can provide a standby source which allow the use of
present facilities until pragmatic evaluations of the behavior of
the physical system to the demands placed upon it can replace the
engineering estimates of yield. If the system yield has been

understated, reservoir levels will fail to drop at the rated yield

lGordon Maskew Fair, John Charles Geyer, and Daniel Alexander
Okun, Water and Wastewater Engineering, Vol. 1, Water Supply and
Wastewater Removal (2 vols., New York: John Wiley and Sons, Inc.,
1966 (p. 6-8).

2Clifford S. Russell, David G. Arey, and Robert W. Kates,
Drought and Water Supply (Baltimore: The Johns Hopkins Press for
Resources for the Future, Inc., 1970), pp. 100-101.

10



during low-flow years. Standby capacity would allow the opera-
tion of the system under conditions of increasing demand until

excess yield, if any, was used.

Substitution for High Assurance'Levels

There is a relationship between levels of assurance and
yield in which a given stream and reservoir combination will
produce higher yields as the required assurance is relaxed. The
amount of increase is a function of the distribution of flows and
the level of development of the stream. Table 3 is the calculated

relationship between assurance and flow in the Colorado River Basin.

TABLE 3
STORAGE AND FLOW RELATIONSHIPS IN THE COLORADO RIVER BASIN

(Flow in billions of gallons daily, storage in millions of acre-feet)
(No deduction for reservoir losses)

Percent Mean Billions of Levels of Assurance and
Annual Flow Gallons Daily Required Storage
98% 95% 90%
90 12.20 25.50 19.30 13.95
95 12.80 55.00 40.40 18.33
100 13.50 * * 31.16

*100 percent of mean annual flow is not possible at these levels of
assurance.

Source: George O. G. L8f and Clayton H. Hardison, "Storage Require-
ments for Water in the United States," Water Resources
Research, Vol. 2, No. 3 (Third Quarter 1966), Table p. 340
also same authors unreported data as published in Nathaniel
Wollman and Gilbert W. Bonen, The Outlook for Water
(Baltimore: The Johns Hopkins Press for Resources for the
Future, 1971), Table p. 256.
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The normal level of assurance is 95 percent or higher. To
achieve this, investments must be scheduled to be in place when
water-use equals the assured-yield. Since the investment is
indivisible for a unit of capacity, there is a period of over-
investment, when capacity exceeds water use (Figure 1). At such
time, the chance of system failure is less than 5 percent.

In practice, capacity is often added before need eliminating
even the 5 percent chance that the system will not produce the
full-rated yield. This is done even though allowing shortages
that could be ameliorated by rationing might be an efficient
method of management. In a study of the effect of drought in
48 Massachusetts communities in which rationing was used to allo-
cate supply, the net costs incurred were low.1

Planned shortage, however, of even 5 percent is usually not
perceived as a viable alternative.2 Consequently, investment is
made in facilities that will be utilized only 5 percent of the
time; but, an alternative to the expansion of water supply systems
by conventional additions to supply is to allow system-capacity
to rise by relaxing the requirements for high-levels of assurance

(Figure 2). The water required to augment the supply could then

lRussell, Arey and Kates, Drought, p.‘58.

2“The safe yield provided by a reservoir is usually defined
as the annual flow delivered by the project; without causing in-
tolerable shortages under recurrence of historical droughts. In
the case of municipal and industrial supplies, it is the usual
practice to permit no shortage, and in some cases even to provide
a reserve storage in the event of droughts that exceed the worst
of record.™ Leo R. Beard, Methods for Determination of Safe Yield
and Compensation Water from Storage Reservoirs. Technical Paper
#3, U.S. Army Corps of Engineers, Hydrologic Engineering Center,
1965 (underlining added).
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Units of Water Use

Figure 1
WATER USE / SAFE YIELD
AREA OF OVER INVESTMENT

PROBABILITY OF FAILURE
LESS THAN 5 PERCENT

2 ADDITION 2

ADDITION 1

95% ASSURED YIELD

WATER USE

AT POINTS A,B,C YIELD IS 95 PERCENT ASSURED.
SHADED AREAS INDICATE LOWER POSSIBILITIES OF FAILURE

Time in Years
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Units of Water Use

Figure 2

WATER USE / SAFE YIELD
REUSE AND DELAYED INVESTMENT

AREA OF OVERINVESTMENT IN CONVENTIONAL SUPPLY
( possibility of failure less than 5 %)

AREA OF POTENTIAL NEED FOR REUSE
( possibility of failure greater than 5%)

_ Avoimion _2

ADDITION 1

POTENTIAL REQUIREMENT
FOR REUSE CAPABILITY
FOR EQUIVALENT YIELD
ASSURANCE

LESS THAN 95% ASSURED YIELD

95% ASSURED YIELD A _ e

AV
————
\)SE DELAYED CONVENTIDNAL INVESTMENT

R
"Nig A,B&C ARE TIMES OF NORMALY REQUIRED INVESTMENT TO MAINTAIN
5 PERCENT RISK LEVEL A’ AND B' ARE TIMES OF DELAYED INVESTMENT

Time in Years
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be furnished by reuse of renovated waste water either by processing
it to potable quality and adding it to present flows or by displac-
ing a present use of potable water which could then be supplied by
treated effluent. In the latter instance, the required effluent
quality might be available as a normal output of the waste treat-
ment plan or might require additional treatment. An additional
cost would be incurred in the distribution of the non-potable

water directly to the user.

The Demand for Water

The projection of demand for water is the other variable of
concern to the municipal water planner. The long time required
for development of new water sources requires long term estimation
of the future "need" for water. In the past, the growth in demand
for water has rapidly utilized excess capacity based upon over-
estimation of municipal water requirements. However, the rapid
growth of water systems nationwide has slowed. There are factors
that would indicate that the slowdown will continue as the present
low-rate of births affects the average family size. The single
house with its requirements for lawn and garden water may give way
to cluster homes and apartment type living units with lower per
capita water requirements. If the rate of increase in use is
slowed, a longer period will be required for the system to use
any excess capacity provided. This will increase the costs since
the system will have an investment in idle capacity for a longer
period of time!

If the water system included the capacity to renovate and reuse
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water, the planning cycle could be shortened. The need for water
could be judged by noting the increased use over recent periods
rather than projecting long term trends. The reuse component would
provide the assurance to the water manager that the capacity of the
system could be increased quickly if the conventional additions

to supply were delayed too long.

REUSE: SAFETY, EFFICIENCY, ACCEPTABILITY

Water reuse is a potentially attractive alternative that should
be investigated to determine whether it is safe,' economically
efficient, and socially acceptable. In a two-year study of water
reuse, the safety, acceptability and efficiency of water reuse were
investigated by a team of researchers based at Clark University and
Southern Illinois University at Carbondale.l The group studied
reuse applications in ten cities located in the East, the Southwest,
Midwest and far Western United States. This study resulted, in

part, from that research effort.

Safety: A Question of Public Health

Public health concerns are, for the most part, restricted to
the uses in which drinking or bodily-contact is planned. There are
at present no cities in the United States processing effluent for
direct potable reuse. Windhoek, South West Africa, has provided
the only long-term example of direct introduction of effluent into

the municipal supply. The sewage is treated to a tertiary level

lRoger Kasperson et al., Community Adoption of Water Reuse
Systems in the United States (Worcester: A Report to the Office
of Water Resources Research, 1973).
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and includes a final filtration through carbon before being mixed
with the conventional surface flow. The water produced meets all
the standards set by the World Health Organization.1

Santee, California has been experimenting with the recreational
use of renovated wastewater. Lakes containing treated effluent
served as a scenic background for picknicking. Boating, fishing,
and swimming activities were added in successive stages. The
swimming experiment was closely investigated and even though viruses
were commonly isolated from the raw sewage, none were ever found in
the input to a final contact chlorination process.2

There is a concern by public health officials and other water
management professionals, that while the sewage treatment plants
might produce effluent suitable for any desired level of use, the
operating personnel and the plant equipment are not capable of
maintaining the degree of reliability required for potable use.
Without minimizing these concerns, they should be examined in the
context of the present state of the system and the alternative for
augmentation. While most people are served by water supplies of
acceptable safety, there continue to be incidents reported of
acute or incipient health hazards because of the presence of

potentially dangerous substances or organisms. A study of waste

lG. C. Cillie, et al., "The Reclamation of Sewage Effluents
to Domestic Use," Third International Conference on Water Pollution
Research (Washington, D.C.: WPCF, 1966); also G. J. Stander,
"Water Reclamation in Windhoek, Scientiae, X (January, 1969),
pp. 3-14.

2John C. Merrill, et al., The Santee Recreation Project,
Santee, California (Cincinnati, Ohlo: U.S. Department of the
Interior, FWPCA, 1967, pp. 108-116.
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treatment, covering over one-third of the population served by
surface water supplies in the United States, estimated municipal
effluent in the water supply to vary from 0 to 18 percent with a
median of 3.5 percent.l Daniel Okun estimates that half the users
of public water supplies are receiving water, part of which was
discharged only hours before from a municipal or industrial sewer.2
The public health problems associated with unplanned reuse of
effluent arises from the lack of treatment provided for the water
from sources which had been considered safe. As a result, only
cursory chlorination had been provided.

U.S. public health standards require polluted water sources
to have dependable treatment facilities as well as adequate
provisions for chlorination.3 There is at present no federal
legislation which requires adherence to either the criteria of
water quality, standards of treatment, or monitoring for water
quality furnished by municipal supply systems. There are standards
for water used in public carriers engaged in interstate commerce,
and under this provision the Environmental Protection Agency has

banned 27 water systems for a variety of reasons, some unrelated

1Louis Koenig, Studies Relating to Market Projections for
Advanced Waste Treatment (Cincinnati, Ohio: U.S. Department of
the Interior, FWPCA, 1966), p. 35.

2Gladwin Hill, "Impure Tap Water a Growing Hazard to the
Health of Millions Across U.S.," New York Times, Sunday, May 13,
1973, p. 1.

3U.S. Department of Health, Education and Welfare, 1962,
Public Health Drinking Water Standards, PHS Pub. 956 (Washington,
D.C.: Government Printing Office), p. 6; and U.S. Congress,

"Safe Drinking Water Act of 1973," S. 433, 93rd Congress, lst
Session, June 25, 1973.
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to source of supply or treatment.1

The decision not to approve planned reuse for water supply
does not preclude it from taking place. Most streams do have a
reuse component in the flow. Present concern might be directed
toward better controls on treatment and monitoring of both raw

water and reuse sources.

Economic Considerations

Renovation and reuse have become a popular concept with the
popular emphasis on conservation of resources, concern for the
environment, and as an innovative approach to water management.
It is not per se any of these things, for if unused capacity
exists to supply water from storage of surface flow, which would
otherwise spill, then the additional treatment may be unnecessary
and uneconomical.

The capacity to recycle water is not without costs. The
amount of savings from delaying conventional additions to supply
would in part be offset by the cost of reuse capacity. There are
many systems in use now where the costs of conventional water would
be less than the present methods of renovating effluent. To
judge the potential benefits of either conventional or reuse
systems, a method of analysis must be used which will measure the
availability and costs of conventional additions to supply as an
alternative to reuse.

While a complete analysis of the system is essential for

1Duane Baumann and Roger E. Kasperson, "Public Acceptance
of Renovated Wastewater: Myth and Reality," Water Resources
Research, 10 (August 1974), pp. 667-674.

19



definitive solutions, some generalizations are possible. Reuse
systems are less capital intensive, but more costly to operate
than diversion and storage of flows. Reuse systems are best for
use as standby capacity, while stored surface water tends to be
less costly if used at or near capacity. This would suggest
reuse as a peak-load facility with storage to provide base loads.

The assessment of the economic costs and benefits from
renovating and reusing effluent would require an analysis of
the costs of the reuse and of the alternatives in supplying the
needs of the system over the planning cycle. The costs of each
would be assessed, the benefits would be assumed equal if equal
water were supplied. The analysis should include alternate future
projections of requirements for water and of streams flows serving
as a source of supply.

Reuse capacity would be provided as required, but it would
serve as a standby system used intermittently only when the level
of water in the reservoir(s) were low. This type of analysis has
not been performed. The concentration has been on calculating the
costs of producing potable water from sewage even though untreated
sewage is not the input, potable water not the only output, and
continual use not the most efficient method of employing reuse.

The current literature available on problems of reuse con-
siders only selected parts of the required information. Two
questions are necessarily posed: What additional processes are _
required to treat the municipal effluent and what are the costs
of providing and operating a plant to achieve the desired standards?

Extensive research has been carried out to provide these data
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(Tables 4 and 5). Once the costs and effectiveness of the
processes required to treat sewage are known, the calculations
become simple. Comparison with the costs of the conventional water
supply indicates the relative efficiency of reuse. These investi-
gations have largely focused on the costs of treating sewage by a
series of incremental processes to restore the effluent to the
original quality of the potable supply. Other investigations have
focused on the same questions. Gloyna, in discussing the current
status of water renovation, is confident of the technology but
estimates costs of 54 to 57 cents per thousand gallons and suggests
brackish water as an alternatiVe.1 Culp presents an analysis of
South Lake Tahoe which indicates a cost of 37 cents a thousand
gallons in a small plant (7% MGD).2 Work carried on by the Taft
Research Center has provided cost estimates on waste treatment
processes of all types and for different size plants.3 Operating
and investment costs are reported separately. Smith, in 1968,4 and
Eckenfelder, in 1970,5 have also provided extensive work in the

same field. Parkhurst, in 1963, provided an analysis of the

1Earnest F. Gloyna, "Major Research Problems on Water Quality,
in Water Research, Allen V. Kneese and Stephan C. Smith, Eds.
(Baltimore: The Johns Hopkins Press for Resources for the Future,
1967), p. 485.

2Russell L. Culp and Gordon L. Culp, Advanced Wastewater
Treatment (New York: Van Nostrand Reinhold Company, 1971), p. 128.

3Robert Smith and Walter F. McMichael, Cost and Performance
Estimates for Testing Wastewater Treatment Processes (Cincinnati:
U.S. Department of the Interior, FWPCA, 1969).

4Ipid.

5W. Wesley Eckenfelder, Jr., Water Quality Engineering for
Practicing Engineers (New York: Barnes and Noble, Inc., 1970).
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TABLE 4

COMPARISON OF ESTIMATED COST OF RECLAIMED SEWAGE EFFLUENT
AND COST OF ALTERNATE WATER SUPPLY

Cost of Cost of
reclaimed alternative
Location Type of Use effluent water supply Reference
$/ac-ft. $/ac-tt.

Pomona, Calif. Irrigation 6~7.50 20 1
San Bernardino, Calif Irrigation 0.31 10 1
San Francisco, Calif. Parks, Lakes 23 70 1
Taft, Calif. Irrigation 6 none available 1
Talbert, Calif. Irrigation 6 unsatisfactory 1
Abilene, Texas Irrigation no cost 80 1
Kingsville, Texas Irrigation no cost 65 1
San Antonio, Texas Irrigation no cost 25 1
Grand Canyon, Arizona Lawn irrigation 120 550 2
santa Fe, New Mexico Golf course 49 75 2
Las Vegas, Nevada Golf course 27 30 2
Big Springs, Texas 0il refinery 16 57 2
Baltimore, Maryland Steel plant 11 44 1
Amarillo, Texas 0il refinery 14 45 1
Los Alamos, Texas Power plant

cooling water 24 92 2
Los Angeles, Calif. Groundwater

recharge 18 42 3,4
Whittier Narrows,

calif. Spreading 16.85 14* 5

*Metropolitan Water District of Southern California rate for
groundwater replenishment. Does not represent total cost of imported
water. Future additions from the Feather River are estimated to cost
from $50-$100/acre-foot.

Reference:

1 . . . .
State of california, Water Pollution Control Board, A Summary Direct
Utilization of Waste Waters, Publication No. 12, Sacremento, California, 1956.

2 McGauhey, P. H., "The Why and How of Sewage Effluent Reclamation,”
Water and Sewage Works, June 1957.

3 State of California Department of Water Resources, Feasibility of
Reclamation of Water from Wastes in the Los Angeles Metropolitan Area,
Bulletin No. 80, December 1961.

4 Orlob, G. T. and M. R. Lindorf, "Cost of Water Treatment in
california." J. American-Water Works Association, 50(l), January, 1958.

3 County Sanitation Districts of Los Angeles County, California.
A Plan for-Water Re-Use; July 1963.

source: Richard J. Frankel, "Economics of Artificial Recharge for
Municipal Water Supply," Symposium of Haifa, 72. Association
Internationale I'Hydrologue Scientifique, Gentbrugge, Belgium,
1967, Table 1, p. 29l.
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TABLE 5

COST AND EFFICIENCY OF ADVANCED WASTE TREATMENT FOR WATER REUSE

Estimated
Estimated average
cost of total cost
Treatment Removal characteristics treatment of reuse References
process and efficiencies process only ($/1000
($/1000 gals) gals)
Absorption 70~95% removal COD- .05-.10 0.27b 1,2,3
with bearing organic
activated material. Effluent
carbon contains 10-15 ppm
organics. Inorganic
salts not removed.
Foam 85~95% removal ABS, .02 .27b 1,2,4
separation 25-35% removal organic
residuals. Effluent ABS
less than 0.5 ppm.
Inorganic salts
not removed.
Coagulation- 95% removal phosphates, .07-.15 .30b 2,5
sedimen- 40% ABS, 50-70%
tation organic nitrogen
a

Total costs to meet drinking water standards, exclusive of distribution and
collection.
Limited to 23 cycles of reuse unless dilution or demineralization provided.

Reference:

1 Middleton, F. M., "Advanced Treatment of Wastewaters for Re-Use."
Water and Sewage Works, September 1964.

2 Stephan, D. G., "Water Renovation, Current Status of the Technology."
Paper presented at the Southern Water Resources Conference, Chapel Hill, North
Carolina, April 1965.

3 Joyce, R. S. and V. A. Sukenik, Feasibility of Granular, Activated-Carbon
Adsorption for Waste-Water Renovation. Public Health Service Publication, No.
999-WP-12, May 1964.

4 Rubin, E. et al.-Contaminant Removal from Sewage Plant Effluents by

Foaming. Public Health Service Publication No. 999-WP-5, December, 1963.

> Williamson, J. N. et-al: Evaluation of Various-Adsorbents and Coagulants
for Waste-Water  Renovation.: Public Health Service Publication No. 999-WP-14,
June 1964.

Source: Richard J. Frankel, "Economics of Artifical Recharge for Municipal
Water Supply," Symposium of Haifa, 72 Association International
I'Hydrologue Scientifique, Gentbrugge, Belgium, 1967, Table 2, p. 292
(adapted).
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relative costs and benefits of an imaginative plan for water
reuse in the Los Angeles area.1 The first innovative study of
water reuse was by Johnson, 1971, who pointed out that the important
consideration was the cost of additional treatment required above
that required for control of pollution.2

What is required is an integrated analysis of a municipal
water system in which the costs of expanding and operating the
system without reﬁsing water are compared to the same costs in
a system which uses treated effluent as a supplementary source
of water. The analysis should be extended to include various

methods of integrating renovated water into the system.

Public Acceptance

Although renovated wastewater may be safe to drink and eco-
nomically attractive, in some situations, a third and important
question concerns public accptance, not only the consumers, but
the politicians, management personnel, public health officials
and consulting engineers. In essence, no program utilizing
renovated waste water can be implemented without acceptance by
the public.

In memory of the fluoridation debates and coupled with the
heightened public participation of the present day, the question

of whether the public (consumers) would accept recycled renovated

1John D. Parkhurst, A Plan for Water Reuse (Los Angeles:
County Sanitation District of Los Angeles County, 1963).

2James F. Johnson, Renovated Waste Water: An Alternative
Supply of Municipal Water Supply in the United States. Chicago:
University of Chicago, Dept. of Geography Research Paper No. 135,
1971, p. 128.
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waste water or opt for a more conventional source of supply is
paramount in the minds of water resource planners and managers.
From a survey of 300 municipal water managers in the United
States, the most common reason cited by the 50 percent who opposed
waste water reuse was an anticipated rejection by the public.
Similarly, Johnson found that "It would appear that water managers
know very little of consumer responses concerning renovated
wastewater, but generally consider the public would not accept

it n?

In a recent research project and literature review, Baumann
and Kasperson concluded that "...there is little evidence to
support the widespread conviction among those discharged with
proposing solutions to the nation's water supply problems that
public opposition constitutes the most important obstacle to the
adoption of waste water reuse systems.“2 Moreover, there is
evidence that the public will accept renovated waste water for
potable use provided they are aware of the technological charac-
teristics of water treatment. Based upon survey data in five
communities, Sims and Baumann suggest that what the consumers
know and feel about drinking renovated waste water is related
to the individual's general education level and his knowledge

about water treatment and is not related to unconscious threats

lJames F. Johnson, Renovated Waste Water: An Alternative Supply
of Municipal Water Supply in the United States. Chicago: University
of Chicago, Dept. of Geography Research Paper No. 135, 1971, p. 92.

2Duane D. Baumann and Roger E. Kasperson, "Public Acceptance
of Renovated Waste Water: Myth and Reality," Water Resources
Research, 10 (August 1974), p. 673-674.
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of specific dimensions such as fear of contamination or beliefs
concerning nature, technology, aesthetics, authority, progress,
or destiny.1

The central question, then, is why do the managers and engi-
neers perceive the public as unwilling to accept recycled renovated
waste water when the available evidence suggests that the consumers
are not a major obstacle in community adoption or a program of
renovated waste water? Could it be that as a result of the process
of professional socialization the engineers, water managers and
public health officials are reluctant to innovate or change the
established procedures of municipal water supply provision?
Hence, the public becomes a scapegoat for their reluctance to
consider and/or recommend a program of reuse?

A key obstacle in the adoption of alternative strategies of
recycling renovated waste water may lie not so much in the minds
of the consumer, but in the perceptions of consulting engineers
and public health officials--two influential groups in community
decision making in planning for municipal water supply. It is to
these relatively conservative groups that city officials and water
managers rely upon for advice concerning the provision of water

supply.

THE FUTURE OF RENOVATED WASTE WATER
The shortage of water will make reuse of effluent a certainty

for many municipal systems. As cities move to tap less accessible

1John H. Sims and Duane D. Baumann, "Renovated Waste Water:
The Questions of Public Acceptance," Water Resources Research,
10 (August 1974), pp. 659-665.

26



surface or ground water opportunities, the costs will rise, either
as a result of physical distance and subsequent cost of transport,
or as the opportunity cost of water transferred from lower order
uses to municipal use increase.

While the costs associated with water supply are rising, the
costs for providing water for reuse are declining. This is due
chiefly to the mandated upgrading of effluent discharged by
municipal systems. These costs are properly ascribed to pollution
control rather than cost of renovation. Under the 1970 pollution
control program objectives, the federal government set standards
that require secondary treatment of all municipal sewage and
additional treatment in areas of special need. As phosphorous
and nitrogen control are defined as falling in the latter cate-
gory, a product water will be produced which will require, accord-
ing to the experience at South Lake Tahoe, less than 10 cents per
thousand gallons for residual treatment.l

The new federal legislation, which asserts that the discharge
of pollutants into the nation's navigable waters be eliminated by
1985, will provide water for reuse at decreasing costs of residual
treatment.2

The purpose of this study is to focus on two problems concerned
with the practicability of renovated waste water for municipal water

supply. First, an exploratory study was undertaken designed to

1Culp & Culp, Treatment, p. 299.

2The scheduled deadlines are established by the Federal
Water Pollution Control Act Amendments of 1972, Public Law 92-500;

92nd Congress, S. 2770, October 18, 1972.
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identify the judgments of consulting engineers and state public
health officials toward the practicability of utilizing renovated
waste water for municipal water supply (Chapter 2). Second, the
remainder of the study (Chapters 3, 4, and 5) is an analysis of
the costs of reuse in the context of the municipal system. Simu-
lation modeling was selected as the mechanism to provide the
necessary integrated analysis. A model is presented which was
designed as a generalized research tool applicable to any munici-
pal water supply system that depends in part upon storage of
streamflows. The model is applied to Colorado Springs, Colorado,
a community that has utilized renovated waste water as a supple-

ment to its municipal water supply system.

>
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CHAPTER II

CONSULTING ENGINEERS, PUBLIC HEALTH OFFICIALS,
AND RENOVATED WASTEWATER*

Unlike the recent past, a common response to a problem today,
whether public or private, is to consult a specialist. Children now
are given preschool health examinations by pediatricians, more persons
than ever before consult with psychotherapists, and communities and
public agencies rely more and more upon the services of consulting
firms.

The enormously rapid growth in the production of science and .
technology since World War II and the concommitant increase in
occupational specialists are facts universally acknowledged. Daniel
Bell1 has noted that already in 1970, a majority of persons in the
United States made a living by performing services, namely, in those
occupations concerned with health, education, research, and government.
And, by 1980, it is anticipated that nearly 70 percent of employees will
be in the service sector. Although the era of specialized services
has resulted in (or, at least, has accompanied) an increase in
general welfare, it is the professional class, or in Galbraith's terms,2
the technocracy, that has become more and more active in problem-solving,

and more and more influential in determining public policy.

*In collaboration with John H. Sims, Department of Counseling
Psycholcgy at George Williams College, Downers Grove, Illinois.

lDaniel Bell. The Coming of Post-Industrial Society: A Venture
in Social Forecasting. New York: Basic Books, 1973.

2J‘ohn-K. Galbraith. Economics and Public Purpose. Boston: Houghton-
Mifflin Company, 1973.
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Two perhaps contradictory and perplexing themes can be clearly
identified in the public response to this development. On the one hand,
we have recently witnessed a resurgence of a populist movement, an
outcry for participatory democracy, a plea for a voice in determining
and guiding public policy. However, this response may be representative
of but small select groups of educated elites or special interests.
Because, on the other hand, there is much evidence that feelings of
alienation among the public have never been higher; that among a large
segment of the public there is a feeling of inefficaciousness, a
conviction that there is virtually nothing one can do to effect change,
and a feeling of powerlessness amidst the giants who have a monopoly
not only of control but of knowledge. The creation of new institutions
representing the consumer may be a promising trend in that the public
may find more and more avenues of involvement in the decision-making
process. But the problem seems staggeriﬁg when one ponders the amount
of knowledge required in understanding the ever-increasing complexity
of our problems. Regardless then, of possible changes in the distri-
bution of socio-political power, the nature of the problems themselves
will force reliance on professional experts.

Our focus in this chapter is to examine the roles that two kinds
of professional ekperts--consulting engineers and public health
officials--might play in recommending the adoption of recycling renovated
wastewater as an alternative in the provision of municipal water
supply. Generally, little research has been undertaken concerning

the psychology of professionals who are involved with environmental
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problems.1 A noteworthy exception is Sewell's2 study which demonstrated
distinct differences between public health officials and consulting
engineers with respect to their perception of environmental problems

and solutions. He found that both groups reflected their professional
biases: when concerned with water quality, public health officials

most frequently emphasized health problems while engineers were usually
concerned with increasing costs of production. And, when concerned

with sélutions to environmental problems, public health officials, relied
upon issuance of a warning followed by litigations, whereas engineers
emphasized contruction of facilities--a reliance on what some term the
"technological fix." But, we know of no research on how these two groups
of professional experts perceive the persons and processes involved in

a specific community decision concerning a specific environmental issue--
in this case, the use of renovated wastewater.

To explore this issue, samples of health officials and engineers3
were shown a picutre in which seven adult men in business dress were
grouped in various attitudes around a conference table (Fig. 3). They
were read the following instructions:

This is a picture of a meeting in a mayor's office
which he has called to discuss the possibility of

1Kenneth Craik, "The Environmental Dispositions of Environmental

Decision-Makers." Annals of American Academy of Political and Social
Science, (May, 1970a), pp.87 - 94.

2W.R.D. Sewell, "Environmental Perceptions and Attitudes of Engineers
and Public Health Officials." Environment and Behavior, 3 (March, 1971),
pp. 23 - 59,

3

The sample of 98 consulting engineers (from 33 firms) and 22 state-
health officials (from 9 states) was drawn from areas of the eastern,
midwestern and western United States.
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coping with an impending local water shortage
through the use of reclaimed wastewater. I would
like you to use your imagination and tell me a

story about it. Who do you think are the various
persons attending the meeting? What is going on

at the moment? What are the men thinking and
feeling and saying? How do you think this situation
will turn out?

The rationale for using such an unstructured, projective technique
was the desire to avoid the power of suggestion inherent in more
direct questionning. It was thought that such open-ended story-telling
would reveal more truly who they thought should participate in such
a decision, what might go on at such a meeting, and what course of
action would finally be outlined, than would a series of leading
questions, such as would lawyers be present, would the press have been
invited, would you anticipate conflict at such a meeting.

The first question of interest concerns the persons seen attending
the meeting. Who are they, what interests are represented, what
professional gorups have been invited--and indeed, who has been left
out? Table 6 presents the relevant data.

In general, consulting engineers and state health officials are
in agreement as to who would be involved in a community decision about
water reuse. Beside the mayor, whose presence is a given in the test
instructions, the most frequently named figure is another elected
official--almost three-quarters of the total sample identify at least
one participant as a city council member. It is clear that both
professional groups define the situation as one dominated by the
executive branch of the local government.

The next three highest ranking categories of persons hover around

the 50 percent mark for the sample as a whole, but some interesting,
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TABLE 6

WATER REUSE MEETING:

PERSONS ATTENDING

Consulting State Health
Person Total (N=120) Engineer (N=98) Offical (N=22)
percent

Mayor 93
City Council

Member (s) 72
City water works

superintendent 52% 49 69
Consulting engineer 52%* 58 28
Public health

official 49%* 42 83
Mayor's staff

member (s) 29
City's engineering

staff member (s) 27
City legal counsel 23
Representative of

the public 21
Representative of

business & industry 17
The press 6
City public relations 5

*For interprofessional differences on this variable, pg.10.
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if predictable, interprofessional differences appear. 1Is it vanity or
experience that results in each professional group seeing its own
members as being more frequently involved in the meeting than those

of the other: 58 percent of consulting engineers identify a consulting
engineer in attendance as against only 42 percent who so name a health
official. But that ratio is egalitarian compared to the corresponding
figures for state health officials: 83 percent of them are sure a
health official is present, but only 28 percent identify a consulting
engineer as being at hand. However, state health officials are more
generous than consulting engineers about the local water talent--69
percent of them identify the water works superintendent as attending
the meeting, only 49 percent of engineers do so.

The next series of categories are mentioned by roughly a quarter
of the total sample. Two of these--members of the mayor's staff and
members of the city's engineering staff, are merely lieutenants of
persons already identified, but the third, that of legal counsel,
introduces a new area of expertise. Thus, 23 percent of both groups
of professionals perceive the question of using renovated wastewater
as probably involving legal problems, including the potential threat
of damage suits.

Ending with the lawyers, it should be emphasized that the first
8 out of 12 ranked categories are executive-administrators or
professional experts. Overwhelmingly, the picture is one restricted
to government officials and their professionals consultants. It is
only then that the respondents relax somewhat the criteria of admission:

21 percent identify the presence of a non-governmental representative
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of the public (civic leaders, heads of community organizations, etc.);
17 percent identify representatives of business and industry (chamber
of commerce, industrialist); 6 percent admit a member of the press
(reporter, TV commentator, etc.); and finally, 5 percent bring in

the services of a public relations man.

It is tempting to interpret this pattern of figures in the light
of Sewell's previously noted study on the attitudes of engineers and
health officials toward the solution of environmental problems.l
Essentially, he found them to possess what may be termed a "closed-shop"
ethos--a conviction that such questions should be left to them, as
experts, and to representatives (elected) of the people. The people
themselves, both the general public, and organized public groups, were
disdained and feared. The data in Table 6 would appear to fit such a
psychology, yet some caution must be exercised in this interpretation.
The stories coded here are these men's projections of what they perceive
to be the reality of such a decision-making meeting. And who can
argue with the acuity of their vision--that such decisions would indeed
most probably be restricted to government officials and their experts.
At the same time, there is nothing in the stories to suggest that the
story-tellers are not in agreement with that conslusion.

Now that the participants have been identified, it is possible
to ask what their roles were. Who took what position on the question,
who was for and who against, and what were their concerns? Table 7
ranks the participants according to whether they are initially

positive, negative, or neutral (undecided) about the possibility of a

lSewell, op. cit.
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WATER REUSE MEETING:

TABLE 7

PARTICIPANTS'
TOWARD PROJECT

STANCE

Positive Negative Neutral
Person % Person % Person %
Consulting 54 Health official 58 Mayor 76
engineer

City engineer- 47 City legal 49 Mayor's staff 65
ing staff counsel

Representative 28 City council 48 City water works 54
of the public member superintendent

Representative 25 Representative 48 City legal counsel 51
of bus. & ind. of public

City council 19 Representative 40 City engineering 50
member of bus. & ind. staff

Mayor 17 City water works 30 Consulting engineer 36

superintendent

City water works 16 Mayor's staff 20 Representative of 35
superintendent bus. & ind.

Mayor's staff 15 Consulting 10 City council 33

engineer member

Public Health 12 Mayor 7 Public Health 30
official offical

City legal 0 City engineering 3 Representative 24
counsel staff of public

The press * The press * The press *

City public rels

City public rels

City public rels

*Numbers too small to be meaningful.
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water recycling program. The percentages given are based on the
reduced numbers of those who identified a particular category of persons
as being present at the meeting.

The figures which form the top row of Table 7 are quite remarkable
in their clarity. Both professional groups are in complete agreement
in their perceptions of themselves, each other, and politicians. The
consulting engineer is seen as being the person most favorably disposed
toward the recycling project (54%), the public health official as
most against it (58%), and the mayor as most neutral, undecided, or
equivocal (76%).

Further, not only is each of the principals in this office drama--
the engineer, the health official, and the politician--seen as displaying
a different attitude, they are all seen as displaying a preponderant
one. This contrasts sharply with the perception of "the public" which
is seen as being more evenly distributed between positive, negative, and
neutral attitudes. Thus, 25 percent of the sample see public representa-
tives as being favorable toward the use of renovated water, 48 percent
see them as against it, and 24 percent view them as neutral. Similarly,
representatives of business and industry are perceived as 25 percent
for, 40 percent against,‘and 35 percent undecided. Clearly, both the
engineers and health officials are far more certain of themselves and
their professional brothers than of the unknown layman--at least inso-
far as the initial response to the ideas of using renovated wastewater.

The data in Table 7 have shown that the majority of both consulting
engineers and health officials perceive themselves to be in opposition
to one another. And indeed, 85 percent of the total sample tell stories

of conflict rather than of cooperation. But these are general attitudes;
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what are the specifics, the causes (or rationalizations) of their
positions. The distinguishing concerns of each professional group
are presented in Table 8.

It is interesting that the professional sample most favorable to
the idea of using reclaimed wastewater, the consulting engineers, is,
at the same time, the group which finds it personally most repugnant:
46 percent of them admit to feelings of revulsion, and it is their
first-ranked concern. The next problems most frequently see by engineers
are three: public reaction (28%), health issues (22%), and technical
feasibility (24%). This last figure is surprising; only a fourth of
the engineers raise questions concerning their own area of expertise--
the technical problems involved in recycling.

On the same logic, public health officials also respond somewhat
unexpectedly--the health issues involved in the use of renovated
wastewater are not their first concern, that rank goes to their worried
interest in what the public reaction will be (55%). And indeed, their
anticipation that the public may "cause trouble," .is shown again in
their concern about such a program's possible political consequences,
an idea expressed with equal frequency (46%) to that of their concern
for health issues (46%).

In sum, the two érofessional groups contrast greatly in the issues
discussed at the meeting in the mayor's office. Engineers have but
a single concern of first magnitude--that of expressing (and controlling)
their feelings of revulsion to the use of renovated wastewater. The
problems of technical feasibility, public response, and health, while

acknowledged, are not emphasized. Public health officials, on the
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TABLE 8

WATER REUSE MEETING: EXPRESSED CONCERNS

Public
Consulting Health
Total Engineers Officials
(N=120) (N=98) (N=22)
Concern % Rank % Rank % Rank
Personal feelings 42 1 46%* 1 23 4.5
of revulsion
Anticipated negative 33 2 28*%* 2 55 1
public reaction
Health issues 27 3 22% 4 46 2.5
Technical 23 4 24 3 23 4.5
feasibility
Political 18 5 12%%% 6 46 2.5
consequences
Cost 17 6 16 5 18 6
Legal 5 7 4 7 9 7
ramifications

* For interprofessional difference of this variable, p¢ .10.
** For interprofessional difference of this variable, p« .05.
*** For interprofessional difference of this variable, p<« .001.
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other hand, are majorly concerned with three questions, of which
health safeguards is but one; first and foremost, is their anxiety
over public response and political repercussions. Again, Sewell has
anticipated these results:
"The problem of consulting public opinion poses
a somewhat different problem for the public health
official than it does for the engineer. The effect-
iveness of the former in performing his tasks depends
very much upon the extent to which his recommendations
and regulations are understood and accepted by the
public, and the extent to which he is able to over-
come opposition (real or imaginary) from various
groups."l

The data have established how engineers and health officials
differ in their over-all response to the projected use of renovated
wastewater, and in the specific problems they emphasize. With these
opposing attitudes, opinions, and interests, as well as those
expressed by other participants, the mayor's conference, as previously
mentioned, has been reasonably characterized by the sample as
conflict-laden.

Two questions arise: the first concerns the means by which the
conflict is handled--the ways in which questions posed are answered,
and positions expressed are maintained or modified. And second, there
is, of course, the question of how the conflict is finally resolved.
Table 9 presents the data on the operations involved in the decision-
making process, the coping mechanisms with which conflict is negotiated.
And Table 10 shows the stances of the professionals at the close of
the meeting.

Table 9 reveals that virtually a third of the entire sample

(and there are no interprofessional differences) evidentaly are not

l Ibid’o
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TABLE 9

WATER REUSE MEETING: CONFLICT COPING MECHANISMS

Mechanism Total (N=120)

per cent
The proposing of public relations
programs; how to sell it to the
public 20

Considerations of alternative sources
of expanded water supply 18

General examination of the issues
and problems 14

The proposing of further study and
research 10

The proposing of a slow, cautious,
"easing in" of the program 6

Conflict present but no coping
mechanism given 31

sanguine about the conflicts being resolved--at any rate, they propose
no methods for working them out. The rest of the sample distribute
themselves in a rather disheartened and diminishing fashion among

five alternatives: 20 percent suggest that the anticipated negative
public reaction might be met with a public relations program; 18
percent propose to "avoid" the issue by suggesting a search for

other solutions to the impending water shortage (that is, expanding
sources of supply other than by recycling wastewater); 14 percent
emphasize and intellective approach--all of the issues and problems

must be carefully and comprehensively considered; another 10 percent
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TABLE 10

WATER REUSE MEETING: RESOLUTIONS
Public
Consulting Health
Total Engineers* Officials
Resolution (N=120) (N=98) (N=22)
percent
- no qualifications 20\\ 24 5
FOR 735 39 :}18
- partial, limited 157 15° 13
for crisis only
UNDECIDED postpone de- 22 23 14
cision, await
further study
- use only as a last 22 ’ 19; 36
resort \\ \\
AGAINST /,43 38 /;68
- no qualifications 21 19 32

* For interprofessional differences, p{ .10.

echo this caution but are more specific in their proposals for research;
finally, a minimal 6 percent suggest that a program of using renovated
water be activated "by inches," slowly, cautiously, so as not to
trigger a negative public response and so as to keep careful control
over its possible dangers to health. But clearly the sample, over-all,
is unenthusiastic about the processes of conflict resolution. The tone
of their encounters with opposition is pretty much one of resignation,
a feeling that no one's mind is going to be changed much anyway.

Table 10 presents the meetings final accounting--it details how the

participants "vote" in regard to the proposed program of water reuse.
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These concluding attitudes are much like the initial ones: twice as
many consulting engineers (39%) as health officials (18%) are in favor
of the idea, and virtually twice as many health officials (68%) as
engineers (38%) are against it. What has happened in the course of
the meeting is a shift toward a negative view; originally 54 percent
of the engineers were favorably disposed toward the water reuse proposal
and only 58 percent of the health officials were opposed. This move-
ment is probably best viewed in the light of professional conservatism--
the well-known tendency of the invested professional to avoid the
risks of change and to preserve the known and controlled status quo in
his area of expertise. We quote Sewell's analysis of the psychology
of engineers and health officials a third time: "It is clear that
experts are not in favor of change, especially if it means that their
own role will be altered. Accordingly, they resist suggestions that
new solutions should be tried."1
Nevertheless, the interprofessional differences that appear here
are considerable. More than two-thirds of the health officials (68%)
are against the use of renovated water, only 18 percent of them are
for it, and then mostly for the "crisis time only." This contr;sts
sharply with the final attitudes of the consulting engineers--as
many of them are for it (39%) as against it (38%). And indeed, a quarter
of them are for it without qualification, a position taken by only
5 percent of the health officials.
These differences are surely best understood from the differing
perspectives of the two professions' areas of concern. Consulting

engineers are not directly involved with questions of public response

1ibia.
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or politics; their primary interest and responsibility is with the
technical--its possibility and practicality. On the other hand, the
public health official 1is by definition responsible to the public
and for the public. He must be concerned about their response. And
further, the potential consequences of his approval of a program to
use renovated wastewater are far more threatening. The spectre of
a possible widespread disaster must loom large in strengthening the
health official's resistance to an unfamiliar system. His risks are
far greater than those of the engineer.

In summary, in telling stories about a hypothetical situation
in which city authorities invite experts to consult with them on
the possibility of a community program using renovated wastewater,
consulting engineers and public health officials reveal their initial
attitudes toward such a proposal, their perceptions of what problems
might be encountered, their own personal concerns, and finally, their
considered professional stance. At each point in the time sequence
of the stories, health officials hold the more negative position--they
begin by not liking the idea, then raise many and major objections
to it, and in the end, find their reflection has strengthened their
antagonism. Consulting engineers, on the other hand, begin with a
far more favorable attitude, raise fewer objections, and conclude
with a perfectly even split between endorsement and rejection. To
some extent then, this use of a projective technique has illuminated the
nature and strength of professional support and resistance to water
reuse.

It is all too clear that a major research effort should be
directed toward identifying the full range of implications inherent
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in the use of professional experts in the formulation and implementation
of public policy regarding environmental issues. The past has

emphasized their expertise, the future must recognize their bias.
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CHAPTER III

SIMULATION, MODELING, AND THE MUNICIPAL SYSTEM

THE USE OF THE MODEL

This chapter will outline a simulation model designed to
investigate the reuse of municipal sewerage as a supplement to
present sources of water supply. The model will be used to com-
pare alternative plans that include municipal reuse over a fifty
year period. The objective will be to provide water for municipal
supply at minimum cost for the duration of the projection period.
The costs considered include capital, operation, and maintenance
costs for both water supply and waste treatment. All costs are
incremental, those associated with present installations and use
excluded. The simulation will be used to answer the following
questions: 1) Can reuse be an economically efficient, i.e., low
cost, method of supplementing water supply? 2) Are present reuse
practices efficient? 3) can alternatives be formulated which are

more efficient than present methods of reuse?

WATER MODELING
Simulation is a standard procedure used in the analysis of a
system where the number of variables is large or the system is so
complex that deterministic methods might be impractical. One type
of simulation is the physical model. River systems in the form of
models to scale have been constructed by the U.S. Army Corps of

Engineers to simulate river flow conditions. Although it had been
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abandoned, a model of the Mississippi River was recently reacti-
vated to simulate the effect of various management alternatives
for minimizing the demage of the record high flood levels of 1973.

Once removed from the physical models are the analog models
in which electrical elements, resistors, capacitors, and conductors
act on the flow of electrical current and simulate the effect of
the system being investigated. First of these electrical-analog
models of water resource systems was constructed early in 1950 by
the U.S. Geological Survey analog modeling unit in Phoenix,
Arizona. Since then over 60 simulations have been constructed
which represent river and ground water basins in all areas of
the United States.1

The continual increase in accessibility, capacity, speed and
the decrease in cost of the digital computer has made this type
of simulation the most flexible, useful, inexpensive, and as a
result, the most widely used of the simulation techniques for the
solution of water resource problems. It is routinely used to
measure the safe yield of reservoirs and steams, predict deltic
formations in reservoirs, optimize stream flow routings and predict
runoff from snow melt and rainfall. These and other routines have
become so widely used that the Hydrologic Engineering Center of
the U.S. Army Corps of Engineérs has prepared 27 standard programs

to be available to do these calculations as well as assist in

1Southern Colorado Water Conservancy District, Scientific
Water Management Arkansas Valley, Colorado 1969-2050. Brochure
No. 7 (Pueblo, Colorado: Southern Water Conservancy District,
n-d-) ’ Pp- 3"6.
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solving other water related problems.l

The first digital simulation model dates back to 1953.
The U.S. Army Corps of Engineers, using a Univac 1 Computer
simulated the operation of 6 reservoirs on the Missouri River.
The objective was to maximize power generation subject to con-
straints for navigation, flood control, and irrigation. The next
year the International Boundary Commission of the United States
and Mexico simulated a two reservoir system on the Rio Grande
River using an IBM 701 Computer. The Nile River Basin was simu-
lated by Morrice and Allen in 1955. The objective was to maxi-
mize irrigation by using a combination of reservoirs, control
works, and operating procedures.2

None of the above programs made any attempt to optimize the
theoretical ratio of benefits to costs. This was first done by
the Harvard Water Program, where a hypothetical river basin
including four reservoirs was simulated.3 The objective of the
model was economic optimization of the design and operation of
four multi-purpose reservoirs.

This was the first of the digital models to use simulated

streamflows rather than a historical trace of actual flows. Using

lU.S. Army Corps of Engineers, Hydrologic Engineering Center,
"Generalized Computer Programs" List of Programs Available,
September 1971.

2Ven Te Chow,, "Water Resources, Part II. System Design by
Operations Research" in Handbook of Applied Hydrology, ed. by
Ven Te Chow (New York: McGraw Hill, 1964), pp. 35-36.

3Arthur Maass, et al., Design of Water Resource Systems:
New Techniques for Relating Economic Objectives, Engineering
Analysis, and Government Planning (Boston: Harvard University
Press, 1962).
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the historical record of streamflows in water resource modeling
has some disadvantages. The record may be short or interrupted,
but even if a long, uninterrupted flow record exists, only a
single sequence can be simulated. The use of a series of syn-
thetic traces of streamflows means that the model can be simu-
lated for a number of alternate sequences. This provides a
method of assessing the outcome of a plan over a wide range of

possible flows.

THE MUNICIPAL MODEL--THE MAJOR SYSTEMS
The model designed for this study is a digital simulation
model of: 1) the supply and storage of water from strgamflows,
wells; 2) the demands for water by up to 5 different water using
sectors; and 3) the treatment of sewage by secondary and advanced

waste treatment processes for discharge or reuse.

Sources of Supply

The streamflows, one of the sources of supply in the model,
are generated monthly by using a mathematical model partly based

on a stochastic process. A simple equation to produce flows is:

Q = U + o0z
Where Q = Simulated value of the monthly flow
u = Expected value of the monthly flow
0 = Standard deviation of the monthly flow
z = Standardized normal random deviate with a mean of

zero and a standard deviation of 1. N(0,1).
In the equation u is deterministic and alone would produce the
same flow every month. The product of ¢ and z represents the

deviation from the expected value.
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There are three problems with this simple model. (1) Flows
are not independent, they tend to persist. One low flow month
tends to be followed by another and yet another as low water
tables caused by low rainfall periods must be raised before normal
rainfall produces normal runoff. The reverse is also true, high
water tables support runoff during low rainfall periods. (2) Flows
are not usually normally distributed, but follow a log-normal
or some other distribution variant. (3) Flows of one stream are
interrelated with flows from other streams.1 The simple model
would not generate flows which would exhibit these interrelationships.

The three problems--persistence, distribution, and inter-
relationship are all considered and routines designed to reproduce
these effects are contained in the model HEC-4. This program was
designed by the Hydrologic Engineering Center of the Corps of
Engineers and furnished for use in the simulation.2 The model
first reads and converts the monthly historical data of flows into
logarithms of flows. All other operations are carried out on the
log values. The arithmetic mean, the standard deviation, and the
skew are calculated for each station and each month. Each individual
flow is then converted to a deviate by subtracting the monthly
mean and dividing by the standard deviation. These are assumed

to be Pearson Type III deviates and are transformed to normal

1Myron B. Fiering and Barbara B. Jackson, Synthetic Stream-
flows, Water Resources Monograph Series, Vol. 1 (Washington, D.C.:
American Geophysical Union, 1971), p. 5.

2U.S. Army Corps of Engineers, Hydrologic Engineering Center,
HEC-4 Monthly Streamflow Simulation (Davis, California: The
Hydrological Engineering Center, 1971).
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standard deviates.1 Using the normal standard deviates, regressions
are performed on groups of ten stations in which the simple and
multiple correlation coefficients are calculated for the present
and preceding month.

The synthetic streamflows are then generated as deviates
by using the formula:

Ki,j = Bl .1 + BZKi,Z + . . o+ Bj-lKi,j—l + BjKi-l,j +

/12
BipiKiog, 441 * + ¢ - B K n t (VIRS, ) (@)

1

K.
1

K = Monthly flow log expressed as a normal standard deviate
B = Beta coefficient computed from the correlation matrix
i = month
j = station number
n = number of interrelated stations
R = multiple correlation coeffieient
Z = random number from a normal standardized population

The deviates are converted to flows by first converting the
standard deviates of flow to a Pearson Type III distribution.
These are then multiplied by the standard deviation and the log
of the monthly mean flow is added. The antilog of the calculation
represents the flow at the stations for the month.

The other sources of water, wells and project flows are
specified by month. They can be changed as required during the

simulation. In some runs of the model, water supplied from reuse

1The Pearson Type III distribution is a variation of the log
normal distribution which will maintain the skew of the streams.
When skew = 0, the Pearson Type III is the same as the log normal
distribution.
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is a fixed monthly quantity; in others it is a function of
reservoir levels which are dependent on the source of supply

and the demand for water.

Demands for Water

The use of water in a municipal system can be projected, or
in the case of historical data explained, by providing either a
single model or equation of total municipal use or separate
equations for each water using sector. A single model has been
used by the Senate in a study of the Nation's water resources
and more recently in an update and refinement of that work by
Wollman and Bonen.1 A study of drought in Massachusetts and
its effect on the municipal water supply systems also used a
single model of total demand. When the model was used to predict
water use and the results compared with the historical data by
use of a regression, the level of explanation (as measured by the
test) was high.2

Models of separate water using sectors can be more sensitive
to changes in individual uses. They are not used more often because
of the problem in most municipal systems of obtaining monthly data

on use by sector. Such data were collected and models of water

1U.S. Senate, Select Committee on National Water Resources,
Water Resource Activities in the United States: Water Supply and
Demand, 86th Cong. Committee Print No. 32 (Washington: U.S. Govern-
ment Printing Office, August, 1960), pp. 2-3; also Nathaniel
Wollman and Gilbert W. Bonen, The Outlook for Water (Baltimore:
The Johns Hopkins Press for Resources for the Future, Inc., 1971).

2The variables were an index for weather, an index for
employment and time. See Russell, Arey, and Kates, Drought, p. 33.
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use for residential purposes were prepared in a study of water
use by the Department of Environmental Engineering of Johns
Hopkins University.

Two sets of models were formulated, one for use within the
house and other for garden sprinkling. The variables were price,
an_index for sprinkling requirements, value of the dwelling and
the number of persons living in a dwelling unit.l This simulation
uses up to five different demand sectors each represented by a
maximum of 10 variables. The equations for sector demand are
formulated by using the historical monthly water use figures as
input to a regression program. The regression will be used to
establish the coefficients of the variables and to measure the
significance.

The residual value from the regressions, the error term, are
used to introduce a stochastic value in the monthly sector demand
for water. This is done by calculating the mean and standard
deviation of the residuals. The mean, which should be close to
zero, is added to the equation for demand while the standard
deviation is multiplied by a random normal deviate (0,1) and added

monthly to the value of the derived equation.

Treatment
The model uses a simplified simulation of the waste treatment

system. Sewage is treated as directed by the input parameters and

lF. P. Linaweaver, Jr., John C. Geyer, and Jerome B. Wolff,
Final and Summary Report of the Residential Water Use Research
Project (Baltimore: Department of Environmental Engineering
Science, The Johns Hopkins University, 1966).
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the conditions of the reservoir in the program. Peak flow through
each process determines the required capacity while total flow
determines the operational costs. The treatment processes repre-
sented in the model are activated sludge, coagulation and sedimen-~
tation, filtration, and ion exchange. The processes can be
rearranged or replaced by other methods of treatment.

The capacity and operating costs associated with each process

are based on data developed by the Taft Center.1

TECHNICAL DESCRIPTION OF THE MODEL

The three major systems of the model are combined in a simula-
tion consisting of a main routine and thirteen subroutines. The
design and testing of the model was carried out over an eight month
period. An experienced programmer, Roy A. Wyscarver2 worked full
time in close collaboration with the author for a three month
period writing and debugging the model.3 As previously noted, the
model requires a synthetic record of streamflows and rainfall. The
record is simulated by the use of the program HEC-4 and stored on
tape or disc for use during the simulation. The following section

will outline in detail the operation of each of the subroutines.

TINKLE

TINKLE, the main program of the simulation, manages the streams

1Smith and McMichael, Cost and Performance Estimates for
Testing Wastewater Treatment Processes.

2Roy A. Wyscarver formerly of the Department of Economics,
Clark University.

3For technical considerations see Appendix A.
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and reservoirs, determines when to recycle, calls for the expan-
sion of the system when it is appropriate, and finally collects

the statistics on the supply in the storage and the fixed and
variable costs for streams, well, reservoirs, and projects (Figure
4). The main routine first receives the data setting the variables
from the subroutine INPUT. It next reads one month of rainfall and
streamflows. The flow of each stream is reduced to comply with
water laws, pipeline constraints, and the seasonal restrictions
against diversion. The amount of water which is of local origin
and not to be reused because of the limitation imposed by prior
appropriations and the imported water which is available for

reuse are both calculated. The file on historical streamflows is
updated by this month's flows. The program next checks the
reservoir levels for this month in comparison to last month to
determine if they are falling, staying the same, or rising. Based
on this information, a decision is made to keep the present status
of the recycling or to turn it on or off. Reservoir leakage and
evaporation are calculated. Current water demands are next obtained
from subroutine DEMAND. The new reservoir level is calculated.

If the reservoir is spilling or is below the level of the conser-
vation poor subroutine INTRPT prints the appropriate message. If
the reservoir is dry the simulation ends and information to that
point is printed under control of subroutine OUTPUT. If the reser-
voir is not dry, the program checks the subroutine EXPAND for any
stream or reservoir which is scheduled for completion (Figure 5).
All schedule expansions are completed. If scheduled, wells,

project flows, and recycling amounts are changed. Statistics are
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collected on streamflow costs. If it is not the twelfth month,
the program returns and reads the next month of streamflows. At
the end of each year the statistics are collected on the supply

in storage.

The Decision Processes for Increasing Capacity

Increases in conventional capacity are made by adding new
streams, reservoirs, wells or projects. There are two methods
of doing this in the model. The first is the addition of these
elements at a scheduled time. A second method relies on a yearly
decision process. Before expansion is initiated three checks are
made: 1) Is the current reservoir level above an expansion level
EXPR? 2) Is the ratio of minimal level to annual use larger than
the variable EXPL? 3) Is streamflow rank less than or equal to
PROB, a rank of flows from 0 to 1? If all these conditions are
negative, have not been fulfilled, the expansion is undertaken
unless there is already a plan scheduled for implementation within
the next two years. If there are no plans for scheduled additions
to the supply for the following two years, the subroutine EXPAND
is called and a plan from file 5 is transferred to file 1 and will
be implemented in twenty-four months.1 Finally, the subroutine
calculates the variable costs of reservoirs, wells, and projects.

Before beginning a new month, the month and year of the simulation

1File 5 contains plans for system expansion which are not
dependent on time, but rely on conditions generated within the
model. File 1 contains plans which are time dependent.
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is checked. If it is the last month, subroutine OUTPUT is called

and the simulation ends (Figure 6).

Subroutine DEMAND

Subroutine DEMAND projects the independent variables used in
a demand equation, calculates the demand for water and effluent,
and in the event of a shortage allocates either reservoir or
reused water from a specified level of the treatment plan to meet
the demand. If reuse is not specified, then rationing may be
used. If so, it allocates water from the reservoir in proportion

hto the selected allowable shortfall.

In detail the subroutine first projects the independent
variable used in the demand models. A check is made with File 4
for any scheduled changes in the price of water or changes in the
growth rate of industry or employment.l For each month the popula-
tion and number of employees are re-calculated and changed. A
check is then made for seasonal components of water use and
summer pricing. The rainfall index, the cumulative departure from
the mean rainfall, is set to zero in January. In succeeding months
the program continues to accumulate the departure from the mean of
rainfall for the year. The industrial demand for water is changed

if planning File 22 if subroutine EXPAND indicates. This is done

by changing the intercept of the demand equation.

lFile 4 contains time dependent changes of the independent
variables used to project the demand for water.

2File 2 contains time dependent plans for a change in
industrial use of water.
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If recycling is specified a check is made with planning
File 3l for any change in the distribution of reused water during
periods of shortage. For each change made in the percentage of
distribution during the periods of water shortage the INTRPT
routine stores the appropriate message. A further check with
File 3 is made for any changes in the continuous demands for
reused water. If any changes are made these will be noted by the
subroutine INTRPT. All the required information is now available
to project the demands for water in the reservoir and each level
of the treatment process (Figure 7). The demands for water are
calculated. The function RNORM provides the required normal random
deviate.

The demand for effluent required by the reservoir for the
period gs calculated. The level of the reservoir is compared
from the level specified by the variable RROFF. If the reservoir
is lower, indicating a shortage, either rationing or reuse of

water supply will be used to reduce further drain on the reservoir.

Rationing

If rationing is specified, demand (including the reservoir
demand) is aggregated and the reservoir shortage is divided by the
total demand. If the quotient, the percentage of shortage, is
equal ot or less than the rationing limit, set as input, it becomes

the percent rationing required. (If the percentage of shortage

lFile 3 is used to store time dependent plans for changes in

the continuous demands for water and plans for changes in the
distribution of effluent during periods of water shortage.
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Figure 7
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exceeds the limit, it is set at the limit.) Each of these demands

is reduced by this amount (Figure 8).

Reuse
When a shortage exists and reuse is specified, the demand
projected for each of the five sectors is divided among the various

sources of specified by the input distribution. A total demand

for any sector of water use can thus be satisfied partly from the
reservoir and partly by effluent from any level of the advanced
waste treatment process. The quality requirement of the least
tolerant user drawing water from a common distributio? system

will determine the level of treatment required. Each demand for
recycled water resulting from the shortage is increased by the
continuous demands for that specific level of water. If the amount
of reuse provided to relieve the drain on the reservoir does not
allow the reservoir level to rise and end the shortage, the reser-

voir also exerts a demand for effluent.

Processing Effluent for Reuse

A calculation is made of the effluent flow available to the
advanced waste treatment process. This is the total demand for
water from the reservoir less the sum of the locally produced water
and the amount for the month not returned as sewage. If the total
requirements for reuse, after adding in the system losses in each
treatment process, is less than the total effluent flow available,
only the amount required is processed. If the demand is just
enough or higher, no cut back is made. Effluent is processed at

each treatment level until the demand for that level and all
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Figure 8
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succeeding levels is satisfied. The entire requirement is processed
in one pass through the treatment process if enough water is
available. If not, the renovated available effluent is distributed
and the return flow is collected, treated, and redistributed. The
demands of each level are satisfied before water is provided to
successively higher levels of treament. The maximum number of
passes is specified by the variable RITL. If this is exceeded
the subroutine INTRPT is called and the recycling is ended.

The return of water to the reservoir is a special case.
The water is processed through all levels of treatment, and before
it is added to the reservoir a test is made of the total dissolved
solids existing in the reservoir assuming the renovated water is
added (Figure 9).l

The total flow through each process for a year is accumulated.
At the end of each year the routine COST provides an annual cost
of treatment by process. The peak flow for each month is compared
with past peak flows. A notation is made of the highest monthly
peak flow through each process. If a present flow is greater than
a past peak, capacity is added. Capacity costs are calculated for
each l0-year period by the routine CCOST. All investments in new
plant capacity are assumed to be provided in the first year of the

current decade.

lTotal dissolved solids of the recycled effluent is increased
by 250 parts per million in each pass through the treatment
process. When the level of total dissolved solids in the reser-
voir rises above 500 parts per million, a process to reduce the
solids is automatically instituted before the water is added
(Figure 9).
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Subroutine BLOCK DATA

Subroutine BLOCK DATA serves as a source of data for the variables
common to other subroutines in the program. It is used to specify
the logical unit numbers of the card reader, printer, punch and tapes
of the specific computer being used. This routine also contains
the present values for all items in the parameter list. Much of the
data in this subroutine would not be changed if the simulation were
being applied to another municipal system, such as the number of days
in a month. Some could be changed for convenience, such as reservoir
levels but if not changed could be overridden by the use of the
parameter list. Some should be changed to represent the conditions
of the difficult locality, such as the percent of the reservoir flow,

by month, returned as sewage.

Subroutine INPUT

Subroutine INPUT read the input data. The subroutine first
calls HEADING for the date and time of the simulation, then the title
card. These are printed on each page of the output.

Each of the twelve types of data cards starting with data card
one, the parameter list is then read. By the use of the parameter
list, the user can specify the values for over fifty variables most
often changed in different runs of the same basic data. Included in
the parameter list is a group of edit options that reduce the full
100-page output to 20 pages of key tables. If specified the sub-

routine writes Data Cards I through XII.
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The Variable List, Data Card I

Data Card I specifies the values of the variables which can be

modified by the use of the parameter list.

Streamflow Constraints, Data Card IT

The streamflow constraint card records the origin of each stream,
whether local or imported water, the maximum flow which can be carried
by the pipeline, the minimum flow which must be bypassed because of the
prior rights, the amount which mdy be diverted, and any intervening

rights.

Historical Annual Streamflow, Data Card III

The data on past years of streamflow, which had been used to
simulate synthetic records of streamflows, are listed on data card III.
These provide a historic record by which future years of streamflow
data are ranked. All streams which are currently or which may in the

future furnish water for the system are included.

Reservoir Losses and Evaporation Data, Data Cards IV and V

The minimum outflows required from a reservoir by month are
contained in data card IV. One card is required for each stream
specifying by month the amount of flow which must be maintained in the
stream.

The evaporation data, Card V, lists by month the percentage of

the total water lost by evaporation.

Distribution Data for Recycling, Card VII

The amount of reuse, the percentage of total use which can be
supplied, presumably by direct piping, to separate sectors of water use,
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is specified by this data card. By use of the card an individual
sector will be furnished water during shortage from the reservoir or
effluent from any of up to three different levels of treatment in
proportion to the total requirement for that month. This will
continue every month until the reservoir rises above the specified

level to turn off reuse.

Continuous Demand for Reused Water, Data Card VIII

The continuous demands for reused water are controlled by data
card VIII. The level of treatment and the amount in millions of gallons
a day are specified. The effluent will then be furnished monthly and

will be accumulated yearly as nonpotable effluent use.

Data Card IX, X, XI, XII

The next four data cards specify the mean monthly rainfall, the
monthly requirements for untreated secondary flow and the water

furnished monthly by wells and projects.

Subroutine OUTPUT

Subroutine OUTPUT combines all the data accumulated in the other
subroutines of the program into output arrays. After calling and
receiving the heading which includes title, date, and time, it prints
the page number and appropriate output table. It calls INTRPT for a
list of the messages stored and if the edit feature has called for
punched output, it punches the data on population, per capita water

use, use by sector, total use, reservoir levels, and rank of flows.
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Subroutine INTRPT

Subroutine INTRPT stores and prints the list of events called for
as the program progresses. These include the presence of invalid data
cards, any additions or changes to the system, the reservoir level

when spilling, when below the conservation pool, or when empty.

Subroutine EXPAND

Subroutine EXPAND manages the five files which contain the plans

for changes in the system.

Subroutine SEARCH

Subroutine SEARCH first calls TINKLE. When called, the subroutine
examines file 1. The plans in file 1 are for increases in capacity
scheduled at a specific time. If file 1 contains a plan to be imple-
mented within the next twenty-four months the variable IFOUND equals
zero. If there are no plans for the next twenty-four months, IFOUND is
set to one and the next plan listed in file 5 will be implemented in

twenty-four months.

Subroutine SETPLN

Subroutine SETPLN initializes the planning matrix and reads the
planning cards. It is called from INPUT and reads all the data cards
in the planning files, designating first and last card by attaching a
large index number and setting all pointers to initial positions. If a
data card does not equal zero then it calls subroutine DUMP which prints

the planning matrix.
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Subroutine DUMP

Subroutine DUMP prints the planning matrix. It is called from
INPUT at the beginning of the program. At the end of the program it
is called from SETPLN if data card equals one. This then prints what-
ever plans are left in the planning matrix at the final part of the
OUTPUT. A comparison between the first and last planning matrices
will indicate which plans were implememted during the fifty year

period and those unused at the end.

Subroutine HEADING

Subroutine HEADING prints a heading and numbers the pages of

the output.

Subroutine INFO

Subroutine INFO obtains the date and time of day. It is called

from HEADING.

Function COST, CCOST, and RNOM

Two functions, COST and CCOST, provide the operating and the
construction costs for the advanced waste treatment operation; they are
called from DEMAND. Each contains four equations representing one of
the potential advanced waste treatment operations. The final function
of the program produces a normal random deviate used in projecting
water demands. It is called from DEMAND and is used to compute the

stochastic component of the demand equation.
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CHAPTER IV

WATER SUPPLY PLANNING: AN ASSESSMENT OF COLORADO
SPRINGS, COLORADO

The water supply system of Colorado Springs is a complex network
of ground water, surface water from local streams, a federal water
project, interbasin transfers, and renovated water from returned
sewage (Figure 10).1 A combination of 20 potable and nonpotable
reservoirs provide for the storage and release of flows. Prior
appropriation doctrine governs the amount and timing of diversions,
storage, and reuse.

The area has been growing rapidly. The growth of E1l Paso County,
the Standard Metropolitan Statistics Area (SMSA) encompassing Colorado
Springs, was the sixth highest in the United States. From 1960 to
1970 the population increased 64 percent.2 To meet the resulting
demands the water system has been expanding rapidly.

This chapter will sketch the historical growth of the city,
describe the projections of population growth and water use, and
review the planning for éupply to meet these projections. The yield of

a specific element of the system, the Pikes Peak watershed, will be

1Colorado Springs was selected as a site to develop and test the
model because of the long experience with water reuse by the city and
the completeness of the water system records.

2U.S. Department of Commerce, Bureau of the Census. Census of
Population and Housing: 1970 Series PHC (2) General Demographic
Trends for Metropolitan Areas, 1960 to 1970.
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analyzed as an indication of the conservative engineering estimates
of yield. Finally, an alternative to the present planning for the
future expansion of the water supply system will be outlined. The
present water supply plan and alternatives will be simulated and the

results presented in Chapter 1IV.

COLORADO SPRINGS: A HISTORICAL PERSPECTIVE

The Setting: Environment, People and Government

Colorado Springs, Colorado, is a city of 135,060 persons (1970)
located on the eastern slopes of'the Southern Rocky Mountains. It is
the administrative seat and major city of El Paso county, an area of
sunshine, with low amounts of precipitation. Lush green lawns and
tree shaded streets are a feature of the older residential areas
which are in striking contrast to the surrounding countryside where
summer grass cover is mostly brown and sparse. The area was planned
as a model city in 1871 by W. J. Palmer, President of the Denver and
Rio Grande Railroad. Much of the charm of the city can be credited
to his planning including the present park system to which he gave the

initial impetus and which now comprises more than 3000 acres.

The Government, the Utilities, and the Chamber of Commerce

There has been a close relationship between the government and
the Chamber of Commerce which predates the beginning of the present
council manager form of government.l In 1919, in response to a petition

filed the previous year which asked the city to investigate the

lHistorical information in .this section is from Department of
Public Utilities: An Informal History (1872-1969) compiled by Howard
J. Arnberg (Colorado Springs: Department of Public Utilities 1969).
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purchase of the public utility franchises, the Mayor and the city
attorney returned a report with two points: first, the Chamber

of Commerce should appoint a committee of 15 persons to make the
recommendations on this issue; and, second, that a special election
be held to determine if $20,000 should be appropriated for further
study. The special election defeated the appropriation, but the
"Committee of 15" was formed and returned a report which became

the basis for a successful fight to change the charter to a council
manager form of government. In the subsequent election for council
seats, the "Committee of 15" supported a slate of nine candidates
pledged to "provide the best water system administration and
development of the power program in that system." Of the nine
candidates elected, five were supported by the committee and
ﬁiedged implementation of the report while the remainder also became
advocates of the program at a later date.

Not only were the elected council members all eventually
supporters of the Chamber of Commerce plan, but their tenure was
unusually stable, providing continuity in the attitude toward
operation of the utilities. Of the nine original members of the
council, one served continuously for 22 years. Another served until
1951 with the exception of six years. The long tenure of the city
councilman also applied to the city managers. The first served
eight years and the second eighteen years.

By 1925, the city owned and was operating the water, gas and
electric franchises under the Department of Public Utilities. The

department was headed by a manager who exercised administrative
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control over four superintendents, two for the electrical system and
one for each of the other divisions. Then in 1947, the séwer department
also was included and became a division of the utility department.

The close association of the government and the utilities which
began with the change to a council manager became city manager in
1930. He maintained executive control of both the government and the
utilities for seventeen years until he retired in 1947.

Presently there is a very tangible basis for the close liaison.
The utilities contribute money and services to the city in lieu of
taxes. In 1970, the total value to the city of money and free services

was over 2 million dollars.l

Had a normal property levy been assessed,
it would have raised 200,000 dollars.z Not only does the operation
of the utilities contribute revenues, but the public and the local
government are isolated from the consequences of any expenditures on
the system, except as they are reflected in the rates charged for
services. The utilities are independent of the financial limitation
on municipal borrowing since all monies borrowed by the utilities are
secured by bonds guaranteed only by the Department of Utilities
revenues.

The combination of a shared vision of growth by the utilities,
the Chamber of Commerce and the government provide a climate in which

the utilities can grow unchecked by a government that can have public

works, not competing for limited municipal funds. The expansionist

1City of Colorado Springs, Department of Public Utilities. 1970
Annual Report, p. 1ll.

21pid.
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views are reflected in the media where paid advertisements and unpaid
documentaries contribute to the general theme that growth of the water

system is necessary and may add to your water bill, but water is a

bargain. One advertisement ended with the note, "Question is how do we
combat the sudden rise in temperature when we get the water bill? How

about a swim in Prospect Lake.“1

Population Growth

The population of Colorado Springs was nearly 37,000 in 1940.
Seven years later it had risen to just over 40,000--an annual growth
rate of approximately one percent. By 1970, the population had risen
to over 135,000. This rate of 6.5 percent is more than double the
rate of the previous 11 years (Figure 11). El Paso County, with a
1960 population of 143,742, had grown to 235,972 by the 1970 census.
If only the non-city residents of the county were considered, the
growth was much slower, 73,548 in 1960 to 100,912 in 1970. The
differential growth in the city and the county is causing the gradual

domination of the area by the city of Colorado Springs (Table 11).

Employment

Employment in the area largely depends upon tourism and government,
both military and non-military sectors. Jobs in manufacturing represents
less than 10 percent of the total employment. The single greatest

employment category was government. This category accounted for nearly

l"The Colorado Springs Story Water Cool Clear Costly," an
advertisement by the First National Bank of Colorado Springs in the
Gazette Telegraph, Aug. 15, 1971, p. 98.
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TABLE 11

CHANGE IN POPULATION: COLORADO SPRINGS AND
EL PASO COUNTY, COLORADO, 1960-1970

Year Colorado Springs El Paso County County Residents
Only

1960 70,194 143,742 73,548

1970 135,060 235,972 100,912

Increase 64,866 92,230 27,364

Source: U.S. Census of Population, 1970.

25 percent of all non-agricultural jobs (Table 12).l Many of these
workers are employees of the North American Air Defense Command
(NORAD) , Peterson Field, The UBited States Army Air Defense Command
(ARADCOM) , Fort Carson, and the United States Air Force Academy.

The other two large categories, service industries and trade,
are in part the result of the presence of a large number of military
personnel and the extensive tourist industry. Eight hotels and 159
motels with 4400 rooms serve the region which also has 43 mobil home
parks.2 These accommodate a booming tourist sector, drawn by
attraction such as Pikes Peak and the Air Force Academy, as well as

an average weekly population of 1680 convention goers.3

lColorado Division of Employment, Work Force Summary, Colorado
Springs, Colorado, n.d.

2Colorado Springs, Chamber of Commerce, 1972, Statistical Digest,
Revised Feb. 8, p. K-7.

31bid. p. K-4.
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TABLE 12

WORK FORCE SUMMARY 1965, 1970: EL PASO COUNTY,
COLORADO (ANNUAL AVERAGE 1000's)

Category 1965 1970
Total Work Force 54.0 71.2
Employed 52.2 68.6
A. Non-Agricultural 42.4 58.5
Construction 4.0 3.8
Manufacturing 4.2 6.7
Transportation and Public
Utilities 2.5 3.2
Wholesale and Retail Trade 10.0 13.1
Finance Insurance, Real
Estate 2.6 2.8
Government (91-93) 10.8 16.4
B. All other Non-Agricultural® 8.6 8.7
C. Agricultural 1.2 1.4

3gelf employed, unpaid family workers, domestics in private
households.

Source: Colorado Division of Employment, Colorado Springs, Colorado
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WATER RESOURCES: PROBLEMS AND POLICIES

The use of potable water, which was.less than 10,000 acre-feet
annually from 1940-1947, rose to over 40,000 acre-feet in 1970. Water
users are separated into five categories: residential, commercial,
industrial, military, and municipal. Municipal use includes system
losses as well as actual use.

The separate categories of use vary in the proportion of total
use they represent from year to year and also in long term trends
(Table 13). The availability of long term records by category of use
enables separate models of water use to be formulated for each type of
use which is potentially a more rewarding method than present models

that are based upon aggregated use.l

Residential Use

Residential use is a product of population and per capita use.
Changes in either will affect the total amount of water required.
Population served by the Colorado Springs system has been increasing
as a result of both annexation of other systems and growth within
the present area served. )

From 1950 to 1970, the average daily per capita use was 100
gallons. Each dwelling unit used 350 gallons per day at a 1960-1970
average cost of 46.5 cents per 1,000 gallons (Table 14).

In a study of municipal use for western areas, with public water

supply and sewers, the average daily use was 458 gallons per dwelling

lCharles W. Howe, "Municipal Water Demands," in Forecasting the
Demands for Water, ed. by W. R. Derrick Sewall and Blair T. Bower
[Ottawa: Policy and Planning Branch, Department of Energy, Mines and
Resouces, 1968), p. 77.
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TABLE 13

WATER USE BY CATEGORY AS A PERCENTAGE OF TOTAL USE:
COLORADO SPRINGS WATER SUPPLY SYSTEM, 1950, 1960-1970

Year Residential Commercial Industrial Military Municipal Total

(Acre-Feet)
1950 32.0 16.6 5.3 7.9 38.2 15529
1960 36.6 12.7 7.1 17.1 27.1 25754
1961 33.8 12.7 7.7 19.0 26.8 20927
1962 36.4 11.6 7.1 19.3 25.6 26937
1963 36.5 11.2 6.8 17.9 27.6 27156
1964 40.8 10.8 7.3 18.1 23.0 30623
1965 33.8 11.6 6.7 17.2 30.7 28528
1966 37.3 14.7 4.0 16.3 27.7 33947
1967 36.3 16.8 4.4 18.0 24.5 37492
1968 39.2 14.2 3.6 17.9 25.1 39240
1969 39.2 16.5 3.9 18.6 21.8 36550
1970 40.3 17.1 3.5 16.0 23.1 44206

Source: Records Colorado Springs Department of Utilities.

unit at a cost of 39 cents per 1,000 gallons. In the East, the
comparable figures were 301 gallons and 42 cents.l Colorado Springs
occupies a medium position between the eastern and western cities
in this study.

While per capita use has remained constant over a 20-year period,
price has increased more than three fold. On this basis alone, one

can suspect countervailing forces acting to maintain the equilibrium.

1Charles W. Howe and L.P. Linaweaver, Jr., "The Impact of Price
on Residential Water Demand and Its Relation to System Design and
Price Structure," Water Resources Research, III No. 1, (1967), p. 18.
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TABLE 14

RESIDENTTAL WATER USE, AVERAGE SUMMER RAINFLL AND PRICE OF COLORADO
SPRINGS WATER SUPPLY SYSTEM: 1950, 1960-1970

Rainfall Price Received Population Daily Use (Gallons)
April to October (¢/1000 gals.) Aver, /acct. Per Capita Per Acct.

(inches) total
1950 9.42 16 3.49 101 353
1960 5.36 40 3.32 112 373
1961 17.11 43 3.36 81 273
1962 8.08 42 3.40 107 364
1963 11.13 42 3.44 103 353
1964 5.60 41 3.48 121 421
1965 17.19 44 3.52 88 309
1966 11.78 42 3.56 106 375
1967 13.66 49 3.60 88 316
1968 8.85 55 3.65 100 365
1969 14.59 56 3.70 88 326
1970 11.21 58 3.75 98 367
Average  11.20 46.5% 3.50 99.4 349.6

8gxcluding Year 1950
Source: Records Department of Colorado Springs, Colorado, Public Utilities.

Thus a simple demand model will have limited validity unless all

parameters continue to change at the same rate.

Other Use
The other sectors represent the remaining 60 percent of total use.
These all exhibit different trends. Commercial use has been rising

since 1964. During the same period, industrail use has been declining
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not only as a percentage of increased total use, but in absolute terms.
Military use was higher as a percentage of total use in 1950, but has
accounted for approximately 25 percent of total use since 1960.

(Table 13).

Present Water Supply

The present potable water supply system has an estimated capacity
of 52,600 acre-feet annually. With the present capability of providing
renovated effluent, the total system capacity is estimated to be
56,200 acre-feet. The designation used is firm yield in contrast to
yields expressed at a given assumption of risk.l Under this definition

the sources and amounts are listed in Table 15.

Investment in the Water System

The growth of the water system has resulted in heavy expenditures
in new plants and facilities. Three questions are relevant: what is
the cost of the investment; what has it bought; and was it needed?

From 1930 to 1950, the total expenditure on water supply projects
was less than a million dollars.2 From 1951 to 1960, over 14 million
dollars were expended and by the end of 1970 the total investment in
water supply projects was nearly 63 million dollars. If transmission
and treatment are included, the total rises to 96 million dollars

(Table 16).°

lSee Footnote 2, page 12 for a definition of safe yield. Firm
yield is assumed to agree with that stated concept of no allowable
shortage.

2Unpublished records, Chief of Operations, Department of Public
Utilities, Colorado Springs, Colorado.

3Colorado Springs Annual Report, p. 15.
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TABLE 15

PRESENT ESTIMATED CAPABILITY OF COLORADO SPRINGS
WATER SUPPLY SOURCES

Source Yield (acre-feet annually)
Pikes Peak 13,000
Northfield 700
Cheyenne Creek 1,600
Wells (ground water) 3,000
Blue River 10,000
Homestake (phase 1) 13,000
Monument Creek 1,300

Fryingpan-Arkansas

(first allotment) 10,000
TOTAL 52,600
Reuse 3,600
56,200

Source: Records, Chief of Operations, Colorado Springs, Department of
Utilities

TABLE 16
VALUE OF COLORADO SPRINGS WATER SUPPLY SYSTEM FACILITIES:

DECEMBER 31, 1970
(at cost, millions of dollars)

Source of Supply 62.83
Pumping g 1.75
Treatment 6.64
Transmission and Distribution 23.72
General Plant 1.14
Total 96.08
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The expenditures for the entire water supply and treatment plants
for the 1961-1970 period is outlined in Table 17. The investment
during the period represents a cost of over 1000 dollars for each addi-
tional resident served. Comparable figures for the United States during
the period from 1955-1965 averaged 275 dollars which was estimated to
rise to 350 dollars by 1970.l The costs included supply, treatment,
and distribution facilities with their source of supply and transmission

requiring the greatest amount (Table 17).

TABLE 17
CAPITAL EXPENDITURES, COLORADO SPRINGS, WATER SUPPLY SYSTEM
1962-1970
Expenditure Population Meters in Service
Year (Millions of $) (1000"'s) (December 31)
1962 2.26 83 28152
1963 2.79 88 ' 29371
1964 7.00 95 31070
1965 16.14 100 32499
1966 10.72 112 36183
1967 3.19 119 37377
1968 8.46 124 39325
1969 8.11 131 40913
1970 2.84 140 43047

Total 61.51

Source: Records of Department of Utilities, Colorado Springs. Unpub-
lished data.

1Howe and Linaweaver, Price, p. 18.
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The investment has been used primarily to increase safe yield.

The rated capacity of the system in 1961 was 24,000 acre-feet annually,
and in 1970, it had increased to 44,000 acre-feet (Figure 12). Each
acre foot of capacity costs $3,510 or equivalently $9.38 per 1,000
gallons of flow.

The investment can be related to use rather than capacity. The
1961 use adjusted for average rainfall condition (Figure 12) was
21,200 acre-feet and rose to 38,000 acre-feet in 1970. This would
produce an acre-foot capacity cost of $3,640 or $11.17 a thousand
gallons.

The investment in capacity has a direct and substantial effect on
the cost of water. Interest and depreciation represented over half the
expense incurred by the water division for 1970 resulting in a sharp
rise in the cost and price of water delivered to the consumer.

The costs increase has been reflected most heavily in the price of
water for city and suburban residential users (Figure £3). This class
uses less than 40 percent of the water and pays approximately 55 percent
of the total bill (Figure 14). New rates, effective January, 1971, will
increase the spread between residential and other users because the price
of the category of lowest use, 500 acre-feet monthly or less, has
increased 35 percent while all higher use categories have increased less
(Table 18).

In addition to the direct cost of water supply, an indirect cost
in the form of a tax on the assessed value of property has been collected
since 1958 by the Southern Water Conservancy District for repayment

of the reimbursable portion of the Fryingpan-Arkansas Water Project.
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Cents Per 1000 Gallons

Figure 13

AVERAGE COST OF WATER TO
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TABLE 18

WATER RATES: COLORADO SPRINGS, COLORADO
(New Rates Effective January 1, 1971)

SUBURBAN

URBAN (Territory Located Without the
(City of Colorado Springs) New 0l1d Corporate Limits of the City) New 014
First 500 cubic feet used per First 500 cubic feet used per month

month, per 100 cubic ft.$.77 $.57 per 100 cubic feet $1.21 $.90
Next 3,500 cubic feet used per month, Next 3,500 cubic feet used per month,

per 100 cubic feet .40 .32 per 100 cubic feet .60 .40
Next 46,000 cubic feet used per month, Next 46,000 cubic feet used per month,

per 100 cubic feet .37 .29 per 100 cubic feet .56 .36
Over 50,000 cubic feet used per month Over 50,000 cubic feet used per month,

per 100 cubic feet .35 .27 per 100 cubic feet .54 .34

MINIMUM CHARGES PER MONTH IN CITY:

The following monthly minimm charges, according
to meter sizes shall be made regardless of the
quantity of water used per month.

Minimum Monthly

Meter Size Charge
New Old

5/8 inch and 3/4 inch $3.85 $2.85
1 inch 3.85 2.85
1 1/2 inch 7.75 5.75
2 inches 11.15 8.25
3 inches 25.65 19.00
4 inches 44.90 33.25
6 inches 89.85 66.50
8 inches 128.35 95.00
10 inches 175.60 130.00

MINIMUM CHARGES PER MONTH OF SUBURBAN USERS
SHALL BE AS FOLIOWS:

The following minimum charges according to meter
sizes shall be made regardless of the quantity
of water used per month.

Minimum Monthly

Meter Size Charge

New old
5/8 inch and 3/4 inch $6.05 $4.50
1 inch ’ 6.05 4.50
1 1/2 inch 12.15 8.50
2 inches 17.50 12.50
3 inches 40.25 29.25
4 inches 70.50 40.50
6 inches 141.05 99.00
8 inches 201.50 148.50
10 inches | 275.00 202.50

Source: City of Colorado Springs, Colorado, Department of Public Utilities Published Rates Effective January

1, 1971.



Sewage Treatment and Reuse

The sewer division has been a part of the public utility depart-
ment since 1947. Before it had been a tax supported municipal service,
but since 1947 it has received operating revenue from users. The
charge is based on water used by the customer in January (Table 19).

The treatment plant had been upgraded in 1959 from primary to
secondary tfeatment by the use of trickling filtration and clarifica-
tion. Two types of advanced waste treatment exist: one, provides
only sand filtration of the secondary effluent and the other, a recently
added pilot plant, uses a reactor clarifier and carbon filtration to
produce a higher quality effluent (Figure 15).

Reuse renovation and reuse of effluent is controlled by the
sewage divisior which has been producing and distributing effluent since
1957. Originally the motivation for reuse was a proposed sale to the
highway department for irrigating the median strip. This never material-
ized, but preparations had been made and a nonpotable line had been
installed. Two users, Kissing Camel Golf Course and Colorado College,
tapped into the line soon after it was available. Later, two years of
low rainfall and a restriction against irrigation (1960 and 1962)
encouraged others to use the lower cost available effluent.

Present consumers of reused water, with one exception, are furnished
secondary effluent which has been further treated to an advanced level
by sand filtration. This has produced a product which has been satis-
factory for use in irrigation and which is sold at a third of the cost
of potable water. The higher quality product is being produced as
cooling water for a city owned electrical generating plant. Other uses

are being sought, especially industry not normally able to locate in
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TABLE. 19

SEWER SERVICE CHARGES: COLORADO SPRINGS, COLORADO
(Effective January 1, 1971)

URBAN SUBURBAN
(City of Colorado Springs) (Territory Located Without the Corporate Limits of the
City)

For the first 500 cubic feet, or $2.25 For the first 500 cubic feet or any part $3.60
any part thereof . thereof

For each 100 cubic feet or fraction .08 For each 100 cubic feet or fraction .12
thereof from 500 cubic feet to thereof fraom 500 cubic feet to 4,000
4,000 cubic feet cubic feet

For each 100 cubic feet or fraction .07 For each 100 cubic feet or fraction there- .10
thereof from 4,000 cubic feet to of fram 4,000 cubic feet to 50,000 cubic
50,000 cubic feet feet

For each 100 cubic feet or fraction .045 For each 100 cubic feet or fraction there- .07
thereof in excess of 50,000 cubic of in excess of 50,000 cubic feet
feet

The minimum monthly charge shall be $2.25 The minimum monthly charge shall be $3.60

BASTS OF SEWER CHARGES

Residential: Based on water billed during January each year. Any thirty (30) day period may be used in the
case of new users or changing service conditions.

All Other: Base month may be the first calendar month of each calendar quarter and determination so made
shall be effective during the quarter including the base month.

DISCOUNTS AND SURCHARGES

Discounts —— None

Surcharges — For premises located within and without the City of Colorado Springs, who have, upon investigation
by the Superintendent of Sewers, difficult or hard-to-treat sewage, a surcharge may be established not to
exceed 50 percent of the monthly bill.

Source: City of Colorado Springs, Colorado, Department:of Public Utilities, Published Rates Effective
January 1, 1971.
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water short areas. Both irrigation and industrial water will be
delivered by separate nonpotable supply lines. The present annual

capacity of both systems is 3600 acre-feet.

Limitations on Reuse

As in most states with a doctrine of prior appropriations, the
return flows originating in the Colorado Springs drainage basin have
been appropriated and are not available for reuse. The only water
which is available is imported flow which is diverted from other
basins. Even these, as in the case of water from the Fryingpan-
Arkansas Project, are sometimes restricted. This prohibition if
literally carried out would effectively prevent reuse since the imported
and domestic waters are mingled in the supply and the return flows.

The method used to make reuse possible is an accounting procedure
carried out monthly and the results filed with the irrigation district.
In this procedure the waters are separated allowing reuse to proceed.

(Table 20).

POPULATION PROJECTIONS AND WATER USE

One of the major determinants of future water use in Colorado
Springs is the number of people served by the system. The county
population has continued to grow since 1970 from 236,000 to a January
1972, estimate of 263,000, a rate of approximately 5 3/4 percent
annually. Population projections for the city and county prepared by
both the Pikes Peak Area Council of Governments and the Chamber of
Commerce are indicated in Table 21. The consulting engineers to the

water division estimate that the system will be serving 273,000
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CALCULATION OF ALLOWABLE REUSE:

TABLE 20

PERIODICALLY, COLORADO SPRINGS, COLORADO

ACCOUNTING FILED

Transmountain Water to Colorado Springs' System CFS
North Slope at Hydro 19.85
Northfield Plant 26.61
Pine Valley Plant 29.84
Less North Slope Streams 10.07
Less Northfield Local Production -0-
Less West Monument Creek Local Production .27
Less USAFA Consumption 7.30
Total Transmountain Water to System 58.66
Total Local Water System 45.74
Total Water to Colorado Springs' System 104.40
Less FCN Consumption 6.12
Less Prospect Lake Inflow 1.08

Tributary to Wastewater Treatment Plant 97.20
Total Wastewater Treated 29.85
Less Contract Areas (15%) .99

Colorado Springs' Return Flow 28.86
Nonpotable Water Sold or Used 11.87
28.86 =+ 97.20 = 29.7% Return
29.7 x 58.86 = 17.48 cfs Transmountain Water Return
17.48 - 11.87 = 5.61 cfs Transmountain Water Returned to
Stream
Cheyenne Creeks Diversion 4.79
Less South Suburban Consumption 4.74
Required Transmountain Exchange .05
Exchange Surplus 5.56
11.1 AF

Source:

96
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TABLE 21

POPULATION AND PROJECTIONS: COLORADO SPRINGS AND EL PASO
COUNTY, COLORADO
(1,007 Persons)

Chamber of Commerce?. Pikes Peak Council of Governmentsb

Year City County Countv

1970 135 236 236

1972 155 263

1973 281

1975 211 340 315

1980 376

1985 342 455 445

1990 403 509 511%*

*Presently under revision: a new figure of approximately 475 is
expected.

Source: “ZChamber of Commerce of Colorado Springs, 1972 Statistical
Digest, Table of Estimated Population, p. K-9.

bPikes Peak Area Council of Governments population projections.

persons by 1980 and 394,000 by 1990 (Table 22).l

Water Use

The projections of water use prepared for Colorado Springs by
the consulting engineers are for 52 million gallons daily in 1980
increasing to 64 million gallons in 19902 (Figure 16). Estimates by

the utilities department are also prepared: Figure 17 shows a growth

lBlack and Veatch, Report on Cheyenne Canyon Booster District and
Templeton Service Area for Colorado Springs, Colorado. (Kansas City:
Black and Veatch, 1972), p. 15.

2Ibid., p. 12.
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TABLE 22

HISTORY AND PROJECTIONS OF CUSTOMERS SERVED BY
COLORADO SPRINGS WATER SUPPLY SYSTEM

Percent Estimate of

Year No. of Customers’® County PopulationP
1960 83,400 58

1968 138,500

1970 141,600 63

1980 273,000 73,

1990 394,000 77 (83)

qEstimates by Black and Veatch.

bEstimates of county population by council of governments.

rate of 5.5 percent plotted against the projected expansion of the
system. There is noticeable disparity in the rate of growth of the
demand for water indicated in the two curves. The consultants'
estimate aésume some combination of a drop in per capita use or an
increased importance for residential use. If residential use were
to remain at 40 percent of total use, average residential per capita
use would decline from 90 gallons presently to 76 gallons in 1980,

and 65 gallons in 1990, a trend which is as yet not discernible.

Future Planning for Water Supply

The city has extensive plans for the future water supply capacity
(Table 23). These include a second allotment of water from the
Fryingpan-Arkansas project, a second phase of Homestake, and the Eagle-

Arkansas diversion. Yield will be increased to nearly 100,000 acre-
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TABLE 23

PLANNED ADDITIONS TO THE COLORADO SPRINGS, COLORADO
WATER SUPPLY SYSTEM

Year Plan Yield (acre-feet)
1977 Eagle-Arkansas 5,000
1979 Homestake (2nd Phase) 17,000
1985 Fryingpan-Arkansas (2nd allotment) 10,000
TOTAL 32,000
1979 Reuse 4,000
1983 Reuse 5,500
TOTAL 9,500
GRAND TOTAL 41,500
Present Capacity 56,200
Present and Future Total 97,700

Source: Colorado Springs, Colorado, Water Division records

feet annually including reuse with an annual capacity of over 12,000
acre-feet.l :

" What has been presented appears to be a rational, prudent plan for
providing water for a rapidly growing city. Yields have been increased
or are projected to increase slightly ahead of demand to minimize
overinvestment in idle capacity. That the process has been expensive
is a function of the location and the consequent requirement for

transmountain diversion. This is all true if the estimate of yield

is accurate. .

1Colorado Springs,‘Colorado, Water Division, 1970.
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Firm Yield

One of the hypotheses of this study is that yield is understated.
The model is designed, in part, to test this hypothesis. Within the
Colorado Springs context, a 3l-year series of total stream runoff
from the Pikes Peak watershed, the first major source of city water
supply, was arranged in ascending order. The mean annual runoff for
this period, which included a drought is over 24,000 acre-feet, the
theoretical upper limit of yield if reservoir losses are disregarded.
The engineering estimate of yield is just over half of the mean stream-
flow.

Measuring the flow sequence against the demand sequence for the
years, 1948-1970, and eliminating two major additions for this period
(Homestake, 12,000 acre-feet and the Blue River, 10,000 acre-feet),
will provide an ex post facto look at the system and how it would have

been at less than half of capacity. The system would consist of the

following:
Pikes Peak 13,000 acre-feet
Wells 3,000 acre-feet
Cheyenne Creek 1,600 acre-feet
Northfield 700 acre-feet

18,300 acre-feet

Estimated
Homestake 13,000 acre-feet
Blue River 10,000 acre-feet

23,000 acre-feet

Were the Expansions Necessary?

The two major expansions to the system between 1948 and 1970 were

the Blue River, added in 1953, and Homestake, in 1966. These expansions
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could have been postponed. 1If the total yield available to the city
from other sources were completely utilized, with no provision for
reservoir losses, and a modest provision for storage, the system would
have provided a net surplus of water from the period from 1948 to 1970
(Table 24).

The sources with a firm yield of only 18,300 acre-feet supplied a
demand which averaged over 21,000 acre-feet for 23 years and close to
30,000 acre-feet for the last ten-year period. This points out the
conservative nature of the safe or firm yield rating. The main source
of supply used for the analysis is Pikes Peak which is rated at 13,000
acre-feet. The flows for 31 years show a mean flow nearly twice the
firm yield rating (Figure 18)-

Postponing both expansions of the system until 1970 would not have
been a workable plan. Reservoir losses would have occurred, more severe
flow conditions might reasonably be encountered, diversion works to
capture more of the flows might be costly, rights for storage may not be
available, but some delay in the addition of the Blue River and Homestake
Systems would have been more economically efficient. An ability to
produce water from reusing effluent which could have displaced some
nonpotable or potable uses would have provided a plan for an extended

delay at least until 1963 for the first of the additions.

THE SIMULATION: ALTERNATIVE FUTURES

Application of the Model

The model is designed to test present planning for future use

against alternatives to these plans. To do so it can provide alternative
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TABLE 24

WATER USE AND SUPPLY, COLORADO SPRINGS, COLORADO: 1948-1970

(Acre-feet)
Total Total Avail- Total: from Amount in
Use able fram Other Storage

Year Potable Pikes Peak Sources Surplus Deficit (Capacity 25,000)

1948 10163 29485 1 19322 19,322
1949 12863 24107 608 11852 25,000
1950 11508 8827 359 2322 22,678
1951 11843 11070 0 733 21,905
1952 15174 19115 6262 4567 25,000
1953 15557 17998 6983 3139 25,000
1954 12712 8845 934 2933 22,067
1955 16814 17977 3560 4723 25,000
1956 18408 9964 36834 4761 20,239
1957 14547 56755 5208 47416 25,000
1958 17777 25977 922 9142 25,000
1959 199795 20018 1477 1516 25,000
1960 24149 20049 1620 2480 22,520
1961 19515 28717 1743 10945 25,000
1962 24812 15203 1623 7986 17,014
1963 24863 12963 18636 10037 6,977
1964 28071 14398 8361 5312 1,665
1965 26100 34347 72617 15508 17,173
1966 31352 17795 11588 1969 15,204
1967 29011 18384 9980 647 14,557
1968 36507 21252 10822 4433 10,124
1969 33924 31686 11116 8878 19,002
1970 40863 27700 10795 2368 16,634
1. Northfield system starts.

2. Blue River system starts delivering water (not included in calculations).
3. Monument Creek water used (reuse) also first well flows.

4, Last year of Monument Creek for potable water.

5. Southerland Creek MAF 587 A.F. Discountinued July 2, 1960.

6. New well field begins delivering water.

7. Cheyenne system incorporated both supply and use. Mean flow was used for

1965 and 1966 supply since production figures are unavailable.

Source: Chief of Operations, Colorado Springs Department of Utilities unpublished
data, Colorado Springs, Colorado.
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futures for the natural events such as rainfall and streamflow, and
the social events such as population change or pricing practices with
which to judge the effectiveness of the planning.

The model cannot optimize, for what is optimal under one range
of streamflows may be inefficient when another equally probable
range of streamflows gnd populations are utilized. The simulations
of the water systems should be able to assist in more rational
planning.

Colorado Springs has an adequate supply of water by current
planning estimates for the next 13 years. Reuse has been in operation
furnishing effluent for irrigating lawns and parks since 1950. The
quality of the effluent is being upgraded to supply cooling water for
municipal electricial generation plants. What can simulation provide
which can assist in this planning?

First, it can provide a method of investigating an alternate plan
for reuse. Under this plan, water for power plant cooling would be
supplied from the reservoirs until the capacity added by the Fryingpan-
Arkansas water project was fully utilized (Figure 17). At such time
the decision to reuse water would be contingent on water levels in the
reservoir. Subsequent plans for the Eagle, Arkansas and other diversions
would also be contingent on system performance. Reuse would be employed
as needed, need also being defined in part by the amount of water in
storage (see the decision process, Chapter V). When reuse was not
required, water would be furnished from the reservoir. One alternative
planning practice would be to use water as required from the reservoir

for both potable and nonpotable use. When the reservoir drops below a
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preselected level, the reuse would be employed to furnish water to the
industrial and commercial users at a percentage of the total use.
Increases in conventional capacity would be triggered by another
reservoir level which would provide new capacity two years after a
series of other conditions had been met Reuse capacity is added as
required, sized to the maximum of month flow during any ten year
period.

Second, it can provide a method of evaluating plans under
alternative conditions of population growth which would be likely to
occur. The planned expansion of the system in 1979 includes provision
for both conventional additions to yield and reuse capacity. The
Homestake project is indivisible and causes an oversupply until 1983
without the reuse component, which further adds to the substanial
oversupply. Another reuse component, planned for 1983, could be delayed
until after 1984, if potable water were substituted for renovated
effluent (Figure 18).

These plans have been tested extensively and the results are
described in Chapter V. In summary, the model is not a good planner
but an excellent score keeper. By defining the games to be played,
the planner can have a range of consequences with which to judge the

attractiveness of an alternative planning decision.
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CHAPTER V

WATER REUSE: AN ALTERNATIVE PLAN FOR COLORADO SPRINGS

In the preceding chapter the past experience and future
planning of the Colorado Springs water supply and waste treatment
was described. This chapter will present an alternative plan for
the future. Both the plan formulated by the water department
(the Plan) and the alternative plan (the Alternative) will be

simulated.

The Plan

The planning period is for 50 years beginning in January, 1974.
The yield of the system is estimated at 56,200 acre~-feet of water
annually which includes 3,600 acre-feet of reuse (Table 26). A
second allotment from the Fryingpan-Arkansas project of 10,000 acre-
feet is scheduled for 1984. Two other projects, the Eagle-Arkansas
diversion and the second phase of the Homestake project, are scheduled
for 1977 and 1979. The total capacity of the system after all the
planned expansions is estimatéd at 100,000 acre-feet annually.

Reuse capacity will be increased in 1979 and 1983.

The Alternative

The Alternative has the same conventional source of water
supply at the start of the planning period. No reuse capacity exists
in 1974. It will be added as the simulation requires. The continuous

demands for reuse are incorporated into the industrial demand. All
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users are supplied water from the reservoir. This will continue
as long as the reservoir level remains above 30,000 acre-feet.
Only when the reservoir level drops below 30,000 acre-feet will
the reuse system begin operation. Reservoir water scheduled to be
supplied to each water using sector will be reduced by a specified

percentage of the monthly demand (Table 25).

TABLE 25

SPECIFIED PERCENTAGE OF MONTHLY DEMAND SUPPLIED FROM REUSE

Domestic 25
Commercial 50
Industrial 75
Military 50
Municipal 75

The amount of the reduction will be made up by renovated water
from a specified treatment level. The reduced drain on the reser-
voir will allow the reservoir level to increase. If it does not
rise above 30,000 acre-feet treated effluent will be introduced
directly into the water supply. The renovated waste water will
continue to be recycled back to the reservoir until the 30,000 acre-
feet level is reached.l

Instead of providing more reuse, the conventional capacity of

the system could be increased. The Plan adds units of capacity at

lThe 30,000 acre-feet level has been selected by preliminary
simulations to minimize the quantity and frequency of effluent returned
to the reservoir. In any simulation when it does occur it will be
noted in the analysis.
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fixed times. The Alternative institutes a decision process at the
end of each year. This decision process controls the addition of
the Eagle-Arkansas and the Homestake projects. The Fryingpan-
Arkansas addition is scheduled for 1985 by a previous commitment to
the Bureau of Reclamation. The decision uses information readily
available to a water manager.

The decision is based on three conditions. First, the program
checks that if the reservoir level is more than 50,000 acre-feet no
expansion will be made. Second, if the level is‘less than 50,000
acre-feet, the ratio of water used during the year to the minimum
level reached during the year is checked. Finally, if this indicates
less than an average nine-month supply, a further check is made on
the streamflows for the year. If the total flow is less than can be
expected to occur 75 percent of the time on the basis of the historical
and generated flows, no expansion will take place. The three condi-
tions must all be met: low reservoir level; less than 9 months supply
of water, and, the streamflows equaled or exceeded 75 percent of the
past period of record before any expansion decision is made. If all
conditions are satisfied, the expansion will be undertaken. A two-

year delay is instituted to provide time for implementation (Table 26),l

lIn retrospect the two-year lead time is too short even though
the water rights have been established and the sites acquired. The
complete planning cycle from purchasing the site to bringing the project
on line would exceed 10 years. The program can provide scheduled
investments for the site, and preliminary work at scheduled periods
and in the simulation of most cities would be advisable. For this
simulation earlier investment would decrease somewhat the advantage
of the Alternative over the Plan.
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Population Projections

The critical variable in the amount of water required is the
population served by the system. The simulation uses three popula-
tion projections representing different assumptions of growth from
the 1974 level of 174,000 (Figure 19). Two projections are necessary
to match the population growth and water use projected by the
consultants to the Water Division. The high projection closely
matches the population growth, but under this assumption total water
use is higher than projected. The medium population produces the
projected use, but at a lower population level. This divergence
between population and water use exists because the consultants
are projecting a decrease in per-capita demand which may come in
future years. The simulation demand modeles are based on historical
data which does not show a declining rate of per-capita use. This
results in the discrepancy between the projections of the consultants

and by the model.

High Projections

The consultants have estimated a 1980 population of 273,000
rising to 394,000 by 1990. The high population projection reaches
these figures within the indicated years and rises to 571,000 by

2023 (Figure 19).

Medium Projections

The medium population projection is designed to approximate
the predicted potable use of 52 million gallons daily in 1980 and

4 million gallons a day in 1990. The population under this
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TABLE 26

THE PLAN AND THE ALTERNATIVE: SCHEDULED ADDITIONS TO CAPACITY

Item The Plan The Alternative

Conventional Capacity

Existing 56,200 acre-feet 56,200 acre-feet
Additions

Eagle Arkansas 1977 as required

Homestake (Phase 2) 1979 as required

Fryingpan-Arkansas 1985 1985

Reuse Capacity

Existing o* o*
Additions

#1 1974 as required

#2 1978 as required

#3 1983 as required

*Reuse capacity is assumed to be nonexistent at the beginning of the
simulation and is added as required or scheduled.

assumption reaches 235,000 by 1980, 315,000 in 1990 and 411,000

by 2023 (Figure 19).

Low Projections

The growth rates in population and water use may be too high
if recent trends in birth rates continue. The low projection was
designed to test the future planning for water supply under more
conservative estimates of growth. The population under this assump-

tion reaches 383,000 by 2023 (Figure 19).
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The Streamflow Series

A 100-year record of streamflows was simulated by the Program
HEC-4. Since the simulation of the municipal system is for a fifty
year period, some 50-year segment of the streamflow record must be
selected. By use of the variable SKIP, a segment of the 100-year
record is selected by skipping the indicated number of years.

The sections of the record were selected to illustrate the
effects of drought at various times during the simulation. The
timing has a significant impact on the consequences of the drought
to the water system. Droughts which occur when water use represents
a lower percentage of yield will have less effect than when use is
greater. 1In these simulations the later years are more critical
since the population is continually growing and as a consequence
requires higher levels of supply. Three different Skips are used to
provide streamflows for the simulation: Skip 22, Skip 31 and Skip 48.
Skip 22 (Low Average Flow) has a period of persistent low flows
from year 14 (Figure 20),Skip 31 (Late High Flow) has a drought
beginning in year 27 (Figure 21), Skip 48 (Late Low Flow) is

characterized by droughts in year 33 and year 47 (Figure 22).

WATER DEMAND EQUATIONS
This simulation uses five equaticns to project total demand.
They were formulated in a city which separates water use into five

sectors-- domestic, commercial, industrial, military and municipal
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Figure 21
THREE YEAR MOVING AVERAGE OF ANNUAL STREAMFLOWS
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demands.1 Records are kept of monthly use by sector. The monthly
demands for 12 years, 144 observations, were used as input to a
regression program. The independent variables in the regression

for domestic demand were price, an index of rainfall, season, popu-
lation, and time. Commercial demand used price, season, population
and time as independent variables. Industrial demand variables were
price, season, employment, and time. The equations for the military
sector used price and time, while for municipal demand only time

was used as an indépendent variable. The purpose of the regression
was to test the significance of the variables and to establish
coefficients which could be used to project demand. The results of
the regressions are outlined in Table 27.

These equations provide a value for the expected demand of
each sector for water for each month. This value is based on the
monthly value of the independent variables and the coefficient
established in the regression. The residual values, the error term,
are used to introduce a stochastic element in the demand. The mean
is added to and becomes part of the expected value of the monthly
demand, while the standard deviation is multiplied by a random
normal deviate and added monthly to the value of the demand équa-
tion introducing a stochastic element in the monthly demand for

water.

lSystem losses are also estimated. These are calculated as
the difference between water released from major input systems and
the amount of water metered. This difference is included as part
of municipal demand.
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SUMMARY OF

RESULTS OF

TABLE 27

REGRESSION ANALYSIS AND RESULTING DEMAND EQUATIONS

Sector R2 Constant Variable
Residential .76 -3.05 -0.007 Price -0.06 Rainfall +7.28 Season +0.07x103 +0.005 Time +E
Index Population (in months)
Sign. Ievel
t test .05 .10 .00005 .05 .05 .005
Commercial .29 -4.86 -0.058 Price +1.048 Season® +0.l45x101 -0.041 Time +E
population
Sign. Ievel
t test .005 .01 .025 .0005 .0025
Industrial .50 +1.09 -0.005 Price +0.52 Season® +0.20x103 +0.0007 Time +E
) Employment
Sign. Ievel
t test .0005 .05 .0005 .0005 .0005
Military .67  +2.84 +2.26 Season® +0.02 Time +E
Sign. Ievel
t test .20 .0005 .0005
Municipal .22 +9.15 +2.40 Time +E
Sign. ILevel
t test .10 .0005

n= 144 cbservations

3Season is a dumy variable equaling 0 except during the period of May through September.



The Rainfall and Seasonal Variables

Rainfall is one of the key variables in the domestic demand for
water since one of the major uses in the residential demand is for
lawn and garden sprinkling. In the simulation rainfall is projected
together with streamflows in the program HEC-4. The monthly historical
rainfall figures were used in a regression to establ}sh the coeffi-
cients and test the significance of the variable. The significance
as measured by the t test was low, .20.

While there was an observable correlation between high annual
residential water use and low rainfall in the annual data, this did
not necessarily reflect monthly conditions. A month might have a
low water use if the preceeding month was rainy. This soil moisture
carryover is part of the accepted indexes for drought. These
drought indexes are based in part on factors which were not projected
as part of the simulation. As a surrogate, a percipitation index,
the cumulative departure from the mean rainfall is computed in a
program RINDEX (Appendix D). This program calculates and accumulates
monthly departures from the mean rainfall for each year of the
historical water use data. The output is used as input to the
program which computes the regression coefficients. By using this
rainfall index the significance of the rainfall variable increased
to .00005 as measured by the t test.

Season is a dummy variable with a value of zero except during

the period May through September when it is set at one.
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The Plan and The Alternative

The Plan and the Alternative will be compared in a number of
simulations. Each comparison, designated a series, will consist of
simulating the Plan for a given streamflow sequence and population
projection and the Alternative for the same set of conditions. The
object is to provide water to the city at minimum cost for a fifty
year period. The present value of each simulation will be compared.
Other indicators: spillage, water use, reservoir levels and the
costs of components of the system will also be used as a basis of

comparison in particular series.

The First Series
The first series was selected to duplicate the water use
estimated by the consultants. The streamflow sequence, SKIP 48
(Late Low Flow), provides two droughts near the end of the simulation

period.

Water Use: The Plan and the Alternative

Water use in the simulation is projected as the sum of the
demands of the separate water using sectors: residential (domestic),
industrial, commercial, municipal, military, and nonpotable use.

The separate demands show a generally increasing trend, but in
individual years they represent varying proportions of total water
use (Table 28). Engineering consultants for the city have projected

a daily use for 1980 and 1990 of 52 and 64 million gallons respectively.
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TABLE 28

SIMULATED WATER USE IN COLORADO SPRINGS:
PERCENTAGE OF USE AND TOTAL ACRE-FEET

(Base Year - 1970 Actual Data)1

Residential Commercial Industrial Military Mmicipal Total
% %

] ] % A.F.
1970 40.3 17.1 3.5 l6.0 23.1 44206
1974 41.6 l6.4 4.4 18.1 19.4 45554
1980 40.8 23.0 3.1 16.3 l6.5 61129
1990 37.3 26.6 3.0 17.0 16.1 74481
., 2000 39.6 19.7 2.8 16.4 22.1 89495
2010 42.9 14.6 3.3 19.1 20.0 92477
2020 40.6 8.2 4.0 21.2 26.0 98790
2023 40.3 6.0 3.9 22.0 27.8 00673
1

1970 date on water use--Colorado Springs,Colorado, Department of
Public Utilities. Other data was projected using the simulation
of the Plan for Colorado Springs.

Scheduled nonpotable use will increase this total to 54 and 70

million gallons a day.l

In the first simulation these rates are approximated in 1982,
when the average daily withdrawal including nonpotable uses reaches
55.5 million gallons, and in 1991 when the rate reaches 69.3 million
gallons average daily use (Figure 23). The total water use figures

for both the Plan and the Alternative are equal.

Additions to Capacity: The Plan

To provide water to meet these demands, the Plan used the

scheduled series of additions, reuse capacity in 1974, 1979, and 1983,

%Although the Alternative does not supply nonpotable water on a

continuing basis these continuous demands are incorporated into the
industrial demand for water.
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the Eagle-Arkansas River diversion in 1977, the Upper Homestake in
1979 and finally the second allotment from the Fryingpan-Arkansas
project in 1985.

Using the decision process outlined in Chapter 3, the Alternative
provided different timing of investments. The increments were the
same with the only difference being a .1 million gallon a day higher
in treatment capacity for the Plan. The Fryingpan-Arkansas allotment,
provided as the last addition in the Plan in 1985, was the first
element, at that same date for the Alternative. The capacity to reuse
effluent was first provided in 1996.1 The Eagle-Arkansas diversion
was delayed until 1998 and Homestake was finally brought into the

system in the year 2000 (Figure 24).

Reservoir ILevels: The Plan and the Alternative

The operation of a water system can be evaluated by the
reservoir levels, spillage, and amount of water bypassed at the
intakes. Constant high reservoir levels under conditions of
varying streamflows are an indication of a system which is under-
utilized. The reservoir levels resulting from the implementation
of the Plan using the medium projection of population and the SKIP
48 streamflow sequences exhibit little variation except during the
final years of the simulation (Figure 25). The Alternative simula-

tion uses storage more efficiently responding to low flow years by a

1The model combines all investment in water reuse into the first
year of any 10 year period. Thus while reuse capacity was provided
and used in 1996, the investment is calculated from 1994. This is
also true in the Plan in which investments in 1974, 1978 and 1982
are all assumed for financial evaluations, to date from 1974.
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decline in the amount of water stored (Figure 26).The spillage
associated with both plans is markedly different. The Plan spills
water during 43 of the 50 years projected against 12 in the Alterna-

tive Plan (Figure 27).

The Costs: The Plan and the Alternative

As previously noted, the investments in water supply and water
reuse facilities were substantially equal, only the timing was
different. This is not true of the costs of operating and maintain-
ing the reuse system. The Plan reused 182 billion gallons of water
over the 50 years. Most of this, 165 billion gallons, were treated
to a tertiary level using coagulation, sedimentation, and granulted
carbon absorption of the secondary treated effluent. The other 17
billion gallons was treated only by sand filtration. The total
costs of the advanced waste treatment were $23 million or approxi-
mately 14 cents per thousand gallons. The Alternative reused water
only twice and accumulated less than $2 million in costs for the
advanced waste treatment process.

One could compare the Plan and the Alternative based on the
difference of 21 million dollars in cost of treatment and disregard
the timing of the expenditures completely. A more meaningful
measure weighing not only the expenditure, but the timing, is
obtained by discounting the expenditure to the present.

Using this method, the Plan expenditures have a present value
of $21.5 million, the Alternative, $7.6 million. The equal costs

for the water diversions and sewage treatment capacity have a
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discounted value of $9.5. million more in the Plan than in the
Alternative while the difference in operations and maintenance

costs of reuse totaling $21 million more in the Plan has been reduced
to a difference in present value of $4.4 million (Table 29). If the
9.5 percent interest rate is used, the absolute difference in

present value declines at this rate, and the Plan has a present

value of $17.9, the Alternative $5.2 million.

It should be noted that the Alternative Plan has made an
inefficient use of reuse capacity. A large size plant has been
provided in 1997 which furnishes effluent for only two years.

After this plan had been simulated once, parameters could have been
adjusted ex post to provide either earlier implementation of the
water supply projects or lower acceptable levels of the reservoir
to avoid reuse. Two points are relevant: 1) Any levels selected
for the simulation ex post to minimize costs might not be optimum
for other streamflow sequences; and, 2) The provision for reuse,
while not the most efficient in this application, has allowed for
the delay in the water supply projects. Reuse is a low capital
intensive standby system, and is functioning exactly as a reuse
system should--that is, to provide the kind of assurance of yield
which has been provided by understating the potential output of

streams and reservoirs.

The Second Series
The second series used the medium population projection and

the streamflow series SKIP 31 (Late High Flow). 1In this series
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TABLE 29

COLORADO SPRINGS WATER SUPPLY SYSTEM 1974-2023
PROJECTED OPERATION - THE ALTERNATIVE PLAN
MEDIUM POPULATION SKIP 48 LATE LOW FLOW

The Plan The Alternative

Total Water use 2023 (Acre-Feet) 106,000 106,000

Capacity of Waste Treatment Plant
(millions of gallons daily)

Decade 1 12
2 12
3 12 11.9
4 12 1.9
5 12 11.9

Total Reuse Water Processed (millions of gallons per decade)

Decade 1 19,000 0
2 40,000 0
3 40,000 1,400
4 40,000 0
5 40,000 0

Additions to Capacity (date)

Fryingpan-Arkansas 1985 1985
Eagle Arkansas 1977 1998
Hamestake ’ 1979 2000

Present Value (millions of dollars at 6.88 percent)

Reuse capacity 2.2 0.7
Reuse operations and maintenance 4.8 0.4
Conventicnal capacity 14.5 6.5
21.5 7.6
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the Plan, insulated from changing streamflows because of the
preselected sequence of additions, accumulated the same present
value of investment as in SKIP 48 (Late Low Flow). The present
value of the investment required for the Alternative declined by
$100,000 (Table 30). This was the result of delays in both reuse
from 1996 to 1998, and watersupply additions delayed from 1996 and
1998 to 2006 and 2008 (Figure 28). he minimum reservoir levels
maintained are indicated in Figure 29.

In this second set of simulations, as in the first, the level
of total water use reached 106,000 acre feet. Although this was
6,000 acre feet above the engineering estimate of yield, it has

provided little stress for either the Plan or the Alternative.

Third Series
The high population projection increasing to 511,000 by 2023
provides a test of the Plan and the Alternative at higher levels
of water use. This projection closely resembles the population
érediction of the consulting engineers for 1980 and 1990 of 278,000
and 394,000 respectively. The stream sequence used is SKIP 48,

Late Low Flow.

The water use sectors which will increase in this higher
population series are residential, commercial and municipal, all
of which use population as one of the independant variables in the
water use models. Industrial use which uses employment as an
independant variable increased at a slower rate. Military use and

nonpotable use were not affected.
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TABLE 30

COLORADO SPRINGS WATER SUPPLY SYSTEM 1974-2023
PROJECTED OPERATION - THE ALTERNATIVE PLAN
MEDIUM POPULATION SKIP 48 LATE LOW FLOW, SKIP 31 LATE HIGH FLOW

SKIP 48 SKIP 31
Total water use 2023 (Acre-Feet) 106,000 106,000
Capacity of Waste Treatment Plant
(millions of gallons daily)
Decade 1 0
2
3 11.9 12.5
4 1.9 14.2
5 11.9 14.2

Total Reuse Water Processed (millions of gallons per decade)

Decade 1 0 0
2 0
1400 2623
-
0 4026
0 0

Additions to Capacity (date)

Fryingpan-Arkansas 1985 1985
Eagle Arkansas 1998 %006
Homestake 2000 2008

Present Value (millions of dollars at 6.88 percent)

Reuse capacity 0.70 1.02

Reuse operations and maintenance 0.40 1.11

Conventional capacity (water supply) 6.50 5.40
Total T 7.63 T 7.53
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The simulation of the Plan ended after the 36th year. The
reservoir went dry in January of 2010 (Figure 30). Water use had
reached 135,000 acre-feet. Spillage was extensive in the early
years of the simulation. When demands reached 133,000 acre-feet
in the year 2002, the reservoir levels failed to recover sufficiently
during high flow years to meet the stress of low flow periods.

The Alternative continued to furnish water for the full 50
years. This required more investment in reuse plant and more
reuse water produced during low flow years. The Eagle-Arkansas project
was provided in 1993, and the Homestake in 1998. This was earlier
than the previous simulation, but still represented a delay from the
scheduled additions of the Plan (Figure 31).

The present value of the Plan is $21.1 million. The difference
between this and the previous simulations is only in the exclusion
of the last 14 years of operation and maintenance costs. The present
value of the Alternative is $10.8 million for the 36 years. It

increases to $11.9 million for the full 50 years (Table 31).

Potable Reuse

The Plan provides reuse water piped directly to the user in a
separate distribution system. Such a system is in use and is now
being extended in Colorado Springs. The Alternative assumes the same
condition although individual months have required more extensive
reuse than provided in the Plan.

In the Alternative when the directed reuse is not sufficient
to maintain the reservoir level, the reservoir itself exerts a

demand on the reuse plant for water. For these past simulations
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TABLE 31

COLORADO SPRINGS WATER SUPPLY SYSTEM 1974-2009
PROJECTED OPERATION - THE ALTERNATIVE PLAN
HIGH POPULATION SKIP 48, LATE LOW FLOW

The Plan The Alternative

Total water use 2009 (Acre-Feet) 135,000 135,000

Capacity of Waste Treatment Plant
(millions of gallons daily)

Decade 1 12 0

2 12 26.4
3 12 27.4
4 12 32.0

Total Reuse Water Processed (millions of gallons per decade)

Decade 1 19,000 0
2 40,000 7,000
3 ' 40,000 10,644
4 40,000 40,107

Additions to Capacity (date)

Fryingpan—-Arkansas 1985 1984
Eagle Arkansas 1977 1993
Hamestake 1979 1998

Present Value (millions of dollars at 6.88 percent)

Reuse capacity 2.20 1.9i
Reuse operations and maintenance 4.44 1.69
Conventional capacity 14.50 7.17

Total 21.14 10.77
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reuse supplied some of the demand when the reservoir levels dropped
below 30,000 acre-feet. If renovated water were not provided until
a lower level were reached, the reserve capacity left in storage
Plus the available streamflows might not be sufficient to supply
enough water unless the capacity of the reuse plant were large.

If water were required for introduction directly to the reservoir,
the low level of stored flows available for dilution would tend to
result in a high level of total dissolved solids. To correct this,
some method of reducing the total dissolved solids in the recycled
water would be required to maintain the level of the mixed water

at less than 500 parts per million.

To test the effect of varying the reservoir levels, two
simulations were run. For the first, the plant was turned on at
40,000 acre-feet and the second allowed the reservoir level to
decline to 20,000 acre-feet. Turning the plant on at the 40,000
acre-feet level required less reuse capacity but higher expenditures
for operation and maintenance (Table 32). Turning the plant on at
20,000 acre-feet, increased the needed capacity, decreased the
operation and maintenance costs, and caused the Homestake project
to be built two years earlier.

Setting the level for providing renovated water at 40,000
acre-feet requires more tqtal reuse, but reservoir levels could be
maintained by piping the selected proportion of effluent directly
to the user. 1In only the last two years of the simulation was
water returned directly to the reservoir in addition to the directed

reuse. As the recycle level was dropped, the quantity of reused

140



water required was less, but more reused water was returned to
the reservoir. At 20,000 acre-feet, water was returned to the

reservoir to maintain the level in each of the final three decades.l
The present value was also affected. The 40,000 acre-feet level

had a present value of $1 million less than the low level.

Series Four and Five

Two other stream sequences SKIP 31, Late High Flow, and SKIP
22, Low Average Flow, were used with the high population projection.
In each of these the Plan failed. 1In the former, during March of
2006 and for the later, March 2007. The Alternative simulation in
both sequences continued to furnish water for the full fifty years.

The present value of the investment required for the Alternative
runs were $11.2 for the SKIP 31 Late High Flow ana $12.0 million
for the SKIP 22 Low Average Flow, stream sequences for the entire
50-year simulation. The present value of the required investment
for the Plan were approximately $21 million, varying only in the
present value of the reuse not required for the final year of the

SKIP 31 Late High streamflow simulation.

Series Six
A final set of simulations was run using a low projection of
population which reaches 383,000 persons by 2023. 1In this, the

Alternative never required the second phase of Homestake. The

present value of the investment was less than $6 million. The Plan,

i e

again insensitive to external conditions, had a present value of

$21 million.

lFor the third series at the 30,000 acre-feet level water was
returned to the reservoir in five of the years. (Three of these
required less than 100 million gallons for the year).
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TABLE 32

PLANT CAPACITY REQUIRED FOR THREE LEVELS OF RECYCLING
HIGH POPULATION SKIP 48, LATE LOW FLOW
(millions of gallons per day)

RESERVOIR LEVEL
Decade 20,000 30,000 40,000
acre~-feet acre-feet acre-feet
1 0 0 0
2 19.8 21.6 13.2
3 33.2 21.7 20.7
4 33.2 28.0 23.8
5 38.6 38.6 35.2

Summary of All Simulations

Thé Simulations have been run to compare the costs of
providing the water supply needs of Colorado Springs, Colorado,
by the use of the Plan and the Alternative. The comparisons were
made for high, medium, and low population projections and for
different streamflow sequences.

For every assumed population projection and streamflow
condition simulated, the Alternative was a less costly method of
supply than the Plan (Table 33). The costs of the Alternative
varied, depending on levels of supply and demand. The Plan was
independent of these conditions and required a series of investments
with a present value of approximately $21 million.

Of the two methods of supply, the Plan is least desirable,

under conditions of low population growth. The Alternative, assuming
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TABLE 33

SUMMARY OF THE SIX SIMULATION SERIES: THE PLAN AND THE ALTERNATIVE

Series ggggégﬁigz gg:zfaéf;n Tﬂé %&aﬁfﬁi?8+ﬁzg%§ é%ﬁé%%%%nw
1 Medium 50 21.5 7.6
2 Medium 50 21.5 7.5
3 High 35 21.1 10.8
4 High 32 20.9 10.0
5 High 33 21.0 12.0
6 Low 50 21.5 6.0

the lowest population projection, had an investment requirement
with a present value of $6 million. Reuse was required for only
seven of the fifty years simulated. Under this assumption the
Eagle-Arkansas Project was delayed until 2013. The second phase of
the Homestake Project was never required. The total investment
required by the Alternative has a present value of $6 million, less
than a third of the $21.5 million required for the Plan.

Under the high assumptions of population growth, the Plan
always failed in the third decade of operation. The Alternative
simulations were able to supply the city for the full 50 years at
costs of $12 million or less. The medium population growth assumptions
required an investment of approximately $7.5 million for the
Alternative as compared to the $21 million for the Plan. Both the
Plan and the Alternative provided water supply for the full

planning period.
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The Alternative is economically a more efficient method of
providing for the water supply needs of Colorado Springs. The
extra costs of the Plan arise from the additional costs of treating
effluent when reservoirs are oversupplied and spilling and from the
costs of premature investment in both conventional and reuse
facilities. The Alternative processes water only when water supply
is low and delays additions to capacity until the level of water

in storage indicates a probable future need.
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CHAPTER VI

CONCLUSIONS

This study focused on three questions relevant to the practicability
of recycling renovated wastewater: (1) Can reuse be an efficient
(low cost) method of supplementing water supply? (2) Are present
reuse practices efficient? and (3) Can alternatives be formulated
which are more efficient than present methods of reuse? A hypothesis
was advanced that water systems had yields which were great&r than
the stated capacity.

Reuse was advocated as a method of increasing yields by: (1)
Allowing the demands of the system to rise without providing conven-
tional capacity thus using the reserve capacity in the system;

(2) Substituting for high levels of assurance which would increase

yield since system yield is inversely related to levels of assurance.

A further claim made for reuse is that water systems with reuse capacity
could shorten their planning horizon. This could delay or cancel the
requirements for increased capacity where changing conditions were
reflected in decreased projections for use. This last claim is

unproven and unprovable in the context of this simulation.

The .Colorado Springs Simulation
The application of a simulation model to Colorado Springs, Colorado,
water supply provided insights to these questions. The future planniﬂg
for the system including reuse were simulated under a wide range of

streamflows and population projections. An alternative plan was
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developed which provided for reuse only when required; hence,
conventional additions to supply were postponed. For each simulation
of the Plan, an Alternative was also simulated.

The model demonstrated reuse to be an efficient low cost method
of supplementing the municipal supply. This was true even when the
reuse application was in itself inefficient. 1In one simulation, a reuse
plant was provided in the second decade which supplied water for only
two years during the remaining thirty years of the simulation.1 The
plant served to provide the assurance presently provided by earlier
additions of conventional capacity at a much lower total cost.

Present reuse practices (The Plan) were not efficient. Reuse was
provided for many years when excess water was spilling from oversupplied
reservoirs. Even under assumptions of high population growth, reuse
remained unnecessary for much of the planning period.

The simulations indicate that Colorado Springs has more water than
engineering estimates of yield indicate. Yield is measured at a critical
low flow period which is assumed to have a selected level of recurrence.2
The simulations used flows which were based on a synthetic 100-year
record of flows. From this record, three 50-year segments were selected
so that the most severe conditions of low flows would occur during the
later period of the simulation when water use was highest. The lowest
use which the system could sustain under these conditions was in excess
of 130,000 acre-feet, 30 percent more than the 100,000 acre-feet

estimated as the firm yield of the .system.

lSkip 48, Late Low Flow, medium population projection.

2 . . .
As previously noted an even more rigorous standard is set.
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Implications for Colorado Springs

What are the implications for Colorado Springs? First, reuse
should be regarded as a standby source of water to be used only when
water supply storage is low. Second, present plans for future
additions to conventional supply probably should be delayed.

Reuse as envisaged in the Alternative Plans for Colorado Springs
has proved a very efficient method of supplementing municipal supply.
There are a number of considerations which have made this sg: (1) The
cost of acquisition of the dam sites has been part of previous sunk
costs; (2) The water right acquisition has been adjudicated as part
of other projects; and, (3) The major engineering inputs for the
current projects héve already been completed. These have allowed the
specification of a relatively short time between a decision process for
increasing conventional capacity and bringing the project on line. 1In
other cities, these costs might be incurred earlier for projects
which could then be delayed until reservoir levels, water use, and
streamflow provided the conditions necessary for the implementing of
the construction of a project. The resulting present value of the
required investment in the Alternative simulation would be increased
in comparison to the Plan.

What is the likelihood that Colorado Springs will shift to the
Alternative rather than pursuing the Plan? The results of the simula-
tion have notbeen discussed with the water management group at Colorado
Springs, but many of the implications of the simulation mav
have alreadv been recognized. There are, however,
considerations which would tend to discourage water renovation and

reuse as outlined in the Alternative even if the conclusions of the
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simulation were accepted. Among these are: (1) The city might lose
tentative rights to water. Water allocation in Colorado is based on
the doctrine of prior appropriations. All water is assumed to be

in the public domain until it is claimed and put to beneficial use.

The date of the allocation established the priority of the user during
periods of shortage. Users who can show a future beneficial use file
claims as early as possible to establish the seniority of the right.

In this respect, cities with growing populations are faced with the
need to prove as two of the conditions of the award that there is a
need for the water and that due and reasonable diligence be pursued in
diverting the water and putting it to beneficial use.l Replacement

of some of the present uses of renovated effluent would both decrease
future need and delay required additions causing cities to possibly lose
rights to water now conditionally appropriated. (2) Integrated planning
would be required. This is not encouraged by the prevailing arrange-
ments in the Department of Utilities. The water supply and sewage
treatment divisions are geographically separated: the office of the
Water Division is in the Utilities Building near the center of the city;
the Sewer Division is at the treatment plant located on the periphery.
The separation in distance has its counterpart in functions,

for example both employ different consulting firms to advise on the
functioning of the systems. Although there is a recognition of

the potential value of reused water in the future (it is designated

lDenver, Colorado, was denied a right to water in 1961 in part
because the supply was adequate for a reasonable time in the future and
also that due diligence in pursuing the diversion was not exercised.
Joseph 1. Sax, Water Law Planning and Policy, (The Bobbs-Merrill Company,
Inc., 1968), p. 188.
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"the last water hole"” in a publication of the Department of Utilitiesl)
there is no real attempt to coordinate the planning. (3) The water
supply planners express doubts concerning the technology of water
renovation and reuse. The reuse program has had problems with the
product quality: The odor of the irrigation water at times has caused
complaints by the users. The water division which has been delivering
a high quality product to the public would have little desire to
accept a technology which might represent problems. (4) There would
be little support by the city management for integrating nonpotable
use with the potable water supply system. It might be acceptable, but
it would not be received with acclamation. The Alternate would be
adopted only to provide an economically more efficient system. However,
this has not been a factor in planning for water supply. The public
utilities have been able to provide funds for extensive development

pledging only their combined revenues.

Implications for Other Areas

The simulation of the Colorado Springs, Colorado, water system
can provide some generalizations that may apply to other areas. The
most obvious is that a program of renovating water should not be
undertaken when potable water is spilling from oversupplied reservoirs.
At some point when reservoirs stop spilling and levels decrease,
renovated water should be used to supply users who are indifferent
to receiving stored flows or recycled water. As requirements for

water increase, users may require encouragement to displace potable

lArnberg, History, p. 44.
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supply with renovated effluent. The encouragement could take the

form of restrictions against the use of virgin flows for specific
purposes. The level at which the change over should take place is a
function of the future expectations of use and supply. Simulations
involving changes in both supply and demand would produce probabilistic
guidelines.l

The Colorado Springs system has underestimated yield. There
have been suggestions that most water systems do have yields which
are higher than the engineering estimates. If this is so, conventional
water projects could be delayed until the excess capacity is used.
Reuse could supply part of the demands if the delay in adding to the
capacity of the system caused a shortage.

The reuse application which seems most productive is to substitute
the capacity to reuse water for the high levels of assurance either
stated in the 95-98 percent safe yield or implied in the designation
firm yield. As levels of assurance decline, yield from the same
reservoir and stream combinations rises. For every one percent decrease
in assurance, the reuse plant could be used an additional ene
percent of the time.

Reuse should not be viewed as a parallel source of supply under
a common administration with the sewage system, but as a management
alternative available to the water supply planners. Consequently, the

manager of the water supply system .has three supply alternatives at any

lA complex municipal system could be simulated for approximately
$10,000. It would require a programmer for two months and three hours
of computer time on the equivalent of a Central Data Corporation model
6600 computer. This does not include costs of data collection.
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time: (1) furnish water from storage, (2) from reuse, or, (3) add
to capacity. If these options are exercised effectively, the
municipality will be supplied water at a lower cost than if reuse

were not one of the planning alternatives.

Changes in the Model

The model now makes no connection between costs of water and the
price at which it is sold. One of the independent variables used is
price. All uses incorporating price show a negative elasticity, use
declines as price rises. The model assumes a series of prices which
rise over time. The prices are used to calculate total income from
the operation of the water system. Costs of providing water supply
at present have no relationship to the price charged for water. The
model could be adapted to provide a cost calculation which could then

be reflected in a periodic price adjustments.

Additional Data

The simulation has specified arbitrarily the percentage of each
demand that could be satisfied by renovated effluent. The amount of
demand that could be supplied by reuse should be determined for those
areas where treated effluent is being considered as a supplementary
source of supply.

There has been no consideration of the opportunity costs of
providing reservoirs for water storage or of diverting stream flows.

In some areas this would be a significant factor which would increase
the relative benefits of renovation and reuse and should be incorporated

into the simulation.
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Required Research

Evaluating the Safety

The public health problems of the reuse of water for potable
supply require additional research. Especially troublesome are
the long term effects of drinking water containing elements not
responsive to present treatment processes or not subject to treat-
ments which would remove them. Studies on these effects are long
overdue, not only because of the planned reuse of effluent, but
for the half of the urban and suburban populations which has
already had the choice made for it through inadvertent reuse of

renovated wastewater.

Evaluating the Acceptability

While studies of public attitudes towards reuse of renovated
wastewater support the view that knowledge of the process and educa-
tion increase the acceptance of reuse, the actual question is whether
the engineers and public health officials will recommend reuse and/or
will the politicians adopt such a process?

Additional studies are needed in the area of the value and
attitudes of public health officials and engineers since our preliminary
study indicates that their personal attitudes influence their professional
judgements toward reuse.

Studies are also needed on the way political decisions about
reuse are made. Preliminary models of the adoption process have

already been formulated, and these should be developed and tested

152



. . . 1
in those areas where decisions on reuse are being made.

Finally, the present reuse practices of many municipal
systems serve as models for other communities considering reuse.
A critical examination of present practices will serve as a
guide for future applications. If present trends continue,
planned reuse may supply only unnecessary additional capacity
to systems already oversupplied with water.

Water reuse is being encouraged by Federal law as a
potential source of increased supply. The reuse of renovated
waste water has been shown, under specified conditions, to Le a
socially acceptable and economically efficient source of
municipal water supply. Many present reuse applications are
not efficient. The use of a simulation model can provide a
more valid method of judging the benefits of reuse, provided
that consulting engineers and public health officials will
consider and, when appropriate, recommend reuse as one of
the alternatives in water supply planning. The over-riding
goal now is for the integration of water reuse in municipal
water supply planning. The thrust is no longer whether
reuse is possible; rather, the focus should be upon the
programs and research directed toward the opportunities for

efficient implementation.

lpavid McCauley, "Political Decisions Making Models", in
Community Adoption of Water Reuse Systems in the United States,
Roger Kasperson et al. (Worcester: A Report to the Office
of Water Resources Research, 1973).
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APPENDIX A

A MANUAL FOR SIMULATING THE MUNICIPAL

WATER SYSTEM
by Roy A. Wysca.rver-l/

Introduction

The use of program TINKLE requires that certain technical considerations

be met and that the appropriate preparatory work be campleted. This can best

be described by the following outline.

A.

B.

C.

D.

E.

Technical Considerations

Preparation of Hypothetical Stream Flow Data

1. Generation of Stream Flow Data

2. Sorting the Data

Preparation of Water Demand Equations

1. Construction of a Rain Index

2. Performing the Regressions

3. Calculation of the Mean and Standard Deviations of the Residuals.
4. Modifying Program Tinkle to Incorporate the Results of 2 and 3.
Other (Optional) Modifications

1. Incorporating Additional Punched Output

2. Changing the Water Quality Constant

Machine Dependent Modifications (if required)

1. Iogical Unit Numbers for Peripheral Devices

2. EOF Function

3. Clock and Date Routines

4. RANF Function

1/ The program and the documentation are by Roy A. Wyscarver formerly
of the Department of Econamics, Clark University.
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A. TECHNICAL OONSIDERATIONS

The primary technical considerations are a camputer with a sufficiently
large memory and the availability of peripheral devices. The program was de-
signed on a CDC 6600 and required 140,000 (octal) bytes of core to load and
65,000 (octal) bytes of core to execute. This would be equivalent to 57,344
(decimal) bytes of core for execution on most other camputers. However, the
load size could be smaller depending upon the compiler size.

In addition to a reader, printer, and card punch, the program requires
3 tapes, or 3 disk files, or cambination thereof.

The run time for program TINKLE will depend primarily on whether disk
files or tape files are employed. Disk files were employed and run times of
25 secords central processing time and 90 seconds of input/output time were
typical for a 50 year simulation.

B. PREPARATION OF HYPOTHETICAL STREAM
FLOW DATA

B.l Generation of Stream Flow Data

The U.S. Ammy Corps of Engineers Monthly Streamflow Simulation program
(publication 723-340 HEC 4) is used with the modification and restrictions out-

lined below to generate streamflows.

Following Card No. Insert This Statement
1005 REAL QI (15)
2672 QI(I) = Q(M,K)
2677 WRITE (10) (QI(I1),I=1,12)

The line nmumbers referred to above correspond to those used in the publication
cited earlier. For our purposes, 10 was defined as a disk file but this could
also be defined as a tape file.

The order of arrangement of the data used with the HBEC-4 program is the
same as that outlined in the Corp of Engineers publication with two exceptions:
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The first station of historical data (in the first pass, if a multi-pass run

is employed) that is input to the program must be monthly rainfall data. All
other stations of historical data may be arranged as desired; but the last
group of stations (however many stations there are) must represent streams that

are currently unavailable as inputs to the reservoir but may later be used for

this purpose.

B.2 Sorting the Data

The data generated in the previous step has an order of arrangement that
is inconsistentwith the order that program tinkle requires. Hence, program
SORT - found in Appendix D - was used to rearrange the generated data in the
required order.

In this program, Tape 1 refers to the old data file generated in B.l while
Tape 2 refers to the new data file to be generated. The program requires one

data control card in the following format:

Column Ttem Format

1-5 1/2 the total mumber of years of generated 99999
stream flows produced by step B.l

6~-10 Total mumber of streams & rain 99999

11-15 First year of Generated Flows 99999

C. PREPARATION OF WATER DEMAND BQUATICNS

C.1 Construction of a Rain Index

Certain demands for water are a function of the cumlative amount of rain
received relative to what is nommally received, a rain index was created to be
used as an independent variable in these demand equations. The index is created

for the same period that the regression data used in C.2 covers.
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The methodology behind this index is best described as follows:
i

RIi = ji (Rj - -R'j) fOI' i = 1,2’...’12

where i = the current month

RIi=thevalueoftherainindexintheithmonth
j = a summation subscript

Rj = rainfall inthejth month

ij = average rainfall for the jth month

The rain index is a cumlative sum of the deviations of actual rainfall from
the average rainfall.

The program used to generate this index can be found in Appendix p. The
program requires one data control card followed by the monthly rainfall data
cards used in B.l with the HEC-1streamflow generator. The data control card
must be the first card and adhere to the following format:

Colum Item Format

1-2 The beginning year of the rainfall data, 99
e.g. 1970 would be 70

3-4 The total number of years of rainfall data 99

C.2 Performing the Regressions

Once the rain index has been created, and the other data collected, re-
gressions can be performed to determine parameters of the demand equations.
We employed Zellner's "Three Stage Least Squares" program in calculating
the parameter although any other regression package would be satisfactory.
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The regression models employed are:

Damestic Demand = a, + o + o,RT + a,S + o POP + o T + E

1 2Fnc 3 4 5 6

Camercial Demand = oy + aZPDC + a3S + cL4P0P + aST + E

Industrial Demand = al + aZPI + aBS = a4E + aST + E

Military Demand = oy + asz + aBS + a4T + E
Municipal Demand = a, + ach + a3T = E

where P__, = Damestic and Cammercial Price

DC
PI = Industrial Price
P, = Military Price

P, = Municipal Price
RI = Rain Index
POP = Population

E = Employment

T = Cumulative Time in Months

S = Dummy Variable for Seasonal Variations
Note that in the simulation, the dumy variable S is assigned a value of one (1)
fram June through Septerber and zero (0) otherwise. This, however, is not an
absolute for it deperds on the local conditions of the area under simulation.
The months in which S = 1 should be determmined from examination of the data
" and by knowledge of the area.

C.3 Calculation of the Mean & Standard Deviation of the Residuals

This step is not necessary if the mean and standard deviation of the
residuals are provided by the regression package employed in step C.2. However,
the program used did not provide these statistics and the program in Appendix D
was used to calculate them,
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Before using the program, three parts must be programmed. In part I,
each of the variables below must be respecified to reflect the user's
particular situation.

Variable Name Represents Maximum Value
NOBS Total number of cbservations for the 240
dependent variable.
NEQ Total number of regression equations 10
fram C.2.
NIV Total number of different independent 20
variables.

In part II, format number 10 must be changed to reflect the format of the data
used in the regressions of C.2. Finally, part IIT must be programmed to in-
corporate the regression equations and their estimated parameters. Each equa-
tion must be of the following general form:
Y(1,9) =x(,7) + O *X(I,L) OF.. 0 *X(I,K) ... + O *X(I,N)
where Y(I,J) = the dependent variable for the Jth regression equation
X(1,J) = the constant for the g regression equation
a's = the estimated coefficients
X(I,L) = the first independent variable in the J* regression equation
X(I,K) = the intermediate in dependent variables in the J* regression
equation
X(I,N) = the last independent variable in the Jth regression equation.
Once the programing changes have been made, the user employs the pro-
gram by placing the data cards fram C.2 behind the program as shown below.

Setup for C.3

Program MASD

Data fram C.2
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C.4 Modifying Program TINKLE to incorporate the Results of C.2 and C.3

The results of C.2 and C.3 are both to be inserted in subroutine demand.
For step C.2, the o's obtained for each demand equation must replace the existing

o's in the program as follows:

a's for Demand Equation Replace on Existing Numbers
on Card Nurmber
Damestic 28 & 29
Commercial 30
Industrial ' 3
Military 32
Municipal 33

For step C.3, the new means must replace the existing numbers on card number 34.
(theorder is Damestic, Commercial, Industrial, Military, Municipal). Similarly,
the new standard deviations must replace the existing ones on card number 35.
The order is the same as with the means.

Finally, card 36 must be changed. On this card the variable HIC has
been assigned a value of 264. HIC is the cumulative time in months that has
elapsed since the beginning month of the regression data and the month just
prior to the first month that will be similated. For example, if the regression
data began in 1960:1 and ran through 1970:12 and the simulation is to begin in
1972:1, then the HIC should have a value of 132.

D. OTHER (OPTIONAL) MODIFICATIONS

D.1 Incorporating Additional Punched Output

Additional punched output, for other variables, can be obtained by inserting
additional fortran coding in subroutine output between card number 427 and card
nurber 428. The coding should be similary to that in the existing program.
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D.2 Changing the Water Quality Constant

This constant can be changed by replacing the number 250.0 on card 36
of the subroutine demand with the desired new constant.

E. MACHINE DEPENDENT MODIFICATIONS
(IF REQUIRED)

E.l Iogical Unit Numbers for Peripheral Devices

Since the logical unit numbers may vary from machine to machine, these
can be modified to take on different values by changing card number 30 in

subroutine BIKDATA. The current assignment follows:

Device L.U. Number V.N. Comments
Crd Reader 5 NR
L. Printer 6 NP
Crd Punch 7 NC
Disk File 15 Tape 1 Generated Stream Flows
Disk File 16 Tape 2 Intermediate Stream Flow Data
Disk File 17 Tape 3 Interrupt Messages

E.2 EOF Function

Use of this program on any machine other than a (DC will require replacing
the EOF functions. This function appears at three points in the program.

Routine Name Card Number
Tinkle 46 & 47
Output 151 & 152
Intrpt 32 & 33

Each set of cards above has the general form:
READ (TAPE) list
IF (EOF (TAPE)) 10, 20

where 20 is the next statement to be executed if an end-of-file (EOF)
is not encountered, and

10 is the statement that is to be executed when an EOF is encountered.
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Each set of statements must be replaced with a statement of the following
general form (or its equivalent).

READ ( TAPE, END=10) List

E.3 Clock and SDate Routines

Subroutine INFO contains statements to retrieve the time of day and
date via the CLOCK & SDATE routines. Since these are CDC supplied routines
they must be changed in transferring to another camputer system. The fortran
coding necessary for transferring to an IBM 360 is included in the source
listing of subroutine n]m For other systems, contact the local systems
programer.

E.4 RANF Function

The RANF function is CDC's random number generator and appears on cards
number 7 & 8 in subroutine RNORM. Both of these cards must be modified to in-
corporate the appropriate randam number generator provided by other camputer
systems.
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APPENDIX B

DATA CARD PREPARATION

In this section, the formats, restrictions, and order of arrangement for
each data card are specified. The data consists of a title card and 12 different
types of data cards. Since same of the entries on data card type I depend on
the number of cards or entries on the other data cards, it is recommended that
data card type I be prepared as the other data cards are completed.

The data card type is printed in the upper right hand corner of each page
to facilitate easy reference. In addition, an abbreviated format for each
data card type is located at the end of this section and should be a more
convenient reference for the experienced user.

Finally, each data card, with the exception of data card types I & II, has
a mmemonic label to facilitate relocation of data cards that become out of
sequence through handling.

TITLE CARD
The title card consists of any title punched in colums 1 thru 72. The
title need not be centered, and should begin in colum 1 for the appropriate
spacing on the output. The title, along with the date, time of day, and page
number, will appear on the first line of every page of output generated. An
example title follows.
-------------- COLUMNS -t c e e e e e === =

11111111112222222222333333333344444444445555555555666666666677777777778
12345678901234567890123456789012345678901234567890123456789012345678901234567890

COLORADO SPRINGS WATER SUPPLY SIMULATION : TEST RUN

163



PARAMETERS DATA CARD

To prepare this data card, one proceeds as follows: beginning in colum 2
punch a dollar sign ($) immediately followed by the word PARAM. In the remaining
colums on the card, one punches any one of the variable names (found in the next
page) followed by an equals sign (=), the value that the variable name is to be
set at, and a cama(,). This is repeated for each variable name whose preset
value is not the desired one. If one card is not sufficient for all the entries,
then continue on another card or cards but never punch anything in colum 1 for
it is always ignored. In addition, one should not carry an entry across cards,
that is, each entry should fit in the available space on the card or not punched
on that card. The general form of this card is—

SPARAM VARIABLE NAME 1=9, VARIABLE NAME 2=9.99, VARIABLL NAME 3=99.9, $
" From the general form one can see that the last entry is followed by a dollar
sign ($). This is a must.

Any subset of the variable names found on the next page may appear on the
card and they may be arranged in any order. The entries may begin or end in

any colum except column 1, i.e. the format is semi-free.
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****DARAMETER LIST**%*

165

TTEM VARTABLE DESCRIPTION mﬁﬁmm COMMENTS

TIME NYRPRJ | NUMBER OF YEARS IN SIMUILATION...., 50 | maximm of 50 yrs
YRST SIMULATION BEGINS IN eeceveveeeee, | 1972

STREAMS NOSTA TOTAL NUMBER OF STREAMS....ceee0e, 30 | Maximm of 40
NSTA BEGINNING NUMBER OF STREAMS......, 28 | € NosTA
YR HISTORICAL DATA BEGINS IN.¢eeeeoe, 0 | See Restriction 1.
IYR NUMBER OF YEARS OF HISTORICAL DATA, 10 < 60-NYRPRI
SKIP NUMBER OF YRS OF STREAM DATA SKIP, 0

RESERVOR LEAK LEAKAGE CONSTANT. «ovoeecocooccaneys 10.0 | C.F.S.
RILMAX MAXIMIM CAPACTTY..0eeeoececoesssss 125614.0 | A.F./Mo
RCPL OONSERVATION POOL LEVEL......s..., | 3325.0 | A.F.Mo
RIEVEL | CURRENT IEVEL. .cceesecccccssssssy | 66743.0 | A.F. Mo
PIEVEL | PREVIOUS LEVEL....eocoeoccsceceesss | 65704.0 | A.F. Mo
RIOCAL | LOCAL WATER IEVEL...eceeseeeeeesss | 33371.5 | A.F. Mo
WOR CURRENT WATER QUALTTY..eeeeeeeooeys 70.0 | P.P.M,
PROBL PROBABILITY LIMIT FOR EXPANSION.., 0.70
EXPL RESERVOIR LEVEL FOR EXPANSION...., 0.0 | A.F.Mo
EXPR STORAGE FACTOR RATIO FOR EXPANSION, 0.0 | A.F.Mo

RECYCLE OPIN1 RECYCLE (0=NO, 1=YES) eeeeveeeosaes 1 | See Restriction 2 & 3
RECYCL, | STARTING POSITION..ccoccacocoscasy 1 |-1=Manual on,0=off,+1=Auto On
RRON RECYCLE ON IEVEL....cceeeeecesesees | 30000.0 | A.F. Mo
RROFF RECYCLE OFF LEVEL...cessascessenos | 42667.0 | A.F./ Mo

PLANS NOFIIE | NUMBER OF PLANNING FILES...cceeess 0

DEMANDS NODS NUMBER OF DISTRIBUTION SUBDIVISION, 0 | See Restriction 3 & 4
NOCD NUMBER OF STANDBY DEMANDS...o0osss 0 | See Restriction 4
EG GROWTH RATE OF EMPLOYMENT........, | 0.0045 | Monthly Rate
PG GROWTH RATE OF POPULATION........, | 0.0045 | Monthly Rate
EMPIOY | STARTING EMPLOYMENT....cc0eesseee, | 7240.0
POP STARTING POPULATION...ceeceeses.., [150000.0
PRICED | STARTING PRICE, DOMESTIC AND COMM. | 0.717 | $/1000 Gallons
PRICEI | STARTING PRICE, INDUSTRIAL......., | 0.400 | $/1000 Gallons
PRICEM | STARTING PRICE, MILITARY........., | 0.000 | $/1000 Gallons
PRICEC | STARTING PRICE, MINICIPAL........, | 0.000 | $/1000 Gallons
PRICFN SMG PRI(E' m‘moacccol 0-270 $/lo°0 wlms
DPRIDC | SUMMER PRICE INCREASE, DOM COM..., | 1.000 < 1.0
DPRII SUMMER PRICE INCREASE, INDUSTRIAL, | 1.000 < 1.0
DEFCC DEFLATOR, CONSTRUCTION COSTS....., | 1.000
DEFOMC | DEFIATOR, OPER. MAIN. COSTS....., | 1.000

AWT OPTN2 TREAT EFFLUENT (0=NO, 1=YES)....., 0 See Restriction 2.
RTTL RECYCLE ITTERRATION LIMIT....o..., | 30
PT2 PROCESS TYPE, IEVEL 2¢eeceeccccceyr 1 See Restriction 5 & Codes.
PT3 PROCESS TYPE, LEVEL 3¢ecceccccccer 3 See Restriction 5 & Codes
IDR1 PERCENT DEMAND RETURNED, LEVEL 1., | 0.00 < 1.0
IDR2 PERCENT DEMAND RETURNED, LEVEL 2., | 0.00 < 1.0
IDR3 PERCENT DEMAND RETURNED, IEVEL 3., | 0.00 < 1.0
LDR4 PERCENT DEMAND RETURNED, LEVEL 4., | 0.00 < 1.0
LL(1) PERCENT CONSUMPTION, COAG SED...., | 0.00 =00t < 1.0



Data Card Type 1.

ITEM  VARIABLE DESCRIPTION PRESENT COMMENTS
VALUE
IL(2) PERCENT CONSUMPTION, FILTRATION...,| 0.00 | 20.00 but < 1.0
IL(3) PERCENT CONSUMPTION, G. CARB.A....,| 0.00 | >0.00 but <1.0
1L(4) PERCENT CONSUMPTION, ACT.SLUDGE...,| 0.00 | :20.00 but <1.0
OMER  R(1) INTEREST RATE L.u.ueeeosneeesneeee,| 0.040 | <1.0
R(2) INTEREST RATE 2....cc00eessssecaee,| 0.065| <1.0
R(3) INTEREST RATE 3......... teeeeenses,| 0.080| <1.0
EDIT  IDSNQ | INTERMEDIATE DATA, STREAM NET FLOW, 0 |0=No; 1=Yes
FREQ FREQUENCY OF IDSNQ PRINTOUT......., 5 |Every five years
DCII DATA CARD TYPE IT PRINTOUT........, 1 |0=No; l=Yes
DCIII | DATA CARD TYPE III PRINTOUT......., 1 4
DCIV DATA CARD TYPE IV PRINTOUT........, 1
DCV DATA CARD TYPE V PRINTOUT......... , 1
DCVI DATA CARD TYPE VI PRINTOUT........, 1
DCVII  |DATA CARD TYPE VII PRINTOUT......., 1
DCVIII | DATA CARD TYPE VIII PRINTOUT......, 1
DCIX DATA CARD TYPE IX PRINTOUT..... cees 1
DCX DATA CARD TYPE X PRINTOUT....e...., 1
DCXI DATA CARD TYPE XI PRINTOUT........ , 1 i
DCXII  |DATA CARD TYPE XII PRINTOUT......., 1
GRAPH | PUNCH DATA FOR GRAPH PROGRAM......, 0 |0=No;l=Yes; See Res. 6.
Restrictions:

1. The beginning year for historical data must be specified.

2. If OPIN1=0, then the remaining entries for recycling are ignored, also OPIN2 must
equal zero (0).

3. If OPIN1=1l, then NODS must be nonzero (>>0) and data card type VII must be
included in the data deck.

4., If either NODS or NOCD are zero (0), then data card type VII and VIII respectively
must not be included in the data deck.

5. If less than 4 levels of AWT are desired, then the urwanted levels must be removed
fram the top (level 3) by specifying a code of 5.
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6. The graph output consists of one cbservation for each year of the simulation

for each item below.

Population Per Capita Water Use: Cammercial Rank of Flows.
Employment Percent Capacity of Reservoir
Per Capita Water Use: Damestic Total Water Use in MG.
Codes:
Treatment
Code No. Process Type
1 Coagulation & sedimentation
2. Filtration
3 Granulated carbon absorption
4 Activated sludge .
5 None
Example Data Card
--------------- COLUMNS =-=-----c--ccmomnonen=-

11111111112222222222333333333344444444445555555555666666666677777777778
12345678901234567890123456789012345678901234567890123456789012345678901234567890

$PARAM NOSTA=29, NSTA=27, YR=1962, RECYCI~1, RRON=41667.0, NOFILE=3,
NODS=17, NOCD=4, IDR1=0.75, ILDR2=0.75, IDR3=0.75, LDR4=0.75, LL(1)=4*0.03,
DCII=0, DCIII=0, DCIV=0, DCV=0, DCVII=0, DCVIII=0, DCIX=0, DCX=0, DCXI=0,
DCXIT=0$
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STREAM FLOW CONSTRAINT DATA

Data Card Type II

COLUMN ITEM FORMAT COMMENTS
1-3 Station Number 999
4-23 Stream Name Maximum of 20 characters
24 Type of Water 9 1 for local
2 for import
25 Nurber of Cuts 9 Maximm of 3
26-31 Pipeline Constraint 999.99 C.F.S. - If left blank, 999.99 C.F.S.
is assumed.
32 Blank
33-34 Beginning Month, Season 1 929 If left blank, 1 is assumed
35-36 Ending Month, Season 1 929 If left blank, 12 is assumed
37-42 Min. C.F.S., Cut 1 999.99
43-48 Max. C.F.S., Cut 1 999.99 If left blank, 999.99 C.F.S. is assumed
49-50 Beginning Month, Season 2 99 If left blank, 1 is assumed .
51-52 Ending Month, Season 2 99 If left blank, 12 is assumed
53-58 Min. C.F.S., Cut 2 999.99
59-64 Max. C.F.S., Cut 2 999.99 If left blank, 999.99 C.F.S. is assumed
65-66 Beginning Month, Season 3 99 If left blank, 1 is assumed
67-68 Ending Month, Season 3 99 If left blank, 12 is assumed
69~-74 Min, C.F.S., Cut 3 999.99
75-80 Max. C.F.S., Cut 3 999.99 If left blank, 999.99 C.F.S. is assumed
Restrictions:

1. There must be one data card for each stream that begins in the simulation and

one data card for each stream that may be added during the simulation. In all
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3.

there must be NOSTA cards (see data card type I).

The order in which the data cards are arranged must correspond to the order
in which the generated stream flows are written on Tape 1. This order must
be preserved through data card type IV.

If it is desired to cut off a stream flow during a particular season,

then the min. C.F.S. would be 999.99 and the max. C.F.S. should be left
blank (see Sheep Creek in the example).

If a seasonal cut is desired, then the beginning month, season 1 must be

1 and the ending month on the last cut must be 12. (See North Cascade
Creek in the example).
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COLUMNS

11111111112222222222333333333344444444445555555555666666666677777777778
123456789012345678901234567890123456789012345678901234567890123456789C1234567890

152I0WER FOUNTAIN 11

149SOUTH CHEYENNE CREEK11 48.00
147NORTH CHEYENNE CREEK1l 70.00

154IOWER RUXTON CREEK 11
11INORTH CATAMOUNT CREE1l
113SOUTH CATAMOUNT CREEL1
115CRYSTAL CREEK 12
117NORTH CASCADE CREEK 13
118SOUTH CASCADE CREEK 11

120FRENCH CREEK 11
129BOEHMER CREEK

130LITTLE BEAVER 12
132MIDDLE BEAVER 11
141CABIN CREEK 13
146BEAR CREEK 11
136WINDY CREEK 11
138MAIN RUXTON CREEK 11
139LION CREEK 11
140SHEEP CREEK 13
142SOUTH RUXTON CREEK 11
143WILLOW CREEK 11

156MONTE-CRISTO DIVERS 23
159BEMROSE-HOOSIER DIV 23
173SOUTH PLATTE MIDDLE 23
166BLUE RIVER AT BRECK 23
16IMCCULLOUGH DIVERSIO 23
144HOMESTAKE CREEK GOLD23
153EAGLE RIVER AT RED C23
167CROSS CREEK NR MINT 23

11 15.00

0.00
0.50

0105

0.00
2.82
0.00

0103999.99
0.00

0103999.99

0104999.99
0104999.99
0104999.99
0104999.99
0104999.99
0103999.99
0103999.99
0104999.99

63.04

41.91

19.49

15.43 15.83 19.89
6.930609 2.00 7.931012 1.00
50.25
2.50 3.77
0.000410 0.00 3.131112999.99
37.94
0.000410 0.00 1112999.99
0.000510 0.00 1112999.99
0.000510 0.00 1112999.99
0.000508210.00240.00 0912999.99
0.000508 0.00 0912999.99
0.000510 0.00 1112999.99
0.000408 0912999.99
0.000408 8.00238.00 0912999.99
0.000508 8.00 0812999.99
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Data Card Type III

HISTORICAL ANNUAL STREAM FLOW DATA

CoLIN TTEM FORVAT COMMENTS
1-4 HIST
5-8 Station Nurber 999
9-16 Annual Stream Flow, Year 1 99999. 99 C.F.S.
17-24 T , Year 2 T 0
25-32 , Year 3
33-40 ; Year 4
41-48 , Year 5
49-56 , Year 6
57-64 , Year 7
65-72 i , Year 8 i 1
73-80 Annual Stream Flow, Year 9 99999.99 C.F.5.
Restrictions:

1. There must be one data card for each stream that begins in the simulation
and one data card for each stream that may be added during the simulation.
If more than nine (9) years of historical data are to be provided, then
IVYR/9 data cards must be provided for each stream.

2. The order of the data cards is as follows: data cards for the first nine
years are arranged to correspord to the order in which the generated stream
flows are written on tape 1. The same thing is done for the second nine
years and placed behind the first nine years. This is repeated for each

group of nine years.
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--------------- COLUMNS - =-=---== e oo mmmmmmo
11111111112222222222333333333344444444445555555555666666666677777777778
12345678901234567890123456789012345678901234567890123456789012345678901234567890

HIST 152 9.25 7.08 7.58 20.50 10.67 10.00 12.83 13.33 14.16
HIST 149 00.00 00.00 00.00 00.00 00.00 00.00 25.38 31.84 54.23
HIST 147 2.67 4.42 5.50 5.42 3.75 4,25 3.75 4,75 4,25
HIST 154 .42 .42 1.08 1.25 .92 .67 1.17 1.33 1.42

HIST 111 0.80 0.45 0.83 1.69 .42 .63 .61 1.71 1.40
HIST 113 1.34 1,22 1.50 2.94 1.59 2.05 2.11 3.18 2.86
HIST 115 .60 .31 .71 1.26 .62 .72 .68 1.38 1.09
HIST 117 .95 .46 .54 1.07 .87 .97 1.08 1.60 1.43
HIST 118 1.40 1.26 1.24 1.88 1.51 1.78 1.81 2.26 2.03
HIST 120 .58 .99 .68 4.85 1.98 3.02 3.14 4.70 4.13
HIST 129 41.07 29.18 47.02 95.18 37.10 40.45 68.43 85.78 81.99
HIST 130 3l .78 .69 .75 .41 .28 1.21 .25 .10

HIST 132 2.86 1.07 1.13 5.00 1.43 1.45 1.82 5.94 5.69
HIST 141 .53 .36 .82 2,08 .83 .92 1.08 1.63 1.39
HIST 146 1.24 1.33 1.16 2,57 1.31 1.80 1.69 2.22 2.18

HIST 136 «25 .15 .10 .28 .06 .20 .21 .14 .14
HIST 138 1.64 1.24 1.57 2.70 1.90 1.86 1.83 2,22 1.99
HIST 139 .58 .46 .72 1.43 .81 .69 .86 1.04 1.03
HIST 140 .13 .09 .18 .74 .28 .21 .31 .49 .42

HIST 142 .68 .64 .73 1.66 1.03 1.75 1.46 1.63 1.35
HIST 143 .27 .22 .21 .49 .24 .23 .20 .32 .34
HIST 156 5.75 4.92 4.17 3.83 4.83 6.58 6.91 5.92 4,33
HIST 159 2.50 .92 2.08 1.75 1.00 1.67 2,42 1.75 1.67
HIST 173 80.00 347.33 89.08 88.17 177.67 93.75 75.08 72.50 76.50
HIST 166 64.83 44.08 52.00 47.92 46.33 45.58 54.50 45.17 47.08
HIST 161 6.92 6.58 4.59 4.67 3.42 5.58 5.92 4.83 4,42
HIST 144 79.41 52.75 63.75 76.75 34.83 63.33 71.50 67.50 60.75
HIST 153 50.90 23.25 30.58 49.92 20.33 33.16 41.25 26.75 32.67
HIST 167 58.08 35.75 21.00 37.83 20.25 33.42 46.42 34,33 33.58
HIST 152 10.67

HIST 149 26.14

HIST 147 3.17

HIST 154 .92
HIST 111 .39
HIST 113 1.84
HIST 115 .58
HIST 117 .93

HIST 118 1.55
HIST 120 3.32
HIST 129 48.84
HIST 130 .10
HIST 132 1.59
HIST 141 1.07
HIST 146 1.66
HIST 136 .27
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---------------- COLUMNS-==--=-=----m-emm oo
11111111112222222222333333333344444444445555555555666666666677777777778
12345678901234567890123456789012345678901234567890123456789012345678901234567890

HIST 136 .27
HIST 138 1.87
HIST 139 .85
HIST 140 .27
HIST 142 1.09
HIST 143 .27
HIST 156 4.92
HIST 159 1.58
HIST 173 82.67
HIST 166 49.50
HIST 161 5.17
HIST 144 57.50
HIST 153 33.08
HIST 167 43.75
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Data Card Type IV

RESERVOIR LOSSES DATA

COLUMN ITEM FORMAT COMMENTS
1-4 RESV

6-8 Blank

9-14 |Minimum Required Reservoir Ou.tflow, Jan | 999.99 C.F.S.
15-20 T » Feb T T
21-26 , Mar

27-32 , Apr

33-38 » May

39-44 , June

45-50 , July

51-56 , Aug

57-62 » Sept

63-68 , Oct

69-74 4 , Nov J J
75~-80 Minimm Required Reservoir Outflow, Dec 999.99 C.F.S.

Restrictions:

1. This restriction is the same as restriction no. 1 data card type II.

2. This restriction is the same as restriction no. 2 data card type II.

3. It should be noted that, although the data is in C.F.S., the program will

convert it to A. F. per month.
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COLUMNS-=~--cccmmcecce e en ==
11111111112222222222333333333344444444445555555555666666666677777777778

12345678901234567890123456789012345678901234567890123456789012345678901234567890

1.68 3.50 4.00 4.00 2.78 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 o0.00 o0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 o0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.75 0.75 0.75 0.75 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 1.20 1.20 1.20 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 o0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6.64 11,00 12.00 12.00 8.00 0.00 0.00 0.00 0.00
0.00 0.00 o0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 o0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.0
0.00 0.00 0.0

RESV
RESV
RESV
RESV
RESV
RESV
RESV
RESV
RESV
RESV
RESV
RESV
RESV
RESV
RESV
RESV
RESV
RESV
RESV
RESV
RESV
RESV
RESV
RESV
RESV
RESV
RESV
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Data Card Type V.

RESERVOIR EVAPORATION DATA

OCOoLUMN ITEM FORMAT COMMENTS
1-4 EVAP

5-8 Blank

9-14 Reservoir Evapo\ration Constant, Jan 9.9/9\99
15-20 1 , Feb

21-26 ; Mar

27-32 , Apr

33-38 ; May

39-44 , June

45-50 , July

51-56 » Rug

57-62 ;, Sept

63-68 , Oct

69-74 NL , Nov J
75~-80 | Reservoir Evaporation Constant, Dec | 9.9999

Restrictions:

1. The reservoir evaporation constant is a number between zero (0) and one (1)
that represents the proportion of the total volume of the reservoir which
evaporates during the givén month.

2. Only one (1) of these cards is required for the constants are assummed to be

the same for each year of the simulation.
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--------------- COLUMNS-===-==-=-=-=-=-----=----—~
11111111112222222222333333333344444444445555555555666666666677777777778
12345678901234567890123456789012345678901234567890123456789012345678901234567890

EVAP 0.00 0.00 0.00 0.00 0.0050.01 0.01 0.01 0.01 0.005 0.00 0.00
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Data Card Type VI.

PLANNING DATA
COLUMN ITEM FORVMAT COMMENTS
1-4 [PLAN
5 {Blank
6-7 |File Number 99 -File Number, First Card (Nothing in
Cols 8-80)
+File Nurber, Intermediate Cards
0, Last Card (Nothing in Cols 8-80)
8 Blank
9-11 {Plan Number 999 Identifying Nunber for Users Convenience
12 |Blank
13-15 [Time at which the plan is 999 In Cumlative Months, If File No. 5, Zero
to be initiated
16 |Blank
17-19 |Lag Time Until the Campletion| 999 In Months, File 5 only.
of the Plan
20 |Blank
21-23 |Code for this File 999 See Table 1
24 |Blank
25-30 |Attribute 1 999999 | See Table 1
31 |Blank
32-37 |Attribute 2 999999 | See Table 1
38 |Blank
39-44 (Attribute 3 999999 | See Table 1
45-80 [Reserved for Future Use |
Restrictions:

1. File Number 1.

This file contains only plans for stream, reservoir, well or

project expansion; or future implementation of recycling that
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2.

3.

4.

File Number 2.

File Number 3.

File Number 4.

are currently scheduled for campletion regardless of need

or appropriateness. In aéditim, the provision has been

made for the fixed and variable costs associated with each
type of expansion. Every entry in this file must not have

a lag time., The codes and attributes are listed in Table 1.
This file contains plans for increasing the value of the constant
in the industrial demand for water equation in order to incorpor-
ate continuous standby demands for industrial use that must be
supplied from reservoir water (AWT level Number 0) when re-
cycling is not employed. Every entry in this file must have

a lag time of zero. The codes and attributes are listed in
Table 1.

This file contains plans for changing the distribution data
for recycling during periods of water restriction and‘for in-
creasing and/or adding to the continuous standby demands for
recycled water. Once again the lag time must be zero. The
codes and attributes are listed in Table 1.

This file contains plans for changing the values of certain
independent variables in the demand for water equations,
namely, domestic/cammercial price (PRICED), industrial price
(PRICEI), military price (PRICEM), municipal price (PRICEC),
non-potable price (PRICEN), employment growth rate (EG),

and population growth rate (PG). The lag time must be zero
and the prices are in dollars per thousand gallons. The codes
and attributes are listed in Table 1.
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5.

6.

7.

File Number 5. This file contains plans for stream, reservoir, well, or
project expansions that are to be implemented when the need
arises or decisions dictate that it is appropriate. As in
File Number 1, the associated fixed and variable costs may
be included if any exist. There must be a lag time and there
must not be a begin time (cols. 13-15 must be blank except for
the following special case: when more than one event is to
be implemented at the same point in time, same positive dummy
number, such as 888, must appear in the colums for the begin
time to indicate that another event must also occur. For
example, if both a stream and a reservoir are to be brought
in at the same time, then the begin time for the stream would
be 888 while the begin time for the reservoir would be blank.)
The codes and attributes are the same as file no. 1 (except
code 5) and are listed in Table 1.

File Nuwber 6. This file is reserved for future use and is of the same type
as File Number 5.

In preparing the data cards for this section, the cards in files number 1 thru
4 must be arranged low value first based on the begin time (col. 13-15). File
Number 5 should be arranged low value first based on the plan number (col. 9-11).
In specifying the begin times one should remember that the plan will be implemented
at the end of the month and in effect at the first of the next month. For
example, if a begin time of 11 is specified, then the plan is implemented at
the end of the 1lth month and in effect at the first of the 12th month. The
only exception is File 2, where plans are implemented at the beginning of the
month and in effect that month as well.
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This data card and data cards Type VII and VIII may require user numbers and/or

BAWT level mmbers. These numbers and their physical representation are described

below.
User Number User AWT 1evel Number | State of AWT
1 Damestic 0 None
2 Commercial 1 1 Stage of AWT
3 Industrial 2 2 Stages of AWT
4 Military 3 3 Stages of AWT

5 Municipal 4 4 Stages of AWT
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Data Card Type VI

TARLE 1.
FIIE CODE
NUMBER ATTRIBUTE 1 ATTRIBUTE 2 ATTRIBUTE 3
1 Nurber of Additional Nothing Nothing
Streams
2 Additional Reservoir New Recycle on Level New Recycle OFF level
Capacity in AF/Mo in AF/Mo in AF/Mo
3 Month Change is to Additional Well Flow |Nothing
take Place (1-12) in AF/Mo
4 Month Change is to Additional Project Nothing
take Place (1-12) Flow in AF/Mo
5 New Value for New Value for RRON New Value for RROFF
OPIN1 (Recycle on Level) (Recycle OFF level)
6 Stream: Fixed Costs Stream: Variable Cost |Nothing
in Millions of § $ per C.F.S.x100
7 Reservoir: Fixed Costs | Reservoir: Variable Nothing
in Millions of $ Cost $§ per A.F. x 100
8 Wells: Fixed Costs Wells: Variable Costs |Nothing
in Millions of $ $ per A.F. x 100
9 Projects: Fixed Costs Projects: Variable Nothing
in Millions of § Costs $ per A.F. x 100
1 3 Amount of increase in |Nothing
Continuous Stand-by
Demand in M.G./Day
1 User Number AWT Level Number New Percentage x 1000
2 User Number AWT Level Number Additional Continuous
Standby Demand in MG/DAY
x 100
3 User Number AWT Level Number Non Continuous Standby
Demand in MG/Day x 100
1 New PRICED (Domestic) Nothing Nothing
x 1000
2 New PRICEI Nothing Nothing
(Industrial)x 1000
3 New PRICEM (Military) Nothing Nothing
x 1000
4 New PRICEC (Municipal) | Nothing Nothing
x 1000
5 New PRICEN (Non Nothing Nothing
Potable) x 1000
6 New EG (Employment) Nothing Nothing
x 10000
7 New PG (Population) Nothing Nothing
x 10000
Same ag |Same as File Number 1 | game as File Number 1 |Same as File Number 1
File No.l

Reserved for Future
Use

Reserved for Future
Use

Reserved for Future
Use
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--------------- COLUMNS -=------cc---mmmmomm o
11111111112222222222333333333344444444445555555555666666666677777777778
12345678901234567890123456789012345678901234567890123456789012345678901234567890

PIAN -1

PLAN 01 102 011 4 1 600
PIAN 01 102 011 4 2 700
PIAN 01 102 011 4 3 700
PLAN 01 102 011 4 4 850
PIAN 01 102 011 4 5 850
PIAN 01 102 011 4 6 900
PIAN 01 102 011 4 7 1000
PIAN 01 102 011 4 8 1100
PIAN 01 102 011 4 9 1100
PIAN 01 102 011 4 10 900
PIAN 01 102 011 4 11 800
PLAN 01 102 011 4 12 700
PIAN 01 103 065 1 1

PLAN 01 105 095 1 1

PIAN 01 106 095 2 41755 35000 44000
PIAN 01 104 179 4 1 600
PIAN 01 104 179 4 2 700
PLAN 01 104 179 4 3 700
PIAN 01 104 179 4 4 700
PIAN 01 104 179 4 5 850
PLAN 01 104 179 4 6 900
PIAN 01 104 179 4 7 1000
PIAN 01 104 179 4 8 1100
PLAN 01 104 179 4 9 1100
PLAN 01 104 179 4 10 900
PLAN 01 104 179 4 11 800
PLAN 01 104 179 4 12 700
PIAN 0

PLAN -3

PIAN 03 301 065 2 5 1 2
PIAN 03 302 095 2 5 1 4
PIAN 03 303 144 2 5 1 5
PLAN 0

PI2AN -4

PLAN 04 401 024 1 50000

PLAN 04 402 024 2 45000

PLAN 04 404 072 1 60000

PLAN 04 405 072 2 50555

PLAN 04 406 072 4 17000

PIAN 04 407 108 1 70000

PIAN 04 408 108 2 60000

PIAN 04 409 108 4 20000

PIAN 04 410 144 1 80000

PLAN 04 411 144 2 75000
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--------------- COLUMNS-=-=-=-=-===----c—--—c--
11111111112222222222333333333344444444445555555555666666666677777777778
12345678901234567890123456789012345678901234567890123456789012345678901234567890

PLAN 04 411 144 2 75000
PLAN 04 412 144 4 25000
PLAN 04 413 180 1 90000
PLAN 04 415 180 4 30000
PLAN 04 416 216 1 100000
PLAN 04 417 216 4 35000
PLAN 04 418 276 1 120000
PLAN 04 419 276 2 120000
PLAN 04 420 276 4 40000
PI2AN 04 421 350 1 150000
PLAN 04 422 350 2 150000
PLAN 04 423 350 4 50000
PLAN 04 424 450 1 180000
PLAN 04 425 450 2 180000
PLAN 04 426 450 4 60000
PLAN 0O
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Data Card Type VII

DISTRIBUTION DATA FOR RECYCLING
DURING PERIODS OF WATER RESTRICTION

COLUMN TTEM FORMAT COMMENTS
1-4 DIST
5-10 Blanks
11 Blank
12 Water Demanded by User No. 9 1,2,3,4, or 5
13 Blank
14 Water Fram AWT Level No. 9 0,1,2,3, or 4
15 Blank

16~20 Percentage of Total Water 9.999 < 1.0

Demanded by User No. to be
Supplied Fram AWT Level No.

24 Blank
22 Water Demanded by User No. 9 1,2,3,4, or 5
23 Blank
24 Water From AWT Level No. 9 0,1,2,3, or 4
25 Blank

26-30 Percentage of Total Water 9.999 <10

Demanded by User No. to be
Supplied Fram AWT Ievel No. -

.

. Repeat as Above
]

71 Blank

72 Water Demanded by Usexr No. 9 1,2,3,4, or 5
73 Blank

74 Water Fram AWT Level No. 9 0,1,2,3, or 4
75 Blank
76-80 Percentage of Total Water 9.999 < 1.0

Demanded by User No. to be
Supplied Fram AWT Level No.

Restrictions:

1. The appropriate user nos. and AWT level nos. employed above, are described in
the tables given under data card type VI.

2. 'The percentages may be any number ranging fram 0.0 to 1.0 inclusive.

3. The total number of sets of data (a set consists of a user no, an AWT' level no.
and a percentage) must be specified on data card type I as NODS.

4, Since this data card may create some confusion, the following explanation is in
order. First, consider Table 2.
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Data Card Type VII

TABIE 2

Aggregate Demands $Supplied From AWT level Total
for Water By — 0 1 2 3 4

1. Damestic Users 0.77 0.23 1.00
2. Comercial Users 0.77 0.05 0.18 1.00
3. Industrial Users 0.25 0.30 0.15 0.30 1.00
4. Military Users 0.65 0.10 0.25 1.00
5. Municipal Users 0.20 0.50 0.10 0.10 0.10 1.00

Under normal conditions all five (5) demands, except for continuous standy
demands, would be supplied from AWT level 0 water. However, when the reservoir
drops below the recycle on level (RRON), a shortage in supply exists and drainage
on the reservoir can be lessened by taking less water from the reservoir (AWT
level 0) and making up the deficit in demand by supplying users with recycled water.
Thus, a decision must be made as to what percentage of each user's aggregate demand
will be supplied from which AWT level; hence the purpose of this data input.

Thus, Table 2 conveys that during periods of shortage in supply, 77% of the
aggregate demand required by domestic users will be supplied from AWT level 0
while 23% will be supplied from AWT level 4 and similarly for the other user's.

Also note that each row must sum to one (1.0), otherwise there will be un-
satisfied demands that will be lost.

5. If more than one data card is required, the ones that are campletely filled
with entries must appear first in the order of arrangement. However, the
order of the campletely filled cards is unimportant but same logical
structure should be adopted to minimize confusion.
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———————————————— COLUMNS == —=-=---=--==-======~-
11111111112222222222333333333344444444445555555555666666666677777777778
12345678901234567890123456789012345678901234567890123456789012345678901234567890

DIST 100.770 1 4 0.230 2 0 0.770 2 1 0.050 2 4 0.250 3 0 0.250 3 1 0.300
DIST 330.150 3 4 0.300 4 0 0.650 4 1 0.100 4 4 0.250 5 0 0.200 5 1 0.500
DIST 52 0.100 5 3 0.100 5 4 0.100
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Data Card Type VIII
CONTINUOUS STANDBY DEMANDS
FOR RECYCLED WATER DATA

COLUMN ITEM FORMAT COMMENTS

1-7 CDEMAND

8-10 Blanks
11 Blank
12 Water Demanded by User No. 9 1,2,3,4, or 5
13 Blank
14 Water fram AWT Level No. 9 1,2,3, or 4
15 Blank
16-20 Amount of Water Demanded in 999999
M.G. /Day
21 Blank
22 Water Demanded by User No. 9 1,2,3,4, or 5
23 Blank
24 Water Fram AWT Level No. 9 1,2,3, or 4
25 Blank
26-30 Amount of Water Demanded in 999999
M.G. /Day

71 Blank
72 Water Demanded by User No. 9 1,2,3,4, or 5
73 Blank
74 Water from AWT Level No. 9 1,2,3, or 4
75 Blank
76-80 Amount of Water Demanded in 999999
M.G. /Day

Restrictions:

1. The appropriate user nos. and AWT level nos. employed above, are described in the
tables given under data card type VI. Note, however, that AWT level 0 is meaning-
less for this data.

2. The purpose of this data is to incorporate existing demands for recycled water
that is expected to remain at a constant level indefinitely or until same future
point in time. Changes in the initial levels of demand are by use of the planning
file. Note also that these demands are in addition to the monthly demand equa-
tions in the program.

3. The total number of sets of data (a set consists of a user no., an AWT level no.,
and an amount demanded) must be specified on data card type I as NOCD.

4. If more than one data card is required, then restriction 5 on data card type VII

should be adherred to.
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---------------- COLUMNS--=--=-----=-=-=-------=-
11111111112222222222333333333344444444445555555555666666666677777777778
12345678901234567890123456789012345678901234567890123456789012345678901234567890

CDEMAND 21 331 451 351 2
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Data Card Type IX

AVERAGE MONTHLY RAINFALL DATA

COLUMN ITEM FORMAT COMMENTS
1-6 RAINAV
7-8 | Blanks
9-14 |Average Rainfall in Jan 99.999 Inches
AN » N
15-20 Feb
21-26 Mar
27-32 April
33-38 May
39-44 June
45-50 July
51-56 Aug
57-62 Sept
63-68 Oct
69-74 ! Nov A N\
75-80 |Average Rainfall in Dec 99.999 Inches
Restrictions:

1. The average monthly rainfall data should be calculated fram the same data
that was used to construct the rainindex used in the regression eguations
to project domestic water demand.

190



---------------- COLUMNS -—------c - e e me e
11111111112222222222333333333344444444445555555555666666666677777777778
1234567890123456789012345678901 2345678901 2345678901 2345678901 2345678901 234567890

RAINAV .202 .243 .603 .821 1.452 2.254 2.855 2.037 1.438 .626 .419 .459
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Data Card Type X

MONTHLY AGRICULTURE DEMAND DATA

COLUMN ITEM FORMAT COMMENTS
1-6 AGRICL
7-8 Blanks
9-14 |Agriculture Demand, Jan 999999 Millions ’o~f Gallons/Day
15-20 T Feb T
21-26 Mar
27-32 April
33-38 May
39-44 June
45-50 July
51-56 Aug
57-62 Sept
63-68 Oct
69-74 Nov
& v "
75~-80 |Agriculture Demand, Dec 999999 Millions of Gallons/Day
Restrictions:
1. The distribution of agriculture water demand is assumed to remain constant for

each year of the simulation.
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---------------- COLUMNS ===-==--=-----=-----
11111111112222222222333333333344444444445555555555666666666677777777778
12345678901234567890123456789012345678901234567890123456789012345678901234567890

AGRICL 0 0 0 0 0 0 0 0 0 0 0 0
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Data Card Type XI

MONTHLY WELL FLOW DATA

OCOLUMN ITEM FORMAT COMMENTS
1-6 WELLS
7-8 Blanks
9-14 | Well Flow for Jan 999999 A. F./Month
15-20 T Feb 0 f
21-26 Mar
27-32 April
33-38 May
39-44 June
45-50 July
51-56 Aug
57-62 Sept
63-68 Oct
69-74 J Nov J J
75-80 Well Flow for Dec 999999 A.F./Month
Restrictions:

1. This data is for initial flows only. Expansions of wells is accamplished
by use of the planning file.
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---------------- COLUMNS--------=---==--c---
11111111112222222222333333333344444444445555555555666666666677777777778
12345678901234567890123456789012345678901234567890123456789012345678901234567890

WELLS 2 2 3 5 9 9 9 6 3 3 2 2
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Data Card Type XII

MONTHLY FIOWS FROM WATER PROJECTS

COLUMN ITEM FORMAT COMMENTS
1-6 PROJCT
7-8 Blanks
9-14 | Flows Fram Projects in Jan 999999 A.F./Month
15-20 T Feb | T
21-26 Mar
27-32 April
33-38 May
39-44 June
45-50 July
51-56 Aug
57-62 Sept
63-68 Oct
69-74 v Nov | J
75-80 | Flows Fram Projects in Dec 999999 A.F./Month
Restrictions:

1. As with well flows, this data reflects flows fram projects that are in
effect at the beginning of the simulation. They too can be expanded by
use of the planning files.
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---------------- COLUMNS - - -=------=- - mmmmo
11111111112222222222333333333344444444445555555555666666666677777777778
12345678901234567890123456789012345678901234567890123456789012345678901234567890

PROJCT 0 0 0 0 0 0 0 0 0 0 0 0
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ToZ

FILE 5 SKIP 10 MED GROWTH ITTERATION LIMIT S

ITEM
TIME

STREAMS

RESERVO

RECYCLE

PLANS

OEMANDS

ANWT

VARTABLE

NYRPRJ
YRST

NOSTA
NSTA
YR
IYR
SKIP

IR LEAK
RLMAX
RCPL
RLEVEL
PLEVEL
RLOCAL
WQR
PROBL
EXPL
EXPR

OPTN1
RECYCL
RRON
RROFF

NOFILE

NOOS
NOCD
EG

PG
EMPLOY
POP
PRICED
PRICEIL
PRICEM
PRICEC
PRICEN
DPRIDC
DPRII
OEFCC
DEFOMC

0OPTN2
RITL
PT1
PT2
PT3
LDR1
LDR2
LDR3
LOR4
LLi{l)
LL12)
LLe3®
LLi4)

*&s5%PARAMETER LIST#*4*%%
DESCRIPTION

NUMBER OF YEARS IN SIMULATION.cecay
SIMULATION BEGINS IN ccececcassccesy

TOTAL NUMBER OF STREAMS.cesccccccey
BEGINNING NUMBER OF STREAMS.cevceer
HISTORICAL OATA BEGINS INuceeccecer
NUMBER OF YEARS OF HISTORICAL OATA,
NUMBER OF YRS OF STREAM DATA SKIP.,

LEAKAGE CONSTANTcccccccccccccccccsey
MAXIMUM CAPACITYeseesee
CONSERVATION POOL LEVE
CURRENT LEVELeooeccsse
PREVIOUS LEVELececescccscccccccccey
LOCAL WATER LEVELeccccccccccccccany
CURRENT WATER QUALITY.ceeceesosccer
PROBABILITY LIMIT FOR EXPANSION...»
RESERVOIR LEVEL FOR EXPANSIONeececees
STORAGE FACTOR RATIO FOR EXPANSION,

RECYCLE (0=NOy 1=YES)ceececoavocncer
STARTING POSITION cacescnvccccacser
RECYCLE ON LEVELecccceccocccccsccacer
RECYCLE OFF LEVEL¢ccccscsccncscsccey

NUMBER OF PLANNING FILEScccecomacey

NUMBER OF OISTRIBUTION SUBDIVISION,
NUMBER OF STANDBY DEMANDSecescccecey
GROWTH RATE OF EMPLOYMENT. .
GROWTH RATE OF POPULATION. ’
STARTING EMPLOYMENTccescencccccccer
STARTING POPULATIONcccssancncoscasy
STARTING PRICE, OOMESTIC AND COMM.,
STARTING PRICE,y INDUSTRIALsccccccer
STARTING PRICE, MILITARY.ccaee
STARTING PRICEs MUNICIPAL.coso
STARTING PRICEs NON-POTABLE«ccscaer
SUMMER PRICE INCREASEy DOM ) COM..,
SUMMER PRICE INCREASE, INOUSTRIAL..,
OEFLATOR, CONSTRUCTION COSTScececccer
DEFLATOR, OPER. ) MAIN., COSTSeacaey

TREAT EFFLUENT (0=NOs 1=YES)eceoeer
RECYCLE ITTERRATION LIMIT.cecsccees
PROCESS TYPEs LEVEL lecccccctccscer
PROCESS TYPEy LEVEL 2ccccccesccenas
PROCESS TYPE, LEVEL 3...
PERCENT DEMANO RETURNED,y LEVEL l...,
PERCENT DEMAND RETURNEDy LEVEL 2..94
PERCENT DEMAND RETURNEO, LEVEL 3...,
PERCENT OEMAND RETURNEOy LEVEL 4<.,
PERCENT CONSUMPTIONy COAG ) SED...,
PERCENT CONSUMPTIONy FILTRATIONe..s
PERCENT CONSUMPTION, G. CARB. A. <,
PERCENT CONSUMPTIONy ACT. SLUOGE..s

DATE 07/11/73 TIME 9 39 31 PAGE 1

10.0000
125614.0000
3325.0000
66743.0D00
65704.0000
33371.5000
70.0000
«2500
70000.0000
1.0000

1
1
30000.0000
4266T.0000

4

17

4

« 0045
«0045
8000.0000
176000.0000
=7T170
«4000

« 6660
0.0000
«2700
1.0000
1.0000
1.0000
1.0000

INAINO0 FIANS

O XIANdddY
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FILE 5 SKIP 10 MED GROWTH

ITEM
OTHER

EDIT

ITTERATION LIMIT S

VARIABLE

R{1)
R{2)
R{3}

IDSNQ
FREQ
ocII
DCItt
DCcIv
DCcv
DCVvI
DCvil
nCcviIg
DCIX
DCXx
2102 31
DeXII
GRAPH

*2SESPARAMETER LIST#%éne

DESCRIPTION

INTEREST RATE lececcccccccccccaneny

INTEREST RATE 2.

INTERFST RATE 3eccccccccvcccnccaney

INTERMEDIATE DATA, STREAM NET FLOW,
FREQUENCY OF IDSNQ PRINTOUT ecececer

DATA CARD TYPE
DATA CARD TYPE
DATA CARD TYPE
DATA CARD TYPE
OATA CARD TYPE
ODATA CARD TYPE
OATA CARD TYPE
DATA CARD TYPE
DATA CARO TYPE
OATA CARD TYPE
DATA CARD TYPE
PUNCH DATA FDR

It
11t
Iv
v
V1
Vil
vIIl
X
X
X1
X1l

PRINTOUTescccey
PRINTOUT.
PRINTOUT.
PRINTOUT. ..
PRINTOUTcceneey
PRINTOUTececees
PRINTOUTcceaces
PRINTOUT.
PRINTOUT.
PRINTOUT..ce
PRINTOUTeecccer

GRAPH PROGRAM.ccoacr

DATE 07/11/73

VALUE

«0575
«0800
»1200

[-N-N-X-N-N-N-N_N-N-N-N-JUN-]

TIME

9 39 31

PAGE

2
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FILE 5 SKIP 10 MED GROWTH

COLM

QPN NP WN -

PLAN

104
104
104
104
104
104
104
104
104
104
104
104
104
301
302
303
471
481
482
472
473
483
410
411
412
413
415
474
484
416
475
485
418
419
420
476
486
421
422
423

ITTERATION LIMIT 5

DATE

*ss%8¢es DUMP OF THE PLANNING MATRIX s&dssse¥

TIME

179
179
179
179
179
179
179
179
179
179
179
179
179

65

95
144

23

23

83

86
143
143
144
144
144
180
180
203
203
216
263
263
276
276
276
323
323
350
350
350

LAGS

-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0

FILE NUMBER FIRST LAST-
ENTRYS ENTRY ENTRY

NO

cVsrwN-

13
-1
3
28
6
-1

COOE

WNENNOEWNE NGO WHRUWUNRMNCONNENNNDR IR

14
17
45

ATTR 1

OO~NC VL WN-

13

0
16
LT3

50
0

ATTR 2

900
900
900
900
800
700
600
700
700
800
800
800
520
2

2

2
-0
-0
-0
-0
-0
-0
-0
=0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0

ATTR 3

-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
200
400
500
-0
]
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0

07/11/713

SUCCES

TIME 9 39 31

PREOCS

-
-
-
-

VONOCVEWN-

PAGE

3
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FILE 5 SKIP 10 MED GROWTH ITTERATION LIMIT 5 OATE 07/11/73 TIME 9 39 31 PAGE 4

CcoLM PLAN TIME LAGS CODE ATTR 1 ATTR 2 ATTR 3 SUCCES PREDCS
41 487 383 -0 7 5 -0 -0 42 40
42 424 450 -0 1 2500 -0 -0 43 41
43 425 450 -0 2 2500 -0 -0 44 42
44 426 450 -0 3 1500 -0 -0 9999 43
45 501 888 24 1 1 -0 -0 46 777
46 502 -0 24 ] 6 -0 -0 47 45
47 503 888 24 1 1 -0 -0 48 46
48 504 888 24 6 3 - -0 49 47
49 505 888 24 2 41755 40000 50000 50 48
50 506 -0 24 7 ] -0 -0 9999 49
51 -0 -0 -0 -0 -0 -0 -0 0 [}
52 0 0 [} [} [} [} [} [}

53 [+] 0 ] [} [} [} [} ] 0
54 ] ¢ 0 0 [} [} [} 0 [}
55 [} 4 0 [} [} 0 [} 0 [}
56 [} C 0 [} 0 [} 0 [} 0
57 ] C [} [} [} [} [} [} [}
58 [} 0 [} [} [} 0 [} 0 [}
59 0 0 [} [} ] [} [} [} 0
60 0 0 [} [} ] [} [} 0 0
61 0 [} 0 [} ] [} [} 0 [}
62 (1] 0 0 [} [} [} 0 [} 0
63 0 0 0 [} ] [} [} 0 0
64 0 [} 0 0 [} [} [} 0 0
65 ] [} [} [} [} [} [} 0 0
66 0 [} ] [} [} 0 [} 0 o
67 0 ] ] [} [} ] [} 0 0
68 0 ] [} [} [} [} ] 0 0
69 1] o [} [} [} [} [} 0 0
70 [} [} [} [} ] [} [} o [}
71 [} [} [} [} [} [} [} [} o
T2 [} 0 [} [} [} [} 0 0 0
73 0 [} [} [} [} 0 [} (] (]
T4 0 [} 0 [} [} 0 [} 0 0
75 [} [} 0 [} [} [} [} o [}
76 [} [} [} [} [} 0 [} [} 0
77 [} [} [} [} [} [} [} [} 0
78 0 [} [} [} [} ] [} 0 [}
79 0 [} [} [} [} [} [} [} 0
80 0 [} o [} [} ] 0 [} o
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FILE 5 SKIP 10 MEO GROWTH ITYERATION LIMIT 5 OATE 07/11/73 TIME 9 39 31 PAGE 5

ANNUAL SUMMARY OF WATER OEMAND 8Y ALL USERS

OO0OMESTIC INDUSTR

PERCENT TOTAL POPULATION PER CAPITA PRICE PRICE RAIN- TOTAL REVENUE TOTAL EMPLOYMENT PER CAPITA L

YEAR RESTRICTIN WATER USE WATER USE WINTER SUMMER FALLS REVENUE LOST/RS WATER USE WATER USE L

OF OQEMAND {MG) THOUSANDS (G) $/1000 $/1000 IN 10008 s (MG) THOUSANQOS (G} L
1974 0.0 5144. 186. 28. « 717 «717 13.1 3687.9 0.0 1833, 8. 217.
1975 0.0 5073. 196. 26. «T17 <717 21.1 3637.6 0.0 1818. 9. 204.
1976 0.0 6321. 205. 31. -T17 «717 10.7 4532.1 0.0 1892. 9. 203.
1977 0.0 5823. 216. 27. -T17 «T17T 24.1 4175.0 0.0 1955. 10. 201.
1978 0.0 6703, 226. 30. «T17 «717 13.1 4806.3 0.0 2113. 10. 207.
1979 0.0 7098. 237. 30. « 717 «717 12.9 5089.0 0.0 2113, il. 198.
1980 0.0 7388. 248. 30. «717 «7T1T 1l4.4 5297.5 0.0 2131. 11. 191.
1981 0.0 7208, 257. 28. <717 «717 15.9 5168.0 0.0 2214. 12. 191.
1982 0.0 8l8l. 267. 31. « 717 «7T17 9.7 5865.4 0.0 2351. 12. 197.
1983 0.0 8355. 217. 30. 717 «717 145 5990.5 0.0 2401. 12. 194.
1984 0.0 7665. 287. 27. « 717 «717 20.5 5495.8 0.0 2369. 13. 185.
1985 0.0 9176. 297. 31. «900 «717 13.6 6686.6 0.0 2442. 13, 185.
1986 0.0 8862. 306. 29. =900 «900 14.6 T975.6 0.0 2464, 14. 18l.
1987 0.0 9734. 315. 31. «900 «900 11.2 8761.0 0.0 2561. 14, 183.
1988 0.0 9491. 325. 29. 1.000 «900 17.3 8630.5 0.0 2636. 14. 184.
1989 0.0 8990. 335. 27. 1.000 1.000 18.3 8990.0 0.0 2649. 15. 180.
1990 0.0 10287. 345. 30. 1.000 1.000 11.6 10287.4 0.0 2714. 15. 179.
1991 0.0 11859. 353. 34. 1.200 1.000 8.7 12049.8 0.0 2830. 15. 183,
1992 0.0 11176 362. 31. 1200 1.200 10.4 13411.1 0.0 2804. l6. 177.
1993 0.0 10563. 370. 29. 1,200 1.200 14.2 12675.0 0.0 2815. 16. 174.
1994 0.0 10429. 379. 27. 1.200 1.200 19.3 12514.7 0.0 2915. 17. 177.
1995 0.0 11848, 388. 3. 1.200 1.200 11.9 14217.5 0.0 3028. 17. 180.
1996 0.0 12444 395, 31. 1.600 1.200 10.6 15315.4 0.0 3070. 17. 179..
1997 0.0 12232. 402. 30. 1.600 1.600 13.2 19570.7 0.0 3004. 17. 173.
1998 0.0 12273. 410. 30. 1.600 1.600 14.9 19637.2 0.0 2942. 18. 167«
1999 0.0 12936. 417. 31. 1.600 1.600 12.8 20697.8 0.0 3081. 18. 172.
2000 0.0 12987. 424« 31. 1.600 1.600 8.7 20778.7 0.0 3150. 18. 173.
2001 0.0 12756. 429. 30. 1.600 1.600 15.4 20409.9 0.0 3154. 18. 171.
2002 0.0 13912. 434. 32. 1.600 1.600 11.1 22258.4 0.0 3222. 19. 173.
2003 0.0 13115. 440. 30. 2.000 2.000 14.2 25792.8 0.0 3200. 19. 170.
2004 0.0 13595, 445, 3le. 2.000 2.000 12.5 27189.6 0.0 3275. 19. 172.
2005 0.0 13041. 450. 29. 2.000 2.000 15.0 26081.4 0.0 3322. 19. 173.
2006 0.0 13147, 453. 29. 2.000 2.000 11.9 26293.7 0.0 3342. 19. 172.
2007 0.0 13981. 455. 31. 2.000 2.000 15.8 27961.8 0.0 3377. 20. 172.
2008 0.0 13227. 458. ?29. 2.000 2.000 15.8 26454.7 0.0 3457. 20. 174.
2009 0.0 14254, 461. 31. 2.000 2.000 10.2 28508.1 0.0 3560. 20. 177.
2010 0.0 14345. 464. 31. 2.000 2.000 10.0 28689.6 0.0 3535, 20. 174.
2011 0.0 13987. 466. 30. 2.500 2.500 12.7 32206.5 0.0 3551. 21. 173.
2012 0.0 14387. 469. 31. 2.500 2.500 6.7 35968.6 0.0 3564. 21. 172.
2013 0.0 13758. 472. 29. 2.500 2.500 17.3 34394.7 0.0 3635. 21. 173.
2014 0.0 15199. 475. 32. 2.500 2.500 T+8 37998.5 0.0 3684. 21. 174
2015 0.0 14499. 478. 30. 2.500 2.500 17.2 36247.2 0.0 3737. 21. 175.
2016 0.0 14504. 481. 30. 2.500 2.500 14.5 36260.4 0.0 3694. 22. 171.
2017 0.0 14527. 484. 30. 2,500 2.500 12.1 36317.8 0.0 3824. 22. 17S5.
2018 0.0 15035, 486. 31. 2.500 2.500 10.8 37586.8 0.0 3840. 22. 174.
2019 0.0 13403, 489. 27. 2.500 2.500 21.0 33508.5 0.0 3862. 22. 173.
2020 0.0 14686, 492, 30. 2.500 2.500 14.1 36714.2 0.0 4010. 23. 177.
2021 0.0 15246. 495. 31. 2.500 2.500 Te6 38114.8 0.0 4004 23. 175.
2022 0.0 15104. 498, 30. 2.500 2.500 14.6 37759.3 0.0 4063. 23. 176.
2023 0.0 15497, 501. 31. 2.500 2.500 13.2 38741.3 0.0 4041. 23, 173.
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FILE 5 SKIP 10 MED GROWTH ITTERATION LIMIT S OATE 07/11/73 TIME 9 39 31 PAGE 6

ANNUAL SUMMARY OF WATER DEMAND BY ALL USERS

1 AL COMMERCTI AL MITILITARY ———cecaa-
PRICE PRICE TDTAL REVENUE TOTAL PER CAPITA PRICE PRICE TOTAL REVENUE TOTAL PRICE TOTAL REVENUE L
WINTER SUMMER REVENUE LOST/RS WATER USE WATER USE WINTER SUMMER REVENUE LOST/RS WATER USE REVENUE LOST/RS L
$/1000 $/1000 1000$ $ (MG) (G) $/1000 $/1000 1000$ s {MG) $/1000 1000$ $ L

+400 «400 733.2 0.0 2267. 12. -717 « 717 1625.5 0.0 2531. «666 1685.6 0.0
«400 400 727.3 0.0 2862, 15. . 717 «717 2051.9 0.0 2594, «666 1727.5 0.0
«400 400 756.6 0.0 3397. 17. « 717 «71T7 2435.6 0.0 2651. <666 1765.3 0.0
+400 «400 782.0 0.0 3653. 17. «717 « 717 2619.3 0.0 2658. «+666 1770.0 0.0
«400 «400 845.0 0.0 3830. 17. « 717 «T1T 2746.4 0.0 3058. «666 2036.4 0.0
«400 «400 845.2 0.0 4250. 18. « 717 «717 3047.3 0.0 2792. «666 1859.4 0.0
«400 400 852.5 0.0 4590. 18. « 717 «717 3291.0 0.0 3062. «666 2039.3 0.0
«400 -400 885.7 0.0 4597. 18. « 717 «717 3295.9 0.0 3180. «666 2117.7 0.0
+400 «400 940.5 0.0 5052. 19. «717 «717 3622.1 0.0 3006. «+666 2002.3 0.0
«400 400 960.3 0.0 6002. 22, « 717 «717 4303.1 0.0 3144. «666 2093.8 0.0
«400 400 947.4 0.0 5596. 20. «717 =717 4012.4 0.0 2915. «666 1941.2 0.0
«750 «400 1048.7 0.0 5955. 20. «900 «717 4366.6 0.0 3669. «750 2470.6 0.0
«750 «750 1847.9 0.0 6103. 20. «900 «900 5493.1 0.0 3516. «750 2637.3 0.0
«750 «750 1920.9 0.0 6607. 21. «900 «900 5946.7 0.0 3553. «750 2664.6 0.0
«750 «750 1977.2 0.0 6287, 19. 1.000 «900 5704.2 0.0 3614, <800 2724.6 0.0
- 750 «750 1986.4 0.0 7011. 21. 1.000 1.000 7010.7 0.0 3780. «800 3023.7 0.0
« 750 «750 2035.5 0.0 7628, 22. 1.000 1.000 7627.9 0.0 3876. «800 3101.0 0.0
« 750 «750 2122.7 0.0 7716. 22. 1.200 1.000 7835.5 0.0 3826. «800 3060.8 0.0
«750 «750 2103.3 0.0 T463. 21. 1.200 1.200 8955.4 0.0 3957. -800 3165.5 0.0
«750 «750 2111.5 0.0 7855. 21. 1.200 1.200 9426.4 0.0 4385, +800 3508.2 0.0
«750 «750 2186.5 0.0 7898. 21. 1,200 1.200 9477.4 0.0 4001. «800 3200.8 0.0
« 750 «750 2271.1 0.0 8593, 22. 1.200 1.200 10311.8 0.0 4335. «800 3468.0 0.0

1.600 «750 2502.9 0.0 8576. 22. 1.600 1.200 10569.2 0.0 4453, 1.000 3634.2 0.0

1.600 1.600 4807.1 0.0 8080. 20. 1.600 1.600 12928.5 0.0 4389. 1.000 4388.7 0.0

1.600 1.600 4706.8 0.0 8332, 20. 1.600 1.600 13330.6 0.0 4693. 1.000 4692.9 0.0

1.600 1.600 4929.9 0.0 8844, 21. 1.600 1.600 14150.2 0.0 4610. 1.000 4609.5 0.0

1.600 1.600 5040.4 0.0 8638. 20. 1.600 1.600 13821.4 0.0 4506. 1.000 4506.1 0.0

1.600 1.600 5046.1 0.0 8315. 19. 1.600 1.600 13304.7 0.0 4722. 1.000 «722.3 0.0

1.600 1.600 5155.3 0.0 8837. 20. 1.600 1.600 14138.6 0.0 4933. 1.000 4932.7 0.0

2.000 2.000 6292.0 0.0 7807. 18. 2.000 2.000 15334.8 0.0 5152. 2.000 9874.4 0.0

2.000 2.000 6550.7 0.0 8190. 18. 2.000 2.000 16380.1 0.0 4995. 2.000 9990.8 0.0

2.000 2.000 6644.1 0.0 8695. 19. 2.000 2.000 17390.7 0.0 5215. 2.000 10430.0 0.0

2.000 2.000 6683.8 0.0 8701. 19. 2.000 2.000 17402.5 0.0 5634. 2.000 11268.3 0.0

2.000 2.000 6754.9 0.0 8680. 19. 2.000 2.000 17359.3 0.0 5260. 2.000 10519.6 0.0

2.000 2.000 6913.6 0.0 7845, 17« 2.000 2.000 15690.9 0.0 5345. 2.000 10690.8 0.0

2.000 2.000 7119.9 0.0 8402. 18. 2.000 2.000 16804.6 0.0 5846. 2.000 11692.6 0.0

2.000 2.000 7070.5 0.0 8211. 18. 2.000 2.000 16422.1 0.0 5424. 2.000 10848.1 0.0

2.500 2.500 8136.0 0.0 7869. 17. 2.500 2.500 17853.6 0.0 5864. 2.000 9974.4 0.0

2.500 2.500 8909.9 0.0 7927. 17. 2.500 2.500 19818.7 0.0 5983. 1.500 8974.2 0.0

2.500 2.500 9088.4 0.0 6294, 13. 24500 2.500 15734.3 0.0 5729. 1.500 8593.1 0.0

2.500 2.500 9210.5 0.0 7518, 16. 2.500 2.500 18795.8 0.0 5915. 1.500 8872.3 0.0

2.500 2.500 9343.3 0.0 7352. 15. 2.500 2.500 18380.8 0.0 5927. 1.500 8890.5 0.0

2.500 2.500 9234.5 0.0 7198, 15. 2.500 2.500 17994.0 0.0 6217. 1.500 9326.0 0.0

2.500 2.500 9560.8 0.0 7256. 15. 2,500 2.500 18140.8 0.0 6166. 1.500 9248.7 0.0

2.500 2.500 9599.7 0.0 T440. 15. 2.500 2.500 18599.0 0.0 6420. 1.500 9630.2 0.0

2.500 2.500 9654.9 0.0 7399. 15. 2.500 2,500 18496.4 0.0 6454, 1.500 9681.7 0.0

2.500 2.500 10023.9 0.0 7298. 15« 2.500 2,500 18244.9 0.0 6432, 1.500 9648.5 0.0

2.500 2.500 10010.5 0.0 7092. 14, 2.500 2.500 17729.5 0.0 6578. 1.500 9866.6 0.0

2.500 2.500 10156.7 0.0 6419. 13. 2,500 2.500 16047.9 0.0 6764 1.500 10146.6 0.0

2.500 2.500 10103.4 0.0 6899. 14. 24500 2.500 17246.8 0.0 6737. 1.500 10105.7 0.0
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FILE 5 SKIP 10 MED GROWTH ITTERATION LIMIT 5 DATE 07/11/73 TIME 9 39 31 PAGE 7

ANNUAL SUMMARY OF WATER DEMAND BY ALL USERS

m====—= MUNICIPAL =v-==ee «=—== NON POTABL E ===
TOTAL PRICE TOTAL REVENUE TOTAL PRICE TOTAL REVENUE COMBINED CODMBINED COMBINED

WATER USE REVENUE LOST/RS WATER USE REVENUE LOST/RS WATER USE REVENUES LOST/RES YEAR
{MG) $/1000 10008 $ (MG) $/1000 10008 $ {MG) 1000¢ $
2717, 0.000 0.0 0.0 0. «270 0.0 0.0 14492. 7732, 0. 1974
3276. 0.000 0.0 0.0 O. «270 0.0 0.0 15624. 8144, 0. 1975
2551. 0.000 0.0 0.0 [\ 270 0.0 0.0 16812. 9490. 0. 1976
3177. 0.000 0.0 0.0 O« «270 0.0 0.0 17266. 9346. 0. 1977
3253, 0.000 0.0 0.0 0. «270 0.0 0.0 18957. 10434. 0. 1978
3127. 0.000 0.0 0.0 0. «270 0.0 0.0 19380. 10841. 0. 1979
3094. 0.000 0.0 0.0 0. 270 0.0 0.0 20266« 11480. 0. 1980
3297. 0.000 0.0 0.0 O« «270 0.0 0.0 20496. 11467. 0. 1981
4526, 0.000 0.0 0.0 0. « 270 0.0 0.0 23116. 12430. 0. 1982
3928. 0.000 0.0 0.0 0. 270 0.0 0.0 23829. 13348. 0. 1983
3276, 0.000 0.0 0.0 0. <270 0.0 0.0 21820. 12397. 0. 1984
4007. 0.000 0.0 0.0 0. «270 0.0 0.0 25248. 14573. 0. 1985
4214, 0.000 0.0 0.0 [ 2 «270 0.0 0.0 25159. 17954. 0. 1986
3459, 0.000 0.0 0.0 0. 270 0.0 0.0 25915. 19293. 0. 1987
4284, 0.000 0.0 0.0 O. «270 0.0 0.0 26313. 19036. 0. 1988
4234, 0.000 0.0 0.0 0. «270 0.0 0.0 26662, 21011. 0. 1989
3681, 0.000 0.0 0.0 0. «270 0.0 0.0 28186. 23052. 0. 1990
4688, 0.000 0.0 0.0 0. 270 0.0 0.0 30918. 25069. 0. 1991
4804. 0.000 0.0 0.0 0. «270 0.0 0.0 30204. 2763S. 0. 1992
4849. 0.000 0.0 0.0 0. «270 0.0 0.0 30467. 277121. 0. 1993
4556. 0.000 0.0 0.0 0. «270 0.0 0.0 29799. 27379. 0. 1994
*5251. 0.000 0.0 0.0 0. «270 0.0 0.0 33056, 30268. 0. 1995
5259. 0.000 0.0 0.0 0. «270 0.0 0.0 33801. 32022. 0. 1996
5121. 0.000 0.0 0.0 0. «270 0.0 0.0 32826. 41695. 0. 1997
4782. 0.000 0.0 0.0 0. «270 0.0 0.0 33021. 42367. 0. 1998
5977. 0.000 0.0 0.0 0. 270 0.0 0.0 35448. 44387. 0. 1999
6073, 0.000 0.0 0.0 0. «270 0.0 0.0 35355, 44147. 0. 2000
4858. 0.000 0.0 0.0 0. <270 0.0 0.0 33806. 43483, 0. 2001
6303, 0.000 0.0 0.0 0. «270 0.0 0.0 37206, 46485. 0. 2002
6002. 0.000 0.0 0.0 0. «270 0.0 0.0 35276. 57294. 0. 2003
5107. 0.000 0.0 0.0 0. «270 0.0 0.0 35163, 60111. 0. 2004
5859. 0.000 0.0 0.0 0. «270 0.0 0.0 3sl32. 60546. 0. 2005
6105, 0.000 0.0 0.0 0. «270 0.0 0.0 36929. 61648. 0. 2006
6365. 0.000 0.0 0.0 0. «270 0.0 0.0 37663, 62596. 0. 2007
6213, 0.000 0.0 0.0 0. «270 0.0 0.0 36087. 59750. 0. 2008
6747. 0.000 0.0 0.0 0. «270 0.0 0.0 38810. 64125. 0. 2009
5687. 0.000 0.0 0.0 0. «270 0.0 0.0 37202. 63030. 0. 2010
6913, 0.000 0.0 0.0 0. «270 0.0 0.0 38184. 68171. 0. 2011
6430. 0.000 0.0 0.0 0. 270 0.0 0.0 38292, 73671. 0. 2012
6824. 0.000 0.0 0.0 0. =270 0.0 0.0 36239. 67810, 0. 2013
6361. 0.000 0.0 0.0 0. «270 0.0 0.0 38678. 74877. 0. 2014
7061. 0.000 0.0 0.0 0. «270 0.0 0.0 38577. 72862. 0. 2015
8002. 0.000 0.0 0.0 0. «270 0.0 0.0 39615. 72815, 0. 2016
T047. 0.000 0.0 0.0 0. «270 0.0 0.0 38821. 73268. 0. 2017
6912. 0.000 0.0 0.0 0. «270 0.0 0.0 39646. 75416, 0. 2018
7427. 0.000 0.0 0.0 0. «270 0.0 0.0 38545. 71341, 0. 2019
7890. 0.000 0.0 0.0 0. «270 0.0 0.0 40316. 74632, 0. 2020
79717. 0.000 0.0 0.0 O« «270 0.0 0.0 40897. 75721. 0. 2021
T7662. 0.000 0.0 0.0 0. «270 0.0 0.0 40012. 74110. 0. 2022
8492. 0.000 0.0 0.0 O. «270 0.0 0.0 41665. 76197. 0. 2023
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FILE 5 SKIP 10 MED GROWTH

YEAR

1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023

ITTERATION LIMIT 5

RESERVOIR

LEVEL
(000)

114,
121.
113.
119.
115.
115.
114.
113.
97.
90.
111.
109.
il1.
93.
9% .
107.
110.
104,
82.
104.
109.
106.
a9.
100.
102.
102.
67.
“9.
30.
36.
94.
85.
18.
47.
53.
64.
49.
4.
79.
T6.
96.
101.
108.
95.
67.
100.
63.
50.
96.
9.

AF

DATE 07/11/73 TIME

ANNUAL SUMMARY OF SUPPLY IN STORAGE

PERCENT MAX
CAPACITY ON
JAN 1

91.
96.
90.
95.
92.
92.
91.
90.
7.
Tle
89.
87.
89.
Tée
TS«
85.
87.
a3,
65.
82.
87.
85.
Tle
80.
al.
8l.
53.
39.
24.
29.
56
Sl.
47.
28.
32.
38.
29.
24.
41.
46.
57.
60.
64.
57.
40.
60.
38.
30.
57.
56.

MAX CAPACITY
TO ANNUAL
WATER USE

2.82
2.62
2.43
2.37
2.16
2.11
2.02
2,00
1.77
1.72
1.88
l.62
1.63
1.58
1.55
1.53
1.45
1.32
1.35
1.34
1.37
le.24
1.21
l1.25
1.24
1.15
1.16
1.21
1.23
1.51
1.84
1.51
1.48
1.45
1.81
1.66
1.62
1.71
1.76
1.50
1.41
1.41
1.38
1.40
1.38
1.56
1.35
1.48
l.64
1.31

TOTAL
FLOW
C.F.S.

6106,
2674,
5871.
2297.
2006.
3383.
3575.
2507.
1900.
2126.
2985.
2810.
2399.
1817.
2058.
3944.
3672.
4925.
1988,
3605.
2524.
3008.
2653,
4210.
5347.
4951.
1811.
2153.
2380.
2465.
3062.
2666.
2921.
2402.
2743,
3164.
2250.
2262.
4046.
3659.
4275.
3130.
4164.
3239.
2434,
4347.
2348.
2685.
4957.
3763.

PROBABILITY
OF TOTAL
FLOW

«900
«909
«917
- 769
<716
<867
«875
«706
«556
«632
«800
«762
<636
«435
«542
«920
+885
«926
429
.828
<633
«T42
+625
«909
«941
«914
«278
«459
447
«436
«575
«439
452
«302
«432
«556
<239
«234
<771
«714
«820
«529
«769
«566
«259
«800
«216
<333
-879
«678

9 39 31

PAGE
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FILE 5 SKIP 10 MED GROWTH

DECADE

VNP WNm~

ITTERATIDN LIMIT S DATE 07711773 TIME
SUMMARY DF ADVANCED WASTE TREATMENT(AWT) BY DECADE
(IN MILLIDNS OF GALLDNS)
CDAGULATIDN ) FILTRATIDN GRANULATED ACTIVATED 1DN
SEDIMENTATIDN CARB ABSDRPTN SLUDGE EXCHANGE
0.0 0.0 0.0 0.0 0.
0.0 0.0 0.0 0.0 0.0
10.7 0.0 T.7 18.3 T.5
14.0 0.0 13.6 24.4 12.9
16.1 0.0 15.6 28.4 15.2

9 39 31

PAGE

9
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FILE 5 SKIP 10 MED GROWTH

ITTERATION LIMIT 5 DATE 07/11/73 TIME

**x2e2STREAM ADDITIONS¢¢s%»

OATES STA STREAM NAME TYPE
2003/ 0 153 EAGLE RIVER AT RED C 2
2005/ 0O 167 CROSS CREEK NR MINT 2

9 39 31

PAGE

10
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FILE 5 SKIP 10 MEO GROWTH ITTERATION LIMIT 5 DATE 07/11/73 TIME 9 39 31 PAGE 11

ADVANCED WASTE TREATMENT OPERATION BY YEAR
(IN MILLIONS OF GALLONS)

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983

RESERVOIR FLOW 475. 512. 551« 566. 622, 635. 663, 672. 758. 781.
~SYSTEM LOSSES 109. 134, 119. 154. 161. 179. 149. 147. 185. 202.
=SECONOARY TREATED FLOW 366. 378. 432. 412. 461. 457. 515. 525. 573. 579.
~LOCAL WATER 143, 122. 143. 142, 204, 205. 211. 219. 246. 237.
-WATER SOLO Te 8. 10. 9. 8. 8. 10. 10. 11. 11.
—AGRICULTURE USE 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
=FLOW AVAILABLE AT ANWT 216. 2647. 280. 261. 248. 243, 293, 296. 3l6. 331l.
-CUTBACKS 216. 247. 280. 261. 248. 243, 293. 296. 316. 331.
=FLOW TO AWT, PASS 1 O. 0. 0. 0. 0. O« 0. 0. 0. [ 2
+FLOWs RECYCLED 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
=FLOW THRU LEVEL 1 0. 0. 0. 0. 0. O. 0. 0. 0. 0.
~CONSUMPTION LEVEL 1 0. O. 0. 0. 0. 0. 0. 0. 0. 0.
—DEMANO AT LEVEL 1 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
-FLOW RETURNED, STREAMS, T 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
=FLOW THRU LEVEL 2 0. 0. 0. 0. 0. 0. 0. 0. D. 0.
~CONSUMPTION LEVEL 2 0. Q. Q. D. 0. O. [ 0. 0. 0.
-DEMAND AT LEVEL 2 0. Q. 0. Q0. 0. 0. 0. 0. 0. 0.
=FLOW THRU LEVEL 3 o. [ 2 Q. O. Q. 0. 0. Q. [ Q.
—CONSUMPTION LEVEL 3 0. Q. 0. 0. O. Q. Q. [ 0. 0.
—-DEMAND AT LEVEL 3 0. Q. 0. 0. 0. 0. 0. 0. 0. 0.
=FLOW AVAILABLE LEVEL 4 0. 0. 0. Q. D. Q. Q. 0. 0. 0.
~RESERVOIR OEMANOS,U 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
=FLOW THRU LEVEL & 0. 0. O« Q. 0. Q. O. 0. 0. 0.
=RESERVOIR DEMANDS, T 0. Q0. 0. 0. 0. 0. Q0. Q. 0. 0.
~0EMAND AT LEVEL 4 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
=FLOW RETURNED,STREAMS,T 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

FLOW RETURNED, USERS 0. 0. O. O. 0. 0. 0. 0. 0. 0.
+CUTBACKS AND EXCESSES 216. 247. 280. 261. 248. 243. 293. 296. 316. 331.
=FLOW RETURNED,STREAMS,U 216. 267, 280. 261. 248. 243, 293. 296. 316. 33l.
+FLOW RETURNED,STREAMS, T Q. 0. 0. 0. O. 0. 0. 0. 0. 0.
=FLOW RETURNED,STREAMS,S 216. 247, 280. 261. 248, 243, 293, 296. 316. 331.

CHECK RESULT 216. 247. 280. 261. 248, 243, 293, 296. 316. 331.
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FILE 5 SKIP 10 MED GROWTH ITTERATION LIMIT 5 DATE 07/11/73 TIME 9 39 31 PAGE 12

AOVANCED WASTE TREATMENT OPERATION BY YEAR
{IN MILLIONS OF GALLDNS)

1984 1985 1986 1987 1988 1989 1990 1991 1992 1993

RESERVOIR FLOW 715. 828. 824. 850. 862. 874. 924. 1014. 990. 999.
~SYSTEM LOSSES 147. 190. 175. 202. 199. 229. 197. 199. 238. 212.
=SECONDARY TREATED FLOW 568. 639. 649. 647. 664, 645. 127. 815. 753. 787.
—=LOCAL WATER 226. 241. 269. 3o07. 328. + 301. 295. 304. 320. 339.
-WATER SOLD 1l. 13, 13. 11. 11. 11. 14. 17. 14. 15.
-AGRICULTURE USE 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
=FLOW AVAILABLE AT ANWT 33l. 385. 368. 329. 325. 333. 417. 495. 419. 434,
-CUTBACKS 331. 385. 368. 329. 325. 333. 417. 495. 419. 434,
=FLOW TO AWT, PASS 1 0. O. 0. O. 0. 0. [ 2 0. 0. 0.
+FLOW, RECYCLED 0. O. O. 0. 0. 0. 0. O. 0. 0.
=FLOW THRU LEVEL 1 0. 0. O. 0. 0. 0. 0. 0. 0. 0.
~CONSUMPTION LEVEL 1 O. C. 0. 0. 0. 0. 0. 0. 0. 0.
-DEMAND AT LEVFL 1 0. 0. O. 0. O. a. 0. 0. 0. 0.
—FLOW RETURNED,STREAMS,T O. 0. O. 0. O. 0. 0. 0. 0. 0.
=FLOW THRU LEVEL 2 O. 0. O. 0. 0. 0. 0. 0. 0. 0.
-CONSUMPTION LEVEL 2 0. 0. O. 0. O. 0. 0. 0. 0. 0.
-DEMAND AT LEVEL 2 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
=FLOW THRU LEVEL 3 0. 0. O. 0. 0. 0. 0. 0. 0. 0.
-CONSUMPTION LEVEL 3 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
-DEMAND AT LEVEL 3 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
=FLOW AVAILABLE LEVEL 4 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
~RESERVOIR DEMANDS,U 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
=FLOW THRU LEVEL 4 0. 0. 0. 0. 0. 0. D. 0. 0. 0.
-RESERVOIR DEMANDS,T O. 0. 0. 0. 0. 0. 0. [+ 2% 0. 0.
-DEMAND AT LEVEL 4 0. 0. 0. 0. 0. O. 0. 0. 0. 0.
=FLOW RETURNEDySTREAMS,T 0. 0. O. 0. 0. 0. 0. 0. 0. 0.

FLOW RETURNEOs USERS 0. 0. 0. 0. 0. 0. O. 0. 0. 0.
+CUTBACKS AND EXCESSES 331. 385. 368. 329. 325. 333, 417. 495. 419. 434,
=FLOW RETURNED,STREAMS,U 331. 385. 368. 329. 325. 333, 417. 495. 419. 434,
+FLOW RETURNED, STREAMS, T 0. O. 0. 0. 0. 0. 0. 0. 0. [
=FLOW RETURNED,STREAMS,S 331. 385. 368. 329. 325. 333. 417. 495. 419. 434,

CHECK RESULT 331. 385. 368. 329. 325. 333. 417. 495. 419. 434,
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FILE 5 SKIP 10 MED GROWTH ITTERATION LINIT S DATE 07/11/713 TIME 9 39 31 PAGE 13

ADVANCED WASTE TREATMENT OPERATION BY YEAR
(IN MILLIONS OF GALLONS)

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

RESERVOI(R FLOW 977. 1083. 1108. 1077. 1083. 1162. 1159. 1108. 1090. 890.
~SYSTEM LDSSES 229. 270. 270. 258. 252. 262. 296. 263. 291. 164.
=SECONOARY TREATED FLOW T48. 8l4. B38. gl8. 831. 900. 863. 845. 799. 726
-LOCAL WATER 325. 407. 415. 336. 285. 309. 368. 440. 382. 349.
-WATER SOLD 14. 13. 4. 16. 18. 20. 16. 13. 14, 12.
=AGRICULTURE USE 0. 0. 0. 0. 0. 0. D. Q. 0. 0.
=FLOW AVA(LABLE AT ANWT 409. 393. 409. 466« 527. 571, 479. 391. 404. 365.
-CUTBACKS 409. 393. 409. 466. 527. 571. 479. 391. 371. 284.
=FLOW TO AWTs PASS 1 0. 0. 0. 0. 0. 0. 0. 0. 33. 8l.
+FLOW, RECYCLED 0. 0. 0. 0. 0. 0. O. 0. 73. 176.
=FLOW THRU LEVEL 1 0. Q. Q. 0. 0. 0. 0. 0. 107. 257.
=~CONSUMPTION LEVEL 1 0. 0. 0. 0. 0. 0. 0. O. 3. 8.
—-DEMANO AT LEVEL 1 O. 0. 0. 0. 0. O. 0. 0. 78. 163.
—FLOW RETURNED,STREAMS,T 0. 0. 0. 0. 0. 0. D. 0. 0. 0.
=FLOW THRU LEVEL 2 0. 0. 0. 0. 0. 0. 0. 0. 26. 87.
=CONSUMPTION LEVEL 2 0. 0. 0. 0. 0. 0. 0. 0. 1. 3.
-0EMAND AT LEVEL 2 0. 0. 0. 0. 0. 0. 0. 0. 12. 39.
=FLOW THRU LEVEL 3 0. 0. 0. 0. 0. 0. 0. O. 13. 45.
—~CONSUMPTION LEVEL 3 O. 0. 0. 0. 0. 0. 0. C. 0. l.
-~DEMAND AT LEVEL 3 0. 0. 0. 0. 0. 0. 0. Q. 2. 8.
=FLOW AVAILABLE LEVEL 4 0. 0. 0. 0. 0. 0. 0. O. 11. 36.
-~RESERVOIR DEMANOS,U 0. 0. 0. 0. 0. 0. 0. 0. 0. O.
=FLOW THRU LEVEL 4 0. 0. 0. 0. 0. 0. 0. 0. 11. 36.
—RESERVOIR DEMANDS,T 0. 0. 0. 0. 0. 0. 0. 0. 0. Se
-DEMAND AT LEVEL 4 0. 0. 0. 0. 0. 0. 0. 0. 11. 32.
=FLOW RETURNED,STREAMS, T O. 0. 0. 0. 0. 0. 0. 0. 0. 0.
FLOW RETURNED, USERS O. 0. 0. 0. 0. 0. 0. 0. 9. 16.
+CUTBACKS AND EXCESSES 409. 393. 409. 466. 527. 571. 479. 391. 371. 284,
=FLOW RETURNED, STREAMS,U 409. 393, 409. 466. 527. 571. 479. 391. 379. 300.
+FLOW RETURNED, STREAMS, T 0. 0. 0. 0. 0. O. 0. C. 0. 0.
=FLOW RETURNED,STREAMS,S 409. 393. 409. 466. 527. 571. 479. 391. 379. 300.

CHECK RESULT 409. 393. 409. 466. 527. 571. 479. 391. 379. 300.
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FILE 5 SKIP 10 MED GROWTH ITTERATION LIMIT S DATE 07/11/73 TIME 9 39 31 PAGE 14

ADVANCED WASTE TREATMENT OPERATIDN 8Y YEAR
IIN MILLIONS OF GALLONS)

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

RESERVOIR FLDW 980. 1185. 1210. 1235. 994. 1081. 1120. 1052. 1022. 1188.
~SYSTEM LOSSES 251. 277. 301. 289. 302. 308. 283. 320. 298. 296.
=SECONOARY TREATED FLOW 728. 908. 909. 946. 691. 773, 837. 732. 723, 892,
=LOCAL WATER 313. 278. 347. 402. 309. 316. 341, 291. 238. 289.
-~WATER SOLD 14. 21. 19. 18. 13. 15. 16. 15. 16. 20.
-AGRICULTURE USE 0. 0. 0. 0. [+ 2 0. 0. 0. 0. 0.
=FLOW AVAILABLE AT ANWT 402, 609. S44. 525. 369. 442. 480. 427. 470. 583.
-CUTBACKS 353. 609. 544. 525. 316. 387. 436. 363. 405. 583.
=FLOW TD AWT, PASS 1 49. 0. 0. 0. 53. 55. 44, 64. 64. a.
+FLOW, RECYCLED 99. 0. 0. 0. 114, 115. 78. 127. 135, 0.
=FLOW THRU LEVEL 1 148. 0. 0. 0. 167. 170. 122. 191. 199, 0.
~CONSUMPTION LEVEL 1 4. 0. 0. . 0. Se Se 4o 6. [ 0.
~0EMANO AT LEVEL 1 103. 0. 0. 0. 116. 117. 60. 124. 140. 0.
~FLOW RETURNEO, STREAMS, T O. [ 0. 0. 0. O. 0. 0. 0. 0.
=FLOW THRU LEVEL 2 40. 0. 0. 0. 46. 48. 58. 6l. 52. 0.
~CONSUMPTION LEVEL 2 1. 0. 0. 0. 1. 1. 2. 2. 2. 0.
~DEMANO AT LEVEL 2 17. 0. 0. 0. 20. 20. 14. 25. 22. Q.
=FLOW THRU LEVEL 3 22. 0. 0. 0. 25. 26. 43. 35. 29. 0.
~CONSUMPTION LEVEL 3 l. 0. 0. 0. l. l. l. le le 0.
~DEMANC AT LEVEL 3 2. 0. 0. 0. 3e 3. 3. 3. 3. 0.
=FLOW AVAILABLE LEVEL 4 19. 0. 0. 0. 22. 23. 39. 31. 25. 0.
~RESERVOIR DEMANDS, U T. 0. 0. 0. 4. 2. 8. 8. 2. 0.
=FLOW THRU LEVEL 4 12. 0. 0. 0. 17. 21. 30. 23. 23. 0.
—RESERVOIR OEMANDS,T l. 0. 0. 0. 2. Se 10. 3. 6. 0.
—~DEMAND AT LEVEL 4 1l. 0. 0. 0. 15., 16. 21. 21. 17. 0.
=FLOW RETURNED, STREAMS, T 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

FLOW RETURNED, USERS 8. 0. 0. 0. 9. 10. 0. 10. 11. 0.
+CUTBACKS ANO EXCESSES 353. 609. 544. 525. 316. 387. 436. 363. 405. 583.
=FLOW RETURNED,STREAMS,U 361. 609. 544. 525. 325. 397. 436. 374. 417. 583.
+FLOW RETURNEO,STREAMS,T 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
=FLOW RETURNEO, STREAMS,S 361. 609. S44. 525. 325. 397. 436. 374. 417. 583.

CHECK RESULT 36l. 609. S44. 525. 325. 397. 436. 374. 417. 583.
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FILE 5 SKIP 10 MED GRDWTH ITTERATION LIMIT S DATE 07/11/73 TIME 9 39 31 PAGE 15

ADVANCED WASTE TREATMENT DPERATION BY YEAR
(IN MILLIDNS OF GALLONS)

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

RESERVDIR FLOW 1268. 1265. 1298. 1272. 1299. 1157. 1321. 1229. 1105. 1366.
-SYSTEM LOSSES 310. 290. 329. 306. 333. 321. 3l1l. 273. 317. 340.
=SECONDARY TREATED FLOW 959. 974. 969. 966. 966. 836. 1011. 956. 787. 1026.
=LDCAL WATER 301. 310. 321. 303. 32s. 33l. 427. 342. 249, 337.
-WATER SDLD 22. 22. 2l. 22. 21. 17. 19. 20. 18. 23.
=AGRICULTURE USE 0. 0. 0. 0. O. 0. [ 2% 0. 0. 0.
asFLOW AVAILABLE AT AWT 636. 642, 626. 641. 620. 487. 564. 593, 521. 667.
=CUTBACKS 636, 642. 626. 641. 620. 447. 564. 543. 451, 667.
=FLOW TO AWT, PASS 1 0. 0. 0. 0. 0. 41. 0. 50. 70. 0.
+FLOW, RECYCLED 0. 0. 0. O. O. 84. 0. 88. l41. 0.
=FLOW THRU LEVEL 1 0. O. 0. O. 0. 125. 0. 138, 211. 0.
=CONSUMPTION LEVEL 1 0. 0. 0. 0. 0. 4. 0. 4e 6. 0.
~DEMAND AT LEVEL 1 Q. O. 0. 0. 0. 66. 0. 68. 126. 0.
=FLOW RETURNED,STREAMS, T 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
=FLOW THRU LEVEL 2 O. O. 0. 0. 0. 55. 0. 66. 79. 0.
~CONSUMPTION LEVEL 2 0. 0. 0. 0. 0. 2. 0. 2. 2. 0.
-DEMAND AT LEVEL 2 0. 0. 0. 0. O. 16. 0. 16. 30. 0.
=FLOW THRU LEVEL 3 0. 0. 0. 0. 0. 37. 0. 48. 46, 0.
-CONSUMPTION LEVEL 3 0. [ 0. 0. 0. l. 0. 1. l. 0.
—DEMAND AT LEVEL 3 0. O. 0. 0. 0. 3. 0. 3. Se 0.
=FLOW AVAILABLE LEVEL 4 0. 0. 0. O. O. 33, 0. 43. 40. 0.
-RESERVDIR DEMANDS,U 0. 0. 0. 0. 0. 9. 0. 9. 8. 0.
=FLOW THRU LEVEL 4 0. 0. 0. 0. 0. 26, 0. 33. 32. 0.
~RESERVDIR DEMANDS,T 0. 0. 0. 0. O. 5. 0. ll. b6e 0.
-DEMAND AT LEVEL 4 O. 0. 0. 0. 0. 19. 0. 22. 26. 0.
=FLOW RETURNED,STREAMS,T 0. 0. 0. 0. 0. 0. C. 0. 0. 0.

FLOW RETURNED, USERS 0. 0. 0. 0. 0. 0. 0. O. 8. 0.

‘ +CUTBACKS AND EXCESSES 636. 642, 626. 641. 620. 447. 564. 543, 451. 667.
=FLOW RETURNED,STREAMS,U 636, 642, 626. 641. 620. 447. 564. 543. 459. 667.
+FLOW RETURNED,STREAMS,T 0. 0. 0. 0. 0. O 0. O« 0. 0.
=FLDW RETURNED, STREAMS,S 636, 642, 626. 641. 620. 447. 564, 543. 459, 667.

CHECK RESULT 636. 642, 6264 641. 620. 4647. 564. 543, 459. 667.
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*E*¢XINVESTMENT COST SERIES BY YEARS®se#
(IN MILLIONS OF OOLLARS}

YEAR COAGULATION ) FILTRATION GRANULATED ACTIVATEO 10N TOTAL ALL
SEDIMENTATION CARB ABSORPTN SLUOGE EXCHANGE PROCESSES
1974 0.0 0.0 0.0 0.0 0.0 0.0
1975 0.0 0.0 0.0 0.0 0.0 0.0
1976 0.0 0.0 0.0 0.0 0.0 0.0
1977 0.0 0.0 0.0 0.0 0.0 0.0
1978 0.0 0.0 0.0 0.0 0.0 0.0
1979 0.0 0.0 0.0 0.0 0.0 0.0
1980 0.0 0.0 0.0 0.0 0.0 0.0
1981 0.0 0.0 0.0 0.0 0.0 0.0
1982 0.0 0.0 0.0 0.0 0.0 0.0
1983 0.0 0.0 0.0 0.0 0.0 0.0
1984 0.0 0.0 0.0 0.0 0.0 0.0
1985 0.0 0.0 0.0 0.0 0.0 0.0
1986 0.0 0.0 0.0 0.0 0.0 0.0
1987 0.0 0.0 0.0 0.0 0.0 0.0
1988 0.0 0.0 0.0 0.0 0.0 0.0
1989 0.0 - 0.0 0.0 0.0 0.0 0.0
1990 0.0 0.0 0.0 0.0 0.0 0.0
1991 0.0 0.0 0.0 0.0 0.0 0.0
1992 0.0 0.0 0.0 0.0 0.0 0.0
1993 0.0 0.0 0.0 0.0 0.0 0.0
1994 0.0 0.0 0.0 0.0 0.0 0.0
1995 0.0 0.0 0.0 0.0 0.0 0.0
1996 0.0 0.0 0.0 0.0 0.0 0.0
1997 0.0 0.0 0.0 0.0 0.0 0.0
1998 0.0 0.0 0.0 0.0 0.0 0.0
1999 0.0 0.0 0.0 0.0 0.0 0.0
2000 0.0 0.0 0.0 0.0 0.0 0.0
2001 0.0 0.0 0.0 0.0 0.0 0.0
2002 o4 0.0 1.7 6.1 4 8.5
2003 2 0.0 3 1.3 3 2.1
2004 -0 0.0 5 5 3 1.3
2005 0.0 0.0 0.0 0.0 0.0 0.0
2006 0.0 0.0 0.0 0.0 0.0 0.0
2007 0.0 0.0 0.0 0.0 0.0 0.0
2008 -0 0.0 0.0 2 0.0 2
2009 0.0 0.0 0.0 0.0 0.0 0.0
2010 el 0.0 3 1.2 .2 1.8
2011 -0 0.0 -0 .l -0 el
2012 0.0 0.0 0.0 0.0 0.0 0.0
2013 0.0 0.0 0.0 0.0 0.0 0.0
2014 0.0 0.0 0.0 0.0 0.0 0.0
2015 0.0 0.0 0.0 0.0 0.0 0.0
2016 0.0 0.0 0.0 0.0 0.0 0.0
2017 0.0 0.0 0.0 0.0 0.0 0.0
2018 0.0 0.0 0.0 0.0 0.0 0.0
2019 0.0 0.0 0.0 0.0 0.0 0.0
2020 0.0 0.0 0.0 0.0 0.0 0.0
2021 el 0.0 3 le2 .2 1.8
2022 0.0 0.0 0.0 0.0 0.0 0.0
2023 0.0 0.0 0.0 0.0 0.0 0.0
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FILE 5 SKIP I0 MED GROWTH

STREAM

0.00
0.00
0.00
0.00
0.00
0.00
0.D0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.00
0.00
3.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

RESERVOIRS

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

ITTERATION LIMIT 5

*$8e&FIXED AND VARIABLE CDSTS FOR STREAM,$*¢*%3%x
WELLy AND PROJECT ADDITIONS

~wee——w—= F I XED COSTS

WELL

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

RESERVOIR,

(IN MILLIDNS OF DOLLARS)

PROJECTS

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
8.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

TOTAL

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
8.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.00
0.00
9.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

STREAM

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

17

DATE 07/11/73 TIME 9 39 31 PAGE
VARIABLE COS TS ~—mmcomcce——--
RESERVOIRS WELL PROJECTS TOTAL
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 <049 «049
0.000 0.000 «049 <049
0.000 0.000 «049 «049
0.000 0.000 «049 «049
0.000 0.000 «049 =049
0.000 0.000 «049 «049
0.000 0.000 049 « 049
0.000 0.000 «049 =049
0.000 0.000 - 049 -049
0.000 0.000 «049 «0649
0.000 0.000 «049 « 069
0.000 0.000 =049 049
0.000 0.000 « 049 <049
0.000 0.000 =049 <069
0.000 0.000 =049 «049
0.000 0.000 =049 «049
0.000 0.000 «049 «049
0.000 0.000 =049 «049
0.000 0.000 «049 =049
0.000 0.000 «049 =049
0.000 0.000 <049 049
0.000 0.000 « 049 <0649
0.000 0.000 <049 «049
0.000 0.000 «049 049
0.000 0.000 =049 «0649
0.000 0.000 « 0649 «049
0.000 0.000 <049 «049
0.000 0.000 «049 «049
0.000 0.000 «049 « 049
0.000 0.000 « 0649 «049
0.000 0.000 « 049 «049
0.000 0.000 <049 049
0.000 0.000 «049 «049
0.000 0.000 <049 <049
0.000 0.000 =049 049
0.000 0.000 «049 «049



8T¢

FILE 5 SKIP 10 MED GROWTH ITTERATION LIMIT 5 DATE 07/11/73 TIME 9 39 31 PAGE 18

PRESENT WORTH OF INVESTMENY COST SERIES
(IN MILLIONS OF DOLLARS)

CDAGULATION ) FILTRATION GRANULATED ACTIVATED ION TOTAL ALL

SEDIMENTATIDN CARB ABSORPTN SLUDGE EXCHANGE PROCESSES
AT 5.75+ 2 0.0 5 1.8 2 2.7
AT 8.00+ el 0.0 3 -9 el lo4
AT *.00+ -0 0.0 el 3 -0 5

PRESENT WORTH DF FIXED AND VARIABLE COSTS
(IN MILLIONS OF DOLLARS)

—————————— ~——=== F 1 XED COSTS VARIABLE COSTS -——=———m——e—aaa
STREAM RESERVDIRS WELL PROJECTS TDTAL STREAM RESERVOIRS WELL PROJECTS TOTAL
AT S5.75+ 1.72 1l.06 0.00 3.46 6.23 0.0D 0.00 0.00 34 «34
AT 8.00+ 92 «55 0.00 2.52 3.99 0.00 0.0D 0.00 2D «20
AT *.00+ <31 .18 0.00 l.46 1.95 0.D0 0.00 D.00 .08 -08

PRESENT WORTH OF DPERATION AND MAINTENANCE COSTS
(IN. THOUSANDS.OF . DOLLARS}

ACTIVATED- CDAGULATION- GRANULATED ION- TOTAL
SLUDGE SEDIMENTATIN CARB ABSORP. EXCHANGE
AT 5,75+ 122, 33, 53. 57. 265.
AT 8.00+ 58. l6. 25. 27. 125.

AT #.00+ 17. 4o Te Te 36.



61¢

FILE S SKIP 10 MED GROWTH ITTERATION LIMIT 5 DATE 07/11/73 TIME 9 39 31 PAGE 19

OPERATION AND MAINTENANCE COSTS BY YEAR
{IN. THOUSANDS . OF . DDLLARS)

YEAR ACTIVATED- COAGULATION- GRANULATEO TON- TOTAL
SLUDGE SEDIMENTATIN CARB ABSORP. EXCHANGE COSTS

1974 0. 0. 0. 0. 0.
1975 0. 0. 0. 0. 0.
1976 O. O. 0. 0. 0.
1977 0. 0. D. 0. 0.
1978 0. 0. 0. 0. 0.
1979 0. 0. 0. 0. 0.
1980 0. 0. 0. O. 0.
1981 0. 0. 0. 0. 0.
1982 0. 0. 0. D. 0.
1983 0. 0. 0. 0. 0.
1984 0. Q. 0. 0. 0.
1985 0. 0. 0. 0. 0.
1986 0. 0. 0. 0. 0.
1987 0. O 0. 0. 0.
1988 [ 2 0. 0. 0. 0.
1989 0. 0. 0. 0. 0.
1990 0. [ 2 0. O« 0.
1991 0. 0. 0. 0. 0.
1992 0. 0. 0. 0. 0.
1993 0. 0. 0. 0. 0.
1994 0. 0. 0. 0. 0.
1995 Q. 0. 0. 0. 0.
1996 0. 0. 0. 0. 0.
1997 0. 0. 0. 0. 0.
1998 0. O. 0. 0. 0.
1999 0. 0. 0. 0. 0.
2000 0. 0. 0. 0. 0.
2001 0. 0. Q. 0. 0.
2002 57. 13. 25. 21. 116.
2003 131. 37. 70. 55. 293.
2004 83, 20. 26. 21. 150.
2005 0. 0. 0. 0. 0.
2006 0. 0. O. 0. 0.
2007 0. [+ 28 0. 0. 0.
2008 86. 21. 29. 29. 164.
2009 871. 20. 29. 43. 179.
2010 62. 22. 40. 51. 175.
2011 100. 31. 39. 60. 230.
2012 102. 23. 34, 39. 198.
2013 Q. 0. 0. 0. 0.
2014 [+ 28 0. 0. 0. 0.
2015 0. 0. 0. 0. Q.
2016 0. 0. 0. 0. 0.
2017 0. 0. 0. 0. 0.
2018 0. 0. 0. 0. 0.
2019 58. 18. 36. 40. 152.
2020 0. 0. 0. 0. 0.
2021 68. 25. 44, 56« 193.
2022 107. 33. 48. 70. 258.

2023 0. 0. 0. 0. 0.



0zce

FILE 5 SKIP 10 MED GROWTH

ITTERATION LIMIT S

EVENT Sccee

179
187
188
199
200
212
247
283
284
296
307
308
340
341
342
348
348
349

19747
1974/
1975/
1975/
1975/
19767
1976/
1976/
1977/
1977/
1971/
1978/
19787
1978/
1979/
1979/
1979/
19797
1980/
1980/
1980/
1981/
1981/
1981/11
19847 8
19857 7
1985/ 8
19867 0
19867 8
1988711
1988/11
1988711
1988711
1988/11
1988/11
1988/11
1988/11
1988/11
1988711
1988711
1988711
1989/
1989/
1990/
1990/
1991/
1994/
1997/
1997/
1998/
1999/
1999/
2002/
2002/
2002/
2003/
2003/
2003/

DNONOCONOVONOONCONCOODYO D~

OO VMIrONDONNDONO

SPILLAGE
SPILLAGE
SPILLAGE
SPILLAGE
SPILLAGE
SPILLAGE
SPILLAGE
SPILLAGE
SPILLAGE
SPILLAGE
SPILLAGE
SPILLAGE
SPILLAGE
SPILLAGE

CO-STANOBY DEMANO

SPILLAGE
SPILLAGE
SPILLAGE
SPILLAGE
SPILLAGE
SPILLAGE
SPILLAGE
SPILLAGE

CO-STANDBY DEMAND

SPILLAGE
SPILLAGE
SPILLAGE

CO-STANDBY DEMAND

SPILLAGE
IMPLEMENTATION
IMPLEMENTATION
IMPLEMENTATION
IMPLEMENTATION
IMPLEMENTATION
IMPLEMENTATION
IMPLEMENTATION
IMPLEMENTATION
IMPLEMENTATION
IMPLEMENTATION
IMPLEMENTATION
IMPLEMENTATION
SPILLAGE
SPILLAGE
SPILLAGE
SPILLAGE
SPILLAGE
SPILLAGE
SPILLAGE
SPILLAGE
SPILLAGE
SPILLAGE
SPILLAGE

OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF
OF

ITTERRATION LIMIT
ITTERRATION LIMIT
ITTERRATION LIMIY

IMPLEMENTATION

OF

MODIFIEO AS

MODIFIED AS

MODIFIED AS

NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW
NEW

PROJECT
PROJECT
PROJECT
PROJECT
PROJECT
PROJECT
PROJECT
PROJECT
PROJECT
PROJECT
PROJECT
PROJECY

EXCEEOED
EXCEEDEO
EXCEEDEO
NEW STREAM COMPLETED
PLAN FILE 5 EXHAUSTED
ITTERRATION LIMIT EXCEEOED

SHOWN

SHOWN

SHOWN

COMPLETED
COMPLETED
COMPLETED
COMPLETED
COMPLETED
COMPLETED
COMPLETED
COMPLETED
COMPLETED
COMPLETED
COMPLETED
COMPLETED

OATE 07/11/73 TIME

134125.14
132971.12
126417.50
135638.57
134420.35
162481.76
157686454
137619.10
126833.46
134086.74
131751.40
126936.21
136200.75
127924.63
301.00
133225,32
138374.57
140130.78
134275.61
143089.71
137322.88
144150.71
126705.20
302.00
126728.26
136551.61
131602.64
303.00
131390.28
1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00
10.00
11.00
12.00
131855.60
127926.50
136569.30
132925.5S
134554.13
129236.23
141550.29
131084.54
134179.74
128597.96
144331.49
2425

00

00
501.00
0.00

00

8511.14
7357.12
803.50
10024.57
8806.35
36867.76
32072.54
12005.10
1219.46
8472.74
6137.40
1322.21
10586.75
2310.63
5.00
7611.32
12760.57
14516.78
8661.61
17475.71
11708.88
18536.71
1091.20
9.00
1114.26
10937.61
5988.64
14.00
5776.28
900.00
900.00
900.00
900.00
800.00
700.00
600.00
700.00
700.00
800.00
800.00
800.00
6241.60
2312.50
10955.30
7311.55
8940.13
3622.23
15936.29
5470.54
B565.74
2983.96
18717.49
0.00

.63

«00
324.00
0.00
0.00

9 39 31

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

77

«-00
0.00
0.00

-00

PAGE

20
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350
351
352
353
354
363
364
365
372
372
408
411
412
413
414
423
424
425
426
437
447
448
449
458
459
460
461
462
545
546
569
579
580
581

2003/
2003/
2003/
2003/
2003/
2004/
2004/
2004/
2005/
2005/
20087
2008/
2008/
2008/
2008/
2009/
20097
2009/
2009/
2010/
2011/
2011/
2011/
20127
2012/
2012/
2012/
2012/
2019/
2019/
2021/
20227
20227
20227

VMEWACVOVMIUNVIVVOVIAWOVMI2WOOOVSIWOEOVSLIWN

ITTERRATION
ITTERRATION
ITTERRATION
ITTERRATION
ITTERRATION
ITTERRATION
ITTERRATION
ITTERRATION

LIMIT
LIMIY
LIMLY
LIMIT
LIMIT
LIMIT
LIMIT
LIMIT

IMPLEMENTATION OF
IMPLEMENTATION OF

PLAN FILE 5
ITTERRATION
ITTERRATION
ITTERRATION
ITTERRATION
ITTERRATION
ITTERRATION
ITTERRATION
ITTERRATION
ITTERRATION
ITTERRATION
ITTERRATION
ITTERRATION
ITTERRATION
ITTERRATION
ITTERRATION
ITTERRATION
ITTERRATION
ITTERRATION
ITTERRATION
ITTERRATION
ITTERRATION
ITTERRATION
ITTERRATION

EXCEEOEOQ
EXCEEOEOD
EXCEEDEO
EXCEEOED
EXCEEOED
EXCEEOEQ
EXCEEDED
EXCEEOED

NEW STREAM COMPLETEO
NEW RESERVPSR COMPLETEO

EXHAUSTED

LIMIT
LIMIY
LIMIT
LIMLITY
LIMIY
LIMIT
LIMIT
LIMIY
LIMIT
LIMIY
LIMIT
LIMIY
LIMIT
LIMIY
LIMLY
LINIT
LIMIT
LIMIT
LIMIT
LIMIT
LIMIY
LIMIT
LIMIT

EXCEEOEO
EXCEEOED
EXCEEOED
EXCEEOED
EXCEEOEO
EXCEEOED
EXCEEOEO
EXCEEOEO
EXCEEOEO
EXCEEOEO
EXCEEOEO
EXCEEOEOQ
EXCEEOEOQ
EXCEEOEO
EXCEEOED
EXCEEDEO
EXCEEOEO
EXCEEOEOD
EXCEEDEO
EXCEEOEOQ
EXCEEOEO
EXCEEDED
EXCEEOEOD

=00
.00
0.00
-00
.00
-00
2.24
00

503.00
505.00

0.00
«63
<00
.00
«00
«00

-00
<00
<00
-00
<48
.00
2.37
00
1.08
.00
0.00
.00
-00
0.00
=00
«00
0.00

«-00
.00
«65
1.90
.00
1.43
0.00
2.61
348.00
348.00
0.00
2.41
2.63
-00
0.00
2.74
«94
.00
-00
«00
2.86
2.50
«00
0.00
2.39
l.47
0.00
.00
.00
0.00
-00
0.00
3.43
0.00

- 00
00
-89
1.05
0.00
1.02
0.00
0.00
0.00
94388.34
0.00
0.00
0.00
00
<00
0.00
0.00
<03
«00
«00
0.00
0.00
.00
0.00
«29
0.00
«00
-.00
0.00
00
-00
.82
0.00
.00
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07/11/73 TIME 9 39 31 PAGE

DATE

ND ENTRYS ENTRY ENTRY

stexekss DUMP OF THE PLANNING MATRIX #&x3ssi%
FILE NUMBER FIRST LAST-

ITTERATION LIMIT S

FILE S SKIP 10 MED GROWTH

[-X-N-N-¥-F-]

ooooo00

-1
-1
-1
-1
-1
-1

- NN o

PLAN TIME LAGS CODE ATTR 1 ATTR 2 ATTR 3 SUCCES PREOCS

COLM

OCO0O0O0OO0OCO00O0OOO00O0OOOOOOOOO0OOOOOO0OOOOODOOOO

[-X-X-N-X-N-N-N-N-¥-R-N.N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-N-NoR-N-N-N-¥.N-X-N-¥.]

[~N-JX-N-N-¥-N-NoR-N-R-N-Y-¥-¥-N-N-F-N-N-E-N-N-N-F-N-X-R-N-F-N-N-¥-N-F-N-N-J-¥-¥-]

[-X-X-J-y-R-N-R-N-F-R-R-FoR-R-J-Y-N-N-J-J-R-N-N-N-R-N-N-F-N-N-K-N-N-NFo¥-No¥-¥-N.]

- R-N-R-N-R-X-R-N-F-R-R-R-R-J-R-E-R-J-R-N-N-R-N-R-RN-R-N-R-R-N-J-R-N-¥-X-NoN-¥-N-]

[~ A-X-R-N-F-R-J-R-N-J-R-F-R-N-R-F-N-E-F-R-F-R-§-J-N-N-N-N-N-N-J-N-J-N-No¥-R-N-N.)

[~N-R-R-N-¥-N-N-X-N-J-N-N-N-F-N-F-F-R-J-N-J-N-N-N-N-F-R-N-X-N-N-J-N-J-¥.-N-N-N-¥.}

-N-X-X-N-N-R-F-N-N-X-N-N-R-N-N-N-N-F-N-N-N-N-¥-N-R-N-N-N-¥-N-N-N-N-N-¥-N-N-¥-N-]

[-X-X-N-N-N-N-Y-N-NoR-N.Y-N-J-N-J-y-N-F-R-R-N-¥.N-N-N-N-N-¥.N-N-¥-N-¥-N_N-N-N-N.)

NN~ OOO
-

222
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07711773 TIME 9 39 31 PAGE

DATE

ITTERATION LIMIT 5

FILE 5 SKIP 10 MED GROWTH

PLAN TIME LAGS CODE ATTR 1 ATTR 2 ATTR 3 SUCCES PREDCS

COLM

CR-R-N-X-R-N-JN-N-JN-X-N-X-N-N-N-X-N-N-N-J-N-¥-N-R-N-N-X-R-N-F-N-¥-¥-¥-F.N-¥-N-N.]

RN -N-N-R-N-R-N-N-X-N-N-N-J-X-N-N-N-F-N-N-R-F-N-Y-N-N-N-N-¥-N-N-J-R-F._N.X-¥-X.}

CE-R-N-R-A-X-N-X-N-F-N-N-Y-N-N-F-Y-N-N.¥-¥-N-N-R-N-N-X-J-F-N-N-¥-N-¥.X-F-N_¥-¥.]

oo00000000400000000000000000000000000000

CR-R-A-X-N-Y-X-R-X-N-J-N-J-X-N-X-N-Y-Y-X-N-X-F-N-X-N-N-N-N-N-N-¥-F-¥.¥-¥-F.¥-N.}

0000000000%00000000000000000000000000000

00000000oowoo000000000000000000000000000

[-X-2-N-X-N-N-N-J-R-N-N-N-Y-§-J-3-N-N-X-N-N-N-N-N-N-R-R-N-R-N-J-X-N-F-N-R-X-N.¥-]
1

[-X-N-X-R-J-X-N-N-N-R-E-E-N-J-N-N-R-NoN-N-R-R-N-N-N-N-R-N-N-N-N-N-R-N-N-N-N-N-¥.]

223



APPENDIX D

SOURCE LISTING OF PROGRAMS

Program SORT

PROGRAM SORT (INPUT, OUTPUT, OLDPL ,NEWPL, TAPES=INPUT, TAPE6=OUTPUT,
*TAPE14=0LDPL , TAPE1 5=NEWPL)
INTEGER STA,YR, TAPEl,TAPE2
DIMENSION S(600,30),Z(12)
DATA M,TAPEl,TAPE2/0,14,15/
READ(5,19) N1,NOSTA,YR
19 FORMAT (3H5)
N2-N1*12
DO 26 I-1,2
DO 23 STA=1,NOSTA
DO 18 K=1,N1
NS=1+12* (K-1)
NF=NS+11
READ(TAPEl) (S (MD,STA) ,MDO=NS,NF)
IF (EOF (TAPEL) ) 24,18
18 CONTINUE
23 QONTINUE
24 DO 25 MO=1,12
WRITE (TAPE2) (S (MD,STA) ,STA=1,NOSTA)
25 CONTINUE
26 CONTINUE
END FIIE TAPE2
REWIND TAPE2
WRITE (6, 35) ,
35 FORMAT(1H1)
DO 30 I=1,2
DO 30 MD=1,N2
M=M+1
IF(M .NE. 13) @ TO 27
M=1
YR=YR+1
27 READ(TAPE2) (S (MD,STA),STA=1,NOSTA)
IF (ECF (TAPE2)) 31,28
28 WRITE (6,29) YR,M,)S (MD,STA),ST2A=1,NOSTA)
29 FORMAT(1X,14)H/,12,15(1X,F6.1),/8X,15(1X,F6.1))
30 CONTINUE
31 REWIND TAPE2
STOP
END

224



Program RINDEX

20

21

22
23

29

30
24

25

26

28

PROGRAM RINDEX (INPUT, OUTPUT , TAPES=INPUT , TAPE6=OUTPUT)
REAL R(600) ,RBAR(12)
INTEGER FYR,YR,ADV

DATA RBAR/12*0.0/,ADV/0/
READ (5,20) FYR,NOYRS
FORMAT (212)

DO 23 YR=1,NOYRS
NS=(YR-1) *12+1

NF=NS+11

READ(5,21) (R(I),I=NS,NF)
FORMAT (8X,12F6.2)

DO 22 M=1,12

J=NS+HO-1

RBAR (MO) =RBAR (M()+R (J)
CONTINUE

CONTINUE

WRITE(6,29)

FORMAT (1H1,//15X, 2HMD, 5X,10HMEAN RAIN,//)
DO 24 MO=1,12

RBAR (MO) =RBAR (MO) /NOYRS
WRITE (6,30) MO,RBAR (MD)
FORMAT (15X,12, 5X,F10.4)
CONTINUE

WRITE (6, 25)

FORMAT (1H1,//15X, 5HYR/MO, 10X, 10HRAIN INDEX,//)
DO 28 YR=1,NOYRS

RI=0.0

NS=(YR-1) *12+1

Do 27 M=1,12

J=NSHD-1

RI=RT+R (J) ~RBAR (MD)

WRITE (6,26) FYR,MO,RI
FORMAT (15X,12,1H/,12,10X,F10.4)
OONTINUE

FYR=FYR+1

ADV=ADW1

IF(ADV .LT. 4) GO T0 28
WRITE (6, 25)

ADV=0

CONTINUE

STOP

END

DATAGOES HERE., « o « & o & &
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Program MASD

10

15

25

30

35

40
45

50
55

60

65
70

PROGRAM MASD (INPUT,OUTPUT, TAPES=INPUT, TAPE6=OUTPUT)
REAL X(240,20),Y(240,10) ,XBAR(10) ,SD(10)

PART I: INITTALIZATION

NOBS=144
NEQ=5
NIV=13

DO 15 I=1,NOBS
READ(5,10) (X(I,J),J=1,NIV)

PART IT: FORMAT FOR INPUT DATA

FORMAT (10X, 7F10. 2, /10X, 2F10.0,F10. 3, 3F10.0)

PART III: REGRESSION EQUATIONS

¥(1,1)=X(I,1)-(-3.05767-0.00708403*X (I ,6)~-0.559955*X (I ,10)+7.28339
**X(I,11)+0.0000788865*X(1,9)+0.00474522*X (I,12)~0.0286087*X(I1,13))
Y(I,2)=X(I,2)-(-4.85623-0.0586182*X(I,6)+1.04886*X(I,11)+0.0001455

*38*X(1,9)-0.0405107*x(1,12))

¥Y(1,3)=X(1,3)-(1.08962-0.00550472*X (I ,7)+0.520728*X (I,11)-0.000201

*889*X (I,8)+0.00767182*X(I,12))

Y(I,4)=X(I,4)-(0.283470+2.26120*X(I,11)+0.0200078*X(1,12))

Y(1,5)=X(I,5)=(0.915658+0.0240205*X(I,12))
CONTINUE

DO 30 J=1,NEQ

DO 25 I=1,NOBS

XBAR (J)=XBAR (J)+Y (I, J)

CONTINUE

XBAR (J) =XBAR (J) /NOBS

OONTINUE

DO 40 J=1,NEQ

DO 35 I=1,NOBS
SD(J)=SD(J)+ (Y (I,J)-XBAR(J) ) **2
CONTINUE

SD(J)=SD (J) / (NOBS-1)

SD(J)=SQRT (SD(J) )

CONTINUE

WRITE (6, 45)

FORMAT (1H1)

DO 55 I=1,NOBS

WRITE (6,50) (Y(I,J),J=1,NEQ)
FORMAT (10X,10F10.2)

CONTINUE

WRITE (6, 45)

WRITE (6, 60)

FORMAT (//10X, 3HEQ. , 7X, 4HMEAN,, 12X, 9HSTD.DEV. , /)
DO 70 J=1,NEQ

WRITE(6,65) J,XBAR(J),SD(J)
FORMAT (10X,12,2(3X,F15.6))
CONTINUE

STOP

END 226
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PROGRAM TINKLE (INPUT,QUTPUT,0LDPL,TAPES=INPUT, TAPE6=DUTPUT,
*TAPEL1S=0LDPL,TAPE7,TAPEL6,TAPF1T)
COMMON/IONDEV/NRyN® 4NC, TAPE1,TAPE2 4 TAPE3

CNMMON/M/ T, YR, MOy YRST,NYRPRJ,RLFVELyRPOFF,RECYCL,OPTN1,OPTN2,
*IDSNQ,FREQ,GRAPH,NODYS(12) ,RIMPRT,RLOC AL
COMMON/P/LEAK,RLMAX 4RCPL ,PLFVEL 4 RRON, PROAL ,NO, EXPL,EXPR
COMMON/S/NSTASNDOSTAyNL yNAS,STNC(4N) ,SNAMEL40,5), TYPEL4Q),
*NOCUTS{40) 4PC(40),SFASL{40,3),SEAS2140,3),CMIN{40,3),CMAX(40,3),
*H{6095), IYR, WELLSI12)4PROJCT(12),SKIP

COMMON/RV/MIND(40412) yMINCR{12)4FVAP(] 2]

COMMON/D/PG 4 EGyDPRITC,HPRIT(OFFCC,DEFNMC,PRICET,PRICF |, PRICEN,
*PRICEC,PRICEN,POPLENPLNY, 2ATN,RAINAV(12)
CNMMON/AWT/CDI35),01S8T(35),1CD(35),ICIST(35),LCP135),LDIST(35),
*LDR1SLDR2,LORS4LDR4 ,LLIS) yNOCD,NENS,CALL2) 4PLTCIL2),PLSTR,PTL,
*PT2,PT3,PRL,RITL,WCR
COMMON/QUT/SW(50437),558(50,5),SAWT{5,5),DATES(10),AWTO(32,50),
«INVC(S5046) 00 (50,%) ¢R13),UTHRC (50,101
COMMON/TMP /T NT,,TEVPY, TEMP2 X {60)

REAL LEAK

REAL MINQ,MINQR

REAL LOR1,LDR2,LNR3,LDRG,yLL

REAL itve

REAL SNQ(40) s89(40) ,RAINIZ2) 4 VCI4,5),AITW(S),AITPIS],AITR(S)

REAL GOouT2)

INTEGCR TAPF],TAP[2,TAPE3

INTEGER T,YR,MD, YRST,PFCYCLCPINL,UIPTNZ, INSNG,FPEC, GRAPH
INTEGER STNO,TYPE,SEASE,SFAS2,5KIP

INTEGFR PT1,P12,PT3,RPITL

INTEGER DATES

INTEGFR XPLN(7),CODI 4STALOLF,ON

EQUIVALENCE (XPLN{4),COLE)

NATA SD12,S0A,AUSF GRCINSIS,OFT 4ON/5%0,0,0,9,1/
DATA NATW,NATO  NATR,IW,IP,V(/5%0,20%0.0/

CALL INPUTINCEFTILE)

LF{SKIP .EQ. N)50 TC 313

NN=SK]P%12

NO 37 T=14NN

READITAPET) RATIN,(SCISTA),STA=L,ANOSTAL
CONTINLE

NN=VYRPRJ*1?

DO 82 T=1l,NN

MO =MD+ |

IF(MO .GT. 12)M0=]

TF(MO .NE. 1)u0 TC 39

YR=YR+1

READ(TAPEL) RATA,(SC{STA)STA=1,ANSTA)
IFIEQF(TAPEL))B3,42

RAIN=RAIN/LU0C.O

RQIN{ILT=WELLSIMD)+PPCICT (MO]

RQINE?)

wxEkkk STREAMS

REDUCYINN OF STREAY FLNWS 10 CCMPLY WITH
L. WATFR LAWS

2. SEASONAL VARIATICNS IN AGRICULTURE

3. PIPELINE CONSTRAINTS

4e UPDATE HISTORICAL DATA ON STREAM FLOWS

DO S1 STA=1,NSTA
IT=TYPE(STA)
NT=NOCUTS(STA)
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TNKLNDCL
TMKLOC?
™KLoces3
TNKLCC4
TNKLOCS
TNKLCG6
TNKLOCT
TAKLOCE
TNKLOC9
TNKLOLY
TNKLO LT
rNKkLOL?
TNKLOL3
TNKLO14
TNKLOIS
TNKLOLA
TNKLOLT
TNKLOLS
TNKLO L9
INKLC20
TNKLO? 1
TNKLG27?
TNKLO23
TNKL 024
TNKLC25
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TNKLO27
TNKLO2A
INKLO29
TNKLC 30
TNKLC 3
TNKLO3?
TNKL0O33
TNKLO 34
TNKL 035
TNKLC3A
TNKLO37
TNKLC3R
INKLC 39
TNKLOGN
TNKLO4 L
TNKLO4?2
TNKQ C4
TNKL Q44
TNKLO4S
TNKLO4A
TNKLO&T
TNK L 043
TNKLO4?
TNKLCSO
TNKLOST
TNKLUS?
TNKLOS
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TNKL 259
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INK] 059
TNKLGS?
TNKL0ED
TNKLNAT
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50

51

53

54

55
57

56

60

]

—
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SNO(STA)=0.0

DO 50 K=1,NT

IF(MD .LT. SEASI(STA,K1 .OR. MC .GVT. SEAS2{STA4,K!1GC TC 5C
IF1SQUSTA) .1E. CMIN(STA,K))IGE TO 50
SNC{STA)=SNOISTAL+SCISTAI-CMIN(STA,K)
IFISQISTA) .LE. CMAXISTA,k}IGF TC 50
SNQUSTA)=SNOISTA)~SCISTA)+MAX{STA,K)
CONTINUE

IFISNQ(STA) .GE. PCUSTA))ISNC(STA)=PC(STA)
PQINUIT)=RCINCIT)+SACISTA)*1,.98346*NCNYSIMO)
CONTINUE

IFUIOSNQ .EGQ. 0)GN TC 53

WRITE(TAPE2) (SNCISTA),STA=1,NOSTA]
IFIOPIN] FQ. 0IGN TC 62

00 54 STA=I,NSIA
HUIYR¢1)=HITYR,1)+SCISTA)

CONTINUE

IF(NL .GT. NOSTALIGD TN 67

DD 55 STA=N[,NOSTA

[=STA=NI+?

HUIYR,[)=H(TYR,1)+SC(STA)

CONTINUF

DO 56 STA=1,NSTA

SAA=50A+S2(5Ta)

CONTINUE

®sxasxRESERVOIR ACCOUNTING

1. DETERMINE WHETHER TO RFCYCLE

2. CALCULATE LFAKAGE ARD FVAP(RATION FRCM RESFRVOIR
3. PROJECT CURREMT WATER PEMANGS

4. CALCULATE NET FLCw FRAM RFSERVOIRS

5. EVALUATE NEW RESFRVOIR LFVEL

6. CHECK FOR SPILLAGE, DIP [NTN CNANSERVATION PNOL, #RCSERVOIR HPY
IFIRLEVEL-PLEVLL)A0 62,51

IFIRLEVEL .6T. RRUNIGO TO 62

[FIRECYCL .LT. QJRLCYCL=0

IFIRECYCL EC. CFFIRECYCL=CN

NQO=NO+1

GO 10 62

IF(RLEVEL 1 T. RROFFIGQ TN 62

IFIRECYCL +EC. OIPECYCL==-)

[F(RFCYCL .FOQ. OMIRECYCL=NFF

NO=0

RLEAK=LEA¥ 1 .9h346%NCOYS (M)

REVAP=EVAP (MO) *RLEVEL

PLSTQ=RLOCAL/RLEVEL

CALL DFMANDICOUT,NOFILE)
COUT(I)=COUT(1)*3,07¢NCNYS(NMC)
ONUT(2)=COUT(2)*3.CT*NODYS (M)
AUSE=AUSE+QDUT(1)+0QCUT(2)

PLEVEL=RLFVEL
RLOCAL=RLOCAL~PLSTC*(RLEAK+REVAP)+(RCIN(L]-COUT(1))
RIMPRT=RIMPRT-(1.D-PLSTLI#IRLEAK+REVAP)=FINOR(VO1+(RQIN(2!-QDUT(?)
*)

{F(RLDCAL <LE. 0.0)RLNCAL=0.0

IFIRIMPRT .LE. 0.0)RIMPRT=0.C

RLEVEL=RLOCAL+RIMPRT

RLMIN=AMINI (RLMIN,RLEVEL)

IF(RLEVEL +LE. RLMAXIRD TO 63
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TNKLO62
TNKLOG3
TNKLOES
TNKLOES
TNKLOGS
TNKLOG7
TNKLOG®
TNKL 069
TN¥LOTD
TNKLOT7I
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TNKLC TS
TNKLGT6
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INKLOTR
TNKLOT9
TNKLNRD
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63

64

71

7?2

73

74

TEMP1=RLEVEL-RLMAX

CALL INTRPT(T,1sRLEVEL,TEMP1,G.0)
RLEVEL=RLMAX
TEMPL=RLOCAL/(RLOCAL4RIMPRT)
RLOCAL=TEMPI *RLEVFL
RIMPRT=RLEVEL-RLCCAL

GO TO 64

IF(RLEVEL .GT. RCPLIGD TO 64
CALL INTRPT(T,?2,RLEVEL,RCPL,0.0)
IF(RLEVEL .GT. 0.0)GC TO 64

CALL INTRPT(T,3,RLLVFL,0.0,0.C)
CO TO 83

exkkks EXPANSION SCHENULED COMPLETICN CF PLAN

LI5S A RESCRVOIR OR STREAM ACRITION SCHECULFEL FOR COMPLETION
2. [IF SC, SERFORM APPPPPRIATE UPNATING
CALL EXPANDLL, T, XPLN,IR)

IF(IR .€EQ. 01GO TH 77

TEMP1=XPLN(1)

TEMP2=T~XPLN(3)

GO 10 (71,73,74,7%,76,84,85,86,27),C00F
*xxx®xSTREAM [ XPANSICN
NSTA=NSTA+XPLN(5)

1T=NAS

NAS=NAS+XPLN(5)

NT=NAS-1]

D0 72 K={T,NT

DO 72 [=1,12
MINQRUT)=MINCROC)+MINC(Y,T)

CONTINUE

1S=15+1

DATES(IS)I=T

CALL INTRPT(T,5,TFVMFL,TEMP2,0.0)

GO 10 64

PLEVEL=RLIVEL

RLEVEL=RLEVFL+XPLN(S)
RLMAX=RLMAX+XPLN(S)
RIMPRT=RI[MPRT+XPLM(5)

RRON=XPLN(6)

RROFF=XPLNI(T7)

CALL INTRPT(T,6,TFMP1,TEMP?,RLEVEL)
NATR=NATR+]

ATTRINATR)=XPLNI(5)

Go 10 64

*xei ek [NCREASE IN WOLL FLOWS
I T=XPLNIS)
WELLSEIT)=wELLS(ITI+XPLN(6)
Tw=lwWel

IF(IwW FEQ. 1INATW=NATW+1
AITWINATWI=ATTWINATWI#XPLNG)
TH(IW JGE. 12)[W=0
TEMPLE=XPLN(S)
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TNKLI31
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TNKL13A
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INKL13E
TNKLE39
TNKL140
INKL L 41
TNKL142
TNKL143
TNKL144
TNKL L 45
INKLL46
TNKL147
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TNKL149
TNKLISE
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TNKL15>
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15

16

84

@
e

-1}

87
88

17

90

9l

TEMP2=XPLN{6)
CALL INTRPT(T,7,7FMP),TENMP2,0.0)
GO TD 64

#x4 &% [NCREASE IN PRCJECT FLCWS

IT=XPLN(5)
PROJCT(ITI=PROJCT(IT)I+XPLN(GI
IP=1pP+1

IF(IP JEQ. 1)NATP=NATP+)
AITP(NATP)=A[TP(NATP)+XPLNI(6)
IF([P .GE. 12)1P=0

TEMPL=XPLN(S)

TEMP2=XPLN(6)

CALL INTRPT(T,8,TEMP],TFMP?2,0.0)
GD 10 64

*sx24FUTURF [MPLFMFNTATION OF RECYCLING

OPTNL=XPLM(5)

RRON=XPLN(6)

RROFF=XPLN(T)

TEMP1=0PTN]

CALL INTRPT(T,9,TEMPI,RRON,RROFF)
GO T0 64

ex &5 %6CALCULATE FIXEDL CCSTS C™ STREAMS,

PROJEC TS

RESERVMIRS, WELLS, AND

[ 7=NAS~-1
VC(I,IT)=XPLN{6)/10C.N
GN TO &8
VC(2,NATR)=XPLN{6)/10G,.0
G0 0 88
VC(3,NATW)=XPLN(6)/1C0.0
Gf 10 88
VC(4,NATP)=XPLN(6)/100.0
[T=CODE-5
OTHRCIYR,1T)=0THRC {YR,) ) +XPLN(S)
GO TD 64

[FINAS .f0. 1)GU Th 91
K=NAS~1

[T=NSTA-)K-1)

DO 90 J=1,K

IF{VC{1,4) L. 0.0)G0 TO 9C
NT=1T+)J-1)

OTHRCIYR,6)=CTHRC{YR,6)+VC(L,J)*SNCINT)

CNNTINUE

e &COLLECT STATISTICS DN ANNUAL SUPPLY [N STORAGE

IFIMD .NE. 12)G0 TO 82
SSS(YR,1)=RLLVFL
SSS(YR,2)=RLEVEL/RLVAX

IFTAUSE «GT. 0.,0)S5S(YR,3)=RLVAX/AUSE

SSS(YR,4)=SQA
DO 78 I=1,1YR
X(1)=0.0
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TNKL188
TNKLLRY
TNKL190
TNKLL9L
TNKL 292
TNKL193
TNKL194
TNKL195
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TNKL197
TNKL 198
INKL199
TNKL20%
TNKL201
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TNKL2CY
TNKL204
TNKL2CH
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TNKL207
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TNKL21¢
TNKL2172
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TNKL22?
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79

30
81

65

66

9?2

93

95

96
8?
83

DD 78 J=1,NAS
XUE)=X{I)eHl1,0)

CONTINUF

NT=IYR-1

DO 79 I=1,NT

IV=1+1

DO 79 J=IT,1YR

IF{X{J} JLE. X{INIGC TO 79
TEMPL=X{T1)

X{{)y=x1J4)

X{J)=TEMP]

CONTINUE

D0 80 (=1,IYR

IF{X{I} .GT. SQAIGU TO 80
TEMPL=1-1
TEMP2=1,0-TEMPI/IYR

GO 10 81

CONTINUE

SSS{YR,5)=TEMP2

xR0 02k XEXPANSICN,DECIS{ON FOR #*xsxstskshirirs

TEMP1=0.0
IF{RLEVEL.GT.FXPLIGC Tr 66
IFIAUSE.GT.0.C)TCMPL=RLMIN/AUSE
IF{TEMPL.GTLEXPRIGD TO 66
{FUTEMP2,LE.PROBL) GC TN 466
CALL SEARCH(T,IFGUNL)

IF (IFOUND.CC.1IGR 10 66

CALL EXPAND(5,T,XPLN.IR}
IF{IR.LT.0)R0 TC 65

RLMIN= 1C0COCL.O

IYR=1YR+1

SQA=0.0

AUSE=0.0

LF(NATR .FC. 0)GC TC 33

DO 92 J=1,NATR

IFIVCI2,J) (LE. O.CIGU TU 92

OTHRC (YR 4 7T)=CTHRCUYP,7)4VC(?2,J)%a1TR(J)
CONTINUE

222 5CALCULATE VARIASLE CNSTS FOR WELLS
IFINATW .FC. G)GO TC 95

DN 94 J=1,MNATw

1IF{VC(3,J) JLEe C.0)GO TC 94

OTHRC (YR 8)=0THRCIYR,RI+VC(3,))%A1TW(J])
CONTINUF

(FINATP .EQ. 0)GO TC 82

DN 96 J=1,NayP

1F(VC(4,J) .LE. 0.DIGU TO 96
OTHRC{YR,9)=0THRC (YR,9)+VC (4, J)%A[TP L)
CUNTINUE

CONTINUE

CALL OUTPUTINGFILE)

RFWIND TAPE1L
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SURROQUTINE DEMAND(GOUT,NOFILE}
COMMON/IODEV/NR NP 4NC,TAPEL,TAPE2,TAPE3

COMMON/M/T YRsMOs YRSTyNYRPRJ+RLEVEL¢RRCFFyRECYCL,NPTNI,(IPTN2,
*IDSNQ,FREQGRAPH,NQDYS (12} ,RIMPRT,RLCCAL )

COMMON/D /PG B DPRIDC,UPRITyDCFCC, DEFNMC, PRICEDsPRICEIPRICEM,
*PRICECPRICCN,POP,CVPLOY,RAIN,RAINAVIL2)

COMMON/AWT/CO035) 4DIST(35) o ICO(3S), ICIST(35),LCC(35),LRIST(3S),

*LOR14LURZyLNRIyLORG ,LL(5) yNOCNyNCCS,QA(12),PLTO(L2),PLSTCHPTI,
*PT2,PT3,PRL,RITL,WAR

COMMON/OUT/SWD(50,37),S55(50451SAWT (5,51 ,DATEST10),AwI0132,50),

*INVC(50,6),0C(50,5),R(3),0THRC(50,10)

COMMON/TMP /T T NT,TEMP] 4 TEMP?,X(60)

RCAL LOR1yLOR2+ LDRIHLIRG, LL

REAL INVC

REAL PEQLI&),PTG2(5),PFQI(5),PFQ4(4),PFOS(3)4MFAN(S),S0(5)

REAL NLIS)OT(T)42019),Q0UT(2),C(4),JANG,KO

INTEGER TAPEIL,TAPE?,TAPL3

INTEGER TyYR,M0, YRST,RECYCL,CPTNL,NPTN?, IDSNC, FREQ, GRAPH

INTEGER PT1,PT2,PT3,RITL

INTEGER DATES

INTEGER XPLN(71,NPS14),CCOFoCFF,PTC,SW]1ySW2,SW]

EQUIVALENCE  (Z(1),CNL),(Z(2),CN2),(Z(3),CN3),(Z(4),CN&),
(Z(S),CRUD,(2(6),QR2),(2(7),0RI)4[Z2(8BI,QRG),
(Z19) QUL (Z0101,QU2), (7L11),CUS),(2(12),0QU48),
(ZUL3)WCNL L (Z0L4)oCN2(4(ZT15),CN3)H(2(T6)QNG),
(7017),CNRL, (Z(18),2UR) L (Z(19),TAIR)

EQUIVALENCE (APLN(41,CONF) 4 (COL,STQ,CS,CNNS,ON)

DATA PEQL/-3.N5767,-0.7084C3,-0.559955,7.2R8139,0.0CCO7RA8,

*0.00474522/

OATA PEQ2/-64.85623,-5.96182,1.04886,0.000145533,-0.06405107/

NATA PEQ3/1.084962,-0.5506472,0,520728,0.0007013889,0.007¢7132/

DATA PEQG/0.2836790.042.26120,0.0200078/

DATIA PEQS/U.915658,0.00,0.0240205/

NATA MEAN/N.0G0007,0.000048,-9.000003,~0.000005,-0.6C0004/

DATA SU/2.607)h6+2.91100),0.385583,1.312117,3.320815/

DATA RINDEX,OFF KO HIM/0,049,250.0,2564/

SWl=0

Sw2=0

CRR=0.0

QoOUT(1)=0.0

QUUT(2)=0.0

EXCESS=0.0

VNLR=RLEVEL

00 2 I=1,4

NPS(I)=0

0(1)=0.0

CONTINUE

00 63 1=1,19

2(1)=0.0

LUNTINUE

* % % #

#x%6x%PROJECT THE INDEPENDENT VARIABLFS FOR OFMAND EGS.

CALL CXPAND(4,ToXPLN,IR)

tFIIR +FG. 0)GO T2 17

GU TO (10411,172,13,14,15,1A),CODE
OR[CED=XPLN(5)/1000.0

GD 10 9

PRICEI=XPLNI[5)/1000n.0
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TNKL3CH
TNKL3C7?
DMNDOOL
DMNNON?
DMNDOGCY
OMNDO0%
NMNDDOS
NMNDOCA
DMNDOC7
DMNDOGA
OMNNOCY
DMNDOLC
DMNPOLT
NMNDOL 2
NuNRol3
NYNDO 146
DMNDOLS
DMNDOL 6
n¥NnNoL17
DMNDO LR
DMAGOL 2
nMNON20
OMNDO21
D¥NDQ22
NMNNG23
DMNDO24
oMyNNn2%S
DMNDN25
owynn2 ¢
L1 Pa
C¥NNO 29
DMID030
DUNNUIL
DMNNQ3Y
DWNN034
DMNNO 34
NMNNGIS
DUNRO36-
neNrcar
DMNDO 38
CMNI*C i3
DVNNO4O
nuNDga L
DMNODG?
OMHDYG 3
UMNDO44
OMNC04S
DMANO4GA
OMNDOGT
DMNDNG S
DMNM0443
DMNDOSG
DMNNOSY
DMNDC 52
DMNPOS3
D¥NNOS4
DMNNOSS
DYNNGSH
DMNDOST
DMNDOSE
NUNNGH9
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19

2D

2

!

2?2

2

>

GO T0 9

PRICEM=XPLNIS5)/1C00.0

Go TN 9

PRICEC=XPLNI51/1000.0

Ga 10 9

PRICEN=XPLN{S)}/1000.0

6D TD 9

+G=XPLN([5)/100C0."

GD TO 9

PG=XPLN([5}/1C000.D

GD TO 9

EMPLOY=[1.N+EG)*EMPLCY
POP=(1.0+PG)*PCP

SEASON=0

[FIMO .LE. & .DR. MC .AC. 10360 TO 18
SEASON=1

PRICEL1=DPRIDC*PRICH+T
PRICE2=NPRII#PRICFI
SWD{YR,6}=AMAX1ISWDLYR,6),PRICEL)
SWD{YR,14)=AMAXLISWI(YR,14),PRICE?)
GO 10 19

PRICEL=PKRICET

PRICE?=PRICE!
SWOLYR,S}=AMAXT (Sl (YR,5),PRICEL}
SWOLYR,I3)=APAXLESWC(YR,13),PPICE2)
IF{MO .EQ. LIRINDEX=0.0
RINDEX=RIMDEX+RAI'I-RAIMAVING)
SWDIYR,3)=AMAX] {SWO(YR,3),P0P)
SWOLYR,7)=SWLIYR,7}+RAIN
SWD({YR,111=AMAXL(SWI(YR,11),EVNPLOY)
SWDIYR,24)=AMAXLISWELYR,24) ,PRICEM)
SWDIYR,28)=AMAXL(SWI({YR,28},PRICEC)
SWOLYR 32} =AMAXL(SWIN(YR,32),PRICEN)

CALL EXPANMD(2,T4XPLA,IR)

IF(IR .tQ. N)50 TN 2€
PEJ3(1)=PER3LL)+XPLN(5)
X5=XPLN(1)

CALL INTRPT({T,16,X5,PEC3(1),0.0)

[F(OPTNL .F2. 0OIG TC 30

CALL EXPAND(3,TyXPLN,[?)

IFLIR JEQ. 01GC T 30

IFICODF .NFo 116C TC 8

0n 23 [=1,N00S

IFLIIDISTITY oNEs XPLN(S)IGO T0 23
TFLLDESTLL) oNE. XPLAIA)IGE TC 23
DISTL(I}=XPLNI7)/10GC.D

60 TOo 21

CONTINUE

X5=XPLNIS)

X6=XPLN(6)

X7=XPLN[7)/1C20.0

CALL INTRPT(T,13,X5,X6,%x7)
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DMNDOT4
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OMNNGES
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OMNDBOST?
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24

S

26

27

2%

CALL FXPAND{3,T,XPLN,IR)

IFUIR JEQ. 0)GU Tn 3¢

GO T0 (22,25+27),CICF

D0 26 I=1,NDCD

IFCICOCI) JNE. XPLN(S)IGD TO 26
IF(LCO(I) .NE. XPLN(6))GO TO 26
CO(I)=COUI)+XPLN{T)/100.0
X5=XPLN(1)

CALL INTRPT(T,17,X5,C0{1),0,0)
60 TO 24

CONTINUE

X5=XPLNI15)

X6=XPLN(6)

XT=XPLN(T)

CALL INTRPTUT,144X5,X64XT)

GDh TO 30

MDCD=NOCD+1

TFINOCD .E9. I)RECYCL=-1
IF{NDCD .LE. 351G TC 28
X5=N0CD

CALL INTRPT{T,15,X%40.0,0.0)

G 10 30

ICDINOCO)=XPLN)S)
LCDINOCD ) =XPLN(6)

CDINOCD) =XPLN(7)/10C.0
X5=XPLN)1)

CALL INTRPT{[,)R,¥5,CU(KCCN),0.0)
GO Th 24

*x5%6%PROJECT AGGREGATE WATER CFMANDS

30 DTI1)=PEQL{L)+PECL(2) #PRICELI +PECI{3)*RINCEX+PFCI{4)#SEASO™

46

*

*

*

%

+PEQLUS)«PCP+PEQL(6) *(T+HIC) +RARRM(MEANL 1), S0 1))

DT(2)=PFQ2(1)+PEQZ12)#PRICEI+PEN2(3)#SEASON+PFC2(4)*POP
+PEQ2(5) % (T+HIC)+rRNDRM[MEAN{21,5C)2))

DY{3=PECI{1)+PECI(2)1#PRICF2+PFNI(3)25EASCN+PECI{ 4 )2EMPLCY
+PEQ3(5) & {T+HTC) +RNURMIVEANL3),SC(3))

OT14)=PEQ4 (1) +PECL (2 ) *PRICEM+PFL4(3)2SEASON+PFC4(4)#) [+H{C)
+RNDRMIMEANT4) ,SDL4) ]

DT{5)=PECS{1)4PEQS ) 21%PR{CECHPECS(3)¢(T+-TC) +RNDRMINMEAN{S),SCI5))

0T)16)=0.0

DT(71=0.0

DY) 7)=({RROFF-RLEVEL)/NODYS(MN) (%0.326

LFLOT(T) JLF. 0.01UT(7)=0.0

IFIRECYCL +FQ. -1)DT17)=0.0

IF10PTNY LEQ. 1)GN TC 48

#ans*sRATIONI{NG ROUTINE

[F{OTI7) .LF. 0.0001)GD T 51
TEMPL=DTALI+NDTI21+0T{I)+DTL41+LT(S)I+CTI6)4DT(T)
RATION=DT(7)/TEMPL

IFIRATIUN .LT. PRLIGC TO 46

CALL ENTRPT{T,10,RATION,PRL,0.0)

RAT{ON=PRL

SWD{YR,1)=AMAXL(SWD(YR,1),RAT{ON)

SWDI{YR39)=SWO(YR+9) +RATIONSPR{CEL*DT (111000 ,0%NODYS{MN) ™
SWDIYR¢16)=Shi: {YRy16)+AT{CN#PRICE{#DT {31%1000.0#NONYS(MN)
SWD{YR,22)=SWDIYR,22)+RAT{FN#PRICFLACT{2)#1000.0*NNCYS(MT)
SWD(YR,261=SWDIYR,26)+PATICNSPRICEM®DT (4)#1000.0NONYSIMO)
SWD(YRy30)=SWD(YRy30)+RAT{PNSPRICEC#DT (5)%1000.0#NODYS(MU)
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47

48

49

50

55

DO 47 [=1,5
DTL{I)={1.0-RATION)*DT{])
CONTINUE

DL{1)=DT{6)+DT(7)

GO TO 51

DO 49 L=1,5

DL{L)=0.0

CONTINUE

IF(RECYCL .EC. NFFIGC TO St
IFIRECYCL .L¥. C)GO TN S1

*x*xx %% DI STRIRUTE DENMANDS

D0 S50 I=1,N0CS

1T=101ST{)

L=LDIST(I)
DLIL)=0L(L)+CISTLI)*CT(LIT)
CONTINUE

IFINLIS) .GT. 0.0)5Swi=1

60 10 53

*xxk2xNON UISTRIBUTFD DEMANDS

€N 52 17=1,5
DLED)=DL{L)+DT (LT}
CONTINUE

IF(MD LFQ. 1)JANQ=0LI(L1)
QOL=PLTC(M0)*JANQ
QOUTI1)}=QUUT(1)+PLSTC*C0L
AWTO{2,YR)=AWIO{2, YR)¢0OL
S1e=DL{1)-qQOnL
AWTD(3,YR)=ARTN{3,YR)+ST(C
QL=PLSTQC*STO
QDUT(1)}=00UTl1)+QL
AWTO(4,YR)=AWTO(4,YR)+QL
QI=STQ-QL

Q5=0.033%11

IF{QI LE. 0.001)60 TO 74
AWTOlS,YR)=ARTO(5,YR)+QS
QI=QI-Q0S-CA(NMO)
AWTO(64YR)=AWTO(6, YR +QA(MC)
AWTO(T,YR)=AWTO{T,YR) 4]
IF{DPTN1 .EQ. 0)GO TC 74
[FIRECYCL .FC. OFF)GC YO 74
IFIRECYCL .GT. 0)6GC T 59

*xxx%x%kADD IN CONTINLCUS STANDBY TFMANUS

00 55 I=1,NCCD
17=1CD(T)

L=tCD{I)
DLiLY=DLIL)+CDLT)
OT{61=DT{6)+CDI{1)
CONTINUE

[FIOL(5) «GT. 0.0)Sk1=1

*#2%3xCUTHACKS FCR EFFICIENCY ANC SETUP FOR AWT

1. MORE THAN ENOULH [N ONE PASS
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DMNDL 96
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DMND196
N¥MND197
DMND193
DMIn199
MND 20
OMND2CI
DMNDN2C?
DMNN2C3
DMND204
DMND20S
DMND?2G5
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DMNI3 212
DMND213
DMNC 2146
DMND21S
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OMND2 IR
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DMND223
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DMND229
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2. LESS THAN OR JUST ENOUGH IN CNE PASS DMND?243

OMNN2 44

59 TEMPL=DL(S5)4DL{4)+{1.0-LL(PT3))#DL{3)+(1.0-LL{PT3))*11,0-LLIPT2) )¢ DMIN24S
*DL12)+DT(7) DMNM246
IF{TEMP1 .GT. 0.01GC TO 60 DMND247
CALL INTRPT(T,11,TENP1,0.0,Q.0) DMND248

60 TEMPL=TEMPI/{{1.0~LLIPT3))*{1.0-LL(PI2))*{1,0-LL{PTL}}) DMND249
IF(QLl JLE. TEMPLIGO TN 61 DMNP258
QIR=TEMPL DYND?251
QI=QI-QIR DMND252
AWTO{B,YR)=AWT018,YR)+QI D¥ND253
AWTOI9, YR)=AWTO(G,YR)+QIR DML 254

GO TO 62 D¥ND255

61 QIR=Q] DMALR2S6
01=0.0 DYND257
AWTO(8,YR)=AWTO{8,YR)+C] NN 258
AWTO(9y YR} =ANTO{9, YR)+NIR OMND 259

62 TEMPI=DL(3)+DL{4)}+DL{S)+DT(T) DMYN260
TEMP?2=TEMPI-DLI3) CUND261
NT=1 OMYN262

GO TO 70 oMND26 3
DMNN264

sEkexEVEL 1 WATFR D™ND2 65
DMND26A

68 NT=NT+1 DMAN267
FXCESS=0.0 DWNN268
IF{NT .LE. RITLIGO TO &Y DMNN26Y9
CALL INTRPT{T,12,0R1,0R/,CR3} NMND27C

65 IF({QRR 4Gl. C.0)QRR=CRR~],.0 0¥ND2T1
GDh TN 74 DMNN2T2

69 QIR=QR1+QR2+CR3+0R4G DMND2T 4
IF{QIR «LE. G.G1)GF TN 65 N¥ND274

00 80 [=5,8 DMND2 75
2(11=0.0 DMNIL276

80 CONTINUE nMNR277
TQIR=TQIR+QIR DMND? TR
oS0 AWTOTTY,YR)=AWTO(11,YR}¢GI® 0%iD279
* SW3=0 DMND?8C
QML=AMAYL{QML,QIR) NMND2 BT
CONS=LL(PTI)*QIR DMNN28?
AWTU(L12, YRI=AWTDI(12,YR)+CNNS pwND2R73
CG=0IR-CDNS DMNN284
0Ul=QU1+0G NMND28%
ON1=QUI-DL(2)-CN1 DMND2 P&
IF{ONl .GF. =C.0092)6G0 TO 100 nuNN2e7
QN1=0.0 nuNNZBe
SWi=1 nwyn2ey
100 CM1=CN1+ON1 DM4D296
QRL=LDRI*(QG~QNL) DMN(2G1
AWTD(13,YR)=AWTOL13,YR)+Ch-ONL DMND292
NPS{1)=NPSI1)+1} DMND293
Q{11=0(11+0IR DMND? 74
IF(SW3 .EQ. 11LO TC 68 DMMD2G%5
EXCESS=QN1 DMNR294
DMKD297

#RRRRSLEVEL 2 WATFR DMND 298

- DMND2G9

IF(TEMP1 .LE. 0.0)GC TC 73 LA TAETHA
EXCESS=0.0 DMNDIDI
IF{ON]1 .LF. 0.01GD YO 68 NDMND302
SW3=0 DMNP3GY

236
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101

102

79

ANWTO(15,YR)=AWTN{15,YR)+CN1
QM2=AMAX1(QM2,ON1)
CONS=LL(PT2)#QN1
AWTO(169YR)I=AWTCI2165YR)+CONS
QG=QN1-CDNS

QU2=QU2+Q6

ON2=0U2-DL (3)-CN2

1+(QN2 .GE. -0.009)GF TO 1C1
QN2=0.0

SwW3=1

CN2=CN2+QN?
QR2=LDR2%*(QG-CN2)
AWTO(1T7,YR)=AWTULL 7, YR)+QG-ON?
NPS(2)aNPS(2)+)
Qr2)=012)+QN}

IF(SW3 .€0. 1)GD TO 68
EXCESS=QN2

*s¢%26LEVEL 3 WATFR

IF{TEMP2 .LE. 0.0)GC TN 73
EXCESS=0.0

TF(QN? .LE. 0.0)GN TC 68
SW3=0
AWTO(18,YR)=AWTN(18, YR} +CN2
QM3=AMAX1(QM3,QN2)
CONS=LL(PT3)#4N2

AWTO( 19, YR)=AWTOL19,YR) +CONS
QG=QN2-CONS

QU3=0U3+Q06

QN3=QU3-DL {4 )-CN3

IF(QN3 .GE. -0.00916C TO t02
AN3=0.0

Swi=|

CN3=CN3+QN3
QR3=LDR3*(06-IND)
AWTDU20,YR)=AWIN(20,YR) +CO-ON3
NPS(3)1=NPS(3)+1
0(3)1=0(3)+0N2

(FISW3 .EQ. 1)GD TO 6%

*ses22LEVEL 4 WATER

(FIOLISI+OT(T) .LC. 0.0)GD TC 73
tFION3 .LE. 0.0160 TC 68
QG=QN3
AWTO(21,YR)=AnTO{21,YR)+QN3
IF{SWl .EQ. 116N TG 79
ORR=QRR+CG

IFISW2 .NE. 0)IGD TQ 79
QRR=QRR+1.D

SW2=1

Sw3=0

QUR=QUR+QG

QNR=QUR=QRR-CNR

IF(QNR +GE« =0.0091G1 TQ 103
ONR=0.0

SW3=1

CNR=CNR +QNR

ON=QG-QONR

IFIQN +LE. 0.D)6C IC 76
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1

-

T2

76

104

105

73
74

TEST=WQR*VOLR+ (WQR+KO) #*QN*3.07*NCDYS(MD)
TEST=TEST/ (VOLR+ON®3,.07+NADYSIMO) )
VOLR=VOLR+CN#3,07*NCCYS (MO)

IFI{TEST .LE. $500.0)GC TO 71

*4%x#%4RESERVOIR, TREATED

WQR=0,95%*TEST
QM4=AMAX1 QM4 ,QON3)
NPS14)=NPS(4)+1
Ql4)=Q14)+QN3
AWTO(23,YR)=AWTO123, YR} +QN
ANTO(24,YR)=AWTN(24,YR)+ON
GO To 72

seexk*RESERVOIR, NOT TREATED

WQR=TEST
AWTOU22,YR)=AWTNI22,YR) +CN
IFISW3 <EQ. 11GD TN &8

se#2¢xPORTABLE, TREATED

EXCESS=ONR

IF{UL(S) <LE. 2.0)1GC TC 74
EXCESS=0.0

IF(QNR .LE. C.0)GO TC 6P
Sw3=0

QG=QNR
AWTOI23,YR)=AWTO(23,YR) ¢CNR
QM4=AMAX]1{0NM4,QNR)
QU4=QU4+QG
QN4=QU4-DL(5)-CN4

IFIQN4 .GE. -0.0091GC TD 104
ON4=0,0

Swi=1

CN4=CN4+QN4
QR4=LDR4&*{QG=QN4)
AWTD(25,YR) =AWTN(25,YR)+CG-ON&
NPS{4)=NPS{4)+1
Qla)=Q14)+QNR

1F(SW3 ,EQ. 11GO"-TD 6P
IFIDT(T) .LF. 0.0)GD Tl 105
QRR=QRR +QN4

AWTO[264, YR)=AWTO[24,4YR) ¢CNa
VOLR=VOLR+QN4%3,07%NCOYS{MQ)
QN4=0.0

SW1=0

IFIDTIT)-QRR +GT. 0.C)GL TO 68
AWTD(26,YR)=AATD(264YR)+CNG
IFIGRR +GT. 0.N)CRR=GRR-1,0
GO 10 74

QRR=0.0

1F{DPTN2 .NE. 0)GD TC 75

#x2828N0 ADDITIONAL PASS TO CLEAN EFFLUENT BEFNRE DISCHARGING

INTO STRFAMS

IF{RECYCL +EC. NPFF)AWTC(8,YR)=ARWTOIB,YR)+0]

IFIEXCESS «LE. 0.009)EXCESS=0.0
AWTOUl28,YR)=ANTO(?28,YR)+CI+EXCESS
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ANTO(274YR)=AWTO(274YR)+CRI+CR2+CR3+(R4G
QI=QI+QR1+QR2+QR3+QR4+EXCESS
AWTOU29,YR) =AWTD(29, YR}+C]
AWTD(30, YR} =ANTD(26,YR)

QI=QI+ON4

AWTOU31,YR)=AWTD(31,YR}+QI

GO ¥0 77

**42%%ADDI TIDNAL PASS TO CLEAN EFFLUENT BEFORE DISCHARGING
INTO STREAMS

AWTD(8,YR)=AWTO(&, YR)-C]
QI=QI+QR1+QR2+QR3+CR4
AWTU(10,YR)=AWNTDILO,YR}+01
AWTO(L1,YR)=AWTOL11,YR}+CI
QM1=AMAXL{CML,CI)

IF(Ql .GT. 0.0)0CIYR,1}=0C{YR,1)}+DEFDMC*COST(PT1,Q()
CONS=LL(PTL)*QI
AWTO(12,YR}=AWID{12,YR)+COINS
QI=QI-CONS
AWTD(14,YR)=AWTD (14, YR} +CI
QI=QI+CN4
AWTO(31,YR)=AWTDI3I,YR}+C1
AWTD(30,YR)=AWT(1{10,YR}+C]

*#*2xk£COLLECT THE RENMAINNING AWT OPFRATICH STATISTICS

T7 QDUT{2)=DL(1)-00UT(1)-QRR

AWTO(l,YR)=AWIDI{l,YR}+DLIL)
AWTO(10sYR)=AWTNILOs YR} TCIR

IF(PTL oNE. 5 «ANDo. GU1} oGT. 0.0}UCIYR, L}=OCIYR, 1 )+CEFOMCECOSTIPT

*1,QU1))«G(1) *NCOYSIMC)

IFIPT2 .NE. 5 «AND. G2} «GT. 0.0)CCIYR,2)=0C{YR,21+CEFONC*COSTIPT

*2,0012))1%Q(2)#NDDYS (MDY

IF(PT3 .NE. 5 ANU. CI3) .GT. 0.0)0CIYRy3)=0CIYR,3)+LFFOMCCOSTIPT

*3,QU3))*C(3)#NODYS (V)

IF{Q(4) .GT. DOINCIYR,4}=NCI{YR,4)+DEFCMCHCNSTIS,Cl4) )} 4Q(4}&NADYST

*MD)

*x##%4COLLECT STATISTICS ON WATER DEVAND

SWD{YR2)=SWDIYR,2)+DTI1L}*NODYS{NO)
SWD{YR,10)=SWOIYR,10}+DT(3)*NODYS(MD)
SWOIYR,17)=SWDIYR,LT7)+DT(2)*NONYSI{MO)
SWDIYRy23)=SWD(YRy23)}¢NT (4} *NCDYSIMO)
SWDI{YRy271=SWD{YR427)+DT(5)*NODYSI{MD)
SWD{YRy3L)=SWD(YR,31)+DT(6)$NODYS(MO)
SWO(YR,8)=SWOIYR,8)+PRICED*DT{1)*1000.0¢#NDDYSIMCI
SWOUYR15)=SWD(YRy15}+PRICET*DT(31%1000.0¢NOCYSINO)
SWDUIYRy21L) =50 {YR,21}+PRICED®*DT(2) *1000.0#NUDYS(MD)
SWDIYR425)=2SWOLYRs25)+PRICEM*NT (41%10N0.0*NCLYSIMO)
SWDIYR,29)=Shii [YRy29)+PRICEC*NT[5)*1000.0*NODYS(MD)
SWDUYR,331=SWU(YR,33}+OPRICEN*DT(6)%#1000,0*NDDYS (M)

##0keeCOLLECT INVESTMENT COST STATISTICS
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DMND426
NMND427
DMNN429
DMND429
NMND 430
NMNN4 31
DYND43?
DMND413
DMND434
DMND4 35
DMND436
NMND437
DMND 434
NMND439
DMND44N
DMND44L
DMND442
DMNN441
DMND444
DMND44S
DM'iD446
UMNN44T
DMNDN44B
DPND449
DMND4SO
DMND4S]
DMND452
UMNC453
DMND 454
DMND4SS
DMND46?
DMND463
DMND 464
OMND46S
DMMD466
DMND46T
DMND46R
DMND4 Y
DMND4 T
DMND47)
NMNN472
DYND4T3
NMNP4G T4
DMNN4TS
DMND4 74
DMND&T7
DMNN4G 78
OMND4T9
DMND 480
OMND4BL
DMND482
DMND4 83
NMIN4 RS
DMND485
DMNC486



IFIPTL .NE. 5)INVC(YR,PT1)=AMAXLUINVCIYR,PT1),0M1)

IFIPT2 .NE. S)INVC(YR,PT2)=APAXL{INVC(YR,PT?),QM2)

IF{PT3 .NE. S)INVC{YR,P({3)=ANAX1(INVC(YR,PT3),CM3)

INVC(YR,5) =AMAX] (INVC(YR,5),CM&)

RETURN

END

BLOCK DATA

COMMON/HD/TITLE(9)

CDMMON/10DEV/NR yNP 4NCy TAPEL s TAPE2, TAPE3

COMMON/M/T, YR, MO, YRST ¢NYRPRJ,RLEVELyRRCFF,RECYCL,0PTNI,OPTN2,
*1DSNQ, FREQ,GRAPH ¢NORYS112) yRIMPRT ,RLCE AL

COMMON /P /LEAK ,RLMAX ,RCPL ,PLEVIL 4RRON,PROBL ¢ NO, FXPL 4 EXPR

COMMON/S/NSTA,NOSTA NI 4NAS,STNN(40), SNAME(40,5),TYPE(40),
#NOCUTS (401 ,PCI40) SEAST [40+3) ySEAS2(4043),CMIN(40,3),CMAX{40,3],
#H(6045) y [YRWELLS(12],PROJCI(22)4SK(P

COMMON/RV/MINQ(40412),MINCRI12)4EVAPI12)

CNMMON/D /P54 EG 4 NPR INC,NPRI |, DEFCC, DEFNMC, PRICED, PRICET,PRICEM,
#PRICEC ,PRICEN, POP,ENPLAY,RAIN,RAINAV(12)

COMMON/AWT/ZCN(35) ,0(ST(351,1CN(35),ICIST(35),LCR(35),LDIST(35),
#LDR1,LDR2,LDR3,LDR4 LL(5],NOCD,NGOSsCAI17),PLTRIL2),PLSTQ,PTL,
#PT2,PT3,PRL4RITL ,WOR

COMMON/OUT /7SWD(50437),555(50,55) , SAWT(5,5),NATES (101, AwT0132,50),
*INVC(50,6) ,(0C150,5) 4R(3) ,0THRC(50,10)

COMMON/TMP/1 T NT,TENP], TFMP2,X(60)

REAL TITLL

REAL LEAK

REAL MIND,MINGR

REAL LDR1 \LOR? 4 LDR3LOR4G,LL

REAL INVC

INTEGER TAPEL,TAPL2,TAPE3

INTEGER T,YR,M0,YRST,RECYCL,OPTNL,DPTN2, [DSNC,FRFQ,GRAPH

INTEGER STNO, TYPE,SEAS],SEAS2,SK(P

INTEGER PT1,PT2,PT3,PITL

INTEGER DATES

DATA TITLE/9%8H / *

DATA NR,NP NC,TAPEL,TAPE2,TAPE3/5,647415,16417/

DATA M0, YRST  NYRPRJyRLFVEL,RRPFF/0,1972+500667643.0542667.0/

DATA RECYCL,OPTNL+OPTN?, INSNC,FREC,GRAPH/141,0,0+5,0/

DATA NODYS/31,29,31,30,31,30,31,31,30,31,30,31/

DATA LEAK,RLMAX,RCPL,PLEVEL sPRON/10.04125614.0,3375,0,65704.0,
+30000,0/

DATA RLOCAL/33371.5/

DaTA WELLS,PRNJCT,5K(P/12%0.0,12%0.0,0/

DATA PRDBL,NO/0.70+0L/ EXPLyEXPR/7%0.0/

DATA NSTA,NOSTA,IYR/28,30,10/

DATA PG,EGsDPRIDC,DPRITNEFCC,DEFOME/2%0,0045,421.0/

DATA PRICEDsPRICEI ,PRICENM,PRICEC,PRICEN/D717+044050¢65,040C,0.27/

DATA POP,EMPLOY/L50C00.0,/740,0/

DATA LNR1,LDR2,LDR34LDR4,LL/4%0,00,4%0,00,0.00001/

DATA NDCDNODSyPTL,P124PT3,PRLIRITLWGR/0+0y4y15350.30,30,70.04
DATA PLTQ/2%0.35,2%0.25,4%0.15+3%0.30,0,35/

DATA R/0404+0.065,0.08/

END

SUBROUTINE INPUT(NOFILE)

COMMDN/HD/TITLE(9)

CUOMMON/1ODEV/NR,NP,NC, TAPEL, TAPE?,TAPE3

COMMDN/M/T YRy MO, YRST ¢ NYRPRJ 4 RLEVEL yRRCFF,RECYCL,OPTNL,OPTN2,
*IDSNQ,FREQ)GRAPH,NODYS(12) yRIMPRT,RLOCAL

CUMMDN/P /LEAK  RLMAX 4RCPL 4 PLEVEL 4 RRON, PROBL 5 N0y EXPL, EXPR
COMMON/S/NSTAyNOSTA4NL {NAS,STNO{40) , SNAME(40+5) 4 TYPE(40),

240

DMND487
DMN(43R
OMNP489
DMN0490
DMND491
DMND492
DMND493
ALKNOC!
RLKDON2
BLKDOO3
KLKNOCNSG
BLKDCCS
BLkbocs
BLKNOCT
RLKDOCS
BLKDOCY
BLKDGLY
8LKDO1L
sLKNO12
BLKDNI(3
BLKDO14
RLKDOLS
8LKNO1S
BLXDCL7
BLKDCLE
8LKNOL9
BLKPO20
BLKDQ?1
BLKDO22
ALK DQ23
BLKNO?24
BLKP(G2%
RLKCO26
aLKrn27
BLKDC?R
BLKPC2Y
BLKDNO 3O
ALKNOIL
BLKDC32
BLKI033
BLKNU3G
BLKDO3S
RLXD( 35
BLKT037
LIRGLEL
RLKL039
BLKCO040
8LKPN4L
BL¥DO&Z
RLKDNO43
BLKDC44A
BLKNC4S
BLKDO46
HLKDO4T7
NPUTOCL
NPUTO02
NPUTOC 3
NPUTOCS
NPUTOCS
NPUTOCH
NPUTOCT



aoon

[g RN al

10

14

15

16

*NOCUTS(40) 4PC(40) ) SFASL(40,3),SEAS2(40,3),CMIN(4043),CMAX{40,3),
*H{60,5) , IYR,yWELLS(12),PROJCT(12]},5KIP
COMMON/RV/MINQ(40+12)yMINQR(12),EVAP({12)

COMMON/D /PG +EGyDPRIDC+DPRI I, DEFCC,DEFNMC,PRICED,PRICE I, PRICEM,
*PRICEC yPRICEN,PNP,EMPLDY RAIN,RAINAV(L2)
COMMON/ANWT/CD135),LIST(35),1C0(35), IDIST(35Y,LCOI357,L0I5Y(35),
*LOR1yLDR24LDR3 4LDP44LL{5) yNOCD,NCDS,CAT12},PLTQI12),PLSTQ,PT1,
*PT2,PT3,PRL,RITL,WQR

COMMON/OUT/SWEi (50437} ,555(5045) +SAWT(5,5) ,DATES{ 10}, ANTO({32,50),
*INVC(50,6)+0C(50+5)4R{3)},0THRC(50,10)
COMMON/TMP/IToNT,TENPL,TENPZ,X(60)

REAL TITLF

REAL LEAK

REAL MINQ,MINCR

REAL LDR1,LDR2,LDR3,LDR4, LL

REAL INVC

INTEGER TAPELl,TAPE2,TAPE3

INTEGER ToYR4MO,YRST,RECYCL,OPTN1,QPTN2, ICSNG, FRET, GRAPF
INTEGER STNO,TYPE,SEASL,SEAS2,SKIP

INTEGER PTL1,PT2,PT3,RITL

INTEGER DATES

INTEGER DCIT,0CIII,CCIV,OCV,CCVILDCVIL,RCVITI,DCIX,DCX,DCXI,CCXTT

INTEGER STA

NAMELIST/PARAM/NYRPRJYRSTyNGSTA NSTA, YRy IYR,SKIP, LEAK,RLMAX,RCPL,
*RLEVEL,PLEVELyWOR,PRGBL,OPTNT yRECYCL +RRCNyRROFF,NOFILE,NCDS,NACD,
*EGyPGyEMPLNYyPOP,PRICED 4 PRICE[PRICCV,PRICEC,PRILEN,CPRINC,RLNCAL,

*DPRII,DEFLC,DEFOMC ,CPTN2,RITL,PT1,PT2,LORL,LOR?,LDR3,LOR4sLL,R,
*[DSNQ,FREQ,DCII,0CIIT,DCIV,DCV,DCYI4DCVIT,DCVITIZDCIXyDCXNCXI,
#DCXITGRAPH EXPL oF XPR

DATA DCILLDCICT,DCIV,0CV,DCVIDCVITLCCVIIT,DCIX,CCX/9%1/

DATA DCXI.DCXIT/2%1/

#5542 T[TLE CARD

REWIND TAPE?
REWIND TAPE3

CALL HEADMG(-~1]
READINR, 10} TITLE
FORMAT(94A8)

*aksesPARAME TFRS DATA CARD TYPC |

READI[NR,PARAM]

CALL HEADNG(1)

WRITE(NP,14)

FORMAT(//48X,24H% %%k «PARAMETER LIST*%xe%,
%//25X,51HI TEM VARIARLF DESCRIPTION 3%,
*5HVALUE |

WRITEINP,15) NYRPRJ,YRST,NOSTA,NSTA,YRyIYR,SKIP

FORMAT{1HO,
* 24X+5IHTIME NYRPRJ NUMRER OF YEARS IN SIMULATION.seeerI12,
*/25Xy51H YRST SIMULATIUN BEGINS IN cceccsceossoceyll2y
*2(/),

* 25Xy SIHSTREAMS NOSTA  TOTAL NUMBER OF STREAMSeceecesecessIl2,
*/25X451H NSTA BEGINNING NUMBER OF STREAMS.cecceerll2,
*/25X,51H YR HISTORICAL OATA BEGINS INeescesaeerl2,
%x/25X+S1IH 1YR NUMBER OF YEARS CF HISTCRICAL CATA,Il2,
*/25%X,51H SKIP  NUMRER 0OIF YRS CF STREAM CATA SKIP,.,112)
WRITEINP,16) LEAKsRLFAX,RCPLJRLEVELPLEVEL RLNCAL,WQR,PROBL 4 EXPL,
*EXPR

FDRMAT{1HO,

241

NPUTCO8
NPUTCO9
NPUTOLO
NPUTOLI
NPUTG1?
NPUTO13
NPUTO14
NPUTGLS
NPUTOL6
NPUTOL?
NPUTOLS
NPUTOL9
NPUTO020
NPUTO21
NPUTO22
NPUTO23
NPUTO024
NPUTO25
NPUTO26
NPUT027
NPUTO28
NPUTO029
NPUTO30
NPUTO3I
NPUTO32
NPUTO33
NPUTO34
NPUTO3S
NPUTO36
N2UTQ37
NPUTO3R
NPUTO39
NPUTO040
NPUTQ41
NPUT042
NPUTO43
NPUTC4 4
NPYTO045
NPUTO46
NOUTO47
NPUTO048
NPUTO049
NPUTO50
NPUTOS]
NPUTOS?
NPUTO0S 4
NPUTCS54
NPUTO55
NPUTGS4
NPUTO57
NPUTOSR
NPUTO059
NPUT060
NPUTO&I
NPUTO062
NPUTO063
NPUTO064
NPUTQ6S
NPUTO86
NPUTNE?
NPUTO068



* 24X,51HRESERVUIR LEAK LEAKAGE CONSTANT.ceescecsccccccacarFl2.4y
%/25Xy51H RLMAX PAXIMUM CAPACITY.eesecscocnneonsearFl2.4,y
*/25X+51H RCPL CONSERVATIDN POOL LEVEL

#/25X,51H RLEVEL CURRENT LEVEL.eeocccse vFl2e4,
*/25Xy51H PLEVEL PREVIDUS LEVELcoeesese yFl2.4y
%/25X+51H HWLCCAL LOCAL WATEK LFVELTC... W FT12.4,
*/25Ky51H WOR CURRENT WATER QUALITY.eeovvecsacearFl2.4,
%/25X%,51H PRCAL PROBABILITY LIMIT FOR EXPANSION..., F1?2.4
%/25Xy51H EXPL RESERVUIR LEVEL FDR FXPANSIDN..eecrFl2.4,
®/25Xy51H EXPR STURAGE FACTOR RATIO FOR EXPANSIAN,F12.41

WRITE(NP,17) OPTNL,RECYCL,RRCN,RROFFyNCFILF
17 FORMATI(1HO,
%® 24X,51HRECYCLE OUPTNL RECYCLE (0=NO, I[=YES)ececevrccccsacrll2y

®/25X951H RECYCL STARTING PDSITION ..

*%/25X+51H RRCM RECYCLE CN LEVELccescascacscnscceerFl2.4y
%/25%X,51H RROFF RECYCLE OFF LEVELccecsesceacsscsaerFl2.4,
22070,

% 25X,S1HPLANS NOFILE NUMBER OF PLANNING FILES<ecetecoaes[12)
WRITE(NP,18) NONS,NCCD,EG,PG,EVMPLOY,POP,PRICEL,PRICEL,PRICEM,
#PRICEC 4PRICEN,DPRILC,UPRL[,NEFCC,0EFOMC
18 FDRMATI1HO,

® 24X, SIHDFMANDS NCDS NUMRER CF OUISTRIBUTION SUBDIVISION,I112,

%/25%,51H NGCO NUMRER DF STAND8Y DEMANDS<eeaceeserIl2y

#/25X951H FG GROWTH RATE OF EMPLOYMENT.ceeeesserFl2.4y
%/25%451H 4] GROWTH RATE OF PCPULATIGNececcceoerFl244y
®/25X,y51H FMPLNY STARTING EMPLCYMENTeocoooesvocecsarFI2:4,y
*¥/25Xy51H PuP STARTING PDPULATIONccesssscocssncsasFl2.4y
£/25Xy51H PRICED STARTING PRICE, DOMESTIC AND COMM.,F12.4,
%/25X451H PRICEI STARTING PRICE, I[NDUSTRIAL.ecoccessrFl2.4,y
®/25Xy51H PRICEM STARTING OPRICE, MILITARYceeenaaaaarFl2.4,
%/25X+51H PRICEC STARTING PRICEs MUNICIPALevecacssssFl2.4,
*/25Xy51H PRICEN STARTIHNG ®RICFy NNN-POTARLE«essccerFl2.4,
#/25Ky51H NPRINC SUMMER PRICE INCREASE, DOM ) CDM,..,Fl2.4,
®/25Xy51H NPRI1  SUMMER PRICF INCREASE, INDUSTRIAL.,F12.4,
*/25Xy51H DEFCC  DNEFLATOR, CPNSTRUCTION CCSTSeeeeserFl244y
®/25X,51H DEFCMC OEFLATOR, DPER. ) MAIN., CNSTS..ceeeyFl2.4)

WRITE(NP,19) UPTN? ,RITL,PTI,PT2,PT3,L0OR]1,LOR2,LDR3,LORGy
H(LLII)y1=144)

19 FORMAT(1HO,
% 24X, 51HAWT NPIN2 TRFAT EFFLUENT [0=NOy 13YES)eeessesll2y
%/25X+51H RITL RECYCLE [TTERRATION LIMIT.coececesarll2y
*®/25X+51H P11 PRCCESS TYPEy LEVEL lececsesasceeerll?,
#/25%X+y51H pT? PROCESS TYPE, LEVEL 2ceccsccccesesrlly
2/25%X,51H T3 PRNCESS TYPE, LEVEL 3.ccescccccseerll2,
*/25X451H LDR1 PFRCFNT CEMANG RETURNED, LEVEL leeosFl2.4,
*/?25Xy51H thP? PERCENT DEMAMD RETURNED, LEVEL 2..,F12.4,
*®/25Xy51H LUR3 PCRCENT DEMAND RETURNED, LEVEL 3..,F12.4,
®/25X,51H LDRs PERCENT DFMAND RETURNFD, LEVEL 4..,Fl12.4,
*/25X,51H LL(1) PERCENT CONSUMPTION, COAG ) SED... FI2.4,
%/25X451H LL(2) PERCENT CONSUMPTION, FILTRATION...,F12.4,
®/25Ky51H LL(3) PERCENT CCNSUNPTICN, G. CARB. A, . Fl2.4
*/25X9S51H LL(4) PERCENT CCNSUMPTICN, ACT. SLUUGE..,Fl2.4)
CALL HEADNG(1)
WRITE(NP,14)

WRITE(NP,20) (RUI1,I=1,431

20 FORMAT(1HO,
% 24X,51HOTHER RIL) INTERCST RATE lecssececcccsescsoserFl2.4y
*®/25%Xy51H R(2) INTERFST RATE 2.sceccsccecsscscsserFl2.4,y
*/25X,51H R3] INTEREST RATE JescecocevencaccnseasFl2.4)
WRITEINP,211 [DSNG4FREC,DCILDCITI,0CIV,RCY,0CVI,CCVIT,DCVILT,DCIX
*,0CX,0CXI,0CXI[,GRAPH
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NPUT069
NPUTOT70
NPUTO71
NPUTO72
NPUTOT3
NPUTOT4
NPUTOT7S
NPUTO76
NOUTO?77
NPUTO78
NPUTO79
NPUTOBO
NPuTOAal
NPUTO82
NPUTOE3
NoUTO84
NPUTOBS
NPUTOBA
NPUTO87
NPUTORS
NPUTCE9
NPUTO090
NPUTO91
NPUTO9?
NPUTO093
NPUTO094
NPUTO95
NPUTC96
NPUTO97
NPUTO92
NPUTO9Y
NPUTLICO
NPUTLON
NPUTLC?
NPUTLCE
NPUT104
NPUTLOS
NPUTICE
NPUTLO/
NPUTICA
NPUTICY
NPUTLIO
NOUTLLL
NPUTLL?
NPUTL13
NPUTLLS
NPUTLLS
NPUTLIG
NPUTLL?
NPUTLLR
NPUTI L9
NPUTI20
NPUTL 21
NPUT122
NPUTL?23
NPUT124
NPUT125
NPUTL26
NPUT127
NPUTIZR
NPUTL29



[aXa e

[aXaNa

21

41
4

FORMAT(LHO,
* 24X,S1HEDIT
*/25Xy51H
*/25X%,51H
*/725X51H
*/25X+51H
*/25%,51H
*/25X451H
*/25Xy51H
#/25K451H
*/25%,51H4
*/25XyS1H
*/25X¢51H
*/25X451H
%/25XyS1H

N1=NSTA+1

NAS=1

RIMPRT=RLEVEL-RLO

IDSNO
FREC
DCIT
eIt
DCIV
bCv
DCVI
uevil
GCVITT
CCIx
Lex
GeXI
LCXII
CRAPH

CAL

INTERMEDIATE DATA, STREAM NET FLOWsI12,

FREQUENCY
DATA CARD
DATA CARD
DATA CARD
DATA CARD
DATA CARD
DATA CARD
DATA CARD
DATA CARD
DATA CARD
DATA CARD
DATA CARL
PUNCH DAT

ofF 1
TYPE
TYPE
TYPE
TYPE
TYPF
TYPL
TYPE
TYPE
TYPE
TYPE
TYPE
A FDR

DSNQ PRINTCUT aeeceerll2,
I PRINTOUT.eeaaasll2y
i
IV
v PRINTOUTweacesey [12y
VI PRINTOUT aaveaay 112,
VII PRINTOUTeeeaeesll2y
VIIT PRINTOUTeaeaser 12,
Ix

X
XI PRINTOUTaceeaerll2,
XI1 PRINTOUTeeacaesll2y
GRAPH PROGRAMesseesr 1121

#5542 STREAM FLOW CCASTRAINT (ATA

CA

TA CARC TYPE 11

DO 42 STA=1,NOSTA

READ (NR,40) SINO{STA) o {SNAMEISTAVK) 4 K=[,5),TYPE(STA),NOCUTS(STA),
SPC(STA) 4 SEASL1(STA,1)SFAS2(STA,1),CMINISTA,L1)sCMARISTA,L), )

* SEAS1(STA,2),SEAS2(STA,2),CMIN[STA,2)+CMAXISTAy?),y

* SEAS1(STA,31,SFAS2(5TAy3),CMINISTA,3),CMAX{STA,3)

40 FORMAT(13,5484,2(1,F6.2+1X93(2(2,2F642))
IF(PCISTA) JLE. 0.0)PC(STA)=999.99

NT=NOCUTS(5TA)
DO 41 K=1,NT
IF(SEASLISTAWKI

*99

CONTINUE

CONTINUE

IF(DCIIT +EQ. 0IGD
CatL HEADNG(1)
WRITE(NP,43)

LE. O)SEASL(STAK)=1
IF(SEAS2(STA,X) JLE. O)SEAS?2(STA,K)=12
[F(SEASI(STAyK) GT. 0 JAN[w CMAX[STA4K) .LE. O0.0)CMAX{STA,K)=999,

12

43 FURMAT(//740X, 4 HEkktibk STRFEAM FLOW CONSTRAINTS &kskggds,

46
47

12

*/50X,20H(UATA CAR

U TYPE

WRITE(NP,44) [Jod=113)0(KsK=1y))
44 FORMAT(///2XyTHSTATICNo 1 Xg?20H=-==<=STREAF NAME==~=y2XSHTYPE-,
®3Ky 2HNG 9 4X s BHPIPELINE 41X, 312X, 134
®/2Xy THNUMBER 423Xy SHWATER »2X s 4HCUTS 42Xy IONCOANSTRAINT,
#3(2Xo4HSEAS,y 11,141 MIN CF MAX CF),//7)

DO 47 STA=1,NOSTA
NT=NOCUTS{STAI

CUT NO& »(1y5H=====]),

WRITE(NP 451 STNO(STA), (SNAME(STA,K)4K=1,5),TYPE(STA),NCCUTSISTA),
#PCISTA) o {SFASIISTA,J1,SEAS2{STAyJ)oCMINISTA,J) CMAXISTA,JIsJ=1,NT]
45 FORMATIAX,13,3Xs5R4,4%Xs11,5X,1295X9F6.2,2X5312X012,1h=-,12,2{1X,F6.

*2)))

IF(STA .EQ. NSTA)WRITE(NP,46)

FORMAT(LHOI
CONTINUE

##6xaxH| STORICAL ANNUAL STREAM FLOW DATA DATA CARD (YPE 111

[IF(OPTN1 .EQ. 0)GO TR 30

JX=YR~1
DO 57 I=1,1YRs9
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NPUTIZ0
NPUT131
NPUT132
NPUTL133
NPUTL34
NPUT13%
NPUTL36
NPUTL3?
NPyTI 38
NPUTIL 39
NPUT 140
NPUT141
NPUT14?
NPUTL43
NPUT144
NPUT145
NPUT146
NPUT147
NOUTI48
NPUT149
NPUT150
NPUTLS1
NPUTI1S5?
NPUTIS3
NPUT154
NPUT1S5
NPUTLS6
NPUI ST
NPUYT1SR
NPUTL159
NPUTLéC
NPUT161
NPUTTG?
NPUTL63
NPUT164
NPUTL65
NPUTL 66
NPUT167
NPUT1€R
NPUT169
NPYyT170
NPUTLTL
Neyrt?7?
NPYT173
Noyti74
NPUTL75
NPUTL76
NPUTL?7
NPUTLTR
NPUT179
NOoyT187
NPUT1E1
NPUTLE?
NPUT1RS
NPUTLEE4
NPUT1RS
NPUTL 86
NPUTLE7
NPUTLES
NPUTIE9
NPUT190



aooo

[v=I

NT=[T+8

IFINT .GT. IYR)NT=IYR
[F{DC1II .EQ. 0)GD TO 49
CALL HEADNG(1)

IX=JX+1

JX=[X+8

[F{JX «GT. YR$9)JX=YR+9Q
WRITE{NP+48) (JyJ=1X,JX)

1

48 FORMAT(///34X,52Hes%e83%s HISTCRICAL ANNUAL STREAM FLOW DATA *¢%&%

k¥,
#/50X,20HIDATA CARD TYPL [11),
$///713X¢3HSTA,3X,9(2X,14,4X))
WRITE{NP46)
49 K=1
DO 25 STA=1,NOSTA
[F{STA .GT. NSTA)K=K+l
READ{NR,50) {X{J),J=1T¢AT)
S50 FNRMATIBX,9F8.2)
[FIDCIIT .FO. 0)GN TO 52

WRITE(NP,S51) STNO{STA) s IX{J) s d=lTHNT)

S1 FNRMAT{13Xs[3,3%991FB.2+2X))

52 [F{STA .GT. NSTAIGO TO 55
DN 53 J=1ToNT
H{Js1)=H{Js1) XD

53 CONTINUE
[FIDCIIT .EQ. 0)GN TC 25
IF{STA .NE. NSTA)IG( TO 25
WRITE(NP 541 (H{Jo1)yJ=IT,NT)

56 FNRMAT{//13X,5HTOTAL,1X,91{FR.2,2X))
G0 10 25

55 DO 56 J=ITNT
HUJ,K)=X{J)

56 CONTINUE

25 CONTINUE

57 CONTINUE

30 YR=0

*#4%IRESERVLIR LNSSES LATA DATA CARD TYPF IV

IF{DCIV .EQ. 0)GC TC 61
CALL HEADNG (11
WRITE(NP,59)

59 FORMAT{///29%,062H*te4x4%s RESERVOIR LOSSES
SLOWS #%4s8884,/50X20H(DATA CARD TYPE

WRITEINP60) (K,K=1,121

60 FORMAT{///1XsTHSTATIONG1X,20H-===STREAM NAME-=--4 26X 1HMs 6Xs 1HO,

EO6XyLHN 36Xy LHT 36X ¢ IHH 06X 1HS
/1%, THNUMRER ,21X,12{3X,12,2X)4//)
61 [=1
DO 70 STA=1,NOSTA
IF{STA .GT. NSTA)I=[¢1
READ(NRy62) (MINCII,J),J=1,12)
62 FURMAT{8X,12F6.2)
IF(OCIV .FO. 0IGO TO 64

WRITE{NP 4630 STNO{STA), {SNAME{STA,K) 4K=145)s {MINCII4J),J=1412)
63 FDORMAT{3X,13,3X,5A4,12{1X,F6+2)44H CFS)

64 DD 65 J=1,12

MINQ(T,J)=MING{I,J)*1.98346%NODYS(J)

65 CONTINUE
IF(OCIV +tQ. 0)GO C 67
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NPUT191
NPUTI1G2
NPUT193
NPUTL194
NPYTL19%
NPUT196
NPUTL197
NPUT19R
NPUT199
NPUT2CO
NPUT201
NPUT2€2
NPUT204
NPUT2C4
NPUT205
NPUT2CE
NPUT2C?
NPUT2CE
NPUT2GO
NPUT210
NPYT211
NPUT212
NPUT213
NPUT214
NPUT215
NPUT216
NPUT217
NPUT21A
NPUT219
NPUT220
NPUT221
NPUT222
NPUT223
NPUT224
NPUT225
NPUT226
NPUT227
NPUT27R
NPUT229
NPUT239
NPUT231
NPUT23?
NPUT?2133
MPUTZ34
NPUT2135
NPUT2306
NPUT237
NPUT2138
NPUT239
NPUT240
NPUT?241
NPUT262
NPUT243
NPUT244
NPUT245
NPUT246
NPUT 247
NPUT242
NPUT249
NPUT250
NPUT251
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WRITEINP,66) [MINO(I,J),J=1,12)
66 FORMATI29X,1211X, Fb6.2)46H AF/MFD)
IF{STA .NE. 24)G0 TC 67
CALL HEADNGI1)
WRITE(NP,59)
WRITEINP,60) IK,K=1,12) - ST T T T Tt T
67 [FISTA «GT. NSTA)GOD TO 70
DO 68 J=1,12
MINQR{J)=MINQR{J)+¥MINQ{I,J)
68 CONTINUE
IFIDCIV «EQ. 0)GO TC 70
IFISTA .NE. NSTA)GO TO 70
WRITE{NP+69) NSTAs {MINNR{J)J=1,12)
69 FORMAT{//9X,10HTOTAL FOR ,12,8H STREAMS,12{1X,-3PF6.2), T+ TAF/MD,
*/7)
70 CONTINUE
*oseeRESERVOIR EVAPCRATION CONSTANTS CATA CARC TYPE V

READ(NR,TL) {(EVAPILJ)4J=1,12)

71 FORMATIBXy12F6.4)
IF(OCV .EC. 0)GO TD 73

WRITEINP,72) {Jodalsl2),IEVAP(IT,1=1,12)
T2 FORMAT(//35X+49H*a%2ssk% RESERVOIR EVAPCRATION CCNSTANTS *ssesses,

*®/50Xy20HIDATA CARD TYPE V ),

*//18X,1212X412,43X),

*#/18Xy121F6e441X))
73 CONTINUE

ek xaPLANNING DATA DATA CARD TYPE VI

CALL SETPLN{NOFILE.LCVI)

®ekxs kDI STRIBUTION DATA FNR RECYCLING UNNER PERIADS OF WATER
RATIONNING DATA CARD TYPE VII

IF{NODS .EQ. 0160 TC 75
REAU(NRyT74) (IDIST{I)SLDIST{I)4DIST(I),L=1,NDDS)
T4 FORMAT(LIXy Tl o Xo gyl XoFS5e3 Xl lolXo Iy IXyF5.391Xe Ly 1X,T141X,
SFSa3, 1Ky [l o 1X eIl o1 XsFSadyIX, [L o lXo Iy 1XysFS3,1Xe 11Xy [ly1X,F5,3,
®1Xpl191Xe)191XyF5.3)

saaxksCONTINLOUS DEVMANDS FCR RECYCLED WATER CATA
DATA CARD TYPF VIII

75 IF(NOCD .EQ. 0)GC TC 77
READINR,76) {ICD(I),LCO{I),CD(I),1=1,NOCT)

76 FORMAT{LLXg D hylXol ol XoF5.Cs1Xpl1y Xy I1yIXsF540,1Xe[191Xs11,1X,
¥F5,0p1 Xy [1 41 Xg 114Xy F5.0s 1Ky ML o1XyIlelXyFSa09 Xy I1e X, TLy1XsF5.0,
¥IXsTLy1Xo T4 1X4F5.0)

77 1X=DCVII-DCVIIL

[F{IX)94+78,87
78 IF{DCVII+DCVIIT (NE. 2)60 TO 99
CALL HEADNG(1)
WRITE{NP,79)
79 FORMAT{//18X,33H DISTRIBUTIDN OATA FOR RECYCLING ,18X,
#33H CONFINUOUS DEMANQOS FOR RECYCLED ,
#/17X,35HNURING PERICCS OF WATER RFSTRICTION, [7X,33H WATE
SR DATA ’
*/18X,33H (DATA CARC TYPE VII )} ~ " 18x,33k IDATR CARD
&TYPE VIII) W 1117)
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NPUT25?2
NPUT251
NPUT254
NPUT255
NPUT256
NPUT257
NPUT258
\NPUYT 2592
NOyYT269
NPUT261
NPUT262
NPUT261
NPUT?264
NPUT265
NPUT266
NPYUT267
NPUT269
NPUT26R
NPUT270
NPUT2T1
NPUT272
NPUT273
NOUTZ 74
NPUT2175
NPUT?2 76
NPUT2TT7
NPUT278
NPUT279
NPUT280
NPUT281
NPUT28?
NPUT284
NPUTZ84
NPUT28%
NPUT?286
NPUT287
NPUT288
NPUT2E9
NPUT290
HPUT291
NPUT292
NPUT293
NPUT29¢4
NPUT295
NPUT296
NPUT297
NPUT29R
NPUT299
NPUT3CA
NPUT3CH
NPUT3C?
NPUT3C3
NPUT 304
NPUT305
NPUTI06
NPUT307
NPUT3CR
NPUT3C9
NPUT$1D
NPUT3IL
NPUT312
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WRITF(NP,80)
B0 FORMAT{L9X,4HUSFR 16X SHLEVEL s5X+ 1OHPERCENTAGE, 21X, 4HUSER,6X,
*SHLEVEL s 7Xs 6HAMNUNT, //1
DO 86 1=1,35
WRITEINP,81) IDISTUI),LDISTUI),DIST(I),ICDUT),LCDUT)COLT)
81 FORMATI(21X,2(11+9X) 1FT7.4,426X,2(11,9X),F7.0}
IF(DISTII) .GT. SIWRITE(NP,B2)
IFILDISTUIT GT. 4)WRITE(NP,B831
IF1ICD(T) GT. S)IWRITF(NP,84)
IFILCDUT) «GT. 4)IWRITE(AP,E5)
82 FORMAT(1H+,21X,AH-IAVALID) -
83 FNRMAT{1H¢,31X,8H-INVALID)
84 FORMAT(1H+,72X,8H-INVALIDI
85 FORMATU(LH+,82X,8H-(AVALID)
86 CONTINUE
G0 70O 99
87 CALL HEADNGII)
WRITE(NP,B8)
B8 FDRMAT(//43X%,33H DISTRIRUTIDN DATA FCR RECYCLING ,
#/42Xy35HDURING PERIORS OF WATCR RFSTRICTIDN,

®/43X,33H (DAFA CARD TYPE VII ) 1 /117)
WRITE(NP,B9I
B89 FORMAT(44X,4HUSER 16X SHLFVEL +5Xy I0HPERCENTAGE,//)
00 93 1=1,35

WRITE(NP,90) IDISTUI),LDISTIT).DISTI(II

90 FORMAT(46X+2(1149X)yF7.4)

IFCIDISTII) «GF. SIWRITFINP,91)
IFILDISTII)  GF. 4)WRI[E(NP,92)

91 FORMAT(1H¢,46X,8H-INVALID)

92 FORMAT(LH+,56X,8H-TAVALID)

93 CONTINUE

GO TO 99
94 CALL HEADNGI1)
WRITE(NP,95)

95 FORMAT(//43Xs33H CONTINUQUS DEFANDS FDR RECYCLED
®/43X433H wATER DATA J
*/63Xy33H (CATA CARC TYPE VIIOL) 211171

WRITE(NP,95)
96 FORMATU{464X,4HUSER6X SHLEVEL 9 TX6HAMOUNT . //)
D0 98 [=1,35
WRITEINP,971 ICDUI),LCDULII,LCCUT)
97 FORMAT(46X+2((1,9%,1,F7.0)
IFLICO(L) «GT. S)IWRITE(NP,911]
IFILCOLIY «GT. 4}WRTTEINP,92)
98 CONTINUE
99 IF(NDDS .EQ. 0)GO FC 101
00 100 I=1,NO0S
LOISTUL)=LDISTIL) ¢l
100 CONTINUE
101 IFINOCD .EQ. 0QIGO 1C 103
DO 102 I=1,NOCD
LCOLI)=LCD(T)+]
102 CONTINUE

*&skkkAVERAGE MNINTHLY RAINFALL DATA CATA CARD TYPE IX

103 READ{NR,104) (RAINAVII),!=1,12)
104 FORMATIBX,12F6.31
IF(OCIX .EQ. 0)60O TO 107
WRITE(NP,105) (Jed=1,12)
105 FORMAT(///40X,39H*232%«AVERAGE MCNTHLY RAINFALL CATA®##3e%,
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NPUT313
NPUT314
NPUT315
NPUT 316
NPUT317
NPUT31A
NPUT3I19
NPUT 320
NPUT321
NPUT322
NPUT323
NPUT324
NPUTI?S
NPUT326
NPUT327
NPUT328
NPUT329
NPUT330
NPUT33)
NPUT3I?
NPUT33)}
NPUT334
NPUT3IS
NPUT336
NPUF3I3T7
NPUF33R
NPUTIIY
NPUT34¢
HPUT 441
NPUTI42
NPUT343
NPUT 3644
NPUT345
NPUT 346
NPUT 347
NPUTI4H
NPUT149
NPUT3IS0
NPUT35)
NPUT3S5?
NPLT3G3
NPUT354
NPUT 355
NPUT 356
NPUT ST
NPUTISH
NPUT359
NPUT360
NPUT361
NPUT 362
NPUT 363
NPUT364
NPU1365
NPUT 366
NPUF367
NPUT 368
NPUT 369
NPUT370
NPUT3TE
NPLT372
NPUT3T]
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*/50X020H(DATA CARD TYPE [X )
#//13%Xy12(2X412,44X))
WRITE(NP,106) (RAINAV(I),I1=1,)2)
106 FORMAT(13X,12(F6.3,2X))

*x442#AGRICULTURE OEFAND DATA  "DATA TARD TYPF X~

107 RFADINR,108) (QA(I)41=1,12)
108 FORMAT(8X,12F6.0)
IF(DCX EG. 01GO TQ 111
CALL HEADNG(1)
WRITE(NP,109) (J,J=1,12)
109 FORMAT(///43X,33H#¢+*%xAGRICULTURE DEMAND DATA%#%#%,
®/50X,20H(DATA CARD TYPE X ),
#//13X51202X,1244X))
WRITEINP,110) (QA(T1),1=1,12)
110 FORMAT(13Xy12(F6.0,2X))

*AeEMONTHLY WELL FLOW QATA DATA CafD TYPE xI

111 READINR,108) (WELLS(I),1=1,12)
IF(DCXT .EQ. 0)GC TC II3
WRITEINP,112) (Jyd=1,412)
112 FORMAT(///43%Xy32H*#%%«MONTHLY WELL FLOW DATAs%e#¥,
*/50Xs20H(DATA CARD TYPE XI ),
%//13X91212%412,4X))
WRITE(NP,110) (WELLS(I),I=1,12)

256 4MONTHLY PROJCCT FLCw DATA OATA CARO TYPE XII

113 READ(NR,108) (PROJCT(I),1=1,12)
IF(UCXII .EQ. 0)GN TC 115
WRITEINP,I14) (J40=1,12)
114 FORMAT(///42X,ISH®&&*xMONTHLY PROJECT FLOW DATA###%x,
®/50X,20H(DATA CARD TYPC XII),
*//13X91212X,1244X))
WRITE(NP,110) (PROJCT(I) 1=1,412)
115 RETURN
END
SUBROUTINE QUTPUTIACFILE)
COMMON/TONEV/NR ¢NP,NC, TAPEL,TAPE?, TAPE3
COMMON/M/T YR M0, YRST 4 NYRPRJ,RLEVEL,RRNFF,2ECYCL,OPTNL,0PTN?,
«[DSNQ,FREQ,RAPH, {0DYS(12),RIMPRY ,RLOCAL
COMMON/S/NSTA,NCSTA AL 4NAS,STNC(40),SNAME(4N,5),TYPE(40),

#NOCUTS(40),PCI40),SEASL1(4043),SEAS2(40,3),CMIN(40,3),CMAX(40,3),

*H{60+5), IYR,WELLS(12),PROJCTIL12),SKIP
CNMMON/D/PG,EG,NPRINC,NPRIL (DFFCC,DEFOMC,PRICED,PRICEL,PRICEM,
#PRICEC,PRICEN,PCP,FMPLOY,RAIN,RAINAV(12)
CUMMON/AWT/CD(35),LIST{35),ICD{35]1,IDIST{35),LCC(35),LDISTL35),
*LDR1,LOR2,LDR3,LNR4,LL(5),NNCD,NCDS,QA{12),PLTQ{12),PLSTC,PTI,
*PT2,PT3,PPL,RITL,WCR

CNMMON/QUT/SWUI(50,37),555(50,5)+SAWT(5,5),DATES(10),ANTD(32,50),

*INVC(5046)4NC(50,5),R(3),0THRC(50,10)

REAL LAB(32,3)

REAL LDR1,4LNDR2,LDR3,LECR4,sLL

REAL INVC

REAL PROC(10+3)+PW{3,21),X(40,12),SNQ(40)

INTEGER TAPE1l,TAPE2,TAPE3

INTEGER T,YRyMO,YRST,RECYCLyOPTN1,0PTN2, IDSNCsFREC,GRAPH
INTEGER STNO,TYPE,SEAS1,SEAS2,SK[P

INTEGFR PT1,PT2,PT3,RITL
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NPUT374
NPUT3TS
NPUT376
NPUT3T7
NPUT378
NPUTITY
NPUT3B0
NPUT 381
NPULT 382
NPUT3E3
NPUT 384
NPLT385
NPUT 386
NPUT3RT?
NPUT3ES
NPUT389
NPUT3Ign
NPUT39]
NPUT39?
NPUT393
NPUT394
NPUT3G5
NPUT390
NPUT397
NPUT398
NOUT 399
NPUT4Q0
NPUT4CL
NPUT40?
NPUYT403
NPUT4CY
NPUT4CS
NPUT4CH
NPUT4Q?
NPUT4CHR
NPUT4CY
NPUT410
NPUT41L
NPUT412
aLTPoCt
oureroc2
ourtePCnl
QuTPOCH
oureocs
QuTP0O6
auTteQe?
ouTPOQ8
auTe0Ca
QuTRaLD
auTPoll
aureol2
autPOl3
QuTteCls
auTePC1sS
oLrTeole
oureci?
OUTPQ1R
QuTPO19
ouTP020
outeo21
auTPO2?
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INTEGER DATES

INTEGER Z{10),LYR(50),STA

DATA LAB/8H RESERVO,B8H-SYSTEM ,8H=SECONDA,B8H-LOCAL W,B8H-WATER S,
*8l=AGRICUL 4 BH=FLOW AV,8H-CUTBACK,8H=FLOW TO,8H+FLOW, R,8H=FLOW TH,
#8H-CONSUMP s BH-DEMAND ,8H-FLOW REyBH=FLOW TH,8H-CCNSUMP, 8H-DEMAND ,
*8HaFLOW TH,B8H-CONSUMP,BH-DEMAND “y8R=FLOW AV, BH-RESERVO, BF=FLOW Tk,
#8H-RESERVO, 8H~DEMAND +BH=FLNW RE+8H FLCW RE,8H+CUTBACK,BH=FLOW REy
#8H+FLDW RE 48H=FLOW RE,BH CHECK R,8HIR FLOW +8HLOSSES ,8HRY TREAT,
*8HATER » 8HOLD »8HTURE USE,BHAILABLE ,8HS ¢8H AWT, PA,
#BHECYCLED +BHRU LEVEL+BHTION LEV,8HAT LEVEL,BHTURNEC,S,8HRU LEVEL,
*8HTION LEV,8HAT LEVEL,BHRU LEVEL,B8HTION LEV,BHAT LEVEL,8BHAILABLE
#8HIR OEMAN,BHRU LEVEL,BHIR DEMAN,AHAT LEVEL,BRTURRET,S,BHTURNED, .

*BHS AND EX, 32BHTURNED,S+AHFSULT 1 248H '

*8HED FLOW ,3%8H +BHAT AWT ,8H +8HSS 1 ’

*8H +8H 1 s8HEL 1 +8H 1 » BHTREAMS,T,8F 2 ’
#BHEL 2 '8H 2 AH 3 +8HEL 3 18H 3 +BHLEVEL 4
*8HDS,U +BH 4 +8HDS, T +8H & » BHTREAMS, Ty BHUSERS ’
*8HCESSES ,BHTREAMS,LU,8HTREAMS,T,8HTREANS,S, 8™ ~ v

DATA PROC/4HCOAG.:4H FIL,4H GRA44H ACT,4H-——~,4HSEDI, 4H *
*4HCARB 4 4H Sy4H 14HULAT s 4HTRAT 4HNUL A, 4HIVAT , 4HNONFE o 4HMFNT
*4H 14H ABS,4HLUUGy4H s4HION=4HION ,4HTED ¢ 4HED= ,4H--——,
F4HATIN,4H »4HORP, y4HE 14N /
DATA Z/3+749+11415,18421423426+32/
IFIT «6GT. NYRPRJ%212)GO TO 4
NYRPRJ=T/12
NDEC=NYRPRJ/10+1
IFINDEC .GT. 5INDEC=S
G0 T0 3
4 NOEC=NYRPRJ/10
300 5 [=1,NYRPRJ

LYR(CE)=YRST+[1-1)
5 CONTINUE

*2 40 40PREPARE THE REMAINNING NUTPUT DATA

on 10 I=1,NYRPRJ
SWD(T435)=SWDII,21+SWDI1201+SWN(I,17)+SWN(T423)4SWD(E,27)+
*SWDIE,31)
SWOUT,36)=SHEIT,B)+SWD{I151+SWD(E,211+SWD(1,25)+SwD(1,29)+
#SWD(1433)
SWD(Ty37)2SWDII,9)+SWDITI16)+SWD(1,221+SWD(1,26)+SWD(1,30)+
#SWD(1y34)

SWOIT,19)=SwD(I,5)

SWD(1,20)=SWDII1,6)

IFISWD(I,3] .LE. 0.0)G0 TO 10
SWD(I,41=(SWD(1,2)/SWD(I,3))1#1000.0
SWDIT,18)=[SWOCE,E7)/SWD(1,3)1%*1000.0

IFISWOIT,11] .LF. 0.0)60 TO 10
SWDIT412)=ISWOII,20)/SWD(I,111)%1000.0

10 CONTINUE

DO I5 1=1,NCEC

IX=1+(1-1)#%1C

IT=1X+9

IF(IT .GT. NYRPRJ)IT=NYRPRJ

DO 15 J=1,5

DO 15 K=IX,IT

SAWT(T 9 J)=AMAXL(SAWTII4J) o INVC{K,J))

15 CONTINUE

00 20 T=1,NYRPRJ
AWTD(32,E)=ARTO(1,1)-AWTO(2,1)-AWTO( 4, 1}-AWTO(S, 1 T-ARTO(S, D)
B=AWTO(B,[)+ARTO(10,1)-AWTO(12,E)-ANTC(13,I1-ANTO(14, 11-AWTO(16,1)

248

oLY0023
QUTP0?24
OuTPO?2S
QUTPO26
OuTPO27
ouTP024
0UTP029
ouTP0130
oureo3l
ouTP032
ouTP033
AUTPO34
OUTPO3S
auTPO3s
OUTPO37
0uTPO3A
QuTP039
DUTPO4O
QUTPQs41
OHTP042
OUTPQ43
OLTPO%4
OLTPO4S
OUTPO4S
DUTPO47
0UTPQ48
ouTP Q49
aurPCcsn
nureesl
QuTPOS?
NLTPOS3
nuTPOS4
fIUTPOSS
QUTPNSA
ouTPOS7
ouTrOSBe
oLT2059
nuTeOsn
OUTPOEY
DuUTP062
nUTPO&S
ouTPOb4
ouT?065
DUTP065
nyIeoe?
nLTPo6es
aurecad
QuTPCT0
puTeQTL
oLT9072
ouTP0?3
ouTP074
ouTrQ?S
ouTPO76
ourTP077
auTPO78
ouTPO79
aLTeoeo
ourP08l
ouTPOB2
ouTe0a’
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20

2

—

22
23

24

30

52

50

51

5

w

B—ARTO(17,[)-AWTO(19,1)~AWTOI20,1)-AWTO(22, [)-AKTC(24,[)-AWTO(25,1) QUTPOR4

#+ANTO(27, 1) +AWTO(28, 1) +ANTO( 14 [)-(ARTO(28, [)-AWTO(8,()) ourroeRs
CONTINUE ouTPO8s
DO 21 [=1,NYRPRJ ourroaz
DO 21 J=1,5 ouTPOBSE
INVC(14J)=CCOSTIJ,INVCTT,J)) $DEFTT TOLTPORY
INVCIT,6)=INVCIT,6)+INVCIT,J) QuTP090
CONTINUE ouTPO91
DO 25 J=1,6 ourTPO92
K=0 ouTP093
SUM=0.0 0uUTPO94
PW(l+J)=0.0 ouTP 095
PW(24J)=0.0 QuTP096
PW(3,J)=0.0 ouTPGS?7
DU 25 I=1,NYRPRJ ouTPO98
IFCINVC(I+sJ) oLE, 0.0)G0 TN 25 ouTPo99
IF{X .NE. 0)GO TC 22 aurePico
K=1 nuTPlOol
GO TO 24 ouTP1G2
INVCUIL,J)=INVC(I,J)-SUM ourrics
IFUINVC(T,J0))23,25,24 nuTPiCcs
INVC(1,J)=0.0 oureies
GO 10 25 QuUTPICH
SUM=SUM+ INVC 1 ,4J) ourrle?
PW(L,J)=PWI1,J)+INVC(IJ)L.0/11.04RE1))#4( ourPica
PWI2,J)=PH(24J)+INVCIT,J)%1.0/(1.04R[2))#%] uTrica
PHI3,J)=PWI3sJ)+INVCIT ) #1.0/01.04R(3)) 4] ouTP1IO0
CONTINUE ouiellt
DO 30 I=1,NYRPRJ nuretl2
N0 30 J=1,4 oureii3
OCU1,5)=0C(1,5)+0C([,J) ouTPLLS
CONTINUE nurelLs
DO 50 I=1,NYRPRJ QuTPLLe
D0 52 J=6,9 ouTPLL?
OTHRC(I,+J)=0THRC(1,J)/1000000.0 auTtPlls
CONTINUE aureli19
OTHRC(I45)=)THRL(T s 1)+ 0THRCIT,2)+0THRC(143)+0THRC([44) auTe126
OTHRCAT,10)=0THRCII,6)+0THRCUT,7T)40THRCI{,R)+0THRC( [,49) ouTP121
CONTINUE nure122
0o 51 J=7,16 aure123
PH(l,J)=0.0 wrei24
Pu(2,J)=0.0 oyTPL2Y
PW(3,J)=0.0 aTPI26
N0 5) I=1,NYRPRJ nurrL27
IF(OTHRCIT,J~6) .LF. 0.0)G0 TU 51 nuTe 124
PWILyJ)=PW(1,J)+CTHRCII,J-6)#1.0/(1.0¢R(L))IH%] ouTPL29
PW(24J)=Pu(29J)+0THRC(T4J~6) %1 .0/(1.04R(2)) %] nuTel 3G
PWI3,J)=PW(3,J)¢UTHRC(T1J-56)#1.0/(1.0¢R(3))%%] outelal
CONTINUE cure13?
Dn 53 J=17,21 auTeEl
PW(l,J)=0.0 auTP134
PW(2+J)=0.0 auTP1L3s
PW(3,J)=0.0 ourPl e
DO 53 I=1,NYRPRJ oure13z?
PWILoJd)=PWIL,J)+0CIT,J-16)%1.0/(1.04R{ 1)) %%( aureLae
PWI29J)=PW(2,J)40CTT,J-16)%1.0/11.04R[2))*2] ouTPAL3A
PHI39yJ)=PW(343)40CILyJ-16)%1.0/(1.0+R(3) )4l ourPL4n
CONTINUE ouTPl4l

ouTP 142
*axed INTERMED(ATE NET STRFAM FLOW OUTPUT oo ouTPL4
nuTP144
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[aNalal

[F(IDSNO .EN. 01GO TO 99
IFRO=0
END FILE TAPE2
REWIND TAPE?
DO 45 [=1,NYRPRJ
00 41 J=1,12
READ(TAPE2) (SNC(STA)4STA=1,NCSTAI
IF(EOF (TAPE2))99,35
35 DU 41 STA=1,NOSTA
X({STA,J)=SNQ(STA)
CONTINUE
[FRQ=IFRQ+1
IF(IFRQ «NF. FREQIGC TN 45
[FRQ=0
CALL HEADNG(1)
WRITE(NP42) LYR(I),(N,N=1,12)
42 FORMATI//7/36X,3AH#428:[NTERVMENIATE NET STREAM FIOW DATA 414,
AGHEROEE, //5X 3 IHSTA 31X, 12(2X,12,5X))
D0 44 STA=1,NOSTA
WRITE(NP4431 STNCISTA) o (X(STAYNIyN=1,12)
43 FORMATISX,1341213X,F6.3)1
44 CONTINUF
45 CONTINUE

4

—

sx#x2&ANNUAL SUMMARY OF WATER DEMAND 3Y ALL USERS

99 CALL HEADNG(1)
WRITE(NP,10M)

100 FORMAT(//738X,43HANNUAL SUMMARY CF WATER DEMAND BY ALL USCRS.///)

WRITE(NP,1N1)

101 FORMAT(L7X42511H=)41TH D O M E S T [ € +26(1H=)42X419(1H=),14H [ N

£ ) US T Re/8XyTHPERCENT ;5% ,5SHTGTAL,3X4 10HPOPULATION, 1X, LOHPER
*[TA,

#2(7H PRICE ),7H RAIN- ,7H TOTAL o3H REVENUE,5X,SHTNTAL, 3X,
#23HEMPLOYMENT PER CAPITA L,

Cap

*/1X,26HYEAR RCSTRICTIN WATER USF,12X,31HWATER USE WINTER SUMMCR

®FALLS +27HREVENUF LCST/RS WATFR USE, 12X, 12MWATER  USE Lo
¥/6Xo1OHUF  DEMAND 34X 44H(MG) 4 4X yQHTHOUSANDS +5X o4k (Gly4X,

#2(7H$/1000 [41Xe11HIN 10008,5Xy LHS 9 PX g 4HINMG) 34Xy FETHCUDANNS,

#5X,9H 1G) Le//)
DO 103 I=L,NYRPRJ
WRITE(NP,102) LYRIT)(SHT(1,3),0=1+12)
102 FORMAT(I1Xs1444X,2PF4.146Xy OPF6.0,5X,=3PF6.0,5Xs OPF6.0+3X,

B2[10PF6e3,1X) yIPFS.141Xy=3PF7.1,1X,0PF7.144Xy DPF6.0y5X,=3PF6.0,

¥5Xy OPFG.N)
103 CANTINUE
CALL HEADNG{L)
WRITFINP,1090)
WRITE{NP,104)
104 FORMAT{IX,7H 1 A L ,22{1H=),2X,15(1H=),2IHC O ¥ M ER C ] AL
R1501H-)y2Xy8I1H=)417H M 1 L 1 T A R Y ,B{1H-1I,

#/1Xy2( THORICE 1,15H TNTAL REVENUE,5X,SHT(TAL,3X, IOFPER CAPITA,

#217H PRICE ) 42XySHTCTAL 12Xy THIEVENUE 5 X SHTOTAL 3Xs 5FPRICE, ¥X,
*SHTOTAL y2X, 9HREVENUE L.
*/1XyS2HWINTCR SUMMER REVENUE LOST/RS WATER USE WATER  USE,

*43H WINTER SUMMER REVENUC LOST/RS WATER USE ,7X,17THREVENUE LOST/

RS Ly

®/1Xy21TH$/1000 ) 48H 10008 +3Xs1HSsBXo4FIMG)y 7Xy4H (G)y4X,
%2(TH$/1000 ) ,8H 10008 ,3IX,LH$,8X,4HINGI,4X,7H4$/1000 ,8H 1000%
#3Xy1HS 94Xy 1HL, //)

DO 106 I=1,4NYRPRJ
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auTeles
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aureles
ouTPlET
Qurelee
ourels9
outP170
ouTP171
oLirlL??
ouTePl173
0uIn174
CuTtP17%
auTPl?s
aur?177
ourel7n
oLTPl79
aureleo
ouTP18l
nuTP18?
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nureies
AuTPIRY
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cureies
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[aNal

WRITE{NP,105) (SWD{1,J),J=13,26)

105 FORMAT{1Xy2{0PF6.341X)¢=3PFT.1s1Xs0PF7.142X92(2Xy OPF6.0,3X),

*2{0PF6.341X),

*=3PFT. Lo 1XeOPF 7ol 94Xy OPF6.0¢3Xe0DPF6.34L1X9~3PFT7.141X,0PF7.1)

106 CONTINUE
CALL HEADNGI(1)
WRITE{NP,100)
WRITE{NP,107)

107 FORMAT{IXy7T{1H=)19H M U N T C I P A L o7T{IH-)92X,5{IH-},23H Y O N

* POTABLF ,illH-),

*/1X92{35H TOTAL PRICE TCTAL REVENUE )y 1X,B8HCCMBINED, 1X,

#2(1X,8HCOMBINED) 4

*/1X92{ LOHWATER USE+8Xo15HREVENUE LOST/RS,2X)y IOHWATER USE,1X,

*27HREVENULS LOST/RES YEAR,

B/1Xe2{3X94HINMG) 94X, 14HE/10C0 10078 ,4Xs1HE,5X) s 3X44H1MG), 5X,

#5H10008,7X, 1HS,//)
DD 109 I=1,NYRPRJ
WRTITEINP,10R) (SWDII,J1,0=2T7,37),LYRIT)

108 FORMATIIX,2(2X, OPF6.0,3Xy0PF6.341Xy=3PF7.1,1X,0PF7.1,2X),41Y%,s

* OPFT.044X9~3PF7.0,2X,0PFT.0,1Xs14)
109 CONTINUE

®&s2&xANNUAL SUMMARY OF SUPPLY IN STORAGE

CALL HEALNG (1)
WRITE{NP,110)

110 FORMATI///742X,39HANNUAL SUMMARY CF SUPPLY IN STORAGE.///)

WRITE{NP,111)

111 FORMATI33X, 9HRESERVCIR,3Xs 11HPERCENT MAX, 33X, L2HMAX CAPACITY, 3X,

#8H TOTAL ,3X, [IH"ROBARILITY
¥/726X24HYEAR $3X49H  LEVEL 43X, 11HLAPACITY ONy3X,12H
®3XyBH FLOW +3X411H OF TrTAL

10 ANNMUAL

%/33X99H{000) AF3X,1LH JAN 1 13Xy 12+ WATER USE ,3X,

#8H CoFaSe 93X, 1)H FLOW W/7)
DU 113 1=1,NYRPRJ
WRITEINP, 112} LYR{I){SSSIT4J)yJ=145)

L12 FORMAT{26X,14,5%)~3PF5.0+9X42PF3,0,10X,0PF5.2,TXy OPF6.047X,0PF5,3

%)
113 CONTINUE

#x¥% 22 SUMMARY (F ANVANCED WASTE TREATMENT BY NECACE

CALL HEADNGI1M)
WRITE{NP,114)

114 FORMAT{///35X,50HSUFMFARY OF ADVAANCED WASTE TRFATVMENT{AWT) RY DECAD

%€y /48X, 24H(IN MILLICNS OF GALLONS),///7)
WRITE{NP,115)

115 FORMATIIBX6HDECADE y3X, 1 3HCOAGULATION 143Xy 13H FILTRATTION

*3Xy13H GRANULATED ,3X,13H ACTIVATED ,3X,13H
®/27Xs 13HSEDIMENTATICON, 19Xy 13HCARB ABSCRPTN, 3X, 13k
*4X,1311  EXCHANGE /7]
DO 117 [=1,NDEC
WRITE(NPy116) T+{SARTI{]4d)9d=1,5)
116 FORMAT{20Xy12,5X45(3X,0PF7.1,6X)1
117 CONTINUE

ICN

’
SLUCGE

*exexxSTREAM ACDITIENS

CALL HEADNGI1)
WRITE{NP,118)
LL8 FORMATI///4TX,26H# %% 2&STRFAM ACDITIONS#9%22,///)
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WRITEINP,119)
119 FORMATI(39X,SHDATES ¢4Xs3HSTA,TX,12HSTREAM  NAME, TX,4HTYPE,//)
NAaS=NAS-1
IF(NAS .EQ. 0)GO TO 128
DO 121 I=1,NAS
IX=DATES(I)/12
IT=DATES(1)-1Xx*12
IX=YRST+IX
J=NSTA-NAS+]
WRITE(NP,120) IXy1T,STNOLJ), [SNANE(J4K)K=145),FYPELJ)
120 FORMAT(38X31441H/412+3%X,13,3X,584,4X,12)
121 CONTINUE

#e2xx%ADVANCED WASTE TREATMENT NPERATICN RY YFAR
12R DO 127 I=1,NDEC
CALL HEADNGL1)
WRITE(NP,122)
122 FORMAT(///39X,47HADVANCED WASTE TREATFENT MNPERATION BY YEAR,
#/68X924HIIN MILLIONS OF GALLONWS),///)
IX=1+(I-11*10
IT=IX+9
IFUIT +GT. NYRPRJ)1I=NYPPRJ
WRITEINP9123) (LYR(J),J=1X,IT)
123 FORMATI33X,10(1Xs14,3X1)
WRITEINP,124)
124 FORMAT(1HO)
K=1
D0 127 L=1,32
IFIL «NE. ZIK))GC TC 125
WRITEINP,124)
K=K+]
125 WRITEINP126) (LABILsJ)9Jd=193), (ANTOIL,N)eN=IX,1T)
126 FORMAT(9X,348,10(2X,fF6.0))
127 CONTINUE

\

#ekeex INVESTVENT COSTS AND PRESENT WCRTH

CALL HEADNG!1)
WRITE(NP,130)

130 FORMAT(///60X,4NHe#42«]NVESTVCRT CNST SERIES RY YEAR##%%3,

#/48X424HIIN MILLIONS (JF DNLLARS),//)
WRITEINP,131)

131 FORMAT(IOX6H YEAR 43X,13HCOAGULATION ),3Xy13H FILTRAVION
*3X, 134 GRANULATED 43Xy13H ACTIVATEC +3Xs13H 10N .
*3%x,13H TOTAL ALL
*/19X9 13HSEDIMVENTATICA, 19X+ 1 3HCARR ARSORPTN, 3X, 13K SLULGE
*4Xo13H EXCHANGE 12X+ 13H  PROCFSSFS  ,//)

D0 133 T=1,NYRPRJ

WRITE{NP,132) LYR(I) UINVCLL,J140=1,6!
132 FORMAT(L1Xs1443X6{3X,FT741,6%))
133 CONTINUE

*xx4x2FIXED AND VARIARLE COSTS FCR STREAM, RESERVOIR, WELL AND PR

CALL HEADNGI(1)
WRITE(NP,160)
160 FORMAT([//37X 46H&2e22F [ XFQ AND VARIARLE COSTS FCR STREAM, #3333,
*/41X,38HRESERVUIR, WELL, AND PROJECT ACDITIONS,
#/48X924H1IN MILLIONS DOF NOLLARS),
*//TXe1611H-)422H F I X ED C O ST S 4170tH-)41X,1311H-),
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QuTe2567
0uTP?263
QuTP269
ouTP270
ouTe271
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nureP281
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ourteig?
gureics
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#28H VAR T ABLE CUOSTS y14(lH-},
*/3XK4HYEAR,211Xs10H STRFAM ,1X,10HRESERVOIRS,IX, 10K  WELL
*,10H PROJFCTS ,1X,10H TOTAL )o//)
00 162 [=1,NYRPRJ
WRITE(NP,161) LYR(I),(OTHRC(I,J3),4Jd=1,10)
161 FORMAT(3X,14,5(1X,F10.2)41X,5(F10.371XY)
162 CONTINUE

o 1X

#5554 ¢PRESENT WORTH SERIES

CALL HEADNG(1)
WRITE(NP,134)
134 FORMAT(///40X,39HPRESENT WORTH OF INVESTMENT COST SERIES,
*/48X424H(IN MILLIONS OF DOLLARS)//)

WRITE(NP,137)
137 FORMAT(//19X,13HCNAGULATINN 1,3X,13H FILTRATION ,
*3X,13H GRANULATED +3Xs13H ACTIVATED ,3X,13H 10N

*#3X,134  TOTAL ALL
*/19X9 I3HSEDIMENTATICNy 19X, 13HCARS ABSCRPTN, 3Xy13F SLUDGE
*4Xy13H EXCHANGE +2Xs13H  PROCESSES +//)
DO 136 1=1,3
WRITE(NP,135) RIL)y(PW(14d),0=1,6)
135 FORMAT(9XyIHAF +2PF4.2,2H+ 46 (3X,0PF7,1,6X))
136 CONTINUE
WRITE(NP,170)
170 FORMAT(///40Xs4 HPRESENT WORTH OF FIXED AND VARIABLE COSTS,
*/48X924H(IN MILLIONS OF OOLLARS),
*//9%Xe16(1H=1,22H F [ X END C O S T S 417(1H=-1,1Xy1311K=),
#28H VAR I ABLEL CNSTS 4l4(lH-),

®/9X92(1Xs10H SFREAN ,1X,10HRESERVOIRS,1X,10H  wWELL +1Xs10H PP

*CJECTS ,1X,10H TCTAL ),//)
DO 172 1=1,3
WRITE(NP,171) RUI),(PHIT4J1sJ=T7416)
171 FORMAT(1X,3HAT ,2PF4.241H+,10(1X,0PF12.2)]
172 CONTINUE
WRITE(NP,180)

180 FORMAT(///36Xs48HPRESFNT WNRTH DF OPERATION AND MAINTENANCE CONSTS,

*/48X925H (IN. THOUSANDS.OF JOCLLARS ),/ /)

WRITE(NP,LAL) (PROCIPTL,J),J=1,3),(PROCIPT?,K14X=1y3),(PROC(PTZ,L)

*,L=1,3)
181 FORMAT(25X,3(3Xy3A4),3X,12H 1uN- v IXy 12H TOTAL )

WRITE(NP,182) (PRNCIPTL45,3)43=143), (PROCIPT2¢5,K),K=1,3), (PROC(PT

*345,L)yL=143)
182 FORMATI28X,3(3X,3A4),12H EXCHANGF ,//)

DO 184 1=1,3

WRITE(NP,183) RII),(PWII,J}sJ=17,21)
183 FNRMAT(18X,3HAT 42PF4.2,1H+42X,5(7X,=3P+R.0+5X))
184 CONTINUE

*5#%6&0PERATINN AMD MAINTENANCE CCSTS

CALL HEADNGI(1)
WRITE(NP,140)

140 FORMAT (///40X,39HOPERATION AND MAINTENANCE CCSTS "BY YEAR,
*/48X+25H(IN. THUUSANDS.OF o DOLLARS ) 4 /7 )

WRITE(NP, 1411 (PROC(PT14J)4J=143), (PROCIPT2,K),K=1,3),(PRDCIPTI,L)

*,L=1,3)

141 FORMAT(21X,4HYEAR,3(3X,3A4),3Xs12H ICN- r3Xs 12K TOTAL

WRITE(NP,143) (PROC(PT1+540)43=1+3)+(PROCIPT2+5,K)4K=1,3),IPROCIPT

*345,L)sL=1,3)
143 FORMATI28X+3(3A4,3X),12H EXCHANGE +3X,12H cosrs v//)
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145
146

150

156
157

158

DO 146 I=1,1YRPRJ

WRITE(NP,145) LYR(I),(OC(I,4J),J=1,5)
FORMAT(21X+14,3X:5(2X,-3PFR.0,5X))
CONTINUE

®exkes | [ST THE INTFRRUOTS

CALL INTRPT(YRSTy0,0.0,0.0,0.01

seee®&DUMP THE PLANNING MATRIX

CALL DUMP(NOFILE)

sxasekPUNCH CATA FCR GRAPH PRQGRAM

WRITE(NC4150)

FORMAT(1OHPOPULATION)

WRITE(NC,151) [SWO{YR,3),YR=1,AYRPRY)
FORMATIBF10.0)

WRITE(NC,152)

FORMAT (LOHF“PLOYMENT)

WRITE(NCyE50) (SWOUYRy11),YR=[,NYRPRJ)
WRITE(NC,153)

FODRMAT[30OHPER CAPITA WATER USE  ROMESTIC)
WRITE(NCy151) (SWOIYR,6),YR=1,NYRPRJ)
WRITE(NC,154)

FORMATI3I2HPER CAPITA WATER USF COMMERCIAL)
WRITFINC,150) [SWD{YR,13},YR=1,NVRPRY)
WRITE(NC,[56)

FORMAT (29HPFRLENT CAPACITY OF RESERVCIR)
WRITE(NC,157) (SSSIYP,21),YR=1,NYRPRJ)
FORMATI8F10,5)

WAITEINC,158)

FORMAT(2IHTOTAL WATFR USE [N MG)
WRITEINC,1%1) (SWD(YR,35),¥2=(,NYRPR))
WRITHINC,159)

FORMAT[13HRANK GF FLCWS)
WRITE(NC,157) [5SSIYR,5),YP=1,NYROR])
RE FURN

END

SUBRNUTINE [NTRPIIT,CPRS,VALUEL,VALUE?,VALUEY)
COMMON/TONEV/NR(N® 4 NC, TAPEL, TAPE?, TAPES

REAL MFSS(13,46)

[NTEGER TAPE1,TaPE/,TAPE3

INTEGFR T,CPLF

DATA MESS/BHSPILLAGE 8HLEVEL NE,BHRECSFRVOI,9HPLAN FIL,8HIVPLEMED,
#BHIMPLEMEN ) YHIMPLF MEN 4 BI[ MPLEMEN yRHRECYCL [N, SHPFRCFNTA, BHLEVFLS [,
#BHI TTERRAT,RHLI STRIRL ,RHCD=-S TAND , 8HCC-STAND,, 8HINCUSTR [, BRCD-STAND,
®BHCU-STANG, 8H s GHLCW CTNS,BHR FVMPTY ,BHEL § EXFA,8+TATINN 0O,
EBHTATION O, B8HIATINN C,2HTATICN O,8HG IMPLEM, BHGF RATIO,8H THRU &4 ,
#BHION LTMI,ShTION MO,BHEY DFMAN,BHRY DFMaN,BHAL FQUAT,3HBY DEMAN,
“8HBY DEMAN,8H »BHERVATION,BH ¢ RHUSTED ¢+ BHF MEW ST,
#8HF NEW RF,BHF NEw hEyBHF NEW PR4BHENTED » BHNNING EX, BESUM TN Z,
*8HT EXCFEL,8HIFICATIC,RHO MQCI1FI,8HD MODIF[,BHINN CONS,8HU MODIFT,

#8HD ADOED .AH 8H PTOL 18H -1 s BEREAM Cuiv,
€BHSERVIRR ,BHLL COMPL,BHOJELT CO,8H +BHCEEDS LI, BHERD '
*BHFL »RHN REDUFS,RHCATION R,8SHCATIOM R,8HTANT [NCyBHEO AS SHy
#8HAS SHOWN,8H 18K +8H s 8H »BHPLETED
#8HCUMPLETF,8HETED +EHNPLLTED 48H + AHMIT ' 8H ’
#8H #8hT INVALI,BHEJUEST T,8HEQUEST I,8HRFASED ,8HNWN ’
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20

22
24

25

23

26

v

20

*6%8H » 8HN 1HEEH 18KC » EHNVALTD-A,
*BHNVALID-B,3%8H /

IF(COLE .EN. 0IGU TO 20

WRITE(TAPE3) T,CORE.VALUEL,VALUE?,VALUE]3
RETURN

END FILE TAPE3

REWIND TAPE?

IYR=T

CALL HEADNG(1)

WRITEINP,2?)

FARMATU///7413X15HE V F N T Seaeee//)
READ{TAPE3) NFoA,vi,4V2,V3

IFIECFITAPE)) 26,25

IX=NV/12

ITsNT-1X%12

IX=1YR¢[X

WRITEINP,23) NToIXoIT,IMESSINyLIoL=1461,V1,V2,V3
FORMATIL3Xy013,2Xs1401H/,1242X06AR,2X,3F10.7)
GO 10 24

RETURN

END

SUBROUTINE FXPANDIFNCQ, Ty XPLN,IR)
COMMON/PLANS/FE(6) 4LEL6) JNE(6)4PLNID,30)
INTEGHER FLoLE NTPLNsXPLNIT)FNC, T

DATA TROF,IERF,15,1P/7777,9999,8,9/

THIS ROUTINE PERFHRNMS THF FILE MANAGEMFNT DF THE VARIGUS PLANS
THAT ARE 9 RF [NMPLFMENTED

ARIABLE DFSCRIPTION
NAMF
FE FIRSTE ENTRY PCINIER

FNO F1LE NUMBER
IRNF BFGINMING NF FILE CNDE
1EQF EXND TF FILF CCDF

e PREDECLSSCR OCINIER

127 POINTERS

IR RETURN [F PLAN [ADICATFR

(s SUFCFSSSNR PCINITR

LE LAST ENTRY PCINTLR

NE NUMBER LF FNTRIES

PLN ThE varR(Cuysy PLANRS Tf AL [MPLEMFRTTD

PLNIT,IPT)
PLN(2,IPT)
PLN[3,IPT) LAG TIME
PLN{4,IPT) CNNE
PLNIS,1PT) = ATTRIRNIES 1 THRU 3

XPLn THE PLAN RCMCGVED AND Tri RF IMOLEMINTED AT TIME T

PLAN NUMAER
START TIM{/FND TIME

GO TO 120,20420,2C,49,49),FNC

IF THE TIME IS APPRCPRIATF, REMOVE THE PLAN AT THF TN® OF FILE
NUMBER 1 AND ARJUNT THE POINTERS

IR=9

IFINF{FNDO) .G)a 01GC TO 24
IF(NETFNC) JLT. O)PETURN
NE(FNO) =-1

RETURN
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NTRAT21
NTRPT2?
NIRPT23
NTRPT24
NTROT25
NTRO 26
NTRPI2T
NTRPT2¢
NTRPT29
NTRPT3N
NTRP T3t
NTRPT2?
NTRPY31
NTRPT 34
NTRD 126
NIRPI6
NIRPTAY
NTRPT3A
NTR2TIY
NIRPT4O
NIROT4]
XONT OC1
XPNICC?
X04NOC 4
XPNNCCa
XN 005
XPunnch
XPNDPCC?
NOC e
KONI G0
XpH{.01t
xPLRO1Y
LPNNC1?
XoN(e13
XPIN(14
XPMGOLH
UL A BN
XPNCOL/
XoMO01Y
APNNOLY
XPANe2n
YONDD2)
XONI*G2?
XPyNG2 4
(PN 26
XPuIN25
XPuh(2n
XPii2 7
XPyDC 28
XP G2
X2NNNY)
XP' D031
x9NPe32
XPNDO 13
XPAPC3S
X?240033
XPNT 036
XON{.P3 7
XPNNO 38
XP G 3y
XPNPO4Q



aEalinNel

24

21

22

2

-

50

5

97

5

-

54

55

I1PT=FEIFNO)

IF(T oNE. PLN(2,IP1))RETURN

IR=1

0N 21 I=1.,7
XPLNCII=PLNUI,IPT)
CNTINUE

IFIPLN(IS,1PT) JE0, TEOF)IGO TC 22

FE(ENOL=PLN(IS,IPT)
IX=tE(FNC)

PLNLIP, IXI=IBIF
NE(FNO)=NF [FNU)-1
DO 23 1=1,IP
PLN(I,[PT) =0
CONTINUE

IFINFIFNU) H) . O)RFTURN
LE(FNO) =0

FE(FNO) =0

RETURN

RCMOVE THE PLAN AT THF ICP NF FIIF ENN AMDINSFRT [T Iy FILE WUMTER
1 RAMKEL €l TIMF TLVF). AL JULST PCINTTRS APPROORIATELY.

IFINCIFNM 6. 0)GE TN 50
IF(MF(FND) LT, O)IRETHURN

CALL INTRPTIT44,0.0243.043.0)

NE(FNU)=-1
RE TURN

1P TF2=FE RN
1%=0

FE(PLNE2,IPT21.5T 0D IR=~1
KEY=PLNI3,1PT2)eT
PLN(2,1PT2)=KEY
IPT=PLNIIS,[*12)
IPTL=FE(1)

IF (WE(1) AT 2)0N IC 51
FE(1)=1PT2
LEt1)=1PT2
NELL) =1
PLNTISIPT2)=1ECF
PLNIIP,IPT?2) =1 F
GO 10 5¢é

[F(KEY oLT. PLRI2,IFTL))ON TC 54
TFIPLNUIS, TPTI) otQe IVGLFILN

IPTL1=PLNCIS,IPIL)
GO i 51
PLNLIS,IPT2)=IEQF
PLNTIP,IPT21=Lt (1)
PLNUIS,IPTHI=IPTD
LEIL)=TPT2

Gl TN 55

IF(PLNIIP,IPT1) .NE. IPOFISO

PINIIS,IPT21=F[11)
PLMIIP,IPT1)=IPT2
FELLL=TPT2?

GO 10 S5
OLN[IS,IPT21=]PI1
PLM(IP,IPT21=0LNII?,IPT])
IX=PLNILP,IPTL)

PLNIIS, IX)=IPT2
PLNCIP,IPTL)=IPT2
NEIL)=NE(1)+1
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10 5?2

IC 54

XONQO4)
XPNDC4?
APNLIO4 S
XPNCN44
XPD04S
XPN046
XPIHi04T
XOeNND4B
XPNDO4S
Xe00st
XO41(C5]
XP40{ 52
XONBLS 3
XPNNNS54
XONNCH S
AONN(54
XPNDOST
XD ORH
XPNMLGHD
XPHIPNAT
XOuhiGet
XoNyig2
XMhng 4
XD yhig4
P CATH TS
XPyOra,
X2AD%67
XPHiNg e
XONIL &Y
X rar
XPpIHY Y
X2 472
Xoq1Hi 74
X074
XONUNT4A
X2\, 14T
¥oag 24l
Xp i 74
X0l 740
Xowi 747
XPMi Tart
X0une 7,
KOG
XoN1e 1Y
X2Urc 7
XPYRC TN
X ynhnp:.
XOn{0 e |
X0 IL0Ps
X0 IneeR
L LA
XPNESR%
XPNC L EA
XONICE?
XPyprg2
xeNpng?
x°huposn
XPNLGSt
XenN{nq?
XPNDOT3
APRDCS4
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[aEaEakal

56 NEIFND)=NEIFNO)-1
IFINEIFNO).LE.OIGD 11 57
IF1IPT.EQ.IEOF)GO TO 57
FE(FNO)=IPT
PLNUIP,IPTI=IKCF °
RETURN

57 FE(FNO)=0
LE(FNN) =0
CALL INTRPTIT,4,40.0,0.0,0,0)
RETURN
ExD
SUBROUTINE SEARCH(1,IFDUND)
COMMON/PLANS/FE(61,LF(6)4NEL6)yPLNIG,8N)
INTEGER FF,LE,NE,PLN,T
DATA 15/8/
124=T+24
IFOUND=0
IFINEI11.LE.0)GD 10 22
N=NEIL)
IPT=FF(1)
DN 21 I=1,N
IFIPLN14,[2T).EQ.5)6GC TO 20
SUBRUUTINF DUMP NNMF1LE
COMMON/TONEV/NR yNPyNC, TAPEL, TAPED, [APED
CNMMON/PLAMS/FF & 4LF 6 oNE 6 +PLN 9,80
INTEGER TAPE1, TAPE2,TAPEY
INTEGER FE,LE,NF,”LN

sxekdxTHIS RDUTING CUVPS THF PLANNING MATRIX

CALL HEADNG 1
WRITE NP,20

20 FORMAT //7/37X,49Hesksxsns JUVMP OF THE PLANNING VATRIX tasenax,

%//749X,23IHF (LE NUMRER FIRST LAST-,
®/69X923H NN ENTRYS ENTRY ENTRY,//

00 22 (1,6 _
WRTTE NP,2L (,NE 1 oFE T ,LE I
21 FORMAT 50X,12,2X,4 15,1X 5

22 CONTINUE
WRITE NP,23 KeK 1,43

23 FORMAT //7/716X+6H CULM »3XoH6H PLAN ,3X,6H TIME ,3X,6H LAGS ,3X,

#6H CODE +3 3IX,S5HATIR 41 +3X+6HSUCCES, IXy6HPRENCS,//
DG 25 1 1,80
WRITE NPy24 [y PLN Kyl 4K 1,9
24 FIRMAT 16X,10 [6,y3X
IF I «NE. 40 GII TU 2?5
CALL HEADNG 1
WRITE NP,23 KoK 143
CONTIMUE
RETURN
END
SURROUTINE HEAUNG Sh
COMMON/HD/TITLE 9
COMMON/TUDEV/NRy NP NC, TAPEY, TAPE2, TAPED
REAL TITLE
INTEGER TAPE1,TAPE2,TAPE3
INTEGER PAGE SW,DATE

2

w

THIS ROUTINE PRINTS A HEADING AT THE TNP OF EACH PAGE OF THE

OUTPUT. SINCE IT USES SURRDUTINE INFQ, 1T IS MACHINE DEPENDENT,
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XPNDCYS
XPND954
XP\NDISR
XPNP 096
XPNDO97
XPNDOYR
XPND9RA
xpPapoan
XPND9EC
XPNCIRD
XONDO99
SRCHOC!
SRCHOC?
SRCHOC3
SRCHNC4
STCHOCS
SREHACH
SRCHOC?
SRCHNCR
SRCHOCY
SRCHOIN
$CHOLL
CMMper
nu¥en
[UH ALY
pymer
gu¥pn
buree
DUMP
DuMPQ
nyvon
ouMpn
LUMPR
pumen
nLePn
puv")
nympn
DyYvo )
nuMPY
DUNJ(‘,
DUMDA
Qumpn
nurpn
ourPn
buyven
puvpn
ny¥" Y
pyren
NLMPG
DUND(,
pumpC
HEADNGNH
HEADNGO
HEADRGN
HFADNG(
HEADNGG
HEADNGO
HEARNG
HEADRGO
HEADNGO
HEADNGD



SOoO0O0O0nO00

[aXalsREaNalasNasNaNalaNaNaNaNaNal

23

20
21
22

23

20
30
4c
50

10
20

IBM 360 SFRIES

REAL #8 TITLF,ADATE,ATIME

CALL INFO ADATE,ATINME

WRITE NP,23 TITLE T 41 1,49 ,ADATE,ATIMF,PAGE

FORMAT LHL,9AB,6XsOHNATE o 188,2Xs6HTIME 5 1A82X,SHPAGF 4,13

CNC 60600 SERIES

IF SW 21,2022

RETURN

PAGE O

CALL INFO DATE,IHR,MIN,ISEC

RE TURN

PAGE PAGF#1

WRITF NP,23 TITLE 1 o1 1,9 +DATE,JUR,NIN, ISEC,PAGE

FORMAT 1H1,9A8,6%X,6HNATE  ,ALCH6HTIME L 12,1k 4 [2,1K ,12,2X,
*5HPAGF , 113

RETURN

ENO

SURROUTINF INF(1 DATE,IHP,MIN,ISFC

INTEGER DATF

THIS ROUTINE UATAINS IHE DAIE ANE THE TIME UF CAY. 1T IS MACHIME
DEPENDENT AND THE USER SHOULD CONSULT THF STAFF AT THE COMPUTER
FACILITY AT wHICH THE PRCGRAM wWILL HE RUN.

IBM 360 SFRIFS SUPPCRTING TIME AND CATC SURROUTINFS
SURRQUIINE INFO ALATF,ATIMC

REAL %8 ANATE,ATIME

CALL TIME ATIMC

CALL DATE ADATE

RC TURN

END

CDOC 6000 SERIFS SUPPORTING CLOCK AND SCATF SUBRDUTINtS

IX CLOCK IHR MIN,|SES
CALL SDATF DATF

RETURN

END

FUNCTION COST PT,f,
INTEGER PT

GJ TD 10+20,30440+50 ,PT
CIST 46.0/0%20.C1746
RETURN

CNST 90.0/Q0%#%).36397
RETUPN

COST 136.0/C%%0.19432
RETURN

CHST 150.0/0%**0.26795

RE TURN

CuST 110.0

RETURN

END

FUNCTION CCDST PT,C
INTEGER PT

GO TD 10,20,30,4D,50 4PV
CCOST 0.075#Q%#0,.90040
RETURN

CCDST 0.106%C#40.649¢61
RETURN
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HFADNGD
HEADNGE
HCANNGO
HFADNGN
HEADNGN
HEANNGO
HEANNGC
HFADNGN
HFADLNGO
HEADNGD
HFAPNGO
HFADPNGY
HEADNGEC
HEADMGD
HEAONGD
HFALNGT
HFANNGH
HEANNGO
HEADNGG
1ran
57Ot
INFOD
INFCU
IMFrA
INFRD
INFCY
INFER
IMEFED
nuFCO
IMENe
INFOC
INFEN
IrECO
INFOT
1NFC2
INFTD
{NFLD
Fn”
IMEQN
INFrG
cnsio
wnses
cesye
csic
cnsice
LnsTe
cnsTd
cnsSTr
cosie
cesro
cusic
Crsir
cesie
cnsie
rcnsrto
ccastr
ccosto
censte
CrOsSTn
CLNSTY
rcnsie



30
40
50

10

CCOST 0.560%Q%%0,62427
RETURN

CCOST N.700%C*%).80978
RETURN

CCUST 0.075%Q

RE TURN

END

FUNCTION RNNRM MEAN,SD
REAL MEAN

CAfA 170/

IF 1 +NE. O GO TL IO
Il

CALL RANSET 9753.0

RA RANF DUMMY

RR RANF DUMMY

V =2,0%ALOG RA *%0,5%C0S 6.283%RM

RNURM V#SD#MEAN
RETURN
END
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ccosrTe
Lensre
£CrsTH
censto
censre
ccasre
cCosTo
QUNRNC
RNORMO
RNOP w2
RAORNMD
RANR VG
RANRMG
RNORMO
AINARMG
RNARMA
RNORMC
LINRMN
INARNMO



APPENDIX E

INTERRUPT CODES AND MESSAGES

During a simulation, the execution of program TINKLE may be interrupted

at various points for the purpose of collecting assorted information on the

operation of the simulation. An interrupt in the simulation is initiated for

one of three reasons:

(a)

(b)
(c)

To indicate that some future event occurred; e.g., a reservoir
expansion.

To indicate that same rare event occurred; e.g., a spillage.

To md:.cate that some disastrous event occurred; e.g., an invalid
demand modification request.

Fach interrupt that is encountered in the simulation is stored for print-

out at the conclusion of the simulation. All of the accumilated interrupts are

printed following the last page of statistical tables produced by the model.

The printed output of interrupts consist of one line for each break in

the simulation. On each line, the following items appear:

(a)
(b)
(c)
(d)

The cumlative time in months at which the interrupt occurred.
The calendar date at which the interrupt occurred.

A message describing the cause of the interrupt.

The values for up to three pre-selected variables.

In the table below, a camplete listing of interrupt codes, messages, and variables

whose values are returned are presented. Under each numbered heading appears

the item or variable name whose value will be returned with the message. If

no variable name appears under a mumbered heading, then the value printed at

that positon will be zero. As an example, consider the following line fram an
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interrupt print out.

95 1979/11 IMPLEMENTATION OF NEW STREAM 105.00 95.00 0.00
This message tells one that a new stream was added to the water system in the
95th consecutive month fram the beginning of the similation or alternatively,
in November of 1979. By consulting the table below, we find that the first
number following the message (105.00) is the plan number the user assigned to
this stream addition when he prepared data card type VI. The second number
following the message (95.00) is time in cumuilative months at which this stream
was to be initiated (this number was specified by the user on data card type VI).
Finally, our table indicates that the third mmber following this message (0.00)
does not represent a physical quanity and therefore should be zero.

INTERRUPT CODES AND MESSAGES

CODE INTERRUPT MESSAGE -1~ -2- -3
1  SPILIAGE RLEVEL  SPILIAGE
LEVEL BELOW CONSERVATION POOL RIEVEL  RCPL

3 RESERVOIR EMPTY RLEVEL

4 PLAN FILE 5 EXHAUSTED

5 IMPLEMENTATION OF NEW STREAM COMPLETED PLAN NO BEG. TIME

6 IMPLEMENTATION OF NEW RESERVOIR COMPLETED PLAN NO BEG. TIME RLEVEL
7

8

9

IMPLEMENTATION OF NEW WELL COMPLETED MO NEW FLOW
IMPLEMENTATION OF NEW PROJECT COMPLETED MO NEW FLOW
RECYCLING IMPLEMENTED OPTN1 RRON RROFF

10 PERCENTAGE RATIONNING EXCEEDS LIMIT RATION PRL

11 1EVEIS 1 THRU 4 SUM TO ZERO SM 1-4

12 ITTERATION LIMIT OR1 QR2 OR3

13 DISTRIBUTION MODIFICATION REQUEST INVALID USER NO AWT L NO )

14  CD-STANDBY DEMAND MODIFICATION REQUEST USERNO AWTL NO ADD-D
INVALID-A

15 CD-STANDBY DEMAND MODIFICATION REQUEST  NOCD
INVALID-B :

16 INDUSTRIAL BQUATION CONSTANT INCREASED PLAN NO  CONSTANT

17  CD-STANDBY DEMAND MODIFIED AS SHOWN PLAN NO INC DMND

18 CD-STANDBY DEMAND ADDED AS SHOWN PLAN NO NEW DMND
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APPENDIX F

VARIABLE NAME LIST

DESCRIPTION

ADDITIONAL INCREMENT TO PROJECTS

ADDITIONAL INCREMENT TO RESERVOIRS
ADDITIONAL INCREMENT TO WELLS

ANNUAL WATER USE

ADVANCED WASTE TREATMENT OPERATION ARRAY
CONTINUOUS DEMANDS

CUT, MAXTMUM FLOW LEVEL

QuT, MINIMUM FLOW LEVEL
CUMULATIVE NET FLOW AT LEVELS 1-4
CUMULATIVE NET FLOW AT LEVEL 4 DESTINED FOR
THE RESERVOIR

TYPE OF CONSTRUCTION UNDER WAY
CONSUMPTION LOSSES AT LEVELS 1-3

DATE A NEW STREAM WAS IMPLEMENTED

DEFLATOR, CONSTRUCTION COSTS

DEFLATOR, OPERATION AND MAINTENANCE COSTS
PERCENTAGE DISTRIBUTIONS
DEMAND FOR WATER, LEVEL
DIFFERENTIAL PRICE RATE INCREASE, SUMMER MONTHS
» DOMESTIC AND COMMERCIAL
DIFFERENTIAL PRICE RATE INCREASE, SUMMER MONTHS
» INDUSTRIAL

DEMAND FOR WATER, TYPE

EMPIOYMENT, RATE OF GROWIH OF

EMPLOYMENT

EVAPORATION PERCENTAGES, MONTHLY

EXCESS FLOW AT THE LAST LEVEL OF RECYCLING
IF NOT LEVEL 4
HISTORICAL DATA ON ANNUAL STREAM FLOWS
HISTORICAL CUMULATIVE TIME

CONTINUOUS DEMANDS, SUBSCRIPT OF DEMAND TYPE
DISTRIBUTION, SUBSCRIPT OF DEMAND TYPE
INDEX FOR TABULATING THE FREQUENCY OF THE IDSNQ
PRINTOUT

INVESTMENT COSTS ARRAY

NUMBER OF CONSECUTIVE MONTHS OF INCREASED
PROJECT FLOWS

INDICATOR FOR THE RETURN OF A PLAN FROM EXPAND
STREAM INCREMENT, FOR DATE OF COMPLETION
TEMPORARY INTEGER

NUMBER OF OONSECUTIVE MONTHS OF INCREASED
WELL FLOW

TEMPORARY INTEGER

NUMBER OF YEARS OF HISTORICAL DATA ON STREAM
FLOWS
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UNITS

A.F.
A.F.
A.F.
A.F.

MG/D
CFS

MG/D
MG/D
MG/D

MG/D

-
* [ ]
oo

1.0
1.0

0.0045
7240.0
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FLON, TO THE AWT ON JAN. 1
CONSTANT FOR WATER QUALITY TEST
LABEIS FOR AWIO TABLE

CONTINUOUS DEMANDS, SUBSCRIPT OF DEMAND LEVEL

DISTRIBUTION, SUBSCRIPT OF DEMAND LEVEL
10SS, IN THE DEMAND ROUTES AT LEVEL 1-4
RESIVOR LEAKAGE CONSTANT

10sS, IN THE AWT PROCESS AT EACH LEVEL
YEARS, FOR PRINTOUT

MEAN OF THE RANDOM ERROR TERM ADDED TO THE
DEMAND BEQUATIONS

ARRAY OF MESSAGES FOR THE INTERRUPT CODES
MINIMUM REQUIRED OUTFLOWS PER STREAM
(DATA READ IN IN C.F.S.)

AGGREGATE MINIMUM REQUIRED RESIVOR FLOWS,
(MONTHLY)

TIME, YEARLY IN MONTHS

NUMBER OF STREAMS INITIALLY IN USE + 1
NUMBER OF ADDITIONAL STREAMS PLUS ONE
NUMBER OF ADDITIONS TO PROJECTS

NUMBER OF ADDITIONS TO RESERVOIRS

NUMEER OF ADDITIONS TO WELLS

LOGICAL UNIT NUMBER FOR CARD PUNCH

NUMBER OF DECADES IN THE SIMULATION
TEMPORARY INTEGER

NUMBER OF CONSECUTIVE MONTHS RECYCLING HAS
BEEN OPERATIONAL

NUMBER OF CONTINUOUS DEMANDS

NUMBER OF CUTS ALLOWED UNDER WATER IAW
NUMBER OF DEMAND SUBDIVISIONS
NUMBER OF DAYS IN EACH MONTH

NUMBER OF PLANNING FILES, TOTAL

NUMBER OF PASSES THRU EACH LEVEL OF THE AWT
NUMBER OF STREAMS OR STATIONS, TOTAL
LOGICAL UNIT NUMBER FOR LINE PRINTER
LOGICAL UNIT NUMBER FOR CARD READER
NUMBER OF STREAMS CURRENTLY IN USE AT TIME T
TEMPORARY INTEGER

NUMBER OF YEARS OF PROJECTION OR SIMULATION
CPERATING COSTS
VARTABLE FOR THE CODE FOR OFF
VARIABLE FOR THE CODE FOR ON

IS THE RECYCLING FEATURE DESIRED

(=0, NO=1, YES ) *

MUST STREAM EFFLUENT BE TREATED AT LEVEL 1
(=0, NO=1, YES )

FIXED AND VARIABLE COSTS FOR STREAMS,
RESERVOIRS, WELLS, AND PROJECTS

PIPELINE CONSTRAINT ON FLOW
PARAMETERS FOR DEMAND BEQUATIONS 1-5
POPULATION, RATE OF GROWIH OF

PREVIOUS RESIVOR LEVEL
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MG/D
250
CFS 10.0
MG/D
A.F.
AF.
MOS
NSTA+L
1
7
0
0
0
DAYS
30
6
5
28
YRS 50
M$
9
1
YES
NO
CFS

MOS 0.0045
A.F. 65704.0



PISTQ PERCENTAGE OF LOCAL TO SECOND. TREAT. FLOW
PLTOQ PERCENTAGE OF LAWNS TO TOTAL FLOW

POP POPULATION MEN 150000.0
PRICE1 PRICE, TEMPORARY VALUE FOR DOMESTIC AND

COMMERCIAL $/1G
PRICE2 PRICE, TEMPORARY VALUE FOR INDUSTRIAL $/1G
PRICEC PRICE, MUNICIPAL $/1G 0.000
PRICED PRICE, OF DOMESTIC AND COMMERCIAL WATER $/1G 0.717
PRICEI PRICE, OF INDUSTRIAL WATER $/1G 0.400
PRICEM PRICE, MILITARY $/1G 0.000
PRICEN PRICE, NON-POTABLE WATER $/1G 0.270
PRL PERCENTAGE RATIONNING LIMIT 0.30

PROBL PROBATILITY LIMIT WHEN USING RECYCLING TO 0.70
TRIGGER STREAM OR RESIVOR EXPANSION
PROC PROCESS ILABELS FOR OPERATION COSTS TABLE

PROJCT PROJECT FLOWS A.F.
PT1-2 PROCESS TYPE, 1EVELS 1+2 AWT
P PRESENT WORTH OF INVESTMENT COSTS ARRAY M$
Q FLOW, AVERAGE INTO FACH LEVEL OF THE AWT MG/D
QA FLOW, AGRICULTURE , MG/D
oG FLOW, GENERATED AT EACH LEVEL OF AWT MG/D
QI FLOW, IMPORTED WATER (AND IATER THE FLOW MG/D
RETURNED TO STREAMS)
QIR FLOW, IMPORTED ENTERING RECYCLE PROCESS MG/D
QL FLOW, LOCAL WATER MG/D
oM1-4 FLOW, MAXIMUM AT IEVELS 1-4 ' MG/D
oA FLOW, NET PER CYCLE AT LEVELS, DESTINED MG/D
FOR THE RESERVOIR MG/D
QoL FLOW, OF LAWN USE MG/D
QouT FLOW, NET DRAIN OUT OF THE RESERVOIR A.F,
QRR FLOW, RECYCLED TO RESERVOIR MG/D
QR1-4 FLOW, RECYCLED FROM LEVELS 1-4, EXCLUDING MG/D
THE RESERVOIR
Qs FLOW, SOLD TO OTHER CITIES MG/D
QuUl-4 FLOW, CUMULATIVE USE AT LEVELS 1-4 MG/D
QUR FLOW, CUMUIATIVE USE AT LEVEL. 4 DESTINED
FOR THE RESERVOIR MG/D
R INTEREST RATES
RAIN RAINFALL FOR THE CURRENT MONTH INCH
RAINAV RAINFALL, AVERAGE FOR THE MONTH INCH
RATION PERCENTAGE RATIONNING
RCPL RESERVOIR, CONSERVATION POOL LEVEL A.F. 3325.0
RECYCL: RECYCLE SWITCH, ON OR OFF ON
REVAP RESERVOIR EVAPORATION, MONTHLY A.F.
RIMPRT RESERVOIR, LEVEL OF IMPORT WATER A.F.

RINDEX RAIN INDEX FOR DOMESTIC DEMAND EQUATION

RTIL RECYCLE ITTERATION LIMIT 30
RLEAK RESERVOIR LEAKAGE A.F

RLEVEL, RESERWIR, CURRENT LEVEL AT TIME T A.F. 66743.0
RIMAX RESERVOIR, MAXTMUM LEVEL A.F. 125614.0
RIOCAL  RESERVOIR, IEVEL OF LOCAL WATER A.F. 33371.5
ROIN RESERVOIR, FLOW IN A.F

ROOUT RESERWIR, FLOW OUT A.F
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SEAS1
SEAS2

SKIP

TOIR

RESERVOIR RECYCLE, OFF LEVEL

RESERVOIR RECYCLE, ON LEVEL

SUMMARY OF ADVANCED WASTE TREATMENT ARRAY
SEASONAL CUT, BEGINNING MONTH

SEASCNAL CUT, ENDING MONTH

STANDARD DEVIATION OF THE RANDOM ERROR TERM
ADDED TO THE DEMAND EQUATIONS

THE NUMBER OF YEARS OF GENERATED FLOWS
THAT ARE TO BE SKIPPED BEFORE STARTING

THE SIMULATION

STREAM, NAME OF

STREAM, NET FLOW

STREAM, VIRGIN FLOW
STREAM, TOTAL ANNUAL FLOW

STREAM, 12 MONTH FLOW

SUMMARY OF SUPPLY IN STORAGE ARRAY

STREAM, INDEX FOR

STREAM, STATION NUMBER

SECONDARY TREATED FLOW

SWITCH, INDICATOR FOR LEVEL 4 WATER DEMAND
SWITCH, INDICATOR FOR FIRST PASS THRU LEVEL 4
FOR RECYCLING TO THE RESERVOIR

SWITCH, INDICATOR FOR FULLFILIMENT OF DEMAND
AT THE CURRENT AWT LEVEL ON THE CURRENT PASS
SUMMARY OF WATER DEMANDS ARRAY

TIME, COMULATIVE IN MONTHS

LOGICAL UNIT NUMBER FOR STREAM FLOW DATA
LOGICAL UNIT NUMBER FOR IDSNQ DATA DEVICE
LOGICAL UNIT NUMBER FOR INTERRUPT MESSAGES
TITLE, TO APPEAR ON EACH PAGE
TEMPORARY REAL NUMBER
TEMPORARY REAL NUMBER

TEST VALUE OF WOR BEFORE LEVEL 4 TREATMENT
TOTAL FLOW RECYCLED FROM THE USERS DURING THE
CURRENT MONTH

TYPE OF WATER IN STREAM (LOCAL OR IMPORT)
VARIABLE COSTS FOR EACH INCREMENT TO STREAMS
RESERVOIRS, WELLS OR PROJECTS
VOLUME OF THE RESERVOIR

WATER QUALITY OF THE RESERVOIR

TEMPORARY VARIABLES

TEMPORARY REAL ARRAY

THE CURRENT PLAN RETURNED FROM THE PLANNING
FILE

YEARLY INCREMENT

STARTING YEAR OF THE SIMULATION
TEMPORARY ARRAY
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A.F.
A.F.

MG/D

42667.0
30000.0

[= N =]
(=N

15
17

70.0

1972
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