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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 

'U.S. Bureau of the Census, Statistical Abstract of the United  
States, 1972 (93d edition) Washington, D.C., 1972, p. 173. 

2 	. Ibid. 

3Nathaniel Wollman and Gilbert W. Bonen, The Outlook for Water, 
Baltimore: The Johns Hopkins Press for Resources for the Future, 
1971, p. 60. 
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TABLE 1 

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 mecganism 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 

2 



Do Nothing Modify Supply Modify Demand 

TABLE 2 

ALTERNATIVES FOR BALANCING SUPPLY AND DEMAND FOR MUNICIPAL WATER SUPPLY 

1) Accept Shortage 1) Increase Supply 
a. Divert New Streams 
b. Provide Increased Storage 
c. Use Ground Water 

crease Efficiency 
Reduce Reservoir Evapora-
tion 
Eliminate Leaks 
Increase Runoff 
Reduce Evapotranspiration 

3) Weather Modification 

4) Desalinization 

5) Renovated Wastewater 
a. Non-potable Uses 
b. Potable Uses  

1) Restrictions 

2) Price Elasticity 
a. Peak Pricing, i.e. Peak 

Summer Pricing 
b. Marginal Cost Pricing 

3) Meters 

4) Publicity Campaign Emphasizing 
Water Use Conservation 

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

2) In 
a. 

b. 
c. 
d. 



water and interbasin transfers are required. 1 

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 

1
Wollman and Bonen, op. cit., p. 18. 

2This is an attitude expressed commonly by groups such as S.O.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. 

4 



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: in some cases as much as 15 

percent of the water withdrawn may be unaccounted for because of 

leakage.
1 

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. 

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

2
The 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. 

5 



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 low.
1 

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 

1Clifford S. Russell, David G. Arey and Robert W. Kates, 
Drought and Water Supply, Baltimore: The Johns Hopkins Press for 
the Future, 1970. 

2Ibid. 

3 Ibid. 



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) 
 

Although physical conditions in water-short areas will dictate 

increased water reuse, it has already been recognized by innovdtive 

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. 
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discharge into navigable waterways.
1 

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. 

1
The 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. 

2
Daniel 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 - 

8 



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 

efficiency 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. In 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 wateravailable for a stated 

9 



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 

streamf low 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 

streamf lows is generated which also may not be rppresentative 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 handbooks 

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 

1Gordon 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 
Annual Flow 	 Gallons Daily 

Levels of Assurance and 
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 0. G. LOf 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. 

11 



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. ' 

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 

1
Russell, Arey and Kates, Drought,  p. 58. 

2fl
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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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) The The group studied 

reuse applications in ten cities located in the East, the Southwest, 

a 
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 

1Roger 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. ' 

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 

1G. 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. 

2
John C. Merrill, et al., The Santee Recreation Project, 

Santee, California (Cincinnati, Ohio: 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.
1 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, 1st 
Session, June 25, 1973. 
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to source of supply or treatment. ' 

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. 
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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 untreuted 

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 (71/2 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 

'Earnest 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). 

4 Ibid. 

5
W. Wesley Eckenfelder, Jr., Water Quality Engineering for  

Practicing Engineers (New York: Barnes and Noble, Inc., 1970). 
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Location Type of Use 

92 

42 

14* 

2 

3,4 

5 

6-7.50 
0.31 

23 
6 	none available 
6 	unsatisfactory 

no cost 	80 
no cost 	65 

25 
550 
75 
30 
57 
44 
45 

20 
10 
70 

no cost 
120 
49 
27 
16 
11 
14 

1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
1 
1 

TABLE 4 

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

Cost of 	Cost of 
reclaimed alternative 
effluent water supply Reference 
$/ac-ft. 	$/ac-ft.  

Pomona, Calif. 
San Bernardino, Calif 
San Francisco, Calif. 
Taft, Calif. 
Talbert, Calif. 
Abilene, Texas 
Kingsville, Texas 
San Antonio, Texas 
Grand Canyon, Arizona 
Santa Fe, New Mexico 
Las Vegas, Nevada 
Big Springs, Texas 
Baltimore, Maryland 
Amarillo, Texas 
Los Alamos, Texas 

Los Angeles, Calif. 

Whittier Narrows, 
Calif. 

Irrigation 
Irrigation 
Parks, Lakes 
Irrigation 
Irrigation 
Irrigation 
Irrigation 
Irrigation 
Lawn irrigation 
Golf course 
Golf course 
Oil refinery 
Steel plant 
Oil refinery 
Power plant 

cooling water 	24 
Groundwater 

recharge 	18 

Spreading 	16.85 

*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(1), January, 1958. 
5 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. 291. 
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Treatment 
process 

Removal characteristics 
and efficiencies 

Estimated 
cost of 
treatment 

process only 
(0000 gals) 

Estimated 
average 
total cost 
of reuse References 
($/1002. 
gals) 

70-95% removal COD-
bearing organic 
material. Effluent 
contains 10-15 ppm 
organics. Inorganic 
salts not removed. 

85-95% removal ABS, 
25-35% removal organic 
residuals. Effluent ABS 
less than 0.5 ppm. 
Inorganic salts 
not removed. 

Coagulation- 95% removal phosphates, 
sedimen- 	40% ABS, 50-70% 
tation 	organic nitrogen 

1,2,3 .05-.10 0•27
b  

Absorption 
with 
activated 
carbon 

Foam 
separation 

.02 •27
b  

1,2,4 

.07-.15 .30 	2,5 

TABLE 5 

COST AND EFFICIENCY OF ADVANCED WASTE TREATMENT FOR WATER REUSE 

a Total costs to meet drinking water standards, exclusive of distribution and 
collection. 

b 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. 

5 
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) The 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 reusing 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 

'John 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." 

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 

1James 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. 

2
Duane 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)  

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 

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

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. 

2
The 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 
Psychology at George Williams College, Downers Grove, Illinois. 

1Daniel Bell. The Coming of Post-Industrial Society: A Venture  
in Social Forecasting.  New York: Basic Books, 1973. 

2
John•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 staggering 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 experts--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 

30 



problems.
1 A noteworthy exception is Sewell's 2 

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 solutions 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 engineers 3 

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. 

3The 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 

Person 
Consulting 	 State Health 

Total (N=120) Engineer (N=98) 	Off ical (N=22) 

percent 
93 Mayor 

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, p.10. 
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if predictable, interprofessional differences appear. Is 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.
1 

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 

1 
Sewell, op. cit. 
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Positive Negative Neutral 

Person % Person % Person 

Consulting 
engineer 

City engineer- 
ing staff 

54 Health official 

47 City legal 
counsel 

58 Mayor 

49 Mayor's staff 

76 

65 

Public Health 
official 

12 Mayor 7 Public Health 
offical 

30 

TABLE 7 

WATER REUSE MEETING: PARTICIPANTS' STANCE 
TOWARD PROJECT 

Representative 
of the public 

Representative 
of bus. & ind. 

City council 
member 

28 City council 
member 

25 Representative 
of public 

19 Representative 
of bus. & ind. 

48 City water works 	54 
superintendent 

48 City legal counsel 51 

40 City engineering 	50 
staff 

Mayor 17 City water works 30 
superintendent 

Consulting engineer 36 

City water works 
superintendent 

Mayor's staff 

16 Mayor's staff 

15 Consulting 
engineer  

20 Representative of 	35 
bus. & ind. 

10 City council 	33 
member 

City legal 
counsel 

The press 

City public rels 

0 City engineering 
staff 

* The press 

* City public rels 

3 Representative 
of public 

* The press 

* City public rels 

24 

* 

* 

*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 professional 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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Public 
Consulting 	Health 

Total 	Engineers 	Officials 
(V=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 

TABLE 8 

WATER REUSE MEETING: EXPRESSED CONCERNS 

* For interprofessional difference of this variable, pC.10. 
** For interprofessional difference of this variable, pz. .05. 

*** For interprofessional difference of this variable, 134-.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. "1 

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 

1 	. Ibid. 
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Mechanism 	 Total (N=120) 

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

Considerations of alternative sources 
of expanded water supply 

per cent 

20 

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 

TABLE 9 

WATER REUSE MEETING: CONFLICT COPING MECHANISMS 

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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Public 
Consulting 	Health 

Total 	Engineers* 	Officials 
(N=120) 	(N=98) 	 (N=22) Resolution 

TABLE 10 

WATER REUSE MEETING: RESOLUTIONS 

percent 

- no qualifications 	20\ 	 24\ 	 5 
FOR 	 ).-35 	,)39  \--39 	 >18 

- partial, limited 	15/ 	 13 
for crisis only 

UNDECIDED postpone de- 	22 	 23 	 14 
cision, await 
further study 

- use only as a last 	22 \ 	 36\ 
resort 

AGAINST 	 \-43 	 38 
21 / 	

>68 
- no qualifications 	 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 contrasts 

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 

1 Ibid. 
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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 is 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 Engineers has prepared 27 standard programs 

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

'Southern 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)  

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 

streamf lows rather than a historical trace of actual flows. Using 

'U.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 
yen 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 streamf lows 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 streamf lows, 

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 streamf lows, 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+ az 

Where Q = Simulated value of the monthly flow 
u = Expected value of the monthly flow 
a = 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 a 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. ' Using the normal standard deviates, regressions 

are performed on groups of teri stations in which the simple and 

multiple correlation coefficients are calculated for the present 

and preceding month. 

The synthetic streamf lows are then generated as deviates 

by using the formula: 

K 	K. 	+ B K. 	+ . . . + B 	K. 	+ B.K. K. 	= B ,j 1 	1,1 	 2 1,2 	 j-1 1,j-1 	j 1-1,j 

B 	K. 	+ . . . + B K. 	+ 	 (Z) 
j+1 1-1,j+1 	 n 1-1,n  

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 

'U.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). 

2
The 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) This 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 

1F. 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. Wyscarver 2 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 streamf lows 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 

'Smith 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 

streamf lows. 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 streamf lows 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 streamf low costs. If it is not the twelfth month, 

the program returns and reads the next month of streamf lows. 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 streamf low 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 monthand year of the simulation 

'File 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 

to 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) For 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 

2. 
if planning File 2 if subroutine EXPAND indicates. This is done 

by changing the intercept of the demand equation. 

1. 
File 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 3 1 
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 qs 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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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 distribution system 
0 

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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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).
1 

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 10-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. 

1Total 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 II 

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 may be diverted, and any intervening 

rights. 

Historical Annual Str eamflow, ,  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 streamf low 

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,  

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 I 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 implemented 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 El 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 supply to meet these projections. The yield of 

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

'Colorado 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 Demogn71767--- 

 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 IV. 

COLORADO SPRINGS: A HISTORICAL PERSPECTIVE 

The Setting: 'En'vi'ronment,. 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.
1 

In 1919, in response to a petition 

filed the previous year which asked the city to investigate the 

"Historical information in .this section is from Department of  
Public Ut•lities: ,  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 

pledged 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 sewer 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) Had Had a normal property levy been assessed, 

it would have raised 200,000 dollars. 2  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 

'City of Colorado Springs, Department of Public Utilities. 1970 
Annual Report,  p. 11. 

2 Ibid. 
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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 

1, '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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Figure 11 . 

COLORADO SPRINGS 
POPULATION GROWTH 

1940 - 1970 

Source: Colorado Springs Depabnent of Public Utilities 
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Year 	Colorado Springs 	El Paso County 	County Residents 
Only 

1960 

1970 

Increase 

70,194 

135,060 

64,866 

143,742 

235,972 

92,230 

73,548 

100,912 

27,364 

TABLE 11 

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

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

25 percent of all non-agricultural jobs (Table 12). 1 Many of these 

workers are employees of the North American Air Defense Command 

(NORAD), Peterson Field, The United 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 

1Colorado Division 
Springs, Colorado, n.d. 

2Colorado Springs, 
Revised Feb. 8, p. K-7. 

3 Ibid. p. K-4.  

of Employment, Work Force Summary, Colorado 

Chamber of Commerce, 1972, Statistical Digest, 
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Category 1965 	 1970 

TABLE 12 

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

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 a 	 8.6 	 8.7 

C. Agricultural 	 1.2 	 1.4 

a
Self 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)  

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 

1Charles 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. 1 
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. 

'Charles 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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Average 	11.20 46.5a 	3.50 99.4 	349.6 

TABLE 14 

RESIDENTIAL 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 	(V1000 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 

aEXcluding 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. ' 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). 3 

1See 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 	 1.75 

Treatment 	 6.64 

Transmission and Distribution 	 23.72 

General Plant 	 1.14 

Total 	 96.08 
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Expenditure 	Population 
Year 	(Millions of $) 	(1000'-s) 

Meters in Service 
(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 

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. 1 
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 

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 13). 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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Old New 

First 	500 cubic feet used per 
=nth, per 100 cubic ft.$.77 

Next 3,500 cubic feet used per month, 
per 100 cubic feet 	.40 

Next 46,000 cubic feet used per month, 
per 100 cubic feet 	.37 

Over 50,000 cubic feet used per month 
per 100 cubic feet 	.35' 

MINIMUM CHARGES PER MONTH IN CITY: 

Meter Size 

5/8 inch and 3/4 inch 
1 inch 
1 1/2 inch 
2 inches 
3 inches 
4 inches 
6 inches 
8 inches 
10 inches 

New  

$6.05 
6.05 

12.15 
17.50 
40.25 
70.50 

141.05 
201.50 
275.00 

Old  

$4.50 
4.50 
8.50 

12.50 
29.25 
40.50 
99.00 

148.50 
202.50 

TABLE 18 

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

URBAN 
(City of Colorado Springs) 	New 

SUBURBAN 
(Territory Located Without the 

Old 	 corporate .Limits of the City) 

First 	500 cubic feet used per month 

	

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

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

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

.27 	 per 100 cubic feet 	.54 	.34 

MESTDMIM CHARGES PER MONTH OF SUBURBAN USERS 
SHALL BE AS FOLLOWS: 

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

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

Minimum Monthly 
Charge  

New 	Old 

	

$3.85 	$2.85 

	

3.85 	2.85 

	

7.75 	5.75 

	

11.15 	8.25 

	

25.65 	19.00 

	

44.90 	33.25 

	

89.85 	66.50 

	

128.35 	95.00 

	

175.60 	130.00  

Minimum Monthly 
Meter Size 	 Charge 

5/8 inch and 3/4 inch 
1 inch 
1 1/2 inch 
2 inches 
3 inches 
4 inches 
6 inches 
8 inches 

10 inches 

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 treatment 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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URBAN 
(City of Colorado Springs) 

For the first 500 cubic feet, or 
any part thereof 

For each 100 cubic feet or fraction 
thereof from 500 cubic feet to 
4,000 cubic feet 

For each 100 cubic feet or fraction 
thereof from 4,000 cubic feet to 
50,000 cubic feet 

For each 100 cubic feet or fraction 
thereof in excess of 50,000 cubic 
feet 

The minimum monthly charge shall be 

$2.25 

.08 

.07 

.045 

$2.25 

TABLE 19 

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

SUBURBAN 
(Territory Located Without the Corporate Limits of the 
City) 
For the first 500 cubic feet or any part 	$3.60 

thereof 
For each 100 cubic feet or fraction 	 .12 

thereof from 500 cubic feet to 4,000 
cubic feet 

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

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

The minimminanthly charge shall be 	$3.60 

BASIS CF 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 Nbne 
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 monthlybill. 

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 

95 



TABLE 20 

CALCULATION OF ALLOWABLE REUSE: ACCOUNTING FILED 
PERIODICALLY, COLORADO SPRINGS, COLORADO 

Transmou•tain 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: Water Division, Colorado Springs, Colorado 
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Chamber of Commerce a . 
City 	County 

Pikes Peak Council of Governments b 

County Year 

TABLE 21 

POPULATION AND PROJECTIONS: COLORADO SPRINGS AND EL PASO 
COUNTY, COLORADO 
(1,00) Persons) 

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: a
Chamber 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). 1 

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 1990 2 
 (Figure 16). Estimates by 

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

1
Black and Veatch, Report on Cheyenne Canyon Booster District and  

Templeton Service Area for Colorado Springs, Colorado. (Kansas City: 
Black and Veatch, 1972), p. 15. 

2 Ibid., p. 12. 
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Percent Estimate of 
No. of Customer,e . 	. 	. 	 County Populationb  Year 

TABLE 22 

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

1960 	 83,400 	 58 

1968 	 138,500 

1970 	 141,600 	 63 

1980 	 273,000 	 73 

1990 	 194.000 	 77 	(83) 

aEstimates 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 assume 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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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 

TABLE 23 

PLANNED ADDITIONS TO THE COLORADO SPRINGS, COLORADO 
WATER SUPPLY SYSTEM 

Source: Colorado Springs, Colorado, Water Division records 

feet annually including reuse with an annual capacity of over 12,000 

acre-feet)  

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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Estimated 
Homestake 
Blue River 

13,000 acre-feet 
10,000 acre-feet 

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 31-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 

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 

102 



could have been postponed. If 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 systanuntil 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, CCCORADO SPRINGS, COLORADO: 1948-1970 
(Acre-feet) 

Total Total Avail- Total from 	 Amount in 
Use 	able from 	Other 	 Storage 

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

1948 	10163 	29485 	 19322 	 19,322 1 
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 	698 	3139 	 25,000 

3 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 	1863 	 10037 	6,977 
1964 	28071 	14398 	83616 

	

5312 	1,665 
1965 	26100 	34347 	7261 	15508 	 17,173 
1966 	31352 	17795 	115887 	 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.Mbnument 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. 

104 



10 	 20 	 30 

Figure 18 

PRODUCTION OF 

PIKE'S PEAK WATERSHED: 

811 	FIRM YIELD AND MEAN FLOW 
1940-1970 

Ac
re

  F
ee

t  o
f A

nn
ua

l F
lo

w 
 (1

00
0'

s)
  

• 
• - 

Pike's Peak 31 Years of Total Production Ranked (1940-1910) 

105 



futures for the natural events such as rainfall and streamf low, 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 streamf lows may be inefficient when another equally probable 

range of streamf lows and 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 estimated 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)  

Instead of providing more reuse, the conventional capacity of 

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

1The 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). 1 

'In 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. 

110 



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 

111 



200 

550 

500 

P
O

P
U

L
A

T
IO

N
 I

N
 T

H
O

U
S

A
N

D
S 

450 

400 

350 

300 

250 

X = Consultants estimate of population 

2020 1990 2000 	2010 

YEAR 

1974 1980 

Figure 19 

POPULATION GROWTH ACCORDING TO HIGH, MEDIUM, 
AND LOW GROWTH RATES: 1974 — 2023 

112 



The Plan 	 The Alternative Item 

Conventional Capacity  

Existing 

Additions 

56,200 acre-feet 56,200 acre-feet 

TABLE 26 

THE PLAN AND THE ALTERNATIVE: SCHEDULED ADDITIONS TO CAPACITY 

Eagle Arkansas 	 1977 	 as required 

Homestake (Phase 2) 	 1979 	 as required 

Fryingpan-Arkansas 	 1985 	 1985 

Reuse Capacity 

Existing 	 0* 	 0*  

Additions 

#1 	 1974 	 as required 

#2 	 1978 	 as required 

#3 	 1983 	 as reqnired 

*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 streamf low 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. In 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 equations 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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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 indOpendoM: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 equa-

tion introducing a stochastic element in the monthly demand for 

water. 

1System 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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TABLE 27 

SUMMARY OF RESULTS OF REGRESSION ANALYSIS AND RESULTING DEMAND EQUATIONS 

Sector R
2 

Constant Variable 

libsidential .76 	-3.05 	-0.007 Price 	-0.06 Rainfall +7.28 Seasona +0.07x10 3 +0.005 Time +E 
Index 	 . Population 	(in months) 

Sign. Level 
t test 	 .05 	 .10 	 .00005 	 .05 	 .05 	.005 

-0.058 Price Commercial 	.29 	-4.86 

Sign. Level 
t test 	 .005 

+1.048 Seasona +0.145x10
1 

population 
-0.041 Time +E 

.01 	 .025 	 .0005 	 .0025 

Industrial 	.50 	+1.09 	-0.005 Price 	+0.52 Seasona +0.20x10 3 
+0.0007 Time +E 

Employment 
Sign. Level 
t test 	 .0005 	.05 	 .0005 	 .0005 	 .0005 

Military 	.67 	+2.84 	+2.26 Seasona +0.02 Time 	+E 

Sign. Level 
t test 	 .20 	 .0005 	 .0005 

Municipal 	.22 	+9.15 	+2.40 Time 	+E 

Sign. Level 
t test 	 .10 	 .0005 

n= 144 observations 

a
Season is a dummy 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 establish 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 peicipitation 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. a. 

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)' 

Residential 	Commercial 	Industrial 	Military 	Manicipal 	Tbtal 
F 

	

1970 40.3 	17.1 	3.5 	16.0 	23.1 	44206 

	

1974 41.6 	16.4 	4.4 	18.1 	19.4 	45554 

	

1980 40.8 	23.0 	3.1 	16.3 	16.5 	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, Dapzatmant 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. 1 

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, 

1 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 Levels: 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 

1
The 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. 

124 



25 

en 9 0 

C3 

15 

10 

IIIIMMON•10 

G■11 

UP 
IV 
to 

av 
CO 

LLI 

Idi 

I Ye  

0 
I = 

I  — 

I 
I 0 

GO 

Ul 
I 10 

AC I :t. 

I 	i 
GI 

I DI THE PLAN 

THE ALTERNATIVE 

Figure 24 
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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 streamf low 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). In this series 
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Decade 1 

2 

3 

4 

5 

	

19,000 	 0 

	

40,000 	 0 

	

40,000 	1,400 

	

40,000 	 0 

	

40,000 	 0 

Additions to Capacity (date) 

2.2 

4.8 

14.5 
21.5 

0.7 

0.4 

6.5 
7.6 

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) 

Capacity of Waste Treatment Plant 
(millions of gallons daily) 

106,000 	106,000 

	

recade 1 	 12 	 0 

	

2 	 12 	 0 

	

3 	 12 	 11.9 

	

4 	 12 	 11.9 

	

5 	 12 	 11.9 

Total Reuse Water Processed (millions of gallons per decade) 

Fryingpan-Arkansas 	 1985 	1985 

Eagle Arkansas 	 1977 	1998 

' Homestake 	 1979 	2000 

Present Value (millions of dollars at 6.88 percent) 

Reuse capacity 

Reuse cperations and maintenance 

Conventional capacity 

131 



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 

prediction 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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Decade 1 

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) 

Capacity of Waste Treatment Plant 
(millions of gallons daily) 

106,000 	106,000 

	

Decade 1 	 0 	 0 

	

2 	 0 	 0 

	

3 	 11.9 	12.5 

	

4 	 11.9 	14.2 

	

5 	 11.9 	14.2 

Total Reuse Water Processed (millions of gallons per decade) 

2 	 0 0 

3 	 1400 	2623 

4 	 0 	4026 

5 	 0 	 0 

Additions to Capacity (date) 

Fryingpan-Arkansas 	 1985 	1985 

Eagle Arkansas 	 1998 	3006 

Hcmestake 	 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 	 7.63 	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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Total water use 2009 (Acre-Feet) 135,000 	135,000 

Capacity of Waste Treatment Plant 
(millions of gallons daily) 

Decade 1 
2 

3 
4 

12 	 0 

12 	 26.4 

12 	 27.4 

12 	 32.0 

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 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 

Homestake 	 1979 	 1998 

Present Value (millions of dollars at 6.88 percent) 

Reuse capacity 

Reuse operations and maintenance 

Conventional capacity 

Total 

2.20 

4.44 

14.50 

21.14 

1.91 

1.69 

7.17 

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 total reuse, but reservoir levels could be 

maintained by piping the selected proportion of effluent directly 

to the user. In 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 
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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. 1 

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. In 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 and $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. In this, the 

Alternative never required the second phase of Homestake. The 

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

again insensitive to external conditions, had a present value of 

$21 million. 

1
For 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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RESERVOIR LEVEL 

20,000 	30,000 	40,000 
acre-feet 	acre-feet 	acre-feet 

Decade 

0 	 0 	 0 

	

19.8 	 21.6 	 13.2 

	

33.2 	 21.7 	 20.7 

	

33.2 	 28.0 	 23.8 

	

38.6 	 38.6 	 35.2 

1 

2 

3 

4 

5 

TABLE 32 

PLANT CAPACITY REQUIRED FOR THREE LEVELS OF RECYCLING 
HIGH POPULATION SKIP 48, LATE LOW FLOW 

(millions of gallons per day) 

Summary of All Simulations 

The 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 streamf low 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 
Population 	Years of 	 Presen* Valu 

.88*XPent) Protection 	Simulation 	Ta an 	ea ik-1 ern1 miVe 

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 greater 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 planning 

for the system including reuse were simulated under a wide range of 

streamf lows 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. In 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. 

1Skip 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 sd: (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 have 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. In 

other cities, these costs might be incurred earlier for projects 

which could then be delayed until reservoir levels, water use, and 

streamf low 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 not been discussed with the water management group at Colorado 

Springs, but many of the implications of the simulation may 

have already 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. 1 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 

1Denver, 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 Utilities i ) 

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 

1Arnberg, 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.
1 

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 stmuncombinations rises. For every one percent decrease 

in assurance, the reuse plant could be used an additional one 

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 

1A• 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 d4oice 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 
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in those areas where decisions on reuse are being made. 1 

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 be 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. 

1David 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 
ITER SYSTEM 

by Roy A. Wys caivery 

Introduction  

The use of program TINKLE requires that certain technical considerations 

be net and that the appropriate preparatory work be completed. This can best 

be described by the following outline. 

A. Technical Considerations 

B. Preparation of Hypothetical Stream Flow Data 

1. Generation of Stream Flow Data 

2. Sorting the Data 

C. 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. Mbdifying Program Tinkle to Incorporate the Results of 2 and 3. 

D. Other (Optional) Mbdifications 

1. Incorporating Additional Punched Output 

2. Changing the Water Quality Constant 

E. Machine Dependent Modifications (if required) 

1. Logical Unit Marchers for Peripheral Devices 

2. EOF Function 

3. Clock and Date Routines 

4. RANF Function 

1/ The program and the documentation are by Buyik. Wyscarver formerly 
of the Department of Economics, Clark University. 
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A. TECHNICAL CCNSIDERATIONS  

The primary technical considerations are a computer 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 computers. 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 seconds central processing time and 90 seconds of input/output time were 

typical for a 50 year simulation. 

B. PREPARATION CV HYPCTHETICAL STREW 
FICW DATA 

B.1 Generation of Stream Flow Data  

The U.S. Army Corps of Engineers Monthly Streamflow Simulation program 

(publication 723-340 IC 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,E) 
2677 	 WRITE (10) (Qi(I),I=1,12) 

The line numbers 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 HEC-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 inconsistentwitlithe 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.1 while 

Tape 2 refers to the new data file to be generated. The program requires one 

data control card in the following format: 

Column 	 Item 	 Format 

	

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

	

6-10 	Total number of streams & rain 	 99999 

11-15 	First year of Generated Flows 	 99999 

C. PREPARATION OF WATER DEMAND EQUATICNS  

C.1 Construction of a Rain Index  

Certain demands for water are a function of the cumulative amount of rain 

received relative to what is normally 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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Column Item Format 

99 

99 

The methodology behind this index is best described as follows: 

RI.= 	E (R. - rt.) 1 	, 	, J.' 
for i =  

where i = the current month 

. PI. = the value of the rain index in the th month 

j = a summation subscript 

. R. = rainfall in the j th  month 

1= average rainfall for the jth  month 

The rain index is a cumulative sum of the deviations of actual rainfall from 

the average rainfall. 

The program used to generate this index can be found in Appendix D. The 

program requires one data control card followed by the monthly rainfall data 

cards used in B.1 with theHEC-lstreamflow generator. The data control card 

must be the first card and adhere to the following format: 

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

3-4 	The total number of years of rainfall data 

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: 

Domestic Demand = a + a2Ppc  + a3RI + a4S + a5POP + a6T + E 1 

Commercial Demand = al  + a2Ppc  + a3  S + a4POP + a5T + E 

Industrial Demand = a1  + a2PI + a3S = a4E + a5T + E 

Military Demand = al  + a2pm  + a3S + a4T + E 

Municipal Demand = al  + a2Pc  + a3T = E 

where P = Domestic and Commercial Price DC 

P = Industrial Price 

pm  = Military Price 

• Pc = Municipal Price 

RI = Rain Index 

POP = Population 

E = Employment 

T = Cumulative Time in Mbnths 

S = Dummy Variable for Seasonal Variations 

Note that in the simulation, the dummy variable S is assigned a value of one (1) 

from June through September and zero (0) otherwise. This, however, is not an 

absolute for it depends on the local conditions of the area under simulation. 

The months in which S = I should be determined from examination of the data 

and by knowledge of the area. 

C.3 Calculation of the an & 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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RwyLarn MASD 

Data fran C.2 

Before using the program, three parts mist be programed. In part I, 

each of the variables below must be respecified to reflect the user's 

particular situation. 

Variable Name 	 Represents 	 Maxim= Value  

Total number of observations for the 
dependent variable. 

Total number of regression equations 
from C.2. 

Total number of different independent 
variables. 

In part II, format number 10 mist be Changed to reflect the format of the data 

used in the regressions of C.2. Finally, part III must be programmed to in-

corporate the regression equations and their estimated parameters. Each equa-

tion must be of the following general form: 

Y(I,J) = X(I,J) + at*X(I,L) a+...aex(I,E) 	+ am*x(I,N) 

where Y(I,J) = the dependent variable for the Jth  regression equation 

X(I,J) = the constant for the J th  regression equation 

a's 	= the estimated coefficients 

X(I,L) = the first independent variable in the Jth  regression equation 

X(I,E) = the inbermediate in dependent variables in the Jth  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 fran C.2 behind the program as shown below. 

Setup for C.3  

NOBS 

NEQ 

NIV 

240 

10 

20 
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C.4 Mbdifying 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 a's obtained for each demand equation must replace the existing 

a's in the program as follows: 

a's for Demand Equation 	 Replace on Existing Numbers 
on Card NUmber 

Domestic 	 28 & 29 

Commercial 	 30 

Industrial 	 31 

Military 	 32 

Municipal 	 33 

For step C.3, the new means must replace the existing numbers on card number 34. 

fffisorder is Domestic, 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 HTC has 

been assigned a value of 264. HTC is the cumulative time in months that has 

elapsed since the beginningmcnth of the regression data and the month just 

prior to the first month that will be simulated. 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 HTC should have a value of 132. 

D. OTHER (OPTIMAL) MCDIFICATIONS  

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 

number 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.1 Logical Unit Numbers for Peripheral Devices  

Since the logical unit numbers may vary from machine to machine, these 

can be mcdified to take on different values by changing card number 30 in 

subroutine BLKDATA. The current assignment follows: 

Device 	 L.U. 'Amber 	V.N. 	Ctmments  

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 	Inbanrupt:Mssages 

E.2 EOF Function  

Use of this program on any machine other than a CDC 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 (EDF (TAPE)) 10, 20 

where 20 is the next statement to be executed if an end-of-file 

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, EN1=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 computer system. The fortran 

coding necessary for transferring to an IBM 360 is included in the source 

listing of subroutine INFO. For other systems, contact the local systems 

programmer. 

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 random number generator provided by other computer 

systems. 
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APPENDIX B 

DATA CARD PREPARATICN 

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 reccumended 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 nmemcnic label to facilitate relocation of data cards that became out of 

sequence through handling. 

TITLE CARD  

The title card consists of any title punched in columns 1 thru 72. The 

title need not be centered, and should begin in column 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 

11111111112222222222333333333344444444445555555555666666666677777777778 
12345678901234567890123456789012345678901234567890 123456789012345678901234567890 

COLORADO SPRINGS WATER SUPPLY SIMULATION : TEST RUN 
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PARAMETERS DATA CARD  

TO prepare this data card, one proceeds as follows: beginning in column 2 

punch a dollar sign ($) immediately followed by the word PARAM. In the remaining 

columns 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 camma(,). 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 column 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-- 

$PARAM 	VARIABLE NAME 1=9, VARIABLE NAME 2=9.99, VARIABLE 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 column except column 1, i.e. the format is semi-free. . 
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50 
1972 

30 
28 

lo 

10.0 
25614.0 
3325.0 

66743.0 
65704.0 
33371.5 

70.0 
0.70 
0.0 
0.0 

1 
1 

30000.0 
42667.0 

0.0045 
0.0045 
7240.0 
0000.0 
0.717 
0.400 
0.000 
0.000 
0.270 
1.000 
1.000 
1.000 
1.000 

0 
30 
1 
3 

0.00 
0.00 
0.00 
0.00 
0.00 

r 

Data Card Type 1. 

****PARAMETER LIST**** 

=E'T ITEM 	VARIAEIE DESCRIPTION commENrs 

TIME 	NYRPR7 
YT 

STREAMS NOMA 
NSTA 
YR 
IYR 
SKIP 

RESERVOR LEAK 
RLMAX 
RCPL 
RLEVEL 
PLEVEL 
RLOCAL 
WQR 
PROBL 
EXPL 
EXPR 

RECYCLE OPTN1 
RECYCL 
PROW 
RROFF 

PLANS 	NOFILE 

DEMANDS NCC6 
NOD 
EG 
PG 
EMPLOY 
POP 
PRICED 
PRICEI 
PRICEM 
PRICEC 
PRICEN 
DPRIDC 
EPRII 
DEFCC 
DEFOMC 

AWT 	OFTN2 
RITL 
FT2 
pr3 
LDR1 
LDR2 
LDR3 
LDR4 
IL (1) 

NUMBER OF YEARS IN SIMULATION 	, 
SIMULATION BEGINS IN 	  

T:TAL NUMBER OF STREAMS 
BEGINNING NUMBER OF STREAMS 	r 
HISTORICAL DATA BEGINS IN 	 
NUMBER OF YEARS OF HISTORICAL DATA, 
NUMBER OF YRS OF STREAM DATA SKIP, 

LEAKAGE CONSTANT 	  
MCI MUM CAPACITY 	  
CCNSERVATION POOL LEVEL 	 
CURRENT LEVEL 	  
PREVIOUS LEVEL 	  
IDCAL TAMER LEVEL 	  
CURRENT VOITER QUALITY 	  
PROBABILITY LIMIT FOR :EXPANSION, 
RESERVOIR LEVEL FOR EXPANSION..., 
STORAGE FACTOR RATIO FOR EXPANSION, 

RECYCLE (0=NO, 1=YES) 	 
STARTING POSITION 	  
RECYCLE ON LEVEL 	  
RECYCLE OFF LEVEL 	  

NUMBER OF PLANNING FILES 	 

NUMBER OF DISTRIBUTION SUBDIVISION, 
NUMBER OF STANDBY DEMNDS 
GROWTH RATE OF EMPLOSTIENT 
OUCH RATE OF POPULATION 
STARTING EMPLOYMENT 	  
STARTING POPULATION 	  
STARTING PRICE, DOMESTIC AND ~M4. 
STARING PRICE, INDUSTRIAL. 
STARTING PRICE, MILITARY... 
STAFEEING PRICE, MUNICIPAL.. 
STARTING PRICE, NON-POTABLE 
SUMMER PRICE INCREASE, D~4 CQM..., 
SUMMER PRICE INCREASE, INDUSTRIAL, 
DEFLATOR, CONSTRUCTION CQSTS 
DEFLATOR, OPER. MIN. COSTS 

TREAT EFFLUENT (0=NO, 1=YES) 
RECYCLE rITERRATION LIMIT 	 
PROCESS TYPE, LEVEL 2 	 
PROCESS TYPE, LEVEL 3 	 
PERCENT DEMAND RE1M4414 LEVEL I 	, 
PERCENT DEMAND RETURNED, LEVEL 2 	, 
PERCENT DEMAND RETURNED, LEVEL 3 	, 
PERCENT DEMAND RETURNED, LEVEL 4 	, 
PER3UTT CONSUPPITON, COAG SED 	, 

maximum of 50 yrs 

Maximum of 40 
NOSTA 

See Restriction 1. 
60-NYRPRJ 

C.F.S. 
A. F /f43 
A.F./Mo 
A. F . /Mo 
A.F./Mo 
A.F./Mo 
P. P .M. 

A. F /Mo 
A . F /M3 

See Restriction 2 & 3 
-1=44anua1 on,0=offefl=Auto On 
A.F./Mo 
A.F./Mo 

See Restriction 3 & 4 
See Restriction 4 
Monthly Rate 
Monthly Rate 

$4000 Gallons 
$/1000 Gallons 
$/1000 Gallons 
$/1000 Gallons 
$/1000 Gallons 

1.0 

See Restriction 2. 

See Restriction 5 & Codes. 
See Restriction 5 & Codes 

1.0 
1.0 
1.0 
1.0 

;, 0.0 but .< 1.0 
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PRESENT 
VALUE ITEM 	VARIABLE DESCRIPITCN COMMENTS 

LL(2) 
LL (3) 
LL(4) 

OTHER 	R(1) 
R(2) 
R(3) 

EDIT 	IDSNQ 
FREQ 
ECII 
DCIII 
DCIV 
DCV 
DCVI 
DCVII 
DCVIII 
DCIX 
DCX 
DCXI 
!XXII 
GRAPH 

PERCENT CONSUMPTION, FILTRATION..., 
PERCENT CONSUPETION, G. CARB.A...., 
PERCENT CONSUMPTION, ACT. SLUDGE..., 

INTEREST RATE 1 
INTEREST RATE 2 
INTEREST RATE 3 

INTEFFEDIATE DATA, STREAM NET FLOW, 
FREQUENCY OF IDSNQ PRINTOUT-
DATA CARD TYPE II PRINTOUT.- 
DATA CARD TYPE III PRINTOUT-
DATA CARD TYPE 1V PRINTOUT.- 
DATA CARD TYPE V PRINTOUT.— 
DATA CARD TYPE VI PRINTOUT.- 
DATA CARD TYPE VII PRINTOUT. 
DATA CARD TYPE VIII PRINTOUT 
DATA CARD TYPE IX PRINTOUT.. 
DATA CARD TYPE X PRINTOUT... 
DATA CARD TYPE XI PRINTOUT.. 
DATA CARD TYPE XII PRINTOUT. 
PUNCH DATA FOR GRAPH PROGRAM 

0=No; 1=Yes 
Every five years 
0=No; 1=Yes 

V 
0=No;1=Yes; See Res. 6. 

0.00 
0.00 
0.00 

,1 0.040 
, 	0.065 
, 0.080 

0 
• 5 
, 1 
, 1 
, 	1 
, 1 
, 1 
, 	1 
, 	1 
, 1 
, 	1 
, 1 
, 	1 
, 0 

ap0.00 but <1.0 
0.00 but <1.0 
z0.00 but 41.0 

<. 1.0 
<1. 0 
<1. 0 

Data Card Type 1. 

Restrictions: 

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

2. If OPTN1=0, then the remaining entries for recycling are ignored, also OPTN2 must 

equal zero (0). 

3. If OPTN1=1, then NCDS 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 ANT are desired, then the unwanted levels must be removed 

from the top (level 3) by specifying a code of 5. 
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6. The graph output consists of one observation for each year of the simulation 

for each item below. 

Population 	 Per Capita Water Use: Cbmmercial Rank of Flows. 
Employment 	 Percent Capacity of Reservoir 
Per Capita Water Use: Domestic Total Water Use in M. 

Codes: 

Treatment 
Code No. 	 Process Type  

1 	 Coagulation & saltrottation 

2. 	 Filtration 

3 	 Granulated carbon absorption 

4 	 Activated sludge 

5 	 None 

EXample Data Card: 

COLUMNS 

11111111112222222222333333333344444444445555555555666666666677777777778 
12345678901234567890123456789012345678901234567890123456789012345678901234567890 

$PARAMNOM=29, NSTA=27,  YR=1962, RECYCIp-1, RRON=41667.0, NOFILE=3, 
NODS=17, NOCD=4, LDR1=0.75, LDR2=0.75, LDR3=0.75, LDR4=0.75, LL(1)=4*0.03, 
DCII=0, DCIII=0, DCIV=0, DCV=O, ECVII=0, DOVIII=0, DCIX=0, DCX=0, DCXI=0, 
DCXII=OS 
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COLUMN COMMENIS ITEM FORMT 

Station Number 

Stream Name 

Type of Water 

Number of Cuts 

Pipeline Constraint 

Maximum of 20 characters 

1 for local 

2 for import 

Maximum of 3 

999.99 1 C.F.S. - If left blank, 999.99 C.F.S. 

is assumed. 

Blank 

Beginning Muth, Season 1 

Ending Mbnth, Season 1 

Min. C.F.S., Cut 1 

Max. C.F.S., Cut 1 

Beginning Mbnth, Season 2 

Ending month, Season 2 

Min. C.F.S., Cut 2 

Max. C.F.S., Cut 2 

Beginning Month, Season 3 

Ending Month, Season 3 

Min. C.F.S., Cut 3 

Max. C.F.S., Cut 3 

99 

99 

999.99 

999.99 

99 

99 

999.99 

999.99 

99 

99 

999.99 

999.99 

If left blank, 1 is assumed 

If left blank, 12 is assumed 

If left blank, 999.99 C.F.S. is assumed 

If left blank, 1 is assumed 

If left blank, 12 is assumed 

If left blank, 999.99 C.F.S. is assumed 

If left blank, 1 is assumed 

If left blank, 12 is assumed 

If left blank, 999.99 C.F.S. is assumed 

32 

33-34 

35-36 

37-42 

43-48 

49-50 

51-52 

53-58 

59-64 

65-66 

67-68 

69-74 

75-80 

1-3 

4-23 

24 

25 

26-31 

999 

9 

9 

Data Card Type II 

STREAM FILM OONSTRAINr DATA 

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

2. 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. 

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

then the ndil. C.F.S. would be 999.99 and the max. C.F.S. should be left 

blank (see Sheep Creek in the example). 

4. If a seasonal cut is desired, then the beginniminonth, season I 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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0.00 63.04 

0.50 

0.00 41.91 
0.00 19.49 
0.00 15.43 15.83 19.89 

0105 1.00 6.930609 2.00 7.931012 1.00 6.93 

0.00 50.25 
2.82 
0.00 2.50 

0103999.99 0.000410 0.00 3.131112999.99 0.00 
0.00 37.94 

3.77 

0103999.99 0.000410 0.00 1112999.99 0.00 

0104999.99 
0104999.99 
0104999.99 
0104999.99 
0104999.99 
0103999.99 
0103999.99 
0104999.99 

0.000510 0.00 
0.000510 0.00 
0.000508210.00240.00 
0.000508 0.00 
0.000510 0.00 
0.000408 
0.000408 8.00238.00 
0.000508 8.00 

1112999.99 
1112999.99 
0912999.99 
0912999.99 
1112999.99 
0912999.99 
0912999.99 
0812999.99 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 
0.00 

COLUMNS 
11111111112222222222333333333344444444445555555555666666666677777777778 

12345678901234567890123456789012345678901234567890123456789012345678901234567890 

152LORER FOUNTAIN 	11 
149S0U1H CHEYENNE CREEK11 48.00 
147NORTH CHEYENNE CREEK11 70.00 
154DOMER RUXTON CREEK 11 
11INO1TH CATAMOUNT CREEll 
113SOUTH CATAMOUNT CREE11 
115CRYSTAL CREEK 	12 
117NORTH CASCADE CREEK 13 
118SOUTH CASCADE CREEK 11 
120FRENCH CREEK 	11 
129BOERMER CREEK 	11 15.00 
130LITTLE BEAVER 	12 
132MIDDLE BEAVER 	11 
141CABIN CREEK 	13 
146REAR CREEK 	11 
136W1NDY CREEK 	11 
138MAIN RUXTON CREEK 11 
139LION CREEK 	11 
140SHEEP CREEK 	13 
142SOUTH RUXTON CREEK 11 
loarmow CREEK 	11 
1561MONTE-CRISTO DIVERS 23 
159RE4ROSE-HOOSIER DIV 23 
173SOU1H PLATTE MIDDLE 23 
166BLUE RIVER AT BRECK 23 
161MOCULLOUGH DIVERSE) 23 
144HOMESTAEE CREEK G01D23 
153EAGLE RIVER AT RED C23 
167CROSS CREEK NR MINT 23 
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Data Card Type III 

HISTORICAL ANNUAL STREAM nal DATA 

COLUMN 	 rrsm 	 FORMAT 	 COMMENTS 

	

1-4 	HIST 

	

5-8 	Station Number 	 999 

	

9-16 	Annual Stream Flow, Year 1 	99999.99 	C.F.S. 

	

17-24 	 , Year 2 

	

25-32 	 , Year 3 

	

33-40 	 , Year 4 

	

41-48 	 , Year 5 

	

49-56 	 , Year 6 

	

57-64 	 , Year 7 

	

65-72 	 , Year 8 	
%I 

	

73-80 	Annual Stream Flow, Year 9 	99999.99 	C.F.S. 

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 

IYR/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 correspond 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 
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 	.31 	.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 
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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COLUMN FORMAT ITIEM COMMIS 

RESV 

Blank 

Minimum Required Reservoir Outflow, Jan 

, Feb 

,Mhr 

,Apr 

, May 

, June 

,July 

,Aug 

, Sept 

, Oct 

,Nov 

Minimum Required Reservoir Outflow, Dec 

1-4 

6-8 

9-14 

15-20 

21-26 

27-32 

33-38 

39-44 

45-50 

51-56 

57-62 

63-68 

69-74 

75-80 

999.99 

999.99 

C.F.S. 
As. 

C.F.S. 

Data Card Type IV 

RESERVOIR LOSSES DATA 

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 
11111111112222222222333333333344444444445555555555666666666677777777778 

12345678901234567890123456789012345678901234567890123456789012345678901234567890 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 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 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.0 6.64 11.00 12.00 12.00 8.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.0 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 1/

11
11

11
1 1

11
11

11
11

11
11

1M
11

11
1 
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Data card Type V. 

RESERVOIR EVAPORATION DATA 

COLUMN 	TTEM 	 FORMRT 	 COMMENTS 

	

1-4 	EVAP 

	

5-8 	Blank 

	

9-14 	Reservoir Evaporation Constant, Jan 	9.9999 

	

15-20 	 , Feb 

	

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 	 , Nov 

	

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 given/a:nth. 

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 0.005 0.01 0.01 0.01 0.01 0.005 0.00 0.00 
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PLAN 

Blank 

File Number 

Identifying Number for Users Convenience 

In CumulatilmtMcnths, If File No. 5, Zero 

In Months, File 5 only. 

See Table 1 

See Table I 

See Table I 

See Table 1 

Data Card Type VI. 

PLANNING DATA 

ITEM 	 I EDT COMMENTS 

-File Number, First Card (Nothing in 
Cols 8-80) 
+File NUmber, Intermediate Cards 
0, Last Card (Nothing in Cols 8-80) 

1-4 

5 

6-7 99 

8 	:lank 

9-11 Plan Number 

12 	Blank 

13-15 Time at which the plan is 
to be initiated 

16 	Blank 

17-19 Lag Time Until the Completion 
of the Plan 

20 	Blank 

21-23 Code for this File 

24 	Blank 

25-30 Attribute 1 

31 	Blank 

32-37 Attribute 2 

38 	Blank 

39-44 Attribute 3 

45-80 Reserved for Future Use 

999999 

999999 

999999 

999 

999 

999 

999 

Restrictions: 

1. File Number 1. This file contains only plans for stream, reservoir, well or 

project expansion; or future implemotation of recycling that 
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are currently scheduled for completion regardless of need 

or appropriateness. In addition, 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. 

2. File Number 2. 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 OW 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. 

3. File Number 3. This file contains plans for changing the distribution data 

for recycling during periods of water restriction andlor 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. 

4. File Number 4. This file contains plans for changing the values of certain 

independent variables in the demand for water equations, 

namely, damestic/commercial price (PRICED), industrial price 

(PRICEI), military price (PRICEM), municipal price (PRICEC), 

. 

	

	non-potable price (PRICEN), employment growth rate av, 
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. 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 !Amber 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 columns 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. 

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

as File Number 5. 

7. 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). 

8. 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 manth. For 

example, if a begin time of 11 is specified, then the plan is implemented at 

the end of the llth month and in effect at the first of the 12thmonth. 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 

AWT level numbers. These numbers and their physical representation are described 

below. 

User Number 	User  

1 	Domestic 

2 	Camercial 

3 	Industrial 

4 	Military 

5 	Municipal 

AWT Level Number 	State of AWE'  

0 	None 

1 	1 Stage of AWT 

2 	2 Stages of AWI 

3 	3 Stages of mr 

4 	4 Stages of AWT 
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Data Card Type VI 
TABLE 1. 

FILE 	CODE 	ATTRIBUTE 1 	 ATTRIBUTE 2 	 ATTRIBUTE 3 

1 	1 	Number 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/Mb  

3 	Mbnth Change is to 	Additional Well Flow 	Nothing 
take Place (1-12) 	in AF/Mb  

4 	Mbnth Change is to 	Additional Project 	Nothing 
take Place (1-12) 	Flow in AF/Mb  

5 	NemrValue for 	New Value for RRON 	New Value for RROFF 
OPTN1 	 (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 ,  

2 	1 	3 	 Amount of increase in 	Nothing 
Continuous Stand-by 
Demand in M.G./bay  

3 	1 	User Number 	 ANT Level Number 	New Percentage x 1000 

2 	User Number 	 ANT Level Number 	Additional Continuous 
Standby Demand in mc/bAy 
x 100  

3 	User Number 	 ANT Level Number 	Non Continuous Standby 
Demand in MG/bay x 100  

4 	1 	New PRICED (Domestic) 	Nothing 	 Nothing 
x1000  

2 	New PRICEI 	 Nothing 	 Nothing 
(Industrial)x 1000  

3 	New PRICEM'  (Military) 	Nothing 	 Nothing 
x1000  

4 	New PRICEC (Municipal) 	Nothing 	 Nothing 
x1000  

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  

5 	Same as 	Same as File Number 1 	Same as File Walther 1 	Same as File Number 1 
File No.1  

-6 	- 	Reserved for Future 	Reserved for Future 	Reserved for Future 
Use 	 Use 	 Use 
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COLUMNS 
11111111112222222222333333333344444444445555555555666666666677777777778 

12345678901234567890123456789012345678901234567890123456789012345678901234567890 

PLAN -1 
PLAN 01 102 011 	4 	1 	600 
PLAN 01 102 011 	4 	2 	700 
PLAN 01 102 011 	4 	3 	700 
PLAN 01 102 011 	4 	4 	850 
PLAN 01 102 011 	4 	5 	850 
PLAN 01 102 011 	4 	6 	900 
PLAN 01 102 011 	4 	7 1000 
PLAN 01 102 011 	4 	8 1100 
PLAN 01 102 011 	4 	9 1100 
PLAN 01 102 011 	4 	10 	900 
PLAN 01 102 011 	4 	11 	800 
PLAN 01 102 011 	4 	12 	700 
PLAN 01 103 065 	1 	1 
PLAN 01 105 095 	1 	1 
PLAN 01 106 095 	2 41755 35000 44000 
PLAN 01 104 179 	4 	1 	600 
PLAN 01 104 179 	4 	2 	700 
PLAN 01 104 179 	4 	3 	700 
PLAN 01 104 179 	4 	4 	700 
PLAN 01 104 179 	4 	5 	850 
ELAN 01 104 179 	4 	6 	900 
PLAN 01 104 179 	4 	7 1000 
PLAN 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 
PLAN 0 
PLAN -3 
PLAN 03 301 065 	2 	5 	1 	2 
PLAN 03 302 095 	2 	5 	1 	4 
PLAN 03 303 144 	2 	5 	1 	5 
PLAN 0 
PLAN -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 
PLAN 04 407 108 	1 70000 
PLAN 04 408 108 	2 60000 
PLAN 04 409 108 	4 20000 
PLAN 04 410 144 	1 80000 
PLAN 04 411 144 	2 75000 
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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 
PLAN 04 421 350 	1 150000 
PLAN 04 422 350 	2 150000 
PLAN 04 423 350 	4 50000 
PLAN 04 424 450 	1 180000 
PLAN 64 425 450 	2 180000 
PLAN 04 426 450 	4 60000 
PLAN 0 

a 
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Data Card Type VII 

DISTRIBUTION DATA FOR RECYOLDIG 
DURING PERIODS OF WATER RESTRICTION  

COLUMN 	 rrail 	 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 From 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 From 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 	$: 1.0 
Demanded by User No. to be 
Supplied Fran Awr Level No. - 

. 	. 

. 	. 

. 	. 

. 	Repeat as Above 

. 	. 

. 	. 	t 

. 	. 

. 	. 

71 	Blank 
72 	Water remanded by User No. 	9 	 1,2,3,4, or 5 
73 	Blank 
74 	Water Fran AM 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 From ANT Level No. 

Restrictions: 

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

2. The percentages may be any number ranging from 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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%Supplied From Awr Level Total Aggregate Demands 
for  Water By -- 0 1 2 3 4 

1.Domestic Users 

2.Commercial Users 

3.Industrial Users 

4.Military Users 

5.Municipal Users 

0.77 

0.77 

0.25 

0.65 

0.20 

0.05 

0.30 

0.10 

0.50 0.10 

0.23 

0.18 

0.30 

0.25 

0.10 

1.00 

1.00 

1.00 

1.00 

1.00 

0.15 

0.10 

Data Card Type VII 

117iBLE 2 

Under normal conditions all five (5) demands, except for continuous standy 

demands, would be supplied franAwr 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 (ARr 

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 frau 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 fram AWT level 0 

while 23% will be supplied frcm ANT 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 completely filled 

with entries must appear first in the order of arrangement. However, the 

order of the completely filled cards is unimportant but same logical 

structure should be adopted to minimize confusion. 
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DIST 	1 0 0.770 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 	3 3 0.150 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 	5 2 0.100 5 3 0.100 5 4 0.100 
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Data Card Type VIII 
CONTINUOUS STANDBY DEVMNDS 

FOR RECYCLED WATER DATA  

	

COLUMN 	 ITEM 	 FORMAT 	CONVENTS 

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./bay 

21 	Blank 
22 	Water Demanded by User No. 	 9 	1,2,3,4, or 5 
23 	Blank 
24 	Water Fram AM Level No. 	 9 	1,2,3, or 4 
25 	Blank 

	

26-30 	Amount of Water Demanded in 	999999 
MG./bay 

. 	. 

. 	. 

. 	. 

. 	Repeat as Above 

. 	. 

. 	. 

. 	. 

71 	Blank 
72 	Water Demanded by User No. 	 9 	1,2,3,4, or 5 
73 	Blank 
74 	Water fram AWT Level No. 	 9 	1,2,3, or 4 
75 	Blank 

	

76-80 	Amount of Water Demanded in 	999999 
MG./bay 

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 neaning-
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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CDEMAND 	21 	331 	45 1 	351 	2 
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Data Card Type IX 

MENACE MCNTHLY RAINFALL DATA 

COLUMN 	 TTEM 	 FORMAT 	 COMMENTS 

	

1-6 	RUMBA/ 

	

7-8 	Blanks 

	

9-14 	Average Rainfall in Jan 	 99.999 	Inches 
)- 

	

15-20 	 Feb 

	

21-26 	 Mar 

	

27-32 	 April 

	

33-38 	 May 

	

39-44 	 June 

	

45-50 	 ally 

	

51-56 	 Aug 

	

57-62 	 Sept 

	

63-68 	 Oct 

	

69-74 	 Nov 
Ni 

	

75-80 	Average Rainfall in Dec 	 99.999 	Inches 

Restrictions: 

1. The average monthly rainfall data should be calculated from the same data 
that was used to construct the rainindex used in the regression equations 
to project domestic water demand. 
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RAMINKV 	.202 .243 .603 .821 1.452 2.254 2.855 2.037 1.438 .626 .419 .459 
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COLUMN rim FORMAT commENTs 

1-6 

7-8 

9-14 

15-20 

21-26 

27-32 

33-38 

39-44 

45-50 

51-56 

57-62 

63-68 

69-74 

75-80 

AGRICL 

Blanks 

Agriculture Demand, 

Agriculture Demand, 

Jan 

Feb 

Mar 

April 

May 

June 

July 

Aug 

Sept 

Oct 

Nov 

Dec 

Millions of Gallons/bay 

Millions of Gallons/bay 

999999 

999999 

Data Card Type X 

MONTHLY AGRICULTURE DEMAND DATA  

Restrictions: 

1. The distribution of agriculture water demand is assumed to remain constant for 
each year of the simulation. 
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AGRICL 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 
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COLUMN ODMMENTS FORMAT ITEM 

1-6 

7-8 

9-14 

15-20 

21726 

27-32 

33-38 

39-44 

45-50 

51-56 

57-62 

63-68 

69-74 

75-80 

WELLS 

Blanks 

Well Flow for Jan 

Feb 

Mar 

April 

May 

June 

July 

Aug 

Sept 

Oct 

Nov 

Well Flow for Dec 

999999 

999999 

A. F./Month 

A.F. /Month 

Data Card Type XI 

NIXIIIILY WELL FLOW DATA 

Restrictions: 

1. This data is for initial flows only. Expansions of wells is accomplished 

by use of the planning file. 

194 



COLUMNS 
11L11111L12222222222333333333344444444445555555555666666666677777777778 

12345678901234567890123456789012345678901234567890123456789012345678901234567890 

195 



COLUMN 

1-6 

7-8 

9-14 

15-20 

21-26 

27-32 

33-38 

39-44 

45-50 

51-56 

57-62 

63-68 

69-74 

75-80 

ITEM 

PROJCT 

Blanks 

Flows From Projects in Jan 

Feb 

Mar 

April 

May 

June 

July 

Aug 

Sept 

Oct 

Nov 

Flads From Projects in Dec 

FORMAT camas 

999999 

999999 

A.F./Mcnth 

A.F./Month 

Data Card Type XII 

MiNTEILY PIAVE FROI TAMER PRCJECTS  

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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PROJCT 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 	0 

197 



D. CRD T. 1X 	D. CRD T. VIII 	D. CRD T.Vil 	D. CRD r la , L 	D. CRD Till , I 	D. CRD 1; VI , g' 	' 

. mill 	 - set, 	 -.. to 
.1 g ilt 

	

w __
. 40 	 es co 	 es 40.4 

	

'4 GO 	 .I. co 
■ C127,4 	

■• VD 

	

. 40 	
ta to 	 6. (0,.. 

a. GO 	
or to4 
. 40 	

P..40 .E 

	

a 40 	 .4W 	 se 10 	 a" to 0LAGA:-.- 	. .. CD 81 Ak7t.  - - 	; i.- 91 VI k -  
a CO 411 	 . 40 	 • CO 	Lit 	• ye 	 -arra 	--,-777r- 	- es, iii 7..1 i i v,- 
. 40 . ILO 	34. 	 .., co ZERO 	. co riLE NO. 	, t o ME No. BLANKS 	-'' go  	t 	 _ _ 

	

'4W 	 . GO 	tie 	ce CD 	N 	• CD 	 " to  81.64 .04 	-CO 
1.- 

	

.4W 	 a 40 	z 	.4W 	(// 	.4W 	 .4 CD 	0 	.. to 

	

a 40 	 a 10 	A 	,s.  40 	 a 40 	 o 

	

.. 	k 	CO--- 	E-7EATIA 	.. 	.1 to ei.ov. F. .7: CO 	 3 CO  

	

V CO 	X 	-„Trariffiraki7" 	. 3 co usek NO 	a to 	 ---a- 
"' cm°  !RANK 	r, CO 

U. KAN g co - 	BLANK ...s. - 	.. 	a eo 	 to 	.4 44, 	3 i0 
-.   CO "Tia... 	 10TVIT NO. 	X . 	AWrk10. 	3 CO 	 8 CD 	x 111 	r. CO a 

	

r,.• u. 	 a cif By4io 	-Ariii.  ill ithiLc- 	a op 	 z CO 	PI 	 a ILO 

	

; CD 	 • ; CD 	 3W 	la 	3 C0 	 a 40  BLANK 	a co 

	

3 CO. 	;;II 	r, us 	 :1 we 	Ips 	V ID 	 3 CO 	.4 r.. 	V 40 

	

3W 	us 	3W 	 a 40 	iti 	 3W 	 3W 	k ti 	3 w 

	

3 W 	 3W 	R 	3W 	t 	3W 	 ;.. „, (RI 3W 

	

t1 40 	V to 	 _gum 	"I. 	 V CO 	 V 451 SlAlp: 	a so 

	

Go 	 - 	ie .  ETCANK 	'2 to Ot. A N k. 	'2 co 	 V. CD0 	'•. up .__. 	-- • _ - 

	

3W 	 n to USER NO. 	a co USEO NM 	3W 	 3W 	tY., 	3W . -._ -. - .. ------ 
3 CD. E 	_0.. BLAME 	_ a co wait 	8 40 	 3 to 	, Pi 	3 to 

	

2 CO 	24 	3 To Mtn go. 	j.. gel Awn 14/0._ 	a co 	 a ID EN.ANk.._ 	a co 

	

Ot tO 	 bt OD & ANK 	.14 to WANK: 	3W 	 3W 	 3W 

	

V CO 	3W 	b. 	3W 	33 	3W 	 3W 	-I 	si 10 

	

3 GO 	 3 	 3 	 3 

	

Al 	us 

	

N 	€12 

3 us 	

us. 	P7  
V 40 	 3 us 	2 

	

3 We 	& 	

40 	I 

	

3 u• 	

ts la 	 3 

	

le co 	 3 u, 	 Is um 	 3 en 

	

.... 	2 3 us. 	t 	 3 us 	

- 	

442 

	

3 al) 	id 	. 3  0. 	 ...cm 	st 	3W 	 3W 	3 W 

	

2 to 	 2 40 	 3 40 	 e. ill 	 12 to 81.A MK 	1. up 

	

3W 	 3W 	 3W 	 3W 	 3 CO 	 It CO 

	

3W 	 3W 	 3W 	 3W 	 3W 	I) 	3W 
-I 

	

3W 	 X 40 	 3W 	 3W 	 3W 	-4 	3W 

	

3W. 	X 	3W 	 3 10 	 3W 	 V 40 711 	" cso 
s• 	 . 

	

3W 	.4c 	3W 	 3W 	 3W 	 8W 	ts 	3W 

	

3 GO 	 3 40 	 3 40 	 3 C0 	 3 40 	3 40 

	

3W 	3 W 	 3W 	 3W 	 -Id to  IR ANA: 	3 W 

	

3W 	 3W 	 3 W 	 V 40 	 3W 	 3W la 

	

3W 	 3W 	 3W 	 6 u• 	 B ID 	
1

8 to 

	

t toe 	k 	a. 40 	 .. 40 	 a. 10 	 a. 40 	 t to 

	

3W 	z 	3W 	 3 W 	 3W 	 3W 	P 	a co 

	

3W 	 3W 	 3W 	 3W 	 3W 	to 	310 

	

3W 	3W 	 a 40 	 3W 	 3W 	3W 

	

310 	 3W 	 3W 	 a CO 	 0 40 	 8W 

	

3 W 	 3W 	 3W 	 a up 	 3W 	 3W 

	

8 to. 	L.. 	3W 	 3W 	 .t. ea 	 e., us 	 3W 

	

3W 	 3 W 	 3W 	 3W 	 3W 	 a up 

	

- ce 	 . ,„ 	 up a 	 3W 	 3W 	 3W 	 . 	 a 

	

3 W 	3W 	 3W 	 3W 	 3W 	 IS to 

	

u. to 	 4P co 	 9W 	 9W 	 9W 	 9W 

	

3W 	 3W 	 .. us .. 	 3W 	 3W 	 310 
8 we 	2. 	3 so 	 3 so 	 3 so 	 3 co 	 3 co 

C 

	

3W 	th 	3W 	 3W 	 X cte 	 a up 	 a up 

	

3W 	 3W 	 3W 	 3W 	 8W 	 3W 

	

3W 	 3W 	 3W 	 3W 	 3W 	 a co 

	

CD 	40 	 310 	 2 40 	 310 	 3 co 

	

3W 	 3W 	 Is us 3 so 	 6 40 	 X 40 
V Me 	A 

	
3 W 	 3W 	 3W 	 3W 	 3 CP 

	

3 W 	v 	3 W 	 a co 	 3W 	 310 	 3 en 

	

a. GO 	 3 GO 	 a. GO 	 2 tO 	 ts to 	 . CO 

	

3W 	3W 	 C 40 	 3W 	 C 40 	 3 W 

	

3W 	 3W 	 3W 	 3W 	 3W 	 3W 

	

3W 	 3W 	 3W 	 3W 	 3W 	 3W 
3(0. 	 3W 	 3W 	 3W 	 a up 	 a up 
3W . 	 3W 	 8 to 	 3W 	 3W 	 3W 

	

3W 	 3W 	 4. to . 	 . a, . 	 3 10 	 3W 

	

3W 	 34g4 	 3W 	 310 	 I go 	 le CO 

	

40 	 is GO 	 3W 	 et GO 	 3W 	 II 40 

	

3W 	 3W 	 a CO 	 310 	 3W 	 3W 

9W. 	z 	-rtrarlinre- 	.: 46 A f, A Air-: 	r. co 	 9 W 	 .9 CD 

	

3W 	2 	40-0511iTir-. 	g" up 4sEp t4e& 	a to 	 a €0 	 3 W 

	

a gip 	 3 us Buxom-. 	4.es eLkill.k 	3W 	 3 W 	 3W 

	

9W 	 I' Up AWT AJO. 	g igi MIT 147.... 	9 W 	 9W 	 9W 

	

3W 	 a to LAAMt. 	at CO BLANK_ 	a a. 	 a GO 	 3W 

	

3W 	N 	 
li 	

3W 	 al 40 	 al tO 
V 	

a 40 

V GOO 
	3W 

4114 	1 	V 404 	M 	V 40 	 3 oil 	 3 go 
a us ea u. 	 a 4e 	A 	3W 	 3 . 	 3W 

	

as  . 	 al  . 	I 	al . 	C 	al 40 	 a up 	 a up 

	

3W 	 a CD 	ri 	310 	..:1 	3C0 	 3 so 	 a aill 

198 



un 
$ 40 

5 40 46• 

3 40. 

40 

GO 

1 4.  
510 
C 40 14 

GO. a) 

1,0 

1 4. 

1 10 
40 loon  
ID• 

a 40 

5 40 

ea) 

CO 

II CO 
140. 

40 

II Up 
540 

40 

r. 40 

ur. 
1 40  
14. 
VI GO 

1(0 t 
5 40 ffi 

tot C.)  
1 40 
III 

D. CkC 7. V 

' foil a:  

1/0 

a. 4,0 

a 40 	I- 
. 40 

• 40 

aa CO 

a um. 
t. 

:40 

a 40 Z. 
a 40 

a 40 

• 0. 

40 

▪ 40  

a to 	at 
a• 
$ 40  

5 Ull• 

40 

CO 

CO 

VI 40 

5 US 

40. 

VI 40 
1/ 

1 40 

" 1.0 

110 

IV CO. 

CO 

10 
-( 

5 GO 

4111 

ID 
$401 

so 
3 to 
a CO 

40 

co 
3 tot 

c . e. to 
3 40 	I - 

* 40 

40 

401  

5 CO 	Ls. 

40 

co 
1 40 

40 

1 ox• 

1 0 	In 

st co 
5i0 

t 10 
1.0• 

540 	C.) 
in co 

GO 

10 

a to. 
Z 40 	

4‘.) 
GO 

a 40 

r. 40 
us 

a ass 
1 40 0 

111 
a u• 0 
140 
▪ 40 

D. CPI" T. IV 

- 

10 

"(0 go 

.40 

-. 40  

40 

413 

a CD 

to 
a to. z 
a to 

40 
a 40 

y 40 

a 40 M 

WO au  
a ce 

up 
" 40 

GO 

VI 10 

2 use 
CD 
tO 

540 

40 

▪ 40. 

40 

a ID 

GO 

le 10 

401 

" 40 a 
▪ 40  

VI 40 

*40 

1. CO 

3 (0. 
a co 
t ID 

U. CRC) T. 13 

a OD M 

a IA 1.4 
40 

.40 

la 40 

a ID ?!. 

'.40 

CO 

a us 
: 40 

:40 
a 40 

1 40a 

a 40 

840  
a 40 

a us 
a GO 

▪ 40 

5 40 

I op 
es 

2 us 
car"71--  

▪ 40 

5 40 

VI 40 	ko  

CO 

I as 
r. 

a up 
▪ 40 

40 

VI SO 

▪ 10 

	

5 40 	 m 

	

VI Ma 	 It• 

	

CO 	 a 

• 
ID 

a 40 

	

to 	In 	-4 
34. 

we 
▪ to 
340 
*40 

140 

140 

a CD gi 

CO 

see 
$40 

110 

510 

▪ 40 
a 40 

8 	, 
w to -J 
540. 

▪ CO 
2 to  
CIO 

▪ 40 

5 CO 

1 4. 	(16  

$ 4. 

UV 

40 

1 40 

ub 
a Gs 
140 w on 
g ni* 
ig 
$ 4.  

D. an) T. 11 

a 40 

•• ta 
(a Rft 

r 

• 40 

-(0 

	

CO 	41 

	

40 	Al  

a 40 	!Tv • 

:4. b;  

a 40 

U o z 
10 

	

40 	X 

40 

r. 
a 40 

Z 40 

V GO 

" 40 

VI 40 

5 CO  

24. TYPE  
"la,  No. cull 

40 g 

40  CP 111,_ 
op coo 

40  Z fli  
6.  to -1  

co BLANK 
tt 411 B. MO. 

414  

tit 111 
IN  m i. MO. 

U M X 
VI 40 	Z 

MO 
a. 

(.1.4 
4 40  

5 40 

	

40 	S. 
a us 

up. p 

	

5 CO 	(3 
310  

wo. C 
E WO c us 

us 

	

us 	e• 

	

so 	ft 	(.1  
igr 	t 
▪ co 

	

1w 	•• 
tia 
5W 

	

40 	r, 
5 40. n  

	

40 	11  
VI 

1 40 

▪ •• a 	It MO. 

40 
g uirv_a 

40 	.0 

14.. n 
SO 	11) 	1.11 

40 

40 

OD ▪406  ▪441  ▪40  

- 

.0  I* 
Pt, 

• - 

k  
a 10 
• 40 

a 40 

:40 

a UM 

a CO 

1 4. 
▪ ILO 

40 

r. 
▪ 40 

a to 
40 

" 40 

54. 

540 

y 
01 to 
y 10 

540 

V CO 

a ID 

$40 

40 

54. 

5 4. 
24. 
▪ to 
tt 
5 10 

✓ 40 

✓ 4.0 

3. 

▪ cn 
3 40 

1 ID 

*40 

a 40 

.5 40 

40 

a se 

a 

▪  

CO 

540 

54. 
CO 

CO 

IS GO 

510 

1 4. 
1 4. 
510 

co 
co 
go 
to 
GO 

▪ 10 

GO 

▪ CO 

▪ 40 

AO 

CO 

CO 

10 

1 40 

a 40 
VI 40 

SO 

110 

14. 
▪ 40 41. 

' r 	/// L (A&D 

•• 40 

• •11, 
• 11, 

-

▪  

(0 

40 

. 40 

40 

r. 40 

▪ 10 

10 

a us 
us 

5 40 

Z10 

▪ 40 

40 

40 
5 40 

510 

2 40 
 VI ID 

Vi 40 

5 40 

VI ID 

IV 40 

" 

5 10 

5 40 

2 40 

40 

us 
g to 
$10 
a to 
5 40 

co 
t 

us 
*40 

540 

a 40 

3 4. 
g 
a 40 

5 ID 

5 ID 

$40 

g 
$ 40 

5 CO 

1 40  
CO 

▪ CO 

1 CO 

540 
540 
510 

SO 

us 
40 

▪ 40 

CO 

VI 10 

Z ID 

1 to 
54. 
r te 
1 10 
al to 
540 

4. 
a I. 
$ 40 

e 

z 
P 

s
a

;,i
vr

y  
21

-iv
r
a
rn

 
rn 

r- 

A 

199 



D. CRO. r xi: 	D. CROP Xi 	D. CAT. 1 	x 

—W 	 -W 	 — ee 	 — g•sli 

..2 	. 40 	 . 	 Ge 40 	 GG 40,3 	 oa 40 G 

	

. . 
40 	

.— 
. 	

1 	
.. .. to 	 se 	 co 	 . 	zi ... 	. 40 	 a 40 	 a 40 	 a 40 	 a GO 

MW 	 a GO 	 MW 	 1W 	 MW 	 M W Ft  
MW 	 .. UP ' 	 MW 	 MW 	 MW 	 MW 

	

. 40 	 . GO 	-.. 	.-zrus 	
. GO 

• GO 	 .10 	 MW 	 G. 40 &Ala 	4. to BLANKS 	.. up SLAWS 
-10 	 Go 40 	 • 40 	 'WM 	 --o-w----  
a go 	 a 40 	 a go 	 a go 

	
110 	 1W 

us 	k 	:: . 	.... 
0 CO 

	
8W 	 8W 	 8W 	 8W 	Z 	8W 	

l■ 

8W 	 310 	 310 	 3W 	 3W 	 3W 	X 

3W 	 3W 	 3W 	 3W 	 3W 	 3W 
3W 	 3W 	 3W 	 3 W 	3 10 
3 W 	 3W 	 3W 	 3 W 	 3W 	 310 
3W 	 3W 	 3W 	 3W 	 0 40 .11fti 	 3W 	"1 
3 10 	 3W 	 3W 	 3 W 	Os 	3W 	ad 	3W 	reg 

00 
3W 	 3W 	 3W 	 3 W 	 3W 	 3W 
8W 	 8W 	 8W 	 8W 	 8W 	 8W  
2 W 	 2W 	 2W 	 -1:r. a 	 71715— 	'-43 4g, 

8W 	 8W 	 5W 	 5W 	 5W 	 5W 
. CO 	 0 40 	 0 40 	 0 GO 	i 	0 40 	t . 	 5W 	t 
210 	 2W 	 2 W 	 2 us% 	

,. 2 us 	it, 	2W 	1. 
5W 	 5W 	 5W 	 5W 	 5W 	 5W 	RI 

8W 	 8W 	 8W 	 5W 	 8W 	8W  
SW 	 SW 	 SW 	 "rrlr- 	 3W 	 5W 
8W 	 8W 	 810 	 8W 	 8W 	- 	 0 40 
810 	 8W 	 8W 	 5W 	 8W 	t 	8W 	% 8W 	 8W 	 8W 	 8W 	% 	8W 	jag, 	8W 	A 
2W 	 2W 	 2W 	 2W 	 2W 	 2W 
5W 	 8W 	 8W 	 8W 	 8W 	8W 
8W 	 8W 	 9W 	 5W 	W 	 -Lralr—--  
2W 	 2W 	 9W 	 9W 	 9 W 	 9W 
5W 	 810 	 SW 	 810 	

1
8 go 	t 	8W 

8W 	 8W 	 8 W 	 II UP 	 8W 	A. 	8W 
-4 

5W 	 ...4 tO 	 5W 	 510 	 SW 	 5 W 
8W 	 8W 	 8W 	 8W 	8 W 	8 W  
510 	 510 	 8 W 	 8W 	 5W 	 810 
8W 	 8W 	 $W 	 8W 	 a ..

A  8 a 	
• 	

a go 
t GO 	 a' 40 	 1W 	 40 	 it . 	k 	1.. 	,... 
1 10 	 co 	 us 	 us 	k 	1W 	 1W 	...e_ 

1W 	 1W 	 8 10 	 1W 	 8W 	 1W 	
< 

110 	 5W 	 5W 	 SW 	SW 	 5W  
1W 	 8 us 	 810 	 -6 us 	 -11-dr"--"'"''  
5 W 	 5W 	 8W 	 5W 	 5W 	 5W 
1W • 	 1. ge 	 1W 	 1W 	4.. 	9* 	6-..... 	9 in • 	t.. 
5 W 	 5W 	 5W 	 a uie 	5 ur• 	p 	5W 	A r• 
5W 	 5W 	 1W 	 5W 	 5W 	 5* 
g GO 	 IS IND 

	
5W 	 5W 	 5W 	 5W 

SW 	 SW 	 SW 	 2W 	-19r-th- 
8 ua 	 0 40 	 9W 	 9* 	 9W 	 0 40 
8W 	 910 	 9W 	 910 	Is 	9W ). 

 g 	
GO 

g 	
a. 

up 	 us 	 g Go 	 9 up 	& 	 so 	t 	0g  sla 
41 

8W 	 9W 	 9W 	 9W 	 9W 	 5W 
5 W 	 5W 	 5W 	 5W 	 5W 	 5W 
5W 	 SW 	 SW 	 "121-4—  ',Mr— us 
5W 	 5W 	 5W 	 SW 	 5 W 	 5W 
9W 	 5W 	 9W 	 S W 	1 	5W 	e 	sup 	In 

n, 5W 	 8 us 	 5W 	 5* 	 5W 	 5W 	"I 3 
2W 	 • se 	 2W 	 2W 	 2* 	 2W 
5W 	 6W 	 6W 	 8W 	6W 	6W 
SW 	 5W 	 5W 	 5W 	 5W 	 --5 41- 17-  
8W 	 le as 	 SW 	 SW 	 SW 	 5W 
SW 	 S W 	 5W 	 SW 	R 	SW 	D 	SW 

	

a 0 	11 SW 	 5 W 	 5W 	 510 	..4 	II AO 	SW 
1W a 	 9 u• 	 9W 	 a 4a 	 SW 	 6 W 
5W 	 SW 	 5W 	 SW 	5W 	5W 
SW 	 SW 	 8 CO 	 S W 	 -11 40  

3W 	 8W 	 8 W 	 3W 	 8W 	 8W 
2W 	 SW 	 SW 	 v.. ID 	§ 	S W 	g 	SW 
8W I, 	 a ego 	 3W • 	 a ub 	 5W 	c 	SW 	g 
3W 	 SW 	 SW 1 	 5 GID 	 5W 	 5W 
2W 	 9W 	 9W 	 9W 	9 W 	9W 	  
SW 	 5W 	 S W 	 SW 	 —la 	 avis 
a go

3  3 
8 so 	 al es 	 ai en 	R 	al. 	 9. 

SW 	 ii, 	 W 	 ..i. 	 us 	g 	 us 	Li 8W 	8 W 	 8W 	 8 W 	A 	3W 	rs 	9 W 
5W 	 3* 	 3W 	 9W 	 3W 	 3W 
5W 	 5* 	 5W 	 5W 	 5W 	 5W 

200 



FILE 5 SKIP 10 MED GROWTH 	ITTERATION LIMIT 5 	 DATE 07/11/73 TIME 	9 39 31 PAGE 	I 

	ARAMETER LIST 	 

ITEM VARIABLE 	 DESCRIPTION 	 VALUE 

TIME 	NYRPRJ NUMBER OF YEARS IN SIMULATION 	 50 
YRST 	SIMULATION BEGINS IN  	1974 

STREAMS NOSTA TOTAL NUMBER OF STREAMS 	 29 
NSTA 	BEGINNING NUMBER OF STREAMS 	 27 
YR 	HISTORICAL DATA BEGINS IN 	1964 
IYR 	NUMBER OF YEARS OF HISTORICAL DATA, 	 10 
SKIP 	NUMBER OF YRS OF STREAM DATA SKIP., 	 10 

tO 
C) 
Fa 	 RECYCLE OPTN1 RECYCLE (ONO, 1-YES) 	 1 

RECYCL STARTING POSITION  	 1 
RRON RECYCLE ON LEVEL 	  30000.0000 
RROFF RECYCLE OFF LEVEL 	  42667.0000 

PLANS 	NOFILE NUMBER OF PLANNING FILES 

DEMANDS NODS 	NUMBER OF DISTRIBUTION SUBDIVISION, 	 17 
NOCD NUMBER OF STANDBY DEMANDS 	 g 	 4 
EG 	GROWTH RATE OF EMPLOYMENT 	.0045 
PG 	GROWTH RATE OF POPULATION 	.0045 
EMPLOY STARTING EMPLOYMENT 	 g 	8000.0000 
POP 	STARTING POPULATION 	 , 176000.0000 
PRICED STARTING PRICE, DOMESTIC AND COMM 	 , 	.7170 
PRICEI STARTING PRICE, INDUSTRIAL 	.4000 
PRICEM STARTING PRICE, MILITARY 	.6660 
PRICEC STARTING PRICE, MUNICIPAL 	0.0000 
PRICEN STARTING PRICE, NON-POTABLE 	.2700 
DPRIDC SUMMER PRICE INCREASE, DON / CON.., 	1.0000 
DPRII SUMMER PRICE INCREASE, INDUSTRIAL., 	1.0000 
DEFCC DEFLATOR, CONSTRUCTION COSTS 	1.0000 
DEFOMC DEFLATOR. OPER. / MAIN. COSTS 	g 	1.0000 

ANT 	OPTN2 TREAT EFFLUENT (0=NO, 1=YE5) 	 0 
RITL 	RECYCLE ITTERRATION LIMIT 	 5 
PT1 	PROCESS TYPE. LEVEL I 	 4 
PT2 	PROCESS TYPE. LEVEL 2 	 I 
PT3 	PROCESS TYPE, LEVEL 3 	 3 
LORI 	PERCENT DEMAND RETURNED, LEVEL 1... 	.8000 
LnR2 	PERCENT DEMAND RETURNED, LEVEL 2... 	.8000 
LOR3 	PERCENT DEMAND RETURNED, LEVEL 3... 	.8000 
LOR4 	PERCENT DEMAND RETURNED, LEVEL 4... 	.8000 
LLII/ PERCENT CONSUMPTION, COAG / sEn.... 	.0300 
LL(2) PERCENT CONSUMPTION. FILTRATION 	, 	.0300 
11(3) PERCENT CONSUMPTION, G. CARB. A. 	9 	.0300 
11(4) PERCENT CONSUMPTION, ACT. SLUDGE... 	.0300 

RESERVOIR LEAK LEAKAGE CONSTANT 	10.0000 
RLMAX MAXIMUM CAPACITY 	  125614.0000 
RCPL 	CONSERVATION POOL LEVEL 	3325.0000 
RLEVEL CURRENT LEVEL 	  66743.0000 
PLEVEL PREVIOUS LEVEL 	 , 65704.0000 
RLOCAL LOCAL WATER LEVEL 	  33371.5000 
MDR 	CURRENT WATER QUALITY 	70.0000 
PROBL PROBABILITY LIMIT FOR EXPANSION 	.2500 
EXPL 	RESERVOIR LEVEL FOR EXPANSION 	 70000.0000 
EXPR 	STORAGE FACTOR RATIO FOR EXPANSION, 	1.0000 
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FILE 5 SKIP 10 MED GROWTH 	ITTERATION LIMIT 5 	 DATE 07/11/73 TIME 	9 39 31 PAGE 	2 

ITEM 	VARIABLE 

	

*****PARAMETER LI 	 

	

DESCRIPTION 	 VALUE 

OTHER 	R11) 	INTEREST RATE 1 	.0575 
R(2) 	INTEREST RATE 2 	.0800 
R(31 	INTERFST RATE 3 	.1200 

EDIT 	IDSNO INTERMEDIATE DATA, STREAM NET FLOW, 
FRE() 	FREQUENCY OF IDSNO PRINTOUT 	 
OCII 	DATA CARD TYPE II 	PRINTOUT 	 
OCIII DATA CARD TYPE III PRINTOUT 	 
DCIV 	DATA CARD TYPE IV 	PRINTOUT 	 
°CV 	DATA CARD TYPE V 	PRINTOUT 	 
OCVI 	DATA CARD TYPE VI 	PRINTOUT 	 
DCVII DATA CARD TYPE VII PRINTOUT 	 
DCVIII DATA CARD TYPE VIII PRINTOUT 	 
DCIX 	DATA CARD TYPE IX 	PRINTOUT 	. 
OCX 	DATA CARD TYPE X 	PRINTOUT 	 
DCXI 	DATA CARD TYPE XI PRINTOUT 	 
OCXII DATA CARD TYPE XII PRINTOUT 	 
GRAPH PUNCH DATA FOR GRAPH PROGRAM 	 



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

******** DUMP OF THE PLANNING MATRIX 

FILE NUMBER FIRST LAST-
NO ENTRYS ENTRY ENTRY 

1 	13 	1 	13 
2 	-1 	0 	0 
3 	3 	14 	16 
4 	28 	17 	44 
5 	6 	45 	50 
a 	-1 	0 	0 

COLM 	PLAN 	TIME 	LAGS 	CODE 	ATTR 1 	ATTR 2 	ATTR 3 	SUCCES 	BREOCS 

1 	104 	179 	-0 	 4 	 1 	900 	-0 	 2 	7777 

2 	104 	179 	-0 	 4 	 2 	900 	-0 	 3 	 1 

3 	104 	179 	-0 	 4 	 3 	900 	-0 	 4 	 2 

4 	104 	179 	-0 	 4 	 4 	900 	-0 	 5 	 3 

1,..) 	 5 	104 	179 	-0 	 4 	 5 	800 	-0 	 6 	 4 

CO 	 6 	104 	179 	-0 	 4 	 6 	700 	-0 	 7 	 5 

LO 	 7 	104 	179 	-0 	 4 	 7 	600 	-0 	 a 	6 

8 	104 	179 	-0 	 4 	 8 	700 	-0 	 9 	 7 

9 	104 	179 	-0 	 4 	 9 	700 	-0 	10 	 a 
10 	104 	179 	-0 	 4 	10 	800 	-0 	11 	 9 

11 	104 	179 	-0 	 4 	11 	800 	-0 	12 	10 

12 	104 	179 	-0 	 4 	12 	800 	-0 	13 	11 

13 	104 	179 	-0 	 9 	 8 	520 	-0 	9999 	12 

14 	301 	65 	-0 	 2 	 5 	 2 	200 	15 	7777 

15 	302 	95 	-0 	 2 	 5 	 2 	400 	16 	14 

16 	103 	144 	-0 	 2 	5 	 2 	500 	9999 	15 

17 	471 	23 	-0 	 6 	38 	-0 	-0 	18 	7777 

18 	481 	23 	-0 	 7 	40 	-0 	-0 	19 	17 

19 	482 	83 	-0 	 7 	30 	-0 	-0 	20 	18 

20 	472 	86 	-0 	 6 	2R 	-0 	-0 	21 	19 

21 	473 	143 	-0 	 6 	23 	-0 	-0 	22 	20 

22 	483 	143 	-0 	 7 	25 	-0 	-0 	23 	21 

23 	410 	144 	-0 	 1 	900 	-0 	-0 	24 	22 

24 	411 	144 	-0 	 2 	750 	-0 	-0 	25 	23 

25 	412 	144 	-0 	 3 	750 	-0 	-0 	26 	24 

26 	413 	180 	-0 	 1 	1000 	-0 	-0 	27 	25 

27 	415 	180 	-0 	 3 	800 	-0 	-0 	 28 	26 

28 	474 	203 	-0 	 6 	18 	-0 	-0 	29 	27 

29 	484 	203 	-0 	 7 	20 	-0 	-0 	30 	28 

30 	416 	216 	-0 	 1 	1200 	-0 	-0 	31 	29 

31 	475 	263 	-0 	 6 	13 	-0 	-0 	32 	30 

32 	485 	263 	-0 	 7 	15 	-0 	-0 	33 	31 

33 	418 	276 	-0 	 1 	1600 	-0 	-0 	34 	32 

34 	419 	276 	-0 	 2 	1600 	-0 	-0 	35 	33 

35 	420 	276 	-0 	 3 	1000 	-0 	-0 	36 	34 

36 	476 	323 	-0 	 6 	 9 	-0 	-0 	37 	35 

37 	486 	123 	-0 	 7 	10 	-0 	-0 	38 	36 

38 	421 	350 	-0 	 1 	2000 	-0 	-0 	39 	37 

39 	422 	350 	-0 	 2 	2000 	-0 	-0 	40 	38 

40 	423 	350 	-0 	 3 	2000 	-0 	-0 	41 	39 
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COIN 	PLAN 	TIME 	LAGS 	CODE 	ATTR 1 	ATTR 2 	ATTR 3 	SUCCES 	PREDCS 

41 	48 
42 	42 
43 	42 
44 	42 
45 	50 
46 	50 
47 	50 
48 	50 
49 	50 
50 	50 
51 
52 
53 

h.3
55 CD 	 55 

4b. 	 56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 



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

ANNUAL SUMMARY OF WATER DEMAND BY ALL USERS 

	  DOMESTIC     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 DEMAND 	(MG) 	THOUSANDS 	(G) 	S11000 $/1000 IN 	1000$ 	$ 	 (MG) 	THOUSANDS 	(GI 	L 

1974 	0.0 	5144. 	186. 	 28. 	.717 	.717 13.1 3687.9 	0.0 	1833. 	 8. 	217. 

1975 	0.0 	5073. 	196. 	 26. 	.717 	.717 21.1 3637.6 	0.0 	1818. 	 9. 	204. 

1976 	0.0 	6321. 	205. 	 31. 	.717 	.717 10.7 4532.1 	0.0 	1892. 	 9. 	203. 

1977 	0.0 	5823. 	216. 	 27. 	.717 	.717 24.1 4175.0 	0.0 	1955. 	 10. 	201. 

1978 	0.0 	6703. 	226. 	 30. 	.717 	.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. 	 11. 	198. 

1980 	0.0 	7388. 	248. 	 30. 	.717 	.717 14.4 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 	8181. 	267. 	 31. 	.717 	.717 	9.7 5865.4 	0.0 	2351. 	 12. 	197. 

1983 	0.0 	8355. 	277. 	 30. 	.717 	.717 14.5 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 7975.6 	0.0 	2464. 	 14. 	181. 

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. 	1.200 1.200 10.4 13411.1 	0.0 	2804. 	 16. 	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. 	 31. 	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. 	 31. 	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 	7.8 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. 	175. 

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 	7.6 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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ANNUAL SUMMARY OF WATER DEMAND BY ALL USERS 

I A L     COMMERCIAL     MILITARY 	  
PRICE PRICE 	TOTAL 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 
S/1000 S11000 10001 	S 	 (MG) 	 IG) 	$/1000 $11000 1000$ 	$ 	 (MG) 	1/1000 1000$ 	S 	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 	.717 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 	.717 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 
NJ 	 .750 	.750 1847.9 	0.0 	6103. 	 20. 	.900 	.900 5493.1 	0.0 	3516. 	.750 2637.3 	0.0 
C) 	 .750 	.750 1920.9 	0.0 	6607. 	 21. 	.900 	.900 5946.7 	0.0 	3553. 	.750 2664.6 	0.0 CM 	 .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 	7463. 	 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 4722.3 	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. 	2.500 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 	7440. 	 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. 	2.500 2.500 17246.8 	0.0 	6737. 	1.500 10105.7 	0.0 
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ANNUAL SUMMARY OF WATER DEMAND BY ALL USERS 

	 MUNICIPAL     NON 	POTABLE 	 
TOTAL 	PRICE TOTAL REVENUE 	TOTAL 	PRICE 	TOTAL REVENUE 	COMBINED COMBINED COMBINED 

WATER USE 	 REVENUE LOST/RS WATER USE 	 REVENUE LOST/RS WATER USE REVENUES LOST/RES YEAR 
(MG) 	$11000 1000$ 	 (MG) 	$11000 1000$ 	 (MG) 	1000$ 

	

2717. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	14492. 	7732. 	O. 1974 

	

3276. 	0.000 	0.0 	000 	 O. 	.270 	0.0 	0.0 	15624. 	8144. 	O. 1975 

	

2551. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	16812. 	9490. 	O. 1976 

	

3177. 	0.000 	0.0 	000 	 O. 	.270 	0.0 	0.0 	17266. 	9346. 	O. 1977 

	

3253. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	18957. 	10434. 	O. 1978 

	

3127. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	19380. 	10841. 	O. 1979 

	

3094. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	20266. 	11480. 	O. 1980 

	

3297. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	20496. 	11467. 	O. 1981 

	

4526. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	23116. 	12430. 	O. 1982 

	

3928. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	23829. 	13348. 	O. 1983 

	

3276. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	000 	21820. 	12397. 	O. 1984 

	

4007. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	25248. 	14573. 	O. 1985 

	

4214. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	25159. 	17954. 	O. 1986 

	

3459. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	25915. 	19293. 	O. 1987 

	

4284. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	26313. 	19036. 	O. 1988 

	

4234. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	26662. 	21011. 	O. 1989 
ha 	 3681. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	28186. 	23052. 	O. 1990 
0 
...I 	 4688. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	30918. 	25069. 	O. 1991 

	

4804. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	30204. 	27635. 	O. 1992 

	

4849. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	30467. 	27721. 	O. 1993 

	

4556. 	0.000 	0.0 	0.0 	 0. 	.270 	0.0 	0.0 	29799. 	27379. 	O. 1994 

	

5251. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	33056. 	30268. 	O. 1995 

	

5259. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	33801. 	32022. 	O. 1996 

	

5121. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	32826. 	41695. 	O. 1997 

	

4782. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	33021. 	42367. 	O. 1998 

	

5977. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	35448. 	44387. 	O. 1999 

	

6073. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	35355. 	44147. 	O. 2000 

	

4858. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	33806. 	43483. 	O. 2001 

	

6303. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	37206. 	46485. 	O. 2002 

	

6002. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	35276. 	57294. 	O. 2003 

	

5107. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	35163. 	60111. 	O. 2004 

	

5859. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	36132. 	60546. 	O. 2005 

	

6105. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	36929. 	61648. 	O. 2006 

	

6365. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	37663. 	62596. 	O. 2007 

	

6213. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	36087. 	59750. 	O. 2008 

	

6747. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	38810. 	64125. 	O. 2009 

	

5687. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	37202. 	63030. 	O. 2010 

	

6913. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	38184. 	68171. 	O. 2011 

	

6430. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	38292. 	73671. 	O. 2012 

	

6824. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	36239. 	67810. 	O. 2013 

	

6361. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	38678. 	74877. 	O. 2014 

	

7061. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	38577. 	72862. 	O. 2015 

	

8002. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	39615. 	72815. 	O. 2016 

	

7047. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	38821. 	73268. 	O. 2017 

	

6912. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	39646. 	75416. 	O. 2018 

	

7427. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	38545. 	71341. 	O. 2019 

	

7890. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	40316. 	74632. 	O. 2020 

	

7977. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	40897. 	75771. 	O. 2021 

	

7662. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	40012. 	74110. 	O. 2022 

	

8492. 	0.000 	0.0 	0.0 	 O. 	.270 	0.0 	0.0 	41665. 	76197. 	O. 2023 
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ANNUAL SUMMARY OF SUPPLY IN STORAGE 

RESERVOIR 	PERCENT MAX 	MAX CAPACITY 	TOTAL 	PROBABILITY 
YEAR 	LEVEL 	CAPACITY ON 	TO ANNUAL 	FLOW 	OF TOTAL 

(0OO) AF 	JAN 1 	WATER USE 	C.F.S. 	FLOW 

1974 	114. 	 91. 	 2.82 	6106. 	 .900 
1975 	121. 	 96. 	 2.62 	2674. 	 .909 
1976 	113. 	 90. 	 2.43 	5871. 	 .917 
1977 	119. 	 95. 	 2.37 	 2297. 	 .769 
1978 	115. 	 92. 	 2.16 	2006. 	 .714 
1979 	115. 	 92. 	 2.11 	 3383. 	 .867 
1980 	114. 	 91. 	 2.02 	 3575. 	 .875 
1981 	113. 	 90. 	 2.00 	2507. 	 .706 
1982 	97. 	 77. 	 1.77 	 1900. 	 .556 
1983 	90. 	 71. 	 1.72 	 2126. 	 .632 
1984 	111. 	 89. 	 1.88 	 2985. 	 .800 
1985 	109. 	 87. 	 1.62 	 2810. 	 .762 

IsJ 	 1986 	111. 	 89. 	 1.63 	2399. 	 .636 

C0 	 1987 	93. 	 74. 	 1.58 	 1817. 	 .435 
00 	 1988 	94. 	 75. 	 1.55 	 2058. 	 .542 

1989 	107. 	 85. 	 1.53 	 3944. 	 .920 
• 	 1990 	110. 	 87. 	 1.45 	 3672. 	 .885 

1991 	104. 	 83. 	 1.32 	4925. 	 .926 
1992 	82. 	 65. 	 1.35 	 1988. 	 .429 
1993 	104. 	 82. 	 1.34 	 3605. 	 .828 
1994 	109. 	 87. 	 1.37 	 2524. 	 .633 
1995 	106. 	 85. 	 1.24 	 3008. 	 .742 
1996 	89. 	 71. 	 1.21 	 2653. 	 .625 
1997 	100. 	 80. 	 1.25 	4210. 	 .909 
1998 	102. 	 81. 	 1.24 	5347. 	 .941 
1999 	102. 	 81. 	 1.15 	 4951. 	 .914 
2000 	67. 	 53. 	 1.16 	 1811. 	 .278 
2001 	49. 	 39. 	 1.21 	 2153. 	 .459 
2002 	30. 	 24. 	 1.23 	2380. 	 .447 
2003 	36. 	 29. 	 1.51 	 2465. 	 .436 
2004 	94. 	 56. 	 1.84 	 3062. 	 .575 
2005 	85. 	 51. 	 1.51 	 2666. 	 .439 
2006 	78. 	 47. 	 1.48 	 2921. 	 .452 
2007 	47. 	 28. 	 1.45 	 2402. 	 .302 
2008 	53. 	 32. 	 1.81 	 2743. 	 .432 
2009 	64. 	 38. 	 1.66 	 3164. 	 .556 
2010 	49. 	 29. 	 1.62 	 2250. 	 .239 
2011 	41. 	 24. 	 1.71 	 2262. 	 .234 
2012 	79. 	 47. 	 1.76 	4046. 	 .771 
2013 	76. 	 46. 	 1.50 	 3659. 	 .714 
2014 	96. 	 57. 	 1.41 	 4275. 	 .820 
2015 	101. 	 60. 	 1.41 	 3130. 	 .529 
2016 	108. 	 64. 	 1.38 	4164. 	 .769 
2017 	95. 	 57. 	 1.40 	 3239. 	 .566 
2018 	67. 	 40. 	 1.38 	 2434. 	 .259 
2019 	100. 	 60. 	 1.56 	4347. 	 .800 
2020 	63. 	 38. 	 1.35 	2348. 	 .214 
2021 	50. 	 30. 	 1.48 	 2685. 	 .333 
2022 	96. 	 57. 	 1.64 	4957. 	 .879 
2023 	94. 	 56. 	 1.31 	 3763. 	 .678 
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SUMMARY OF ADVANCED WASTE TREATMENT(AWT) BY DECADE 
(IN MILLIONS OF GALLONS) 

	

DECADE COAGULATION ) 	FILTRATION 	GRANULATED 	ACTIVATED 	 ION 

	

SEDIMENTATION 	 CARS ABSORPTN 	SLUDGE 	 EXCHANGE 

1 	 0.0 	 0.0 	 0.0 	 0.0 	 0.0 
2 	 0.0 	 0.0 	 0.0 	 0.0 	 0.0 
3 	 10.7 	 0.0 	 7.7 	 18.3 	 7.5 
4 	 14.0 	 0.0 	 13.6 	 24.4 	 12.9 
5 	 16.1 	 0.0 	 15.6 	 28.4 	 15.2 
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	STREAM ADDITIONS 	 

DATES 	STA 	STREAM NAME 	TYPE 

2003/ 0 	153 	EAGLE RIVER AT RED C 	2 
2005/ 0 	167 	CROSS CREEK NR MINT 	2 
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ADVANCED WASTE TREATMENT OPERATION BY YEAR 
(IN MILLIONS OF GALLONS) 

1974 	1975 	1976 	1977 	1978 	1979 	1980 	1981 	1982 	1983 

RESERVOIR FLOW 
-SYSTEM LOSSES 

	

475. 	512. 	551. 	566. 	622. 	635. 	663. 	672. 	758. 	781. 

	

109. 	134. 	119. 	154. 	161. 	179. 	149. 	147. 	185. 	202. 

=SECONDARY 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 SOLD 	 7. 	8. 	10. 	9. 	8. 	a. 	10. 	10. 	11. 	11. 
-AGRICULTURE USE 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 

•FLOW AVAILABLE AT AWT 	216. 	247. 	280. 	261. 	248. 	243. 	293. 	296. 	316. 	331. 
-CUTBACKS 	 216. 	247. 	280. 	261. 	248. 	243. 	293. 	296. 	316. 	331. 

ba 
Fa 	 =FLOW TO AWT, PASS I 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
Fa 	 +FLOW. RECYCLED 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 

=FLOW THRU LEVEL I 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
-CONSUMPTION LEVEL 1 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
-DEMAND AT LEVEL I 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
-FLOW RETURNED,STREAMS,T 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 

=FLOW THRU LEVEL 2 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
-CONSUMPTION LEVEL 2 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
-DEMAND AT LEVEL 2 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 

•FLOW THRU LEVEL 3 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
-CONSUMPTION LEVEL 3 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
-DEMAND AT LEVEL 3 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 

-FLOW AVAILABLE LEVEL 4 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
-RESERVOIR DEMANDS.() 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 

=FLOW THRU LEVEL 4 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
-RESERVOIR DEMANDS,T 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
-DEMAND AT LEVEL 4 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 

=FLOW RETURNED,STREAMS,T 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
FLOW RETURNED, USERS 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 

•CUTBACKS AND EXCESSES 	216. 	247. 	280. 	261. 	248. 	243. 	293. 	296. 	316. 	331. 
=FLOW RETURNED,STREAMS,U 	216. 	247. 	280. 	261. 	248. 	243. 	293. 	296. 	316. 	331. 
+FLOW RETURNED,STREAMS,T 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
=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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ADVANCED WASTE TREATMENT OPERATION BY YEAR 
(IN MILLIONS OF GALLONS/ 

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. 	727. 	815. 	753. 	787. 
-LOCAL WATER 	 226. 	241. 	269. 	307. 	328. 	301. 	295. 	304. 	320. 	339. 
-WATER SOLD 	 11. 	13. 	13. 	11. 	11. 	11. 	14. 	17. 	14. 	15. 
-AGRICULTURE USE 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 

=FLOW AVAILABLE AT AWT 
-CUTBACKS 

=FLOW TO AMT, PASS 1 
+FLOW, RECYCLED 

	

331. 	385. 	368. 	329. 	325. 	333. 	417. 	495. 	419. 	434. 

	

331. 	385. 	368. 	329. 	325. 	333. 	417. 	495. 	419. 	434. 

o. 	o. 	o. 	o. 	o. 	o. 	o. 	o. 	0. 	o. 
0. 	o. 	o. 	o. 	o. 	o. 	o. 	o. 	o. 	o. 

=FLOW THRU LEVEL 1 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
-CONSUMPTION LEVEL 1 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
-DEMAND AT LEVFL 1 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
-FLOW RETURNED,STREAMS,T 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 

=FLOW THRU LEVEL 2 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
-CONSUMPTION LEVEL 2 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
-DEMAND AT LEVEL 2 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 

=FLOW THRU LEVEL 3 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
-CONSUMPTION LEVEL 3 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
-DEMAND AT LEVEL 3 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 

=FLOW AVAILABLE LEVEL 4 
-RESERVOIR DEMANDS.0 

o. 	o. 	o. 	o. 	o. 	o. 	o. 	0. 	o. 	o. 
o. 	0. 	o. 	o. 	o. 	o. 	o. 	o. 	o. 	o. 

=FLOW THRU LEVEL 4 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
-RESERVOIR DEMANDS,T 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
-DEMAND AT LEVEL 4 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 

=FLOW RETURNED,STREAMS,T 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
FLOW RETURNED, USERS 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 

+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 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
=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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ADVANCED WASTE TREATMENT OPERATION BY YEAR 
(IN MILLIONS OF GALLONS) 

1994 	1995 	1996 	1997 	1998 	1999 	2000 	2001 	2002 	2003 

RESERVOIR FLOW 
-SYSTEM LOSSES 

	

977. 	1083. 	1108. 	1077. 	1083. 	1162. 	1159. 	1108. 	1090. 	890. 

	

229. 	270. 	270. 	258. 	252. 	262. 	296. 	263. 	291. 	164. 

=SECONDARY TREATED FLOW 	748. 	814. 	838. 	818. 	831. 	900. 	863. 	845. 	799. 	726. 
-LOCAL WATER 	 325. 	407. 	415. 	336. 	285. 	309. 	368. 	440. 	382. 	349. 
-WATER SOLD 	 14. 	13. 	14. 	16. 	18. 	20. 	16. 	13. 	14. 	12. 
-AGRICULTURE USE 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 

=FLOW AVAILABLE AT AWT 	409. 	393. 	409. 	466. 	527. 	571. 	479. 	391. 	404. 	365. 
-CUTBACKS 	 409. 	393. 	409. 	466. 	527. 	571. 	479. 	391. 	371. 	284. 

=FLOW TO AMT. PASS 1 
+FLOW, RECYCLED 

O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	33. 	81. 
O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	73. 	176. 

Isa 
F.' 	 =FLOW THRU LEVEL 1 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	107. 	257. LA) 

-CONSUMPTION LEVEL 1 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	3. 	8. 
-DEMAND AT LEVEL 1 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	78. 	163. 
-FLOW RETURNED.STREAMS,T 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 

=FLOW THRU LEVEL 2 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	26. 	87. 
-CONSUMPTION LEVEL 2 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	1. 	3. 
-DEMAND AT LEVEL 2 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	12. 	39. 

=FLOW THRU LEVEL 3 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	13. 	45. 
-CONSUMPTION LEVEL 3 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	1. 
-DEMAND AT LEVEL 3 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	2. 	a. 

=FLOW AVAILABLE LEVEL 4 
-RESERVOIR DEMANDS.0 

O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	11. 	36. 
O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 

=FLOW THRU LEVEL 4 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	11. 	36. 
-RESERVOIR DEMANDS,T 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	5. 
-DEMAND AT LEVEL 4 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	11. 	32. 

=FLOW RETURNED,STREAMS,T 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
FLOW RETURNED, USERS 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	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 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
=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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ADVANCED WASTE TREATMENT OPERATION BY YEAR 
(IN MILLIONS OF GALLONS) 

2004 	2005 	2006 	2007 	2008 	2009 	2010 	2011 	2012 	2013 

RESERVOIR FLOW 
-SYSTEM LOSSES 

	

980. 	1185. 	1210. 	1235. 	994. 	1081. 	1120. 	1052. 	1022. 	1188. 

	

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 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 

=FLOW AVAILABLE AT AWT 	402. 	609. 	544. 	525. 	369. 	442. 	480. 	427. 	470. 	583. 
-CUTBACKS 	 353. 	609. 	544. 	525. 	316. 	387. 	436. 	363. 	405. 	583. 

=FLOW TO AMT, PASS 1 
+FLOW, RECYCLED 

	

49. 	O. 	O. 	O. 	53. 	55. 	44. 	64. 	64. 	O. 

	

99. 	O. 	O. 	0. 	114. 	115. 	78. 	127. 	135. 	O. 

KJ 
Fa 
4a 	 =FLOW THRU LEVEL I 	 148. 	O. 	O. 	O. 	167. 	170. 	122. 	191. 	199. 	O. 

-CONSUMPTION LEVEL I 	 4. 	O. 	O. 	O. 	5. 	5. 	4. 	6. 	6. 	O. 
-DEMAND AT LEVEL I 	 103. 	O. 	O. 	O. 	116. 	117. 	60. 	124. 	140. 	O. 
-FLOW RETURNED,STREAMS,T 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 

=FLOW THRU LEVEL 2 	 40. 	O. 	O. 	O. 	46. 	48. 	58. 	61. 	52. 	O. 
-CONSUMPTION LEVEL 2 	 1. 	O. 	O. 	O. 	I. 	1. 	2. 	2. 	2. 	O. 
-DEMAND AT LEVEL 2 	 17. 	O. 	O. 	O. 	20. 	20. 	14. 	25. 	22. 	O. 

=FLOW THRU LEVEL 3 	 22. 	O. 	O. 	O. 	25. 	26. 	43. 	35. 	29. 	O. 
-CONSUMPTION LEVEL 3 	 I. 	O. 	O. 	O. 	I. 	1. 	1. 	I. 	1. 	O. 
-DEMAND AT LEVEL 3 	 2. 	O. 	O. 	O. 	3. 	3. 	3. 	3. 	3. 	O. 

=FLOW AVAILABLE LEVEL 4 
-RESERVOIR DEMANDS,U 

	

19. 	O. 	O. 	O. 	22. 	23. 	39. 	31. 	25. 	O. 

	

7. 	O. 	O. 	O. 	4. 	2. 	8. 	8. 	2. 	O. 

=FLOW THRU LEVEL 4 	 12. 	O. 	O. 	O. 	17. 	21. 	30. 	23. 	23. 	O. 
-RESERVOIR DEMANDS,T 	 I. 	O. 	0. 	O. 	2. 	5. 	10. 	3. 	6. 	O. 
-DEMAND AT LEVEL 4 	 11. 	O. 	O. 	O. 	15.. 	16. 	21. 	21. 	17. 	O. 

=FLOW RETURNED.STREAMS0 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
FLOW RETURNED, USERS 	 a. 	o. 	o. 	o. 	9. 	lo. 	o. 	10. 	11. 	O. 
+CUTBACKS AND 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 RETURNED,STREAMS,T 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
=FLOW RETURNED,STREAMS,S 	361. 	609. 	544. 	525. 	325. 	397. 	436. 	374. 	417. 	583. 

CHECK RESULT 	 361. 	609. 	544. 	525. 	325. 	397. 	436. 	374. 	417. 	583. 
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ADVANCED WASTE TREATMENT OPERATION BY YEAR 
(IN MILLIONS OF GALLONS) 

2014 	2015 	2016 	2017 	2018 	2019 	2020 	2021 	2022 	2023 

RESERVOIR FLOW 
-SYSTEM LOSSES 

	

1268. 	1265. 	1298. 	1272. 	1299. 	1157. 	1321. 	1229. 	1105. 	1366. 

	

310. 	290. 	329. 	306. 	333. 	321. 	311. 	273. 	317. 	340. 

=SECONDARY TREATED FLOW 	959. 	974. 	969. 	966. 	966. 	836. 	1011. 	956. 	787. 	1026. 
-LOCAL WATER 	 301. 	310. 	321. 	303. 	325. 	331. 	427. 	342. 	249. 	337. 
-WATER SOLD 	 22. 	22. 	21. 	22. 	21. 	17. 	19. 	20. 	18. 	23. 
-AGRICULTURE USE 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 

=FLOW 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 
•FLOW, RECYCLED 

O. 	O. 	O. 	O. 	O. 	41. 	O. 	50. 	70. 	O. 
O. 	O. 	O. 	O. 	O. 	84. 	O. 	88. 	141. 	O. 

(s.) 
Fa 
Ln 	 =FLOW THRU LEVEL I 	 O. 	O. 	O. 	O. 	O. 	125. 	O. 	138. 	211. 	O. 

-CONSUMPTION LEVEL I 	 O. 	O. 	O. 	O. 	O. 	4. 	O. 	4. 	6. 	O. 
-DEMAND AT LEVEL 1 	 O. 	O. 	O. 	O. 	O. 	66. 	O. 	68. 	126. 	O. 
-FLOW RETURNED,STREAMS,T 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 

=FLOW THRU LEVEL 2 	 O. 	O. 	O. 	O. 	O. 	55. 	O. 	66. 	79. 	O. 
-CONSUMPTION LEVEL 2 	 O. 	O. 	O. 	O. 	O. 	2. 	O. 	2. 	2. 	O. 
-DEMAND AT LEVEL 2 	 O. 	O. 	O. 	O. 	O. 	16. 	O. 	16. 	30. 	O. 

=FLOW THRU LEVEL 3 	 O. 	O. 	O. 	O. 	O. 	37. 	O. 	48. 	46. 	O. 
-CONSUMPTION LEVEL 3 	 O. 	O. 	O. 	O. 	O. 	1. 	O. 	1. 	1. 	O. 
-DEMAND AT LEVEL 3 	 O. 	O. 	O. 	O. 	O. 	3. 	O. 	3. 	5. 	O. 

=FLOW AVAILABLE LEVEL 4 
-RESERVOIR DEMANDS,U 

O. 	O. 	O. 	O. 	O. 	33. 	O. 	43. 	40. 	O. 
O. 	O. 	O. 	O. 	O. 	9. 	O. 	9. 	a. 	0. 

=FLOW THRU LEVEL 4 	 O. 	O. 	O. 	O. 	O. 	24. 	O. 	33. 	32. 	O. 
-RESERVOIR DEMANDS,T 	 O. 	O. 	O. 	O. 	O. 	5. 	O. 	11. 	6. 	O. 
-DEMAND AT LEVEL 4 	 O. 	O. 	O. 	O. 	O. 	19. 	O. 	22. 	26. 	O. 

=FLOW RETURNED,STREAMS,T 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
FLOW RETURNED, USERS 	 O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	8. 	O. 

' +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 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 	O. 
=FLOW RETURNED,STREAMS,S 	636. 	642. 	626. 	641. 	620. 	447. 	564. 	543. 	459. 	667. 

CHECK RESULT 	 636. 	642. 	626. 	641. 	620. 	447. 	564. 	543. 	459. 	667. 
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INVESTMENT COST SERIES BY YEAR***** 
(IN MILLIONS OF DOLLARS) 

YEAR 	COAGULATION 1 	FILTRATION 	GRANULATED 	ACTIVATED 	 ION 	 TOTAL ALL 
SEDIMENTATION 	 CARS ABSORPTN 	SLUDGE 	 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 
ha 	 1988 	 0.0 	 0.0 	 0.0 	 0.0 	 0.0 	 0.0 
1-) 	 1989 	 0.0 	 . 0.0 	 0.0 	 0.0 	 0.0 	 0.0 
CM 	 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 	 .4 	 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 	 .1 	 0.0 	 .3 	 1.2 	 .2 	 1.8 

	

2011 	 .0 	 0.0 	 .0 	 .1 	 .0 	 .1 

	

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 	 .1 	 0.0 	 .3 	 1.2 	 .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 



FILE 5 SKIP 10 ME0 GROWTH 	ITTERATION LIMIT 5 	 DATE 07/11/73 TIME 	9 39 31 PAGE 17 

IXED AND VARIABLE COSTS FOR STREAM, 
RESERVOIR, WELL, AND PROJECT ADDITIONS 

IIN MILLIONS OF DOLLARS) 

FIXED  COSTS 	  VARIABLE COSTS 
YEAR STREAM RESERVOIRS 	WELL 	PROJECTS 	TOTAL 	STREAM RESERVOIRS 	WELL 	PROJECTS 	TOTAL 

1974 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	0.000 	0.000 
1975 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	0.000 	0.000 
1976 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	0.000 	0.000 
1977 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	0.000 	0.000 
1978 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	0.000 	0.000 
1979 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	0.000 	0.000 
1980 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	0.000 	0.000 
1981 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	0.000 	0.000 
1982 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	0.000 	0.000 
1983 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	0.000 	0.000 
1984 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	0.000 	0.000 
1985 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	0.000 	0.000 
1986 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	0.000 	0.000 
1987 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	0.000 	0.000 
1988 	0.00 	0.00 	0.00 	8.00 	8.00 	0.000 	0.000 	0.000 	.049 	.049 
1989 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 
1990 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 
1991 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 
1992 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 
1993 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 

•J 	 1994 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 
I'j 	 1995 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 
....) 1996 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 

1997 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 
1998 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 
1999 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 
2000 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 

2001 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 

2002 	6.00 	0.00 	0.00 	0.00 	6.00 	0.000 	0.000 	0.000 	.049 	.049 

2003 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 

2004 	3.00 	6.00 	0.00 	0.00 	9.00 	0.000 	0.000 	0.000 	.049 	.049 
2005 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 

2006 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 

2007 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 
2008 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 

2009 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 
2010 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 
2011 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 
2012 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 
2013 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 
2014 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 
2015 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 
2016 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 
2017 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 
2018 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 
2019 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 
2020 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 
2021 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 
2022 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 
2023 	0.00 	0.00 	0.00 	0.00 	0.00 	0.000 	0.000 	0.000 	.049 	.049 



ACTIVATED- COAGULATION- 	GRANULATED 	ION- TOTAL 

AT 5.75+ 
AT 8.00+ 
AT s.00+ 

122. 
se. 
17. 

33. 
16. 
4. 

53. 
25. 
7. 

57. 
27. 
7. 

265. 
125. 
36. 
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PRESENT WORTH OF INVESTMENT COST SERIES 
UN MILLIONS OF DOLLARS) 

COAGULATION ) 
SEDIMENTATION 

FILTRATION 	GRANULATED 	ACTIVATED 	 ION 	 TOTAL ALL 
CARS ABSORPTN 	SLUDGE 	 EXCHANGE 	PROCESSES 

AT 5.75+ 	 .2 	 0.0 	 .5 	 1.8 	 .2 	 2.7 
AT 8.00+ 	 .1 	 0.0 	 .3 	 .9 	 .1 	 1.4 
AT 4.004 	 .0 	 0.0 	 .1 	 .3 	 .0 	 .5 

PRESENT WORTH OF FIXED AND VARIABLE COSTS 
(IN MILLIONS OF DOLLARS) 

FIXED COSTS 	  VARIABLE COSTS 
STREAM 	RESERVOIRS 	WELL 	PROJECTS 	TOTAL 	STREAM 	RESERVOIRS 	WELL 	PROJECTS 	TOTAL 

AT 5.75+ 	1.72 	1.06 	0.00 	3.46 	6.23 	0.00 	0.00 	0.00 	.34 	.34 
AT 8.00+ 	.92 	.55 	0.00 	2.52 	3.99 	0.00 	0.00 	0.00 	.20 	.20 
AT 4.00+ 	.31 	.18 	0.00 	1.46 	1.95 	0.00 	0.00 	0.00 	.08 	.08 

PRESENT WORTH OF OPERATION AND MAINTENANCE COSTS 
(IN.THOUSANDS.OF.DOLLARS) 

SLUDGE 	SEDIMENTATIN CARS ABSORP. EXCHANGE 
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OPERATION AND MAINTENANCE COSTS BY YEAR 
(IN.7POUSANDS.OF.DOLLARS) 

YEAR 	ACTIVATED- 	COAGULATION- 	GRANULATED 	ION- 	 TOTAL 
SLUDGE 	SED1MENTATIN CARS ABSORP. 	EXCHANGE 	COSTS 

1974 	 O. 	 O. 	 O. 	 O. 	 O. 
1975 	 O. 	 O. 	 O. 	 O. 	 O. 
1976 	 O. 	 O. 	 O. 	 O. 	 O. 
1977 	 O. 	 O. 	 O. 	 O. 	 O. 
1978 	 O. 	 O. 	 O. 	 O. 	 O. 
1979 	 O. 	 O. 	 O. 	 O. 	 O. 
1980 	 O. 	 O. 	 O. 	 O. 	 O. 
1981 	 O. 	 O. 	 O. 	 O. 	 O. 
1982 	 O. 	 O. 	 O. 	 O. 	 O. 
1983 	 O. 	 O. 	 O. 	 O. 	 O. 
1984 	 O. 	 O. 	 O. 	 O. 	 O. 
1985 	 O. 	 O. 	 O. 	 O. 	 O. 
1986 	 O. 	 O. 	 O. 	 O. 	 O. 
1987 	 O. 	 O. 	 O. 	 O. 	 O. 
1988 	 O. 	 O. 	 O. 	 O. 	 O. 

b..) 	 1989 	 O. 	 O. 	 O. 	 O. 	 O. 
l-a 	 1990 	 O. 	 O. 	 O. 	 O. 	 O. 
lID 	 1991 	 O. 	 O. 	 O. 	 O. 	 O. 

1992 	 O. 	 O. 	 O. 	 O. 	 O. 
1993 	 O. 	 O. 	 O. 	 O. 	 O. 
1994 	 O. 	 O. 	 O. 	 O. 	 O. 
1995 	 O. 	 O. 	 O. 	 O. 	 O. 
1996 	 O. 	 O. 	 O. 	 O. 	 O. 
1997 	 O. 	 O. 	 O. 	 O. 	 O. 
1998 	 O. 	 O. 	 O. 	 O. 	 O. 
1999 	 O. 	 O. 	 O. 	 O. 	 O. 
2000 	 O. 	 O. 	 O. 	 O. 	 O. 
2001 	 O. 	 O. 	 O. 	 O. 	 O. 
2002 	 57. 	 13. 	 25. 	 21. 	 116. 
2003 	 131. 	 37. 	 70. 	 55. 	 293. 
2004 	 83. 	 20. 	 26. 	 21. 	 150. 
2005 	 O. 	 O. 	 O. 	 O. 	 O. 
2006 	 O. 	 O. 	 O. 	 O. 	 O. 
2007 	 O. 	 O. 	 O. 	 O. 	 O. 
2008 	 86. 	 21. 	 29. 	 29. 	 164. 
2009 	 87. 	 20. 	 29. 	 43. 	 179. 
2010 	 62. 	 22. 	 40. 	 51. 	 175. 
2011 	 100. 	 31. 	 39. 	 60. 	 230. 
2012 	 102. 	 23. 	 34. 	 39. 	 198. 
2013 	 O. 	 O. 	 O. 	 O. 	 O. 
2014 	 O. 	 O. 	 O. 	 O. 	 O. 
2015 	 O. 	 O. 	 O. 	 O. 	 O. 
2016 	 O. 	 O. 	 O. 	 O. 	 O. 
2017 	 O. 	 O. 	 O. 	 O. 	 O. 
2018 	 O. 	 O. 	 O. 	 O. 	 O. 
2019 	 58. 	 18. 	 36. 	 40. 	 152. 
2020 	 O. 	 O. 	 O. 	 O. 	 O. 
2021 	 68. 	 25. 	 44. 	 56. 	 193. 
2022 	 107. 	 33. 	 48. 	 70. 	 258. 
2023 	 O. 	 O. 	 O. 	 O. 	 O. 
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EVENTS.... 

	

7 19741 7 SPILLAGE 	 134125.14 	8511.14 	0.00 

	

8 1974/ 8 SPILLAGE 	 132971.12 	7357.12 	0.00 

	

18 1975/ 6 SPILLAGE 	 126417.50 	803.50 	0.00 

	

19 1975/ 7 SPILLAGE 	 135638.57 10024.57 	0.00 

	

20 1975/ 8 SPILLAGE 	 134420.35 	8806.35 	0.00 

	

30 1976/ 6 SPILLAGE 	 162481.76 36867.76 	0.00 

	

31 1976/ 7 SPILLAGE 	 157686.54 32072.54 	0.00 

	

32 1976/ 8 SPILLAGE 	 137619.10 12005.10 	0.00 

	

42 1977/ 6 SPILLAGE 	 126833.46 	1219.46 	0.00 

	

43 1977/ 7 SPILLAGE 	 134086.74 	8472.74 	0.00 

	

44 1977/ 8 SPILLAGE 	 131751.40 	6137.40 	0.00 

	

54 1978/ 6 SPILLAGE 	 126936.21 	1322.21 	0.00 

	

55 1978/ 7 SPILLAGE 	 136200.75 10586.75 	0.00 

	

56 1978/ 8 SPILLAGE 	 127924.63 	2310.63 	0.00 
65 1979/ 5 CD-STANDBY DEMAND MODIFIED AS SHOWN 	 301.00 	5.00 	0.00 

	

66 1979/ 6 SPILLAGE 	 133225.32 	7611.32 	0.00 

	

67 1979/ 7 SPILLAGE 	 138374.57 12760.57 	0.00 

	

68 1979/ 8 SPILLAGE 	 140130.78 14516.78 	0.00 

	

78 1980/ 6 SPILLAGE 	 134275.61 	8661.61 	0.00 

	

79 1980/ 7 SPILLAGE 	 143089.71 17475.71 	0.00 

	

80 1980/ 8 SPILLAGE 	 137322.88 11708.88 	0.00 

	

91 1981/ 7 SPILLAGE 	 144150.71 18536.71 	0.00 
ha 	 92 1981/ 8 SPILLAGE 	 126705.20 	1091.20 	0.00 
h..) 	 95 1981/11 CD-STANDBY DEMAND MODIFIED AS SHOWN 	 302.00 	9.00 	0.00 
C, 	 128 1984/ 8 SPILLAGE 	 126728.26 	1114.26 	0.00 

	

139 1985/ 7 SPILLAGE 	 136551.61 10937.61 	0.00 

	

140 1985/ 8 SPILLAGE 	 131602.64 	5988.64 	0.00 , 
144 1986/ 0 CD-STANDBY DEMAND MODIFIED AS SHOWN 	 303.00 	14.00 	0.00 

	

152 1986/ 8 SPILLAGE 	 131390.28 	5776.28 	0.00 
179 1988/11 IMPLEMENTATION OF NEW PROJECT COMPLETED 	 1.00 	900.00 	0.00 
179 1988/11 IMPLEMENTATION OF NEW PROJECT COMPLETED 	 2.00 	900.00 	0.00 
179 1988/11 IMPLEMENTATION OF NEW PROJECT COMPLETED 	 3.00 	900.00 	0.00 
179 1988/11 IMPLEMENTATION OF NEW PROJECT COMPLETED 	 4.00 	900.00 	0.00 
179 1988/11 IMPLEMENTATION OF NEW PROJECT COMPLETED 	 5.00 	800.00 	0.00 
179 1988/11 IMPLEMENTATION OF NEW PROJECT COMPLETED 	 6.00 	700.00 	0.00 
179 1988/11 IMPLEMENTATION OF NEW PROJECT COMPLETED 	 7.00 	600.00 	0.00 
179 1988/11 IMPLEMENTATION OF NEW PROJECT COMPLETED 	 8.00 	700.00 	0.00 
179 1988/11 IMPLEMENTATION OF NEW PROJECT COMPLETED 	 9.00 	700.00 	0.00 
179 1988/11 IMPLEMENTATION OF NEW PROJECT COMPLETED 	 10.00 	800.00 	0.00 
179 1988/11 IMPLEMENTATION OF NEW PROJECT COMPLETED 	 11.00 	800.00 	0.00 
179 1988/11 IMPLEMENTATION OF NEW PROJECT COMPLETED 	 12.00 	800.00 	0.00 

	

187 1989/ 7 SPILLAGE 	 131855.60 	6241.60 	0.00 

	

188 1989/ 8 SPILLAGE 	 127926.50 	2312.50 	0.00 

	

199 1990/ 7 SPILLAGE 	 136569.30 10955.30 	0.00 

	

200 19901 8 SPILLAGE 	 132925.55 	7311.55 	0.00 

	

212 1991/ 8 SPILLAGE 	 134554.13 	8940.13 	0.00 

	

247 1994/ 7 SPILLAGE 	 129236.23 	3622.23 	0.00 

	

283 1997/ 7 SPILLAGE 	 141550.29 15936.29 	0.00 

	

284 1997/ 8 SPILLAGE 	 131084.54 	5470.54 	0.00 

	

296 1998/ 8 SPILLAGE 	 134179.74 	8565.74 	0.00 

	

307 1999/ 7 SPILLAGE 	 128597.96 	2983.96 	0.00 

	

308 1999/ 8 SPILLAGE 	 144331.49 18717.49 	0.00 
340 2002/ 4 ITTERRATION LIMIT EXCEEDED 	 2.25 	0.00 	0.00 
341 2002/ 5 ITTERRATION LIMIT EXCEEDED 	 .00 	.63 	.77 
342 2002/ 6 ITTERRATION LIMIT EXCEEDED 	 .00 	.00 	.00 
348 2003/ 0 IMPLEMENTATION OF NEW STREAM COMPLETED 	 501.00 	324.00 	0.00 
348 2003/ 0 PLAN FILE 5 EXHAUSTED 	 0.00 	0.00 	0.00 
349 2003/ 1 ITTERRATION LIMIT EXCEEDED 	 .00 	0.00 	.00 



350 2003/ 2 ITTERRATION LIMIT EXCEEDED 	 .00 	.00 	.00 
351 2003/ 3 ITTERRATION LIMIT EXCEEDED 	 .00 	.00 	.00 
352 2003/ 4 ITTERRATION LIMIT EXCEEDED 	 0.00 	.65 	.89 
353 2003/ 5 ITTERRATION LIMIT FXCEEDED 	 .00 	1.90 	1.05 
354 2003/ 6 ITTERRATION LIMIT EXCEEDED 	 .00 	.00 	0.00 
363 2004/ 3 ITTERRATION LIMIT EXCEEDED 	 .00 	1.43 	1.02 
364 2004/ 4 1TTERRATION LIMIT EXCEEDED 	 2.24 	0.00 	0.00 
365 2004/ 5 ITTERRATION LIMIT EXCEEDED 	 .00 	2.61 	0.00 
372 2005/ 0 IMPLEMENTATION OF NEW STREAM COMPLETED 	 503.00 	348.00 	0.00 
372 2005/ 0 IMPLEMENTATION OF NEW RESERVIOR COMPLETED 	 505.00 	348.00 94388.34 
408 2008/ 0 FLAN FILE 5 EXHAUSTED 	 0.00 	0.00 	0.00 
411 2008/ 3 ITTERRATION LIMIT EXCEEDED 	 .63 	2.41 	0.00 
412 2008/ 4 ITTERRATION LIMIT EXCEEDED 	 .00 	2.63 	0.00 
413 2008/ 5 ITTERRATION LIMIT EXCEEDED 	 .00 	.00 	.00 
414 2008/ 6 ITTERRATION LIMIT EXCEEDED 	 .00 	0.00 	.00 
423 20091 3 ITTERRATION LIMIT EXCEEDED 	 .00 	2.74 	0.00 
424 2009/ 4 ITTERRATION LIMIT EXCEEDED 	 1.81 	.94 	0.00 
425 2009/ 5 ITTERRATION LIMIT EXCEEDED 	 .00 	.00 	.03 
426 2009/ 6 ITTERRATION LIMIT EXCEEDED 	 .00 	.00 	.00 
437 2010/ 5 1TTERRATION LIMIT EXCEEDED 	 .00 	.00 	.00 
447 2011/ 3 ITTERRATION LIMIT EXCEEDED 	 .00 	2.86 	0.00 
448 2011/ 4 ITTERRATION LIMIT EXCEEDED 	 .48 	2.50 	0.00 
449 2011/ 5 ITTERRATION LIMIT EXCEEDED 	 .00 	.00 	.00 
458 2012/ 2 ITTERRATION LIMIT EXCEEDED 	 2.37 	0.00 	0.00 

ha 	 459 2012/ 3 ITTERRATION LIMIT EXCEEDED 	 .00 	2.39 	.29 
hJ 	 460 2012/ 4 ITTERRATION LIMIT EXCEEDED 	 1.08 	1.47 	0.00 
Fa 	 461 2012/ 5 ITTERRATION LIMIT EXCEEDED 	 .00 	0.00 	.00 

462 2012/ 6 ITTERRATION LIMIT EXCEEDED 	 0.00 	.00 	-.00 
545 2019/ 5 ITTERRATION LIMIT EXCEEDED 	 .00 	.00 	0.00 
546 2019/ 6 ITTERRATION LIMIT EXCEEDED 	 .00 	0.00 	.00 
569 2021/ 5 ITTERRATION LIMIT EXCEEDED 	 0.00 	.00 	.00 
579 2022/ 3 ITTERRATION LIMIT EXCEEDED 	 .00 	0.00 	.82 
580 2022/ 4 ITTERRATION LIMIT EXCEEDED 	 .00 	3.43 	0.00 
581 2022/ 5 ITTERRATION LIMIT EXCEEDED 	 0.00 	0.00 	.00 



FILE 5 SKIP 10 MED GROWTH 	ITTERATION LIMIT 5 	 DATE 07/11173 TIME 	9 39 31 PAGE 21 

******** DUMP OF THE PLANNING MATRIX 

FILE NUMBER FIRST LAST-
NO ENTRYS ENTRY ENTRY 

1 	-1 	0 
2 	-1 	0 
3 	-1 	0 
4 	-1 	0 
5 	-1 	0 
6 	-1 	0 

COLM 	PLAN 	TIME 	LAGS 	CODE 	ATTR 1 	ATTR 2 	ATTR 3 	SUCCES 	PREDCS 

1 
2 
3 
4 
5 
6 
7 

NJ 	 8 
NJ 	 9 NJ 	 10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 



FILE 5 SKIP 10 MED GROWTH 	ITTERATION LIMIT 5 	 DATE 07/11/73 TIME 	9 39 31 PAGE 22 

COLM 	PLAN 	TIME 	LAGS 	CODE 	ATTR 1 	ATTR 2 	ATTR 3 	SUCCES 	PREDCS 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

Is.) 	 59 
ha 	 60 
La 	 61 

62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 



APPENDIX D 

SOURCE LISTING OF PROGRAMS 

Program. SORT  

PROGRNM SCRVINPUr,OUTPUTALDPLAMPL, TAPE5=INPUT,TAPE6=OUTPU2, 
*TAPE14=OLEPL,TAPE150NEWPL) 
INTEGER STA,YROAPE1 ,TAPE2 
DIMENSION S(600,30),Z(12) 
DATA M,TAPELTAPE2/0,14,15/ 
READ(5,19) Ni,NOSTA,YR 

19 FO1MAT(3H5) 
N2-N1*12 
DO 26 1-1,2 
DO 23 STA=1,NOSTA 
DO 18 K=1,N1 
IC=1+12*(K-1) 
NF41- S+11 
MIXT/MI (3(4D,STA),PEONS,NF) 
IF(E0F(TAPE1))24,18 

18 CONTINUE 
23 CONTINUE 
24 CO 25 MO=1,12 

WRITE(TAPE2) (3(4O,STA),STA=1,NOSTA) 
25 CONTINUE 
26 CONTINUE 

END FILE TAPE2 
REWIND TAPE2 
WRITE(6,35) 

35 FORMAT(1H1) 
DO 30 1=1,2 
DO 30 MO=1,N2 
M=M+1 
IF(4 .NE. 13) GO TO 27 
M=1 
VR=YR+1 

27 READ(rAPE2) (S(4),STA),STA=1,NCGTA) 
IF(EOF(TAPE2)) 31,28 

28 WRITE (6,29) YR,M,)S(MO,STA),STA=1,NOSTA) 
29 FORMAT(1X,14W,12,15(1K,F6.1),/8X,15(1X,F6.1)) 
30 CONTINUE 
31 MIND TAPE2 

STOP 
END 
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Program RINDEX 

PRCGRAM RINDEX (INPUr OUIPUT TAPE5=INPUT , TAPE6=0UrPUT) 
REAL R(600),RBAR(12) 
INTEGER FYR,YR,ADV 
DATA RBAR/12*0.0/ADV/0/ 
READ (5,20) FYR,NCILTS 

20 FORMAT (212) 
DO 23 YR=1,N0YRS 
NS=(YR-1)*12+1 
NF41— S+11 
RE2%D(5,21) (R(I),I=NS,NF) 

21 FO1MAT(8X,12F6.2) 
DO 22 MO=1,12 
J=NS+MD-1 
RBAR(MO)=RB1Ra4()+R(J) 

22 CONTINUE 
23 CONTINUE 

VogtrEE(6,29) 
29 F01MAT(1H1,//15X,2HRD,5X,10M4EAN RAIN,//, 

DO 24 MO=1,12 
RBAR(M0)=RBAR(MD)/NOYRS 
WRITE(6,30) MD,RBAR(M)) 

30 FORMAT(15X,12,5X,F10.4) 
24 CONTINUE 

WR1rE(6,25) 
25 FORMT(1H1,//15X,5HYR/MD,10X,10HRAIN INDEX,//) 

DO 28 YR=1,NCIRS 
RI=0.0 
N(YR-1)*12+1 
DO 27 MO=1,12 
J=NS+VID-1 
RI=RI+R(J)—RBAROO 
WRITE(6,26) FYR,MO,RI 

26 FORMAT(15X,12,1H/,12,10X,F10.4) 
27 CONTINUE 

FYR=FYR+1 
AM=ADV+1 
IF(ADV .LT. 4) GO TO 28 
WR1TE(6,25) 
ADV=0 

28 CONTINUE 
STOP 
END 

DATA GOES HERE 	  

225 



Program ?SD 

PROGRAM MASD (INPUT,ouran,T1PE5=INPUT,TAPE6--OUTPUT) 
REAL X(240,20),Y(240,10),XBAR(10),SD(10) 

PART I: INITIALIZATION 

NOBS=144 
NEQ=5 
NIV=13 

DO 15 I=1,NOBS 
READ(5,10) (K(I,J),J=1,NIV) 

PAM' II: FORMAT FOR INPUT DATA 

10 FORMNT(10X,7F10.2,/10X,2F10.0,F10.3,3F10.0) 

PART III: REGRESSION EQUATIONS 

Y(1,1)=X(1,1)-(-3.05767-0.00708403*X(1,6)-0.559955*X(1,10)+7.28339 
**X(1,11)+0.0000788865*X(1,9)+0.00474522*X(1,12)-0.0286087*X(I,13)) 
Y(1,2)=X(1,2)-(-4.85623-0.0586182*X(1,6)+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(1,7)+0.520728*X(I,11)-0.000201 
*889*X(1,8)+0.00767182*X(1,12)) 
Y(1,4)=X(1,4)-(0.283470+2.26120*X(1,11)+0.0200078*X(I,12)) 
Y(1,5)=X(1,5)=(0.915658+0.0240205*X(I,12)) 

15 CONTINUE 

DO 30 J=1,NEQ 
DO 25 I=1,NOBS 
XBARM=XBAR(J)+Y(I,J) 

25 CONTINUE 
XBAR(3)=xBAR(3)/NOBS 

30 CONTINUE 
DO 40 J=1,NEQ 
DO 35 I=1,NOBS 
SD (J) 	(In+ Vi 	-)03AR ) **2 

35 CONTINUE 
SD(J)D(3)/(NOES-1) 
SD(J)=SQRT(M(J)) 

40 CONTINUE 
WRITE(6,45) 

45 PO1MT(1H1) 
DO 55 I=1,19GBS 
WRTrE(6,50) (V(I,J),J=1,NEQ) 

50 FORMWr(10X,10F10.2) 
55 CONTINUE 

WRITE (6,45) 
ICITE(6,60) 

60 FORMAT(//10X,3HEQ.,7X,4HMEAN,12X,9H2TD.DEV.,/) 
DO 70 J=1,NEQ 
WRITE(6,65) J,XBAR(LI),SD(J) 

65 FORMAT(10X,12,2(3X,F15.6)) 
70 CONTINUE 

STOP 
END 	 226 



MAIN PPSY_FITE TILT.TIE 

PROGRAM TINKLEIINPuT,OUTPUT,OLDPL,TAPC5=INPUT,TAPE6=OUTPUT, 	TNKLOCI 
*TAPE15=OLDPL,TAPE!,TAPE16,TAPFITI 	 1NKLOC2 
COMMON/100EV/NR.N 0 ,NC,TAPEI,TAPE2,TAPE3 	 T.KLOC3 
COmMON/M/TO(R.mC.VRST,NYRPRJ,RLEVEL.RPOFF,RECVCLOPTNIOPTN2, 	TNKLCC4 
*IDSND.FREQ,GRAPH,Nowes(12),RIMPRT,RL0CAL 	 TNKL005 
COMMON/P/LEAK,RLMAX,RCPL,PLFVFLORON,PRORL,NO,EXTI,TXPR 	 1NKLCD6 
COMMON/S/NSTA,NOSTA,NI,NAS.STNC(4 0 ),SNAME140,91,TVPEI401. 	 TNKLocT 
*NOCUTSI401.PCI401,SEAS1( 4 0,3),SEAS2I40,3/,CMINI40.31,CMAXI40.31. 	TNKLOCE 
4 41(60,5),IVR0.ELLS(12),PROJCTII2I.SKIP 	 TNKLOC9 
COMMON/RV/MINCI40.12),mINCR(12),EVAPII2I 	 TNKL019 
COMMON/D/PG,EG,OPRICC,OPRII.OFECC.DEF 0MC.PRICEP,PRICEI,PRICEN, 	TNKL011 
mpatcFc,pRicFN,Port,FmPioy,Attv,antmAyttPt 	 r\m(Lot7 
commovitawricut35),uisTti5t.tcot3s1,icisT(35),Lcrti5t,Lotsr(35). 	TVKL013 
*LORI.LOR2.1.0R3.LDR4,11(51,NOCO,NCOS,CAII2I.PLT0(1?),PLSTC.PTI. 	TNKL014 
*PT2013ORL,RITL.WCR 	 TNKLOIS 
COMMON/OU1/SWO150,17),SSSISO, 6 ).SAWT(5,5),DATES(10),AWT0(32.90). 	TNKLOIs 
*INVC(50.6),OCI5 0 ,cI,RIII.OTHR1I50,10I 	 INKL017 
COmMON/TMP/IT.NT,TLPPI,TEMP2.X(60) 	 TNKL01.8 
REAL 	LEAK 	 TNKL019 
REAL 	mINO.wINCR 	 TNKL020 
REAL 	LDRI.LDR2.1_0 113,LUR4,LL 	 TNKL071 
REAL 	INvC 	 TNKL022 
REAL 	SNO(40).S0(40),ROIN(2),VCI4.5),A11wI5I,AITPI5I,AIT9(5) 	TNKL023 
REAL 	GOUT(?) 	 TNKL024 
INTEGER TAPF1,1APE2,TAPE3 	 TNKLC25 
INTEGER T,YR,MO,V 0 S7.PECTCL.DP1NI,oPENZOPSNO,F 0 EC.GRAP1 	 TNKL02 
INTEGER STNO,TYPE,SFASI.SFAS2,SKIP 	 TNKL027 
INTEGER PTI,P120, 73,RITL 	 TNKLOPI 
INTEGER DATES 	 INKL029 
INTEGER XPLNIII,CODI,STA,OFF,OK 	 POLC30 
EQUIVALENCE (xpLN(4),COLEI 	 TNKLC31 
narA sn12,son,A1,sF,Rciv,ts,oFr,nm/5*o.o,o,g.ti 	 TNKLn37 
DATA NATw,"4AT ,, ,\ATROw,IP,VC/5*0.20*0.0/ 	 TNKL031 
CALL INPUTINCEILLI 	 INKL014 
lE(SKIP .EQ. O)GO Tr 31 	 TNKLe35 
NN=SKIP*I? 	 TNKLC36 
nO 37 1.1,NN 	 TNKL037 
REAUITAPFII RAIN.ISC(STAI,STA.I.NOSTAI 	 TNKL0TR 

37 CONIINLE 	 INKLV39 
31 NN.3YRPRJ*1? 	 TU1047 

DO e2 T=I,NTJ 	 INKLO4I 
mn.mrt+t 	 FvFLo42 
tFtmo .01. 1?)Mr=1 	 INKIC43 
IP(M0 .NE. lIo0 10 39 	 TNK1044 
YR=YR41 	 TNKLC45 

14 READITAPE11 RAIN,I5C(STA1.5TA=1,N 95TA) 	 TNKLO4s 
IFIEDEITAPEIII63,41 	 TNKL047 

42 RAIN.RAIN/190.0 	 1IVL043 
ROI3(II=WELLSIMOI+PPCJEF(m0) 	 TNKL049 
Rottitat=o.n 	 INKLC50 
	  TNKL(151 
****** STREAMS 
REDUCTION oF STRFA. FLOWS to umFLY 1,1111 	 TNKL051 

• 1. 	WATER LAMS 	 TNKL054 
• 2. 	SEASONAL vARITICINS IN AGRICULTURC 	 TNKLiSS 
• 3. PIPELINE CONSTRAINTS 	 INKL056 
• 4. UPDATE HISTORICAL DATA ON STREAM FLOWS 	 TNKL057 
	  TNKIOS9 
00 51 STA.104STA 	 TNKLcs9 
IT=TYPEISTAI 	 TNKLOEJ 
NT.NOCUTSISTAI 	 TNKL ,-,S1 

227 



SNOISTAI=0.0 	 TNKL062 
DO 50 K=1,NT 	 TNKL063 
IFIMO 	SEASIISTA,KI .0R. PC •GT. SEASTISTA.KIIGC TV 50 	TNKLOE4 
IF(SOISTA) .LE. C 0 INISTA,KTIGO TO 50 	 TNKL065 
SNCISTAI=SNOISTAI+SC(STA)-CMINISTA,K1 	 TNKL066 
IFISOISTAI .LE. CMAXI5TA,K11Gr TC 50 	 TNKL067 
SNO(STA)=SNOISTAI-SC(STA)+CMAXISTA,K1 	 TNKLO6P 

50 CONTINUE 	 TNKL069 
IFISNO(STA) .GE. PCI5TAIISNCISTA1=PC(S1A) 	 T41, 1070 
RQINIITI=RCIN1111+SNCISTAI*1.98346*NCDYSIM0/ 	 TNKL071 

51 CONTINUE 	 TNK1072 
IFIIDSNO 	01GO Tr 53 	 INKL073 
WRITE(TAPE2I (SWISTA),STA=1,NOSTA) 	 TNKL074 

53 IF(OPTNI .Fc. coGn TC 62 	 TNKLP75 
DO 54 STA=I,NSIA 	 INKL076 
HITYR.11=HITYR.1)+SCISTAI 	 TNKL077 

54 CONTINUE 	 1NKLO7P 
IF(11 .GT. NOSTAIGO TO 57 	 TNKL079 
DO 55 5TA=N1,NOSTA 	 TNKL080 
I=STA-N1+2 	 TNKLOPI 
H(IY 11,1)=HITYR.11+SC(STA1 	 PIKL011 2 

55 CONTINUE 	 TNKLOR3 
57 DO 56 S1A=1.NSTA 	 TAKL084 

SCA=S0A+S(STA) 	 TNKLOP5 
56 CONTINUE 	 TNKLOP6 
	  TNKLOR7 
	ESERVOIR 	ACCOUNTING 	 TNKLONS 

TNKLOP9 
I. DETERMINE WHETHER TO RECYCLE 	 TNKL09O 
2. CALCULATE LEAKAGE ANP EVAPORATION FRCm RESI , RVOIR 	 TNKL091 
3. PROJECT CURRENT NATER nEmANCS 	 T1KLES2 
4. CALCULATE NET FLCh FROM RESERVOIRS 	 FNKL093 
5. EVALUATE NEW RESERVOIR LEVEL 	 TNIKL094 
6. CDECK FOR SPILLAGE. DIP INTo CONSERVATION POOL,*RESERVOIR OP./ TNKLO95 
	  TNKL096 
IFIRLEVEL-PLEVEL140,62.61 	 1YKL097 

60 IFIRLEVEL .nT. RRONIGO in 6? 	 TNKL098 
IFIRECYCL .LT. OIRLCYCL=0 	 TNKL099 
IF(RECYCL .EC. CEF)RECYCL=CN 	 INKL100 
NO=N0+1 	 TNKLICI 
GO TO 62 	 TN1(LIO2 

61 IFIRLEVEL .IT. RPoFFIGO in 6? 	 TNKL1C3 
IFIRECYCL .EC. 01PE(VC1=-1 	 TNKLIC4 
IF(RECYCL .F0. ON)RECYCL=OEF 	 TNKL1r5 
NO=0 	 TNKLICA 

62 RLEAK=LEAK*1.96346*NCOYS(Mr) 	 1NKL1C7 
REVAP=EVAP(MO)*RLEVEL 
PLSTO=RLOLAL/RLEVEL 	 Mlle/ 
CALL DFMAND(COUT.NOFILE) 	 INKL110 
COUTIII=COUT(11 ■ 3.07•NCDYSIKCI 	 TNKL111 
0OUTI2I=COUT121.1.3.07*NDDYS(M0) 	 TNKLI12 
AUSE=AUSE+00U1111+0011T(2) 	 TNKL111 
PLEVEL=RLFVEL 	 TNkL114 
RLOCAL=RLOCAL-PLS1C*IRLEAK+REVAPI+IRCINIII-COUT(1)1 	 TNKL115 
RIMPRT=RImPRT-(1.0-PLSTC)*(RLEAK+REVAP)-KINOR(Y01+1ROIN(2)-00O1121 INKL116 

4.0 	 TNKLI17 
IFIRLOCAL .Lk. 0.0IRLOCAL=0.0 	 TNKLIIS 
IFIRIMPRT .LE. 0.01RIMPPT=0.0 	 TNKL119 
RLEVEL=RLOCAL+RIMPRT 	 TNKLI20 
RLMIN=AMINI(RLKINO/LEVEL) 	 TNKLI21 
IFIRLEVEL .LE. RLmAXIGO TO 63 	 TNKL122 
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TEMP1=RLEVEL-RLMAX 	 TNIKLI23 
CALL INTRPTI1,I,RLEVEL,1EMP1,G.01 	 TNKLI24 
RLEVEL=RLMAX 	 TNKLI25 
TEMPI=RLOCAL/IRLOCAL*RIMPRTI 	 TNKL176 
RLOCAL=TEMPI*RLEVEL 	 TNKLI?7 
RIMPRT=RLEVEL-RLCCAL 	 TNICLI2R 
GO TO 64 	 TNKL124 

63 IFIRLEVEL .GT. RCPL1GO TO 64 	 TNKLI3O 
CALL INTRPTITO,RLEVEL,RCPL,0.01 	 TNKL13I 
IFIRLEVEL .GT. 0.016C TO 64 	 TNKL137 
CALL INTRPTI1O,RLLVFL,0.0,0.0) 	 TNKLI33 
CO TO 83 	 TNKLI34 

	

C   TNKLI35 
C   EXPANSION 	scHEnuiEn COMPLETION CF PLAN 	 INKL136 
C 	 TYKL137 
C 	1.IS A REscizvoiR nR STREAM ACOITION SCHECULFC FOR COMPLETION 	TNKLI36 
C 	2. IF SC, ERFORM APPPOPRIATE UPOATING 	 TNKLI39 

	

C   TNKLI40 
64 CALL EXPANNI,1,XPLN,IR1 	 TNKLI41 

IFIIR .80. 0100 TO 77 	 TNKLI4? 
TEMPI=XPLNIII 	 TNKL143 
TEMP2=T-XPLN131 	 TNKLI44 
GO TO 171,73,74,75,76,84,8c,86,R71,000F 	 TNKLI4S 

	

C   TNKLI46 
C 	STREAM EXPANSIEN 	 INKL147 

	

C   TNKLI4P 
71 NSTA=NSTA4.0, 11151 	 TNKLI49 

IT=NAS 	 TNKLI5c 
NAS=NAS+XPLN(9) 	 TNKLI51 
NT=NAS-I 	 TNKLI5? 
00 7? K=IT,NT 	 TYKL151 
DO 72 1=1,12 	 TNKLI54 
MI9CRII)=MIN , CR111+MINCIV,11 	 TNKL151 

77 CON1INUE 	 INKLI56 
15=15 4.1 	 1NKLI97 
DATESIIS1=T 	 T410.158 
CALL INTRP1IT,5,TPKFI,TEMP?,0.01 	 INKLI59 
GO ro 64 	 TNKLI6O 

	

C   INKLI61 
C 	***** *RESERVOIR EXPANSION 	 TNKLI67 

	

C   TNKLI61 
73 PLEVEL=RLFVEL 	 TNKLI64 

RLEVEL=RLEVFL+XPL3I5) 	 TNKLI69 
PLMAX=RLMAX+XPLN151 	 INKLI66 
RIMPRT=RIMPRT•XPLN151 	 TAJKL167 
RRON=XPLAI(6) 	 TNKL16.1 
RROFF=XPLNI71 	 INKL169 
CALL INTRPTIT,6,TEmPI,TEMP?,RLEVEL1 	 TNKLI7C 
NATR=NATR.I 	 INK) Ill 
AITRINATR)=XPLN(5) 	 TNKLI7? 
GO TO 64 	 TNKLI73 

	

C   TNKLI74 
C 	INCREASE IN WILL FLOWS 	 INK1175 

	

C   TNKLI76 
74 I1=XPLN151 	 TNKLI77 

WELLSIIT1=wELLSII1I*XPLN(6) 	 INK1.17= 
IM=114+1 	 INKLI79 
IFIIW .FC. II981W=NATM+1 	 TNKLIRC 
AITONATMI=AITWINATK1+XPLN161 	 TAIKLIF1 
IEIIM .6E. 12)1M=0 	 TNKL1R2 
TEMPI=XPLNI51 	 TNKL181 
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TEMP2=XPLN(6) 	 TNKLIe4 
CALL INTRPTIT,7,T1MPI,TENP2,0.01 	 1NKL185 
GO Tn 64 	 TNKLI86 

	

C   TNKLIP7 
C 	INCREASE IN PRCJ(-CT FLOWS 	 11K1108 

	

C   TNKL189 
75 IT.XPLN(5) 	 TNKLI90 

PROJCUIT)=PR6JCTIITI+XPLNI61 	 INKLI91 
IP.IP+1 	 INKLI97 
IFIIP .EQ. IINAIP.NATP+1 	 TNKLI91 
AI1P(NATP)=AITRINATPIFXPLNI61 	 TNKLI94 
IF(IP .GE. 12)IP=0 	 TNKLI95 
TEMPI.XPLN(5) 	 TNKLI96 
TEMP2=XPLN16) 	 INKLI97 
CALL INTRPTIT,8,TEM 0 1,TFMR7,0.0) 	 TNKLI98 
GO TO 64 	 INKL199 

	

C   TNKL208 
C 	•*****FUTURF IMPLEMENTATION OF RECYCLING 	 1NKL201 

	

C   T1KL2C7 
76 OPINI=XPLNI51 	 TNKL2C3 

RRON=XPLN(6) 	 TNKL204 
KROFF.XPLN(7) 	 PIKL2C5 
TEMPI.OPTNI 	 TNKL2C6 
CALL INTRPTIT,9,T(MPI,RRON,RROFF) 	 TNKL707 
GO TO 64 	 TNKL208 

	

C   T1KL209 
C 	******CALCULATE mu COSTS C4 STREAMS, RESERVOI8S, WELLS, tom 	INKL710 
C 	 PROJECTS 	 INKL211 
C 	 TNKL217 

84 IT.NAS-1 	 TWOli 
VC(1,IT)=XPLN161/10C.0 	 TN1(1714 
GO TO e8 	 T11(1715 

85 VC12,NATRI=XPLN(6)/1or...0 	 TNK1216 
GO 10 88 	 TNKL7I7 

86 VC(3,NATN)=XPLNI61/100.0 	 TNKL711.  
GO TO 88 	 TNKL211 

87 VC(4,NATP)=XPLN(6)/100.0 	 TNKL729 
88 IT.CODE-5 	 TNKL771 

OTNRC)YR,ITI.OTHRCIVR,111+XPLNI5I 	 TNKL227 
GO TO 64 	 TNIKL771 

	

C   TNKL224 
C 	t*****CALCULATE VARIABLE CCSTS FCR STREAMS 	 TNKL775 

	

C   T18L776 
77 IFINAS .10. IIGO TO 91 	 TN(1727 

K.NAS-1 	 1. 1111.275 
IT.NSTA-1K-1) 	 TNKL279 
DO 90 J=1,K 	 TNKL710 
IF(VCII,J1 .LF. 0.0)1,0 TO 90 	 1NKL23I 
NT=IFFIJ-11 	 INKL237 
OTHRCIYR,61=CTF,RC(YR,6)+VCII,J)*SNC('T) 	 TNKL2J3 

90 CONTINUE 	 TNK1734 

	

C   TN(L235 
C 	COLLECT STATISTICS ON ANNUAL SUPPLY IN STORAGE 	 TNKL735 

	

C   TNKL237 
91 irimn .NE. 12)60 TO 87 	 INKL23M 

SSSIYR.1).RLEVEL 	 INKL739 
SSS(YR,2)=RLEVEL/R1MAX 	 TNKL24a 
IFIAUSE .GT. 0.01SSSIYR,31=RLPAX/AUSE 	 IN1(1241 
SSS(YR,4)=SQA 	 TNKL247 
DO 78 1.1,IYR 	 T1K1243 
X111=0.0 	 T1W1744 
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D1 78 J=I,NAS 	 I6KL245 
X11)=X(1).EH(1,J) 	 15K1246 

78 CONTINUE 	 INKL747 
NT=IVR-I 	 TNKL248 
DO 79 I=1,NT 	 7NK1249 
IT=I+1 	 TNKL250 
DO 79 J=IT,1YR 	 INKL751 
IFIXIJI .LE. X(11)GC TO 79 	 INKL252 
TEMPI=X111 	 1481254 
X11)=X1J1 	 TN81254 
X(J)=TEMP1 	 TNKL755 

79 CONTINUE 	 TNKL756 
DO 80 1=1,IVR 	 T581257 
1118111 .GT. 508100 TO BO 	 TNKL , 58 
TEMPI=I-1 	 TN8L759 
TEMP2=1.0-TEMP1/IVR 	 1581760 
GO TO 81 	 158126I 

80 CONTINUE 	 TN81267 
81 SSS(Y12 .5)=TEMP2 	 1N8L763 

TNKL764 
*********** AEXPANSICN,DECISION FOP ****** ***Am** 	 TNKL261 

1581766 
TEMPI=0.0 	 T581267 
IFIRLEVEL.GT.EXPLIGE Tr 66 	 TN8L26 0  
IFIAUSE.GT.O.CITEkPI=RLMIN/AUSE 	 1581761 
IF(TEMPI.GT.EXPR)GO 10 66 	 TAIKL270 
IFITEMP?.LE.PROHLI GC Tin 66 	 1581771 
CALL SEARCHIT,IFOUNCI 	 TNKL277 
IF 1IFOUND.10.11GO TO 60 	 INKL771 

65 CALL EXPAN015,7,XPLNOR) 	 INKL774 
IFIIR.L1.01G0 TO 65 	 1581275 

66 RLMIN= 1C00006.0 	 INK1276 
IYR=IYR+I 	 I51(1277 
508=0.0 	 IN81778 
AUSE=0.0 	 1581779 
	  TNK1280 
*****KCALCOLATE VARIABLE COSTS TOR RESERVOIRS 	 INKL2P1 
	  TNKL28, 
IF ('1818 .FQ. 0100 TO 93 	 158128) 
DO 92 J=1,NAIR 	 151(1784 
IF VC 1 	) .LE-. O. C 16u 10 9? 	 TAIKL295 
OTHRCIYR,71=ItHRCIVP,7).VC17,J)KAITR)J) 	 158) 78', 

97 CONTINUE 	 TNKL287 
	  15812611 
	CALCULATE VA4IAILE COSTS FOR WELLS 	 1581289 

93 IF1NATW .FC. 0100 IF 95 	 I58L790 
DO 94 J=I,NATW 	 INKL791 
IF(VC(1,J) .LE. 0.0)00 TO 94 	 158L297 
OTHRC(V11,R)=OTHRCIYR,R)EVC13,J)kAITWIJ) 	 1581793 

94 CONTINUE 	 INKL794 
	  INFL7c, 
****** CALCULATE VARIARLL COSTS FCR PROJECTS 	 158(296 
	  TAIKL297 

95 IF(NATP .E0. 0)00 IC 82 	 TNKL298 
DO 96 J=I,NATP 	 1581294 
IFIVC(4,J) .LE. 0.0100 TO 96 	 TNKL3CG 
OTHRCIVR,91=0THRCIVR,91+VC14,J)KAI18(J) 	 TNKL301 

96 CONTINUE 	 TNKL3C? 
8? CONTINUE 	 INKL3C1 
83 CALL OUTPUTIN(IFILT) 	 1581404 

REWIND TAPE1 	 I981305 
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STOP 	 - 	 TNKL106 
END 	 TAIBL307 
SUBROUTINE DEMANDIMUT.NOFILEI 	 DMN0001 
COMMON/IODEV/NR.AINNC.TAPEIJAPE2JAPE3 	 nmnnon? 
COMMON/M/T,YR,MOOTSTOVRPRJOLEVELORCEFOECYCLOPTN1.MTN2. 	OMND003 

*IOSNO,FREO.GRAPN.NDOVS112101MPRT.RL0CAL 	 OMN0004 
COMMON/D/PG,EGOPPIDC.UPRII.DEFCCOEHIMCORICEDORICEIONICEM. 	nMsi0005 

*PRICECORICENOOP.EMPLOV.RAIN,RAINAM21 	 nminor6 
MAIMON/AWT/C0I351.01ST(35),IMI351.1C1S11351.LCEI35/,1DIST(35), 	DMND007 

*LORI,LUR2,LDR3.LDM4.LLIS/00CD,NCDS.CA(12),PLTO112/.PLSTCOTI. 	0AIN0008 
*PT20T3ORL.RITL.WOR 	 VMMOC9 

COMMON/OUT/SNDI50,37/,SSS(50.5),SAMT(5.5),DATESI101,A140132,501. 	OMND010 
*INVC150.6).0CI50,51.RI3I,OTAIRC(50.10) 	 ORNr011 

COMMON/TMP/ITATOEmMI.TEMP7.X(60) 	 DMND012 
REAL 	LORI,LoR2.1.0R3,LrR4,Li 	 Dm4D013 
REAL 	INVC 	 DMND014 
REAL 	PE0116101. 02(5)0F03(5).Pc041410F05I3).MFANISI.S0151 	0I0/0015 
REAL 	DL151.0TI71.2(19).00UT(2).0(4).JAN0M 	 OMND016 
INTEGER TAPEI,TAPE7.TAPC3 	 n•Nn017 
INTEGER TOm10400/RST,RECYCL,CPTA.1.11PTN7.1DSNC,FRE3,GRAPH 	 DMNDOIm 
INTEGER PTI.PT2.PT3.RITL 	 DM41101) 
INTEGER DATES 	 0kI11002n 
INTEGER XPLNI71,NPS141,CCCF.CPF.MTC,SWI.SA2,SM3 	 ()MAIM?! 
EQUIVALENCE 	IZIII,CK11.12121.E.N21.(2(3),CN3),(214(.CN4). 	 0mN0022 

* 12(5),CRII,III61,8R2).(2(7).0111),III81.0R4/. 	 EIMNOG?3 
* 1/(9),U11.(/(10(,00),(71111.CUI1.17(1?),M4). 	DM11 1 024 
• 11(13),CN11,17114I,CN21,11(15),C6i1,11(161.0N4), 	PaND025 
* (71171,rN91,IZ(1 13).2URIOZ(19),T0IRI 	 1)**002s 

EQUIVALENCE 1/PLNI4I.CUMI.ICOL.STO.CS,COVS.0N/ 	 D 4 0102/ 
DATA PE01/-3.05767,-0.70840,-0.559955.7.2A813q0.00007P88 I 	nioNnOR 

*0.00474522/ 	 WANDO2M 
DATA PEO2/-4.65621,-5.86192.1.048860.000145534.-0.0405107/ 	 Dm4D0i0 
DATA PE03/1.011962.-0.560472.0.520778,0.000701889.0.00767132/ 	DmNnu3I 
DATA PE04/0.28300.0.7.26120,0020fl076/ 	 nwinov 
DATA PUS/U.9156580.00.0.0240705/ 	 0m4DOIJ 
DA IA MEAN/0.000007.0.000048,-1.000001.-0.000005,-0.000004/ 	 0 ,440034 
DATA SQ/2.607066,2.B11001.0.310583.1.312117.3.320815/ 	 DmN0036 
DATA RINDEXa1FF.BD.HTE/0.0.9.250.0064/ 	 OmND036• 
Sw1.0 	 nmN103/ 
Sw2=0 	 ONNI10311 
0RR.0.0 	 OPmP0I9 
DOUTIII.00 	 DmNDOAO 
00u1121.0.0 	 n*NDuAt 
EXCESS=0.0 	 OMN004' 
VDLR=RLEVEL 	 DUNDU43 
DO 2 1=1,4 	 UMN0044 
NPS(I)=0 	 DMW045 
0(1)=0.0 	 WANT/04A 

2 CnNTINuE 	 DMND047 
DO 63 1=1,19 	 DmND04: 
1III=0.0 	 OmNn04 ,1 

63 LuNiiNuE 	 umNposo 

	

C   Dm6n051 
C 	******PROJECT THE INDEPENDENT VARIABLES FOR ormeNn EDS. 	 DmNDC52 

	

C   nmNn051 
9 CALL EXPAND(4.1. ,XPLN,IR) 	 DMND054 

(FUR .M. 0)GO PI 17 	 DmND055 
GU TO 110.11.17.13,14,15.161.CODE 	 0MNDO56 

10 °R1CFD=XPLAII5//1000.0 	 OmND057 
Gn TO 9 	 DMNDOS8 

11 PRICEI*XPLNI5//1000.0 	 nrNnu59 
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GO TO 9 	 DIAND060 
12 PRICEP4=XPLN(51/1000.0 	 DM40081 

Go 10 9 	 DAIND067 
13 PRICEC=XPLNI51/1000.0 	 DIANDO61 

GO TO 9 	 °RV/1064 
14 PRICEN.00,LNI5I/1000.0 	 OMND065 

1,0 TO 9 	 D.ND066 
15 FG=XP1N(5)/10000.1 	 DIAND067 

GO TO 9 	 DM(CC)68 
16 PG=XPLN(5)/1C000.;) 	 OMN0069 

GO TO 9 	 DM40070 
11 EMPLOY.(1.0.3FG)*Em81CY 	 DAI40011 

ROP=I1.04RGIsPOP 	 DAIN0077 
SEASON.° 	 DRAID074 
lEIMO .LE. 4 .09. VC .c.C. 10IGO TO 18 	 P 4INPC74 
SEASON.1 	 UMNDD75 
PRICE1=OPRIDC*RRI1FC 	 DIAND076 
PRICE2=DPRII*RRICFI . 	 DAIN0077 
SWO(Y11,6).A.AXIISWO(Y2,6)0RICT1) 	 nmy.07P 
S6000,141.AMAXIIS6)AY9,14),P9ICE2) 	 WANDC79 
GO TO 19 	 [MOWN° 

18 PRICEI=PRICFP 	 omNnOs1 
PRICE7=PRICEI 	 0M91087 
SW0(YR.5).ARAXIIS6II9R,5IORICF1) 	 TOAND0P1 
SWD(VR,13).AM5X1(S1(Y8,13).PRICE2) 	 049110114 

19 HIM° .E0. 1IRINOEx=0.o 	 om4Doe ,, 
RINDEX.RINDEX3RAIn-RAINAVIRCI 	 om900e6 
SWO(YR.3)=AmAxi(SwCtYpol,POP) 	 DRNODH7 
SWU(VR.7)=SWL(YR.71.441 4, 	 DRAIDOHq 
SwO(YR,11)=AmAx1(Swr(Y0,11),EmPLoY) 	 nmsoopq 
SWOIY9.24I=AWAXICSwrIyR,24),PRICEm) 	 DIA00090 
SWDIVR,781.3wAXIISWIfYR,731),PRICFC) 	 ORN0091 
SWD(VR,32)=AM0X1(S6)IY ,2.17).R9ICF9) 	 DWAIN:92 

	

C   Omn0093 
C 	4*****MO0I1'Y AGGRFGRATE WATER CEMANLS 	INDUSTRIAL 	 DMNDC94 

	

C   WAND( 9S 
CALL EARAN))I2,7.XPLN.IR ) 	 0/A90091, 
(FUR .1-0. Olso To 20 	 ow4OG97 
PEJ3(1)=PE01III+X01NI9) 	 DMN009/1 
85=XPLNI1( 	 DMNPC9) 
CALL I9TRPT(T,16,X5,AFQ3III.0.0) 	 OR0O1Ck 

	

C   OMNDICI 
C 	444, 4403mODIFY DISTRIBLTION 	 DRAICIC2 

	

C   DMNDIC3 
70 IFIORTNI .3- 0. OIGP IC 10 	 DRI0104 
21 CALL ExPA4U(1,70(PLN,1Q) 	 OF,NolIC',  

I8I18 .EQ. OIGO in 10 	 DIA90I06 
IFICODF .NF. 111,0 IC H 	 OM90107 

27 DO 23 1.10005 	 DMNO1CA 
IFI1OIST(I) .9E. AHLN(5)100 TO 23 	 UmNO1C9 
IFILDISTII) .NE. XPL6I6IICX TC 71 	 DMPID1( 0  
0I51(1)=XPLN(7)/1000.0 	 OM90111 
Go To 21 	 1)mNP112 

21 CONTINUE 	 0 4IND111 
X5.XRL 1'4(5) 	 WA90I14 
X6=8P1N(6) 	 DAI90115 
X7.XPLN(7)/1000.0 	 DM90116 
CALL 1NTRRTI1.13.95.26.97) 	 OMN0117 

	

C   OMND118 
C 	***** smODIFY CONTINUCUS EXPANDS 	 0IA•40119 

	

C   DMINC170 
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24 CALL FxPA4D13,T,XPLN,IR) 	 omNP121 
IFIIR .EQ. 01Gu TO 30 	 TrAND122 

8 GO TO 122,25,271,CrCF 	 0TAN0121 
25 DO 76 I=1,NnCn 	 0PNn124 

IFIICD111 .NE. xPLN1511G0 TO 26 	 DPND125 
IFILCD(11 .NE. xPLN(6)1G0 TO 26 	 nMAini2A 
CD111=C0(1)+XPLN171/100.0 	 nTiNn127 
x5=xPLNI11 	 DPNDI28 
CALL INTRRTIT,17,X5,CD111,0.01 	 DmIn128 
GO TO 24 	 0.44013n 

26 CONTINUE 	 MANDI31 
x5=xPLNI51 	 DPAND132 
x6=xPLNI61 	 nm•0.133 
x7=xPLNI71 	 OTAND134 
CALL IN1RPTIT,14,x5,x6,x71 	 Dmon135 
GO TO 30 	 DIANDI36 

27 NOCD=NOCu+1 	 DmATn137 
IFINOCD .C1. 11RECYC14-1 	 DmND138 
IFINnCD .LE. 151Gn IC 28 	 DPAID118 
x5=40CD 	 D*NDI4r 
CALL INTRPTIT.15,P).0.0.0.01 	 nmAin141 
Go TO 30 	 DmND142 

28 ICOIN0001=M4151 	 DIA110143 
LLDINOCD1=XPLNI61 	 0Mlni44 
COIN0CD1=XPLN(7)/100.0 	 WANni45 
x5=APLN111 	 WANTIAG 
CALL INTRPTIf.in,x5,CDIN0001,0.01 	 Dm1111I47 
GO TI) 24 	 DmAI11I4P 

	

C   DLINni4q 
C 	******PROJECT AGGREGATr WATER GFPAND5 	 OmNot5r 

	

C   OmND151 
30 DIAL)=PECI(1).PECI(2)*PRICEI+PEC113)*RIACFx0IFC1(4)*SFAVPI 	 OmNr152 

c. 	.pkQl(5)*poNAIE01(61*(T+HICI+RKORRIPEAN(1),SCIIII 	 DPAND154 
DT(2)=PF02(11fPF0212)*PRILEI+9E02(3)*SEASEN+PF02141*pop 	 ntoNoiS4 

* +pF0215)*(T4HIC)+RNIVPIPEAN(2),SC(2)) 	 OmNDI51 
DT(3)=PEC3(1).PC:312)*PkICF2+PF01(3)+SEASCN.PEC3(4)*EmPLrY 	 DMNr156 

* +pt03(5)*IT+HTC1+RNuRm(PEANI31,SCI311 	 1)m4D157 
0T(41=PE04(1)+PFC4(2)*PRICEM44404(3)*SFASONWPC414)*(f0 1 1C) 	DmNrIcA 

* 04NORNIHEAN(41,S1)1411 	 DMNC15) 
0115)=PrC5(1)44.[Q5(2) ,PPRICEC+PEC5(3)*(10-TC14.RNORm(MEAm(5),SC(511 WANPI6( 
01(6)=0.0 	 W4 40161 
0T171=0.0 	 nmNn167 
DT(7)=MROFF-RLFVELUNODYSIP011+0.176 	 ONNIA.63 
!FIDT17) .11-. 0.01DT(71=0.0 	 DM4N.F4 
IFIRECYCL .FO. -11017)4%0 	 opvotO 

- 	1110mTN1 .E0. 11Go IC 48 	 omN01.66 

	

C   nmNni67 
C 	RATIONING RouTINE 	 nmND168 

	

C   Dmmolhq 
IFI01I71 .LF. 0.00011G0 TO 51 	 DmN0170 
TEmP1=uT111 4, DT(2) 4.UT(3) , DT1414.DT151+CT(61.DT(71 	 0410111 
RATIo11=DT171/TETAPI 	 WA110I71 
IFIRATIuN .LT. mRL1GC TO 46 	 DAIN0171 
CALL INTRPTIT,10,RATION,PRL,0.01 	 1)MND174 
RATION=PRL 	 DM10175 

46 Sw0(381,11=AmAxilSwDIYR.11,RATION1 	 WANDI7A 
SWW010)=SWAYR,9).RATION*PRICEC*DTI1lotOln.n*NODYSImill . 	 I:W(40177 
5140Irm,161=Sw1I(YR,161.1ATICN*PRICEI*DT131*1000.0*1IODYSIMn1 	 DmNn178 
SO(IR,22)=SWIYR,22)+RATErN*PRICK*CT(214q000.0*NrICYS(M0I 	 npN1117) 
SWNYR,261=SWNYR,26)+ 0 ATINWRICEP*DT14)*1000.0*NMYS(M0) 	 (JUNDIPO 
SWO(YR.30)=SWNYR,30)+RATIMI*PRICEC*DT(5)*1000.0*NODYS(mUl 	 OMNIMPI 
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DO 47 1=1.5 	 OmND187 
07111=11.0-RATIONI*DTIII 	 0/A9DI81 

47 CONTINUE 	 OHNDIP4 
DLIII=DT(61+01171 	 omyntes 
Go TO 51 	 nmNDIP6 

48 DO 49 L=1,5 	 Dm4D187 
DLILI=0.0 	 09913188 

49 CONTINUE 	 DmND1P9 
IFIRECYCL .EQ. DEEM(' TO 51 	 0990190 
IFIRECYCL .LT. 0)60 rn 51 	 nmyn191 

	

C   0990197 
C 	******DISTRIPUTE DEPANDS 	 ntAND191 

	

C   0990194 
DO so I=1,NODS 	 DmN0195 
ir=tnisT(I) 	 D990196 
L=LDISTIII 	 DIoND197 
DL(LI=DL(L)+DISTIII*DT(II) 	 0 9N019a 

50 CONTINUE 	 0910199 
IFIDLI51 .GT. 0.01510=I 	 um90706 
GO TO 53 	 DmND201 

	

C   DmNn207 
C 	******NON DISTRIBUTED DEMANDS 	 0m9n2G3 

	

C   DM9n2c4 
51 DO 52 11=1,5 	 DM90205 

DLIII=OLI114.61(11) 	 DmE01705 
52 CONTINUE 	 PMND707 

	

C   MAND2CH 
C 	******CALCULATE FLC1. AyAILA4LE TC AT 	 DMNO7C9 

	

C   O40210 
53 IFImO .FQ. IIJANC=01111 	 Om90211 

00L=PLTC(m01*JAND 	 DmNu217 
0OUTII)=CoUTIII+PLSTC*CO1 	 nmNO211 
AmI012,YRI=5MI012,YR1+001 	 Um91214 
STC=0111/-QoL 	 DMND215 
4W1013,YRI=Wn13,YRIESTC 	 0990216 
OL=PLSTC*STO 	 Dm90217 
00U111)=DOUTI1I+OL 	 nmNnnq 
AwT014,YRI=AAT014,Y11 IEOL 	 Dm96119 
01=510-CL 	 0991)220 
05=0.033*QI 	 DmAiD221 
IF(QI .LF. 0.001)GU TO 74 	 DM96227 
AWI015,YRI=AhT015,YRI•QS 	 0910223 
ci=ot-os-cntro) 	 01, ND224 
AW10(6,YR)=AhT0(6,Y9)4.0.,A(M1) 	 Dm96225 
AmT017,YRI=AW1017,YRI+CI 	 0990226 
IF(OPTNI .EQ. 0)60 TO 74 	 DmAID227 
IFIRECYCL .FC. OFF)GC TO 74 	 DmND275 
IFIRECYCL .GT. 0160 To 59 	 DM90229 

	

C   WAND210 
C 	******ADO IN CONTINUOUS STANDBY 0198905 	 09NO211 

	

C   OmA1021 ,  
DO 55 I=1,NCCD 	 OMND231 
IT=ICD(I) 	 D990234 
L=LCDII1 	 1)991235 
DLILI=DLIL)+CO(1) 	 Om90236 
1)1161=01161+CM') 	 0990737 

55 CONTINUE 	 09ND73 ,,  
1E10E15) .61. 0.01561=1 	 0990239 

	

D   DMNO240 
C 	CUTMACKS FOR EFFICIENCY ANC SETUP FOR Awl 	 DME40741 
C 	1. MORE THAN ENOUGH IN ONE PASS 	 Om90242 

235 



C 	2. LESS THAN OR JUST ENOUGH IN CNE PASS 	 10.0,10243 

	

C   CRANn244 
59 TEMP1.01.(5) 4 01.(4)+11.0-L1IPT311 4 0L131+11.0-LLIP13114(1.0-LLIPT2114 DP40245 

*01121+0T171 	 DMN1'246 
IFITEMP1 .GT. 0.0100 TO 60 	 DMND247 
CALL INTRPTIT,11,TEPP1,0.0.0.01 	 0 1.110248 

60 TEMPT.TEMPI/H1.0- 1LIPT311 4 11.0-LLIP1211*11.0-LLIPT1111 	 0m610240 
IFIJI .LE. TE 1 PI1C0 rn 61 	 DMNP250 
OIR=TEMPI 	 DmND751 
01=01-01R 	 0PNO252 
AWTO(8,VR)=A141018,YRI+01 	 0i10253 
AwT019,YRI.A670(4,YR).OIR 	 ORNE254 
GO TD 62 	 DPW:0 55 

61 OIR=Q1 	 OPMO256 
01.0.0 	 DMND257 
AWT018,YRI.AWTO(8,YR)+01 	 Dmm0758 
4wiD19,YR1=41.T019.VR14.01R 	 0 1,4 00755 

62 TEMPI=DIA31+01141+0L151*DTI71 	 nm4n7fin 
TEMP7=TEmPI-DLI41 	 ORND261 
NT.1 	 0IA1D262 
GO TO 70 	 DMND263 

	

C   OPNO264 
C 	LEVEL 1 wATIR 	 Dm%/0265 

	

C   DPND266 
68 NT.NT+1 	 DMNO267 

EXCESS=0.0 	 ORN11268 
IFINT .LE. RIFLIGO TO 69 	 IOND264 
CALL INT4PTIT.12,QRI,OR,,CR31 	 DPND27C 

65 IFIOR .GI. C.010PR=CRR-1.0 	 D 0 NO271 
GO Tr) 74 	 Om911277 

64 OIR.OR1.4.0R2+0R3.0R4 	 DPND274 
IFIOIR .LE. 0.611Gc TO 65 	 0 1410774 
DO 80 1=5,8 	 1040275 
Z111.0.0 	 Dm41,276 

80 CONTINUE 	 DRND277 
TOIR.TOIR+OIR 	 OPNE177,1  

JO ANT0111,YRI=AwT0(11,YR)+0(* 	 0P40279 
" Sw3.0 	 OmND280 

Qm1=AmAxt(ov1,0()) 	 nrnwel 
CONS.LLIPTII*OIR 	 0 4001282 
AwTU112.1,R1=AwT0112,YRI.CONS 	 DmNO283 
GG=OIR-CONS 	 0%4,0)284 
OUI.Oul+OG 	 Om90211 5 
ON1=QUI-OL121-CNI 	 nm1402116 
IFI3NI .GF. -0.0091G0 TO 100 	 OmN1, 2P7 
Q10.0 	 wegilee 
Sw3.1 	 n4 4D2E4 

100 CM1=CN1.1.0N1 	 0%4 '4090 
ORI.L0111410G-01411 	 DmN1 , 251 
AwT0(13,YR)=AwT0113,PRI+CO-QN1 	 DmNO247 
NPSIII.NPSI11.1 	 Dm40253 
0(11.0(1)+01R 	 DmN0714 
IFISW3 .E0. 1160 TO 68 	 Om911 255 
EXCESSmONI 	 nmnin29s 

	

C   OmND7gi 
C 	******LEVEL 2 WATFR 	 DPNO2911 

	

C   DmNO299 
IFITEMP1 .LE. 0.0IGC TO 73 	 DR4V3CO 
EXCESS.0.0 	 nmNnloi 
IFION1 .LF. 0.0IGO TV 68 	 0M90302 
SW3.0 	 0 0.4 4C103 
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ANTO(15,YR)=ANTO(15,YR)+ONI 	 DmND304 
0M2=AmAX110M2,0411 	 DmND3C5 
C0NS=LLIRT2I*0NI 	 Dm1D3C6 
AWT0116.YRI=ANT01160111*CONS 	 MIND3C7 
OG=ON1-CONS 	 0mNO308 
OU2=0U24.0G 	 DM*103C9 
0N2=0U2-0L131-CN2 	 nmND310 
IFION2 •GE. -0.0091GC TO 101 	 nmNO311 
ON2=0.0 	 DmND312 
SW3=1 	 0mNO311 

101 C*12=CN2r0N7 	 DmNn314 
0112=1DR2*10G-ON21 	 DM0315 
4NTO(17,YR)=AwT0117,YR1+0G-ON2 	 DMND116 
NPSI2I=NRSI2I+1 	 DmNn317 
0121=0121+01 	 DMND3Is 
IFISW3 .E0. IIGO TO 68 	 DMND319 
EXCESS=ON2 	 ION1i320 

C 	
_ _ 

DMND32I 
C 	LEVEL 3 WATER 	 0mNO322 

	

C   DmND323 
IFITEmP2 .LE. 0.01GC To 73 	 nmNP324 
ExCESS=0.0 	 IONO375 
IFION2 .LE. 0.0I1,0 TI 68 	 DmND326 
Sw3=0 	 0mND32/ 
AwT01180RI=AwTo118.TRI*ON2 	 0/01032R 
0M3=AMAXII0M3,0N21 	 Dmqn329 
C0NS=LLIPT31*QN2 	 DmN1133C 
AwT0(19011)=AWTOI19,VRI*CONS 	 0N1D33t 
OG=ON2-CONS 	 0MNO332 
0U3=0u340G 	 0mNO333 
ON3=0U3-01141-CN3 	 IONT)334 
IFIQN3 .GE. -0.009I1,0 TO 102 	 DmNO335 
ON3=0.0 	 DP10316 
Sw3=1 	 OMNO317 

102 CN3=C*114.0N3 	 OMND338 
OR3=LDR3*10G-7N31 	 DmND33) 
AwT0120000=Awr0120,v014.CG-0NI 	 DM4010 
NRSI31=NPS(3)4.1 	 DmND341 
0131=0(3)4.0N2 	 Dm40347 
IFISw3 .10. 1100 TO 6R 	 DM1D343 

	

C   OmNO344 
C 	* ***** LEVEL 4 WATER 	 mINO345 

	

C   DmNO346 
IF101.151*DT171 .L[. 0.0100 IC 73 	 nmNn34/ 
IFI0N3 .LE. 0.0100 TI 68 	 nmN1'348 
OG=ON3 	 nm4n341 
AWTO(2).vR1=AINTOI21.vR14.0N3 	 OmNoISN 
IFISW1 .10. 1I011 TO 79 	 nm*I0351 
ORR=ORR*GG 	 DmNn352 
IFISw2 .NE. 0100 TO 79 	 DmNDiSi 
ORR=ORR+1.o 	 0mNc354 
Sw2=1 	 DMNnlms 

79 Sw3=0 	 OmN0156 
OUR=OUR*OG 	 DmNO357 
ONR=OUR-ORR-CNR 	 UmNc358 
IFIONR .GE. -0.009I01. TO 103 	 DmND3m9 
ONR=0.0 	 Dmh1n360 
SW3=1 	 DMND361 

103 CNR=CNR*ONR 	 OmNO362 
ON4G-0/48 	 Dmme364 
1FION .LE. 0.01G0 IC 76 	 nms01364 
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TEST=NOR*VOLR*(WORA.10)*aN*3.07*NCOYSIMO) 	 DMND365 
TEST=TESTMOLR+ON*3.07*NODVSIM01) 	 0MND366 
VOLR=VOLR+CN*3.07*ACDYS1M01 	 DMND967 
IF(TEST .LE. 500.0)GC TO 71 	 DMA10368 

	

C   OMND369 
C 	* ***** RESERVOIR, TREATED 	 DMND370 

	

C   MAND371 
WOR=0.95*TEST 	 DMNO372 
OM4=AMAX110m4,0N3) 	 DAIND173 
NPS(4)=NPS(4)+I 	 DmNO374 
0141=014)+ON3 	 DmNO375 
ANT0(23012)=AW10(21,YR)*0N 	 0mNO376 
AW111(24,v1t)=AmTn124,YR)*ON 	 0MND377 
GO TO 72 	 0mNO378 

	

C   DMND379 
C 	ESERVOIR, NOT TREATED 	 DmND31111 

	

C   umN11381 
71 wOR=TEST 	 DMND382 

ANT0(220R)=AWTO122,VRIA.CN 	 DMND383 
72 IF1SW3 .E0. IIGn Tn 68 	 DmND3P4 

	

C   CRAND185 
C 	******PORTABLE, TREATED 	 DMAID386 

	

C   DMND387 
76 EXCESS=ONR 	 0mNO388 

IF(UL151 .LE. 0.0)Gr Tr 74 	 D'AND389 
EXCESS=0.0 	 Dm40390 
IF1ONR .LE. C.01G0 IC 61, 	 WAND391 
Sw3=0 	 WAND ,19? 
OG=ONR 	 DMND393 
AmT0(23,VR)=ANTO123,VRIACNR 	 0MNO394 
0M4=AMAx1(0104,0NR) 	 WA4D395 
OU4=0U4+0G 	 0MNO396 
014=01'4-D1 (5I-CN4 	 DIAND197 
IF(ON4 .GE. -0.009)GC TO 104 	 OmND398 
0N4=O.0 	 DMNO399 
Sw3=1 	 OMND4Or 

104 CN4=CN4+ON4 	 MAND401 
OR4=LDR4*10G-0141 	 OMN0402 
AWT0(25,YR)=AWT11125,YRIACG-ON4 	 D'AND404 
NPS(4)=NPS(4).1 	 DmND4C4 
0(4)=0(4)+0NR 	 DMND4C5 
IFISW3 .EQ. IIGO -TO 6P 	 WANDAch 
IFIDT17) .LF. 0.01GO In 105 	 nmND4C7 
0RR=0RR+ON4 	 owir4c8 
ANT0124,Y91=400124,VRIACN4 	 D.N4 D40,1 

VO1R=VOLR+ON4*3.07*NCOVSIMOI 	 DPNVAIn 
0144=0.0 	 100411 

105 SWI=0 	 D 0010412 
IF(OTI7I-ORR •GT. 0.r)GO TO 68 	 DMN0413 
A.110(26,YR)=A4T0(26,Y9)+CN4 	 OMAR0414 
1F(oRR .GT. 0.0)oRR=CRR-1.0 	 DMND415 
GO TO 74 	 DmNU416 

73 ORR=0.0 	 DmNr417 
74 IF1OPTN2 .NE. 01G0 Tr 75 	 OMN0418 

	

C   OMND410 
C 	* ***** No ADDITIONAL PASS TO CLEAN EcFLUENT BEFORE DISCHARGING 	WANDA2n 
C 	 INTO STRFAMS 	 ORONO' 

	

C   DmM0422 
IFIRECKL .EC. rFFIAUTrt8,YRI=Aw7018.VRIA01 	 0pAID423 
('(EXCESS .LE. 0.009)EXCESS=0.0 	 0940474 
AmT0(28,YR)=AMT01211,VRIACIAEXCESS 	 oriNv425 
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AwTOI27,YRI.AwTOI27,YRI+CRI+CR24 , CR3+CR4 	 0mNn426 
OI=Q1+0R1+0R24.0R3+0R4+ExCESS 	 nmNp427 
AwT0129,YRI.AMT0129,YRI+01 	 OmNn429 
AMT0130,YRIAAwT0I26,YRI 	 DM710429 
01.04.014 	 nmw0430 
AwT0(31,YRI=AwT0(31,YR)+0I 	 OmNn431 
GO TO 77 	 DmND432 

	

C   omND433 
C 	ODITIONAL PASS TO CLEAN EFFLUENT BEFORE CISCHIRGING 	 DMND434 
C 	 INTO STREAMS 	 Omm0435 

	

C   DmmD436 
75 AWTOI8,YRI=AWT018,7RI-CI 	 nmN0417 

DI=01+17R1+0R24.OR5roR4 	 DMND430 
AMT0(10,YR)=AwT0110,YRI+Ol 	 om4n439 
4w70111,YR)=4071(11.vR)+CI 	 DMND44n 
OMI.AMAx1101,CII 	 DMND441 
IFNI .GT. 0.010C(YR,II=OCIYR,1)+DEFOmC*COSTIPTI,DII 	 OmND442 
CONS=LLIPT1)+0I 	 Dm411441 
414T0112.YRI=ANI0(12.VRI.CON5 	 0IVO444 
OI=QI-CONS 	 CHAND445 
AWT0114.YRI=ANTO(1408)+01 	 OW(0446 
Ol.Q1+CN4 	 DMN0447 
ANTO(3100)=AWTO(31,YR)+CI 	 DMND448 
4wT0130,v8)=ANTO(10,YR)+CI 	 DMND449 

	

C   D(040450 
C 	COLLECT THE REMAINNING AN7 OPFRATICN STATISTICS 	 DMN(1451 

	

C   OMND452 
77 QOU1I7I=OL(1)-00UT(11-ORR 	 UMNC453 

ANT011.113)=Aw10(10, 8)+1)LIII 	 OMN0454 
400110.YRI=ANTO(10.YR)'-TCIR 	 Om 1 O455 
IF(PT1 •NE. 5 .AND. CII) .GT. 0.010CIVII,LI.DC(VR,11.D)FONC*COST(PT DMN0462 

4.101111)4,011*NODYS(MC) DMN0463 
IFIPT2 .NE. 5 .AND. C(7) .GT. 0.01CCIYR,21=0CM,2I4CEFOMCACOS1IPT 0mAR0464 

*2,012114.0(2).0NODY5IMO) OMND465 
IFIPT3 .NE. S .4NU. C13( .GT. 0.010C(vRO).DC(YRO)4TFFONC*COSTIPT 0m40466 
*3,0(3II*C(3)*NODY5IMr1 DM40467 
IFIO(4) .GT. 0.0111C(YR,4)=OCIVR.4I+DEFCMC*CDS1(54(4) 14, 0(4)*NODVS( INAND46m 

*m ,o) OMND46v 

	

C   ONNO471 
C 	******COLLECT STATISTICS ON WATER DEmANO 	 DMND471 

	

C   nmNn472 
SWO(YRa)=SWO(YR.2).DTIII*NODYS(MD) 	 04N1)473 
SWOIYR,10I.SwOlYR.10)*DT131*NODYSImOI 	 DmNp474 
SNO1YR.171mSWO(YNI.171011(2)*NuNvs(Nol 	 nmNn475 
SWO(Y11.231=5NO(YR,73)011(4)*KCDYSIMO/ 	 0MN0476 
SNDIVR,27)=56DIVR,2714.DTBI*NODVS(M11) 	 DmN0477 
SWOON1.311=SNUIVR.31I+DT(6)*NODVS(MO) 	 DmhP4/8 
SMOIVRaI=SNVIVROI+PRICED*OTIII*1000.04.NODVS(MCI 	 O1N047N 
SNUIVR.I5I=SWD(YR,I5I+PRICEI*DT(3)*1000.0*NOCY5IMOI 	 DMN0480 
SWDIVR,211-SWGIVRO1I+PRICENDT(2). 1.1000.04.NUDYSIMOI 	 DmN0481 
SWOIY11.251=SMOIYR,25I+PRICFM.MT141*10D0.0*NCOYS(M01 	 OMN0482 
SWOCYR,291=ShDIVRO9I+PRICEC*DT(5)*1000.0*NODY5IMOI 	 DmND483 
SWDIVR,33)=SMU(YR.33)+PRICFN*DT(61*1000.0*NOOV5IMOI 	 DM40484 

C 	
_ 

OMND485 
C 	COLLECT INVESTMENT COST STATISTICS 	 DMNC486 
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C   DMND48r 
IFIPT1 .NE. 5/INVC(YBOT1)=AMAXIIINVCIVROTUOM/) 	 Dumn4an 
IFIPT2 .NF. 5IINVC(YROT21=AFAXIIINVCIYROT7),ON2) 	 DAINIPABO 
IF(P13 .NE. 5)INVC(YROT3)=AMAX1IINVCIYROT31.011 	 DMN0490 

INVC(YRO)=AMAXIIiNVCITROI.CM4) 	 EIMND491 

RETURN 	 DMND492 

ENO 	 DMN0493 

BLOCK DATA 	 Rumect 
COMMON/HD/7111E(9) 	 BLK0002 
COMM0N/I0DEV/NROPOC.TAPEI..TAPE2.TAPE3 	 BLKDO04 

COMMON/M/T.YR.NO .YRSTOYRPUIRLEVEL,BREFF,RECYCLOPTA1.0PTN2. 	HLKDOC4 
*IDSNO.FREO.GRAPH.NODYSI12),AIMPRT.RLCCAL 	 Rummi 

COMMON/P/LEAK,RLMAX,RCPLOLEVELORON.PROBLOO.EXPL,EXPR 	 BLKD0C5 

COMMON/S/NSTA I NOSTA.NIOASISTNO(40),SNAME(40.5),TYPE( 40). 	 BLK0007 
*NOCUTSI401.PC(40).SEASII40.3).SEAS2140.3).CMIN(40,3).CMAX140,31, 	OLKDOCS 

*H1600/.1YR.WELLS(12).PROJCI(12).SKIP 	 BLKDOC9 
COMM0N/RV/MINO(40.12).MINCRI12),EVAP112) 	 BLKDO10 
cnmmoNnim,ec,nppincoPRII0EFccounnoRlcumicuoR1cE , , 	BLKD011 

SPRICECORICEN,PONEPPLOY.KAIN.RAINAVI12I 	 611(0012 
COMMON/ANT/CD(35)01STI351,101135),ICTST(35/ILCD(35).LDIST(3 5 ). 	BLKDDI4 

*LUR1,LOR2.LOR3,L0 ,44.LLISIgNOCD.NODS,CAII2).PLTOI12).PLSTOOTI. 	BLKD014 

*PT20T3ORLOITL.WOR 	 BLKDOIS 
COMMON/OUT/SWDI50.37/vSSSI5015),SW15,5),DATESI101. 0,70( 32 . 50 ). 	BLKPOL6 

*INVC(50.6).00(50.5).R13/.0fMRCI50,10/ 	 Bumour 
COMMON/DIP/IT.NT.TEMPIITEMP2,X1601 	 BLKOCIE 

REAL 	TITLE 	 BLIMP') 

REAL 	LEAK 	 0110020 

REAL 	MINOOINCR 	 BLK0021 
REAL 	LDRI g LOK7.LDR3o1DR4gLL 	 BLKDO27 
REAL 	INVC 	 FILK0023 
INTEGER TAPEI.TAPE2gTAPE3 	 311(0074 
INTEGER T,VR.PID.VRST.AECYCL.OPTNI..OPTN2.10S4C,FRFO.GRAPH 	 BLKO025 

INTEGER STNO,TTPE.SEASI,SEAS2.SVIA 	 1311(0026 

/NTEGER PTI.P72013,PITL 	 P1KP027 
INTEGER DATES 	 8LKD02P 
DATA TITLE/O*BH 	 / 	 A 	 BLKOC2 . 1 

DATA NR,NA I NC.TAPEI g TAPE2.TAPE3/5.6.7,15,16,17/ 	 Bumm 
DATA MOORST,NYRPRJOLFVEL.ORrEE/0.1972.50,66743.0.42667.0/ 	 BLKO031 
DATA RECYCLOPTNI.OPTN2.10SNC.FREO.GRAPN/1.1.0.0. 5 0/ 	 1311(0032 

DATA NODYS/31,29,31.30.31.30,31,31,30,31,30,31/ 	 511(1033 

DATA LEAKALMAXOCPLOLEVELORON/10.0,12 5614.0037 5 .0.65 7 0 4 .0. 	BLKno34 
*30000.0/ 	 EILKnoli 

DATA RLOCAL/33371.5/ 	 BLKDO36 
DATA WELLS.PROJCT,SKIP/12*0.0.12*0.00/ 	 1311(0037 
DATA PROBL.N0/0.70.U/gFXPL.EXPR/2*0.0/ 	 5L1(D01A 
DATA NSTA.NOSTA g lYR/28.30.10/ 	 KLKDO3O 
DATA PO.EGOPRIDCOPRII.DEFCC,1ThFOPC/7*0.0045,4*1.0/ 	 BLKC040 
DATA PRICEDORICEIORICEPORICECORICEN/0.717.0.400.650.00.0. 21 / swim' 
DATA PONEMPLOV/150000.0./740.0/ 	 1311(0042 
DATA LOR1.LDR7.LDR3gLDR4,L1/4*0.0O,4*D.00.0.0000 1/ 	 1311(0043 
DATA NOCDOODSOTI.P120T3ORLIRITL,WOR/00.4,1.3.0.30,30.70.0/ 	1311(0044 
DATA PL111/2*0.35,2*0.25,4*0.15.3*0.300.35/ 	 1311(11C45 

DATA 13/0.040.065.0.08/ 	 BLKDO46 

END 	 1411(0047 
SUBROUTINE INPUTINOFILE/ 	 NPUTOCI. 
COMMON/HD/TITLE(9) 	 NPUT002 
CUMMON/IODEV/NR,NPOC.TAPEIRTAPE2gTAPE3 	 NPUTOCi 
COMMON/M/T,YR,MO.YKST,NYRPRJOALEVE1OACFF,RECYCLOPTNI.OP 1 N2, 	NPUTOC4 

*IDSNO,FREO,GRAPHMODYS(17),RIMPRT,RLOCAL 	 NPUT005 

COMMON/P/LEAK,RLMAXOCPL.PLEVELIRRON.PROBL.NO ,EXPL.EXPR 	 NPUTOOA 

CONNON/S/NSTAAOSTAgNIOAS,STN01401.SNAME140,5),TYPE(401, 	 NPUTOC7 
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*NOCUTS1401.PC1401gSFAS1(400)gSEAS2140.31,CMIN1400/ g CMAX140.3), 	NPUT008 
4.111600/glYR,WELLS112/gPROJC11121 1 SKIP 	 NPUTOOP 

COMMON/RV/MIN0140,12/01NOR(12) g EVAP(12) 	 NPUT010 
COMMON/D/PGgEGOPRIDCOPRII,DEFCCgDEFOMCgPRICENPRICENPRICEM, 	NPUT011 

*PRICECIPRICENOOP,EMPLOYgRAIN g RAINAVII21 	 NPUT017 
CONN0N/ANT/E0(35),UIST(35),IC0135I.IDIST(35TatM35TOW5TI35I, 	NPuT013 

*LORI,LOR2,1nR3tLDR4ALI51,NOCD,NC0S,CAII2I,P1T0112I,PLSTO,P1I, 	NPUT014 
*PT2 g PT3 I PRL g RITL,WOR 	 NPUT015 
C0MM0N/0uT/SwD150,171,55S(50,5).SANTI5,51,D4TE51101,4wT0132,50I, 	NPUT016 

*INK150,61.0CI50.510131,0THRCI50,101 	 NPUT017 
COMMON/TMP/ITATOEMPI.TEMP2 g X160/ 	 NPUT018 
REAL 	TITLF 	 NOUT019 
REAL 	LEAK 	 NPUT020 
REAL 	MINO,MINCR 	 NPUT021 
REAL 	LORIgLOR2ILDR3gLDR4 g LL 	 NPUT027 
REAL 	INK 	 NIPUT023 
INTEGER TAPE1 g TAPF2 g TAPE3 	 NPUT024 
INTEGER T,I, R,m00NIS1,RECYCL,OPTNI.0PTN2,1CSNC.FREC;GRAPP 	 NPU1025 
INTEGER STNO,TYPE,SEASI,SEAS2.9(ip 	 NPUT026 
INTEGER PT10120T3gRITL 	 NPU1027 
INTEGER DATES 	 NPUTO2S 
INTEGER ncil,ocril,ccivocv,uvi,ncvli,ncvill,octx,ocx,ocxl,ccxli NOUT029 
INTEGER SIB 	 NPUT030 
NAMELIST/PARAN/NyRpRJ,vR5T,NGSTA,NSTA,YR.IYR.5RIP.LEAR,RLMAx,RCPL, NPUT031 

*RLEVELOLEVEL,WOR,PROBLIOPTN1gRECYCLORENOROFF,NOFILE g NODSOOCD, NPUT032 
*EGOGgEMPLOYOOPORICED.PRICEIORICEM,PRICECORICEN,CPRIDC g RLOCAL, NPUT033 
*DPRII,DEFLC,DEFOPIC,OPTN2,RITL,PTI,PT2,LURI,LOR2,LDR3,LDRA0A,R, 	NPUT034 
*IDSNO,FRE0g0C11.0C1110CIVOCVOCV1g0CVIIOCV111,0CIXOCXOCX1 g 	NPUT035 
*DCXII,GRAPN,Expl,ExpR 	 NPuTO36 

DATA DC110C1110CIVOCVOCVIOCV11gECV11190CIXIECX/01/ 	 NPUT017 
DATA DCXIOCX11/2*1/ 	 NPUTWIR 
	  NPUT039 
***MIME CARD 	 NPUT040 
	  NPUT041 
REWIND TAPE? 	 NPUT042 
REwpin TAPE3 	 NPUT043 
CALL HEADNGI-11 	 NPUT044 
READINR,10/ TITLE 	 NPUT045 

10 FORMAT19AB/ 	 NPUT046 
	  NPUT047 
****** PARAMFTFRS 	DATA CARD TYPE I 	 NPUT048 
	  NPUT049 
READINROARAM/ 	 NPUT050 
CALL HEADNG11/ 	 NPUT051 
WRITEINP,14/ 	 NPUT057 

14 FORMATI//48X,24H*****PARAMETER LIST $$***, 	 NOUT054 
*//25X,51HI1E14 	VARIAPLF 	 DESCRIPTION 	 g 3X, 	4PUT054 
W5HVALUE/ 	 NOUT055 

WRITEINP05/ NYRPRJ,YRSTOOSTA g NSTA g YR g lYR,SKIP 	 NPUT055 
15 FORMATIIHOg 	 NPUT057 

* 24X01HTIME 	NYRPRJ NUMPER OF YEARS IN SIMULATION 	 112, 	NPUTOSP 
*/25X,51H 	 YRST 	SIMULATIUN BEGINS IN 	 ,112, 	NPUT059 
471//, 	 NPUT060 
* 25)(g5IHSTREAMS NOSTA TOTAL NUMBER OF MEANS 	 112, 	NPUT061 
*/25X,51H 	 NSTA 	BEGINNING NUMBER OF STREAMS 	 112, 	NPUT067 
*/25X,51H 	 YR 	HISTORICAL DATA BEGINS IN 	  112 1 	NPUT063 
*/25)1,51H 	 IYR 	NUMBER OF YEARS CF HISTORICAL CATA,112, 	NPUT064 
*/25X,51H 	 SKIP 	NUMBER OF YRS CF STREAM CATA SKIP 	 112) 	NPUT065 

WRITEINP,161 LEAR,RipAx,RCPL.RLEVEL,PLEvELOWICA1,w0R,PRO6L,ExP1, NPUTO66 
*EXPR 	 NPUT067 

16 FORMATI1HOg 	 NPUT068 
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* 24X,5IHRESERVOIR LEAK LEAKAGE CONSTANT 	 F12.4, NPUT069 
*/25X,51H 	 RLPAX MAXIMUM CAPACITY 	 FI2.4, NPUT070 
*/25X,51H 	 RCPL 	CONSERVATION POOL LEVEL 	 F12.4, NPUT071 
*/25X,5IH 	 RLEVEL CURRENT LEVEL 	 F12.4, NPUT072 
*/25X,51H 	 PLEVEL PREVIOUS LEVEL 	 F12.4, NPUT073 
*/25X,5IH 	 RLCCAL LOCAL WATER LEVEL 	-- M2.4, NPUT074 

*/25X,51H 	 WOR 	CURRENT WATER QUALITY 	 E12.4. NPUT075 
*/25X,5IH 	 PRCRL PROBABILITY LIMIT FOR EXPANSION...,E12.4, NPUT076 
*/25X,5IH 	 EXPL 	RESERVOIR LEVEL FOR EXPANSION 	F12.4, N0 UT077 
*/25X,51H 	 EXPR 	STORAGE FACTOR RATIO FOR EXPANSION,F12.41 NPUT078 

WRITEINP.171 OPTNI,RECYCLORCN,RROFF,NCEILE 	 NPUT079 
17 FORMATIIHO, 	 NPUT080 

* 24X,51HRECYCLE OPTN1 RECYCLE (O=NO, I=YES) 	  112, 	NPU1081 
*/25X,5IH 	 RECYCL STARTING POSITION 	  112, 	NPUT082 
*/25X.51H 	 RRCA 	RECYCLE CN LEVEL 	 F12.4, NPUT083 
*/25X,5IH 	 RROEF RECYCLE OFF LEVEL 	 F12.4, NPUT084 
*21/1. 	 NPUT085 

* 25X,5IHPLANS 	NOPILE NUMBER OF PLANNING - FILES-  - - 	112) 	NPUT086 
WRITEINP,181 NODS.NCCD,EG,PG.EMPLOY,POP,PRICECORICEI,PRICEm, 	•PUT087 

apRICEC,PRICEN,DPRIUC,UPRII,DEFCC.DEEDMC 	 NPUTOP8 
18 FOAMATIIHO, 	 NPUT089 

* 24X,51HDEMANDS NODS 	NUMBER OF DISTRIBUTION SUBDIVISION,I12, 	NPUT090 
*/25X,51H 	 NCCO 	NUMBER OF STANDBY DEMANDS 	  112, 	NPUT091 

*/25X,5IH 	 FG 	GROWTH RATE Or EMPLOYMENT 	 F12.4, NPUT092 
*/25X,5IH 	 PG 	GROWTH RATE OF PCPULATION 	 F12.4, APUT093 

*/258,5IH 	 EMPLOY STARTING EMPLCYPENT 	 Fl?.'., NPUT094 
*/25X,5IH 	 PUP 	STARTING POPULATION 	 F12.4, NPUT095 
*/258,5IH 	 PRICED STARTING PRICE, DeMESTIC AND COmM.,F17.4, NPUT096 
*/258.5IH 	 PRICE! STARTING PRICE, INDUSTRIAL 	 F12.4, NPUT097 
*/25X.51H 	 PRICER STARTING PRICE, MILITARY 	 F12.4, NPUT098 
*/258.5IH 	 PRICEC STARTING PRICE, MUNICIPAL 	 F12.4, NPUTO9m 
*/258,5IH 	 PRICE%) STARTING =RICE, NON-POTABLE 	F12.4, NPUTICO 
*/25X,51H 	 OPRIDC SUMMER PRICE INCREASE, DON I COM..,E12.4, NPUTIOI 
*/25X,51H 	 npRil SUMMER PRICE INCREASE, INDUSTRIAL.,F12.4. NPUTIC? 
*/258,51H 	 OtECC DEFLATOR, CrNSTRUCTICN COSTS 	 F12.4, APUTIC3 
*/258,5IH 	 DErCPC DEFLATOR, OPER. I MAIN. COSTS 	F12.41 NPUTIO4 

WRITEINP,191 OPTN2,RITL,PTI,PT2,1373,LDRI,LDR2,LDR3,LOR4, 	 NPUTIO5 
*(LL111,1=1,41 	 NPOT1C6 

19 FORMAT(IHO, 	 NPUT1O1 

* 24X,51HAwT 	OPIN2 TREAT EFFLUENT 10=NO, I=YES) 	 112, 	NPUTIOR 
*/258,51H 	 RITL 	RECYCLE ITTERRATION LIMIT 	  112, 	NPUTIC9 

*/25X,51H 	 PT1 	PRCCESS TYPE, LEVEL I 	  117, 	APUTIle 
*/25X,51H 	 PT? 	PROCESS TYPE, LEVEL 2 	 ,112, 	NPU1111 
*/25X,51H 	 033 	PROCESS TYPE, LEVEL 3 	  112. 	NPUTI12 
*/258,51H 	 (JAI 	PFIICENT CERAM) RETURNED, LEVEL l 	,F12.4, NPUTII3 

O/258,51H 	 UP? 	PERCENT DEMAND RETURNED, LEVEL 2 	,E12.4, NPUTI14 
*/25X,511-1 	 LIA3 	PERCENT DEPAAD RETURNED, LEVEL 3 	,FI2.4, NPUTI15 

*/25X,51H 	 LORA 	PERCENT DEMAND RETURNED, LEVEL 4 	,F12.4, NPUTI16 
*/25X,51H 	 LL(I) PERCENT CONSUMPTION, COAG 1 SED 	,F12.4, NPuT117 
*/25X,5IH 	 LL121 PERCENT CONSUMPTION, FILTRATION 	F12.4, NPUTUB 
O/258,51H 	 LL(3) PERCENT CCNSUPPTION, G. CAREI. A. 	 ,F12.4, NPU1119 
*/258,51H 	 LL(4) PERCENT UNSUMPTION, ACT. SLUDGE 	,E12.41 NPUT120 

CALL HEADNG(11 	 NPUTI21 
WRITE(NP.14) 	 N0U1I22 
WRITE(NP,20) (R111,1=1,31 	 NPUT1.23 

20 FORMATIIHO, 	 NPUT124 

* 24X,51.HOTHER 	R(1) 	INTEREST RATE 1 	 F12.4, NPUT125 
*/258,5IH 	 R121 	INTEREST RATE 2 	 F12.4, NPUT126 

*/258,5IH 	 R(3) 	INTEREST RATE 3 	 F12.41 NPUTI27 

WRITEINP.211 losnQ,FREc.ncliocittociv,ncvocvlocvtlacvtil,nctx NPUTI2R 
*.DCX,OCX1,DCXII,GRAPH 	 NPUT129 
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21 FORMATIIHO, 
* 24X,5IHEDIT 
*/258,51H 
*/25X,5IH 
*/75X,51H 
*/25X,51H 
*/25X,51H 
*/25X,51H 
*/25X,5IH 
*/25X,5IH 
*1258,51H 
*/25X,5IH 
*/25X,5IH 
*/25X,5IH 
*/25X,5IH 
NI=NSTA+I 
NAS=I 
RIMPRT=RLEVEL-RLOCAL 

MN° INTERMEDIATE DATA, STREAM NET F1OW,I12, 
FRFC 	FREQUENCY OF IDSNO PRINTCUT 	 112, 
DC11 	DATA CARD TYPE II 	PRINTOUT 	112, 
DCIII DATA CARD TYPE III PRINTOUT 	 112, 
DCIV 	DATA CARD TYPE Iv -vitrimur--- 	 - 112. 
I/CV 	DATA CARD TYPE V 	PRINTOUT 	,I12, 
DCVI 	DATA CARD TYPF VI 	PRINTOUT 	 112, 
UCVII DATA CARD TYPE VII PRINTOUT 	 112, 
CCVIII DATA CARD TYPE VIII PRINTOUT 	 112, 
DCIX 	DATA CARD TYPE IX 	PRINTOUT 	 112, 
LCX 	DATA CARD TYPE X 	PRINTOUT -  — ,112, 
DCXI 	DATA CARD TYPE XI PRINTOUT 	 112, 
!XXII DATA CARL TYPE XII PRINTOUT 	 112, 
GRAPH PUNCH DATA FOR GRAPH PROGRAM 	 1121 

NPUT130 
NPUT131 
NPUTI32 
NPUT133 
NPUT134 
NPUT135 
NPUT136 
NPUTI37 

UT 138 
NPUTI39 
NPUTI40 
NPUTI41 
NPUTI47 
NPUTI41 
NOUT144 
NPUT145 
NPUTI46 
NPUT147 

C   POUTI48 

C   NPUTI50 
DO 42 5TA=1,NOSTA NPUTI51 
READ (NR.40) SINT/157A/ . ISNAMFISTA.K) .R=1 ,51 .TYPE(STA),NOCUTS(STA), NPUTI52 
*PCISTAI.SEASIISTA,11,SFAS2(STA.1).CHINISTA,1).CMAR(SIA,1). - NPUT153 
* SEASIISTA.21.SEAS71STA.2/.CRIN(STA l 2).CMAXISTA0), 	NPUT154 
* SFAS11STA.311STAS2ISTAO/gCNIN(STA.3),CMAXISTA.3) 	 NPU1155 

40 FORMAT(13,584.211,F6.2.1X01212,2F6.2/1 	 NPUT156 
IF)PCIST4/ •LE. 0.0/PCISTA/.999.99 	 NPUTI57 
NT=NOCUTS(STA) 	 NPUT1SA 
DO 41 X.I,NT 	 NPUT159 
IFISEASIISTA,R1 .LE. 0ISEAS1ISTA,K)=1 	 NPUTI6C 
IFISEAS2(STA,() A.E. 0OSEAS71STA,R1=12 	 NPUT161 
IFISEASIISTA,X1 .GT. 0 .ANN CMAX(STA,K) .LE. 0.0/CMAX1STA.X/=999. NPUT162 

*99 
41 CONTINUE 
47 CONTINUE 

IFIDCII .E0. Or.0 IC 12 
CALL HEADNG111 
WRITE(NP,431 

43 FORMAT1///40X.41H******** STRFA" FLnW CONSTRAINTS **$*****, 
*/50X,20HIUATA CARD TYPE II)) 
WRITE1NP,441 1.1..1=1.31.1R.K=1,3) 

44 F1]RMATIM2X,7HSTATICNOWOH---.-STREAP NAME,2X,5HTYPE-, 
*311.2HNO.4X,E1HPIPELINEgIX,312X1131+ 	CUT NO. .11.5H 	 1, 
*12817HNUMBER ,23X,5HWATEROX,4HCUTS.2X.10HCTINSTRAINT, 
*312X,4HSEAS,11.141' MIN CF MAX CF/./// 
DO 47 STA=1,NOSTA 
NT.N0CUTSISTA1 
wRITEINP,451 STNOISTAI,ISNAMEISTA,RI,X=1,51,TYPEISTA1,NOCUTSISTA1, NPU117R 

*PCISTA1,1SFASIISTA,J),SEAS2(STA,J1,CmINISTA,J1,CMAX(STA,J),J=1,NTI NDUTI79 
45 FORMATI4X,13,3X.5A4,43.11,5X,12.5X,F6.2,71(012X.12,th - ,12,211X,F6. NoUTI80 

*2//1 	 NPUTIPI 
HUTA .60. NS1AIWRI1E16P,461 	 IPUTIB2 

46 FORMATIIHOI 	 NPUTlei 
47 CONTINUE 	 NPUTI84 

	

C   NPUTIP5 
C 	1STORICAL ANNUAL STREAM FLOW DATA 	DATA CARD TYPE III 	NPUTI86 

	

C   NPUTI87 
12 IFIOPTNI .E0. MO TC 30 	 NPUT1R8 

JX=YR-1 	 NPUTIP9 
DU 57 1=1,IYR,9 	 NPUT19,1 

C 	STREAM FLOW LCKSTRAINT DATA 	CATA CARC TYPE II 	 NPUT149 STREAM FLOW LCKSTRAINT DATA 	CATA CARC TYPE II 

NPUTI65 
NPUTI64 
NPUTI65 
NPUT166 
NPUTI67 
NPUT1611 
NPUTI69 
NPUTI79 
NPUTI71 
NPUTI7 7 

 NPUT173 
N°111174 
4PUTI75 
NPUTI76 
NPUTI77 
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IT=I 	 NPUT191 
NT=IT+8 	 NPuT192 
IF(NT .GT. 1YRINT=IYR 	 NPUTI93 
IFIDCIII .E0. 01G0 TO 49 	 4PuT194 
CALL HEADNG111 	 NPu119S 
IX=JX•1 	 NPUTI96 

, 
JX=IX+8 	 NPuTI97 
IFIJx .GT. YR+91.0=YR+9 	 NPUT198 
WRIFEINP,481 IJ,J=Ix,JX) 	 NPUTI99 

48 FORMATI///34X, 	_ 	 ISTCRICAL ANNUAL STREAM FLOW DATA ***** NpuT2Co 
****, 	 NPUT201 
4/50X,20HIDATA CARL) TYPC It!). 	 NPUT202 
*///13X,3HSTA,3X,912x,14,4x)) 	 NPuT204 
WRITE(NP,46) 	 NPUT2C4 

49 K=1 	 NPUT205 
00 25 STA=1,NOSTA 	 NPUT2C6 
IFISTA .GT. NSIA1V=K+1 	 NPUT2C7 
READ(NR,50) (x(J),J=IT,NT) 	 NPUT2C8 

50 FORmATI8X0F8.2) 	 NPUT209 
IFIDCIII .F0. 01Gu TO 52 	 4PUT210 
wRITEINP,511 STNO(SIA),(X(J),J=IT,NT1 	 NPUT211 

51 FORMATII3X,13,3x,9(F8.20X)1 	 NPUT212 
52 1FISTA .GT. NSTA1 1;n TO 55 	 NPUT713 

DO 53 J=ITOIT 	 NPUT214 
HIJ,11=HIJ,11+X(J) 	 NPUT215 

53 CONTINUE 	 NPUT216 
IFIDCIII .E0. o)on IC 75 	 NPuT2it 
IFISTA .NE. NSTA1G0 TO 25 	 NouT2in 
WRITEINP,541 IHIJ,11,J=IT,NT) 	 NPuT2I9 

54 FORMAT(//13x0HTOTAL,1x,9(FS.2,2X)1 	 NPuT220 
GO TO 25 	 NPUT22I 

55 DO 56 J=ITOT 	 NPUT222 
HIJ,K)=X(J) 	 NPU1223 

56 CONTINUE 	 NPUT224 
25 CONTINUE 	 NPUT225 
57 CONTINUE 	 NPuT226 
30 YR=0 	 NPu1227 

	

C   NPUT22m 
C 	DY*4444RESERWAR LOSSES LATA 	DATA CARD TyPF IV 	 NPUT22v 

	

C   NPuT231 
IFIDCIV .E0. 01GC IC 61 	 NPuT23I 
CALL HEADNG(I1 	 NPUT232 
WRITEINP,591 	 NPu1233 

59 FORMAT(///29X,62H=r 4 + 4*== RESERVOIR LOSSES 	MINIMUM REQUIRED OuTF NPuT134 
.1.LOwS ********,/50x,20H(DATA CARD TYPE 1v11 	 NPUT216 
wRITEINP,601 IK,K=11121 	 NPUT236 

60 FoRmAT(///lx,7HsTATioN,Ix,20H----STREAm NAME----,26X,IHM,6X,1H0. N°111237 
46X,111N.6X.1HT,6*,111H.6X.IHS, 	 NOU1238 

4/1XOHNUMRER .211(.12(3)(112.23).1/) 	 NPUT234 

61 1.1 	 NPur24o 
DO 70 STA=1,NOSTA 	 NpuT741 
IF(STA .GT. NSTA)I=1•1 	 NPuT242 
READ(NR,62) (MINCII,J),J=1,121 	 NPuT243 

62 FuRMATI8x,12F6.21 	 NPUT244 
IFIDCIv .FO. 01Go To 64 	 NPU1245 
WRITEINP,631 STN0(STAI g (SNAMEI5TA,K),K=1,5)0M1NCii,J),J=1,12) 	N0U1246 

63 FORmATI3x,13,3x,544,1211X,F6.21,4H CFS) 	 NPUT/47 

64 DO 65 J=1,17 	 4PuT748 
MINOII,J1=m1N0(1,J)41.983464NODYSIJI 	 NPU1249 

65 CONTINUE 	 NPUT250 
IFIDCIV .E0. 0160 TC 67 	 NPUT25I 

244 



WRITE(NP056) (HIN0111.1),J=1,12) 	 NPUT752 
66 FORMA1(29)(.12(1X. 	F6.2),611 6F11'0) 	 NPUT253 

IFISTA .NE. 24)GO IC 67 	 NPUT254 
CALL HEADNG(1) 	 NPUT255 
WRITEINP,591 	 NPU1256 
WRITE(NPg60) (K,K=1.1.7) 	- 	

- - --------- -- ____.. 	_ 
NPUT257 

67 IF(STA .GT. NSTA)GO TO 70 	 NPUT258 
DO 68 J.1.12 	 4PUT259 
BINGR(J)=MIN011(J)+MIN0(1,J) 	 NPUT260 

68 CONTINUE 	 NPUT261 
IF(DCIV •E0. 0)G0 Tr 70 	 NPUT262 
IF(STA .NE. NSTA)GO TO 70 	

. 	 .-. 	. -. 
NPUT263 

WRITE(NP.69) NSTAg(MINOR(J).J.1,12) 	 NPUT764 
69 FORMAT(//91(.10HTOTAL FOR ,I2 g BH STREAMS.12(1X,...3PF6.2)01. ThF/140, NPUT265 

*//) 	 NPUT266 
70 CONTINUE 	 NPUT267 

C 	ESERVOIR EVAPCRATION CONSTANTS 	CATA CARD TYPE V 	 NPUT269 
C 	

. 	. - 	.  
NPUT26R 

	

C   NPUT270 
READ(NR,71) IEVAP(.1)...1.1,12) 	 NPUT271 

71 FORMAT(8X.12F6.4) 	 NPUT772 
IFIDCV .E0. 01G0 TO 73 	 NAU1273 
WRITE(NP,771 (J.J=1,1710EVAP(1).1=1.12) 	 NOUT74 

77 FOR/OW/45X, 	 ESERVOIR EVAPCRATION CONSTANTS 	g  NPUT275 
*/50X,20H(DATA CARD TYPE V 1, 	 NPU1776 
*//1.8)(02(21.12.3X), 	 NPUT277 
*/18X,12(F6.4.11)) 	 NPUT278 

73 CONTINUE 	 NPUT279 

	

C   NPUT780 
C 	PLANNING DATA 	DATA CARD TYPE VI 	 NPUT2E1 

	

C   NPUT287 
CALL SETPLN(NOFIL1-.LCV1) 	 NPUT2Ei 

	

C   NPUffE4 
C 	DISTRIBUTION DATA FnR RECYCLING UNDER PERIODS OF WATER 	NPUT789 
C 	 RATIONNING 	DATA CARD TYPE VII 	 NPUT786 

	

C   NPUT2E7 
IF(NODS .E0. 01G0 IC 75 	 NPUT28R 
READ(NR,74) (I0I5T(1).1-DIST(1),DIST(11.1.11NODS) 	 NPUT2E9 

74 FORMAT(11)(01.1)(.11,1X.F5.3,1%.11.1%,11.1X,F5.3.1X,11,11.11./X. 	NPUT290 
*F5.3g1)(01,1)(.11.1X,F5.3g1X,1111X.11,1X,F5.3p1X.11.1)(g11.1X,F5.3. 	NPUT291 
*11,11,11(.11.1X,F5.31 	 NPUT792 

	

C   NPUT293 
C 	CONTINLOUS DEMANDS FOR RECYCLED WATER CATA 	 NPUT794 
C 	 DATA CARD TYPF VIII 	 NPUT295 

	

C   NPUT296 
75 IF(NOCD .EQ. 0)G0 TC 77 	 NP1JT297 

READ(NR g 76) 110(1),LCD(1),CD(1).1.1.NOCC) 	 4PUT29 0  
76 FORMAT(11)(01,1X.11.1X.F5.0.1)(01,1X,11.1X,F5.0,1X.11,1%.11.11, 	4PUT799 

*F5.0.1X 0 11.11,11.1X,F5.0,11(.11,1%.11.1X,F5.0,1X.I1g1X01.1X.F5.1 1 . 	NPUT3CP 
*IX.11.11(.11.1X.F5.0) 	 NPUT3G1 

77 IX.DCVIIDCVIII 	 NPUT3C7 
M1109408,87 	 •PUT3C3 

78 IF(DCV1I+DCV111 •NE. 2)60 TO 99 	 NPUT304 
CALL HEADNG(1) 	

. 	
NPUT305 

WRITEINP.79) 	 NPUT306 
79 FORMAT(//18X.33H DISTRIBUTION DATA FOR RECYCLING .18X. 	 NPUT307 

*33H CONTINUOUS DEMANDS FOR RECYCLED . 	 NPUT3011 
*/1.7)(035HDURING PERICCS OF WATER RFSTRICTION,171(03H 	 MATE NPUT309 
*R DATA 	 . 	 NPUTI10 
*//8X.33H 	(DATA CARD TYPE VII ) 	- - . 18)( 1 33F 	(DATA CARD NPUT311 
*TYPE VIII) 	.///) 	 NPUT312 
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WRITFINP,801 	 NPUT3I3 
80 FORMATI1911,4HUSFR.6X.5HLEVEL,SX,10HPERCENTAGE.21X,4MUSER.6X1 	NPUT3I4 

*5HLEVEL,7X,6HAMOUNT,//) 	 NPUT315 
DO 86 1=1,35 	 NPUT3I6 
WRITE(NP,81) IDIST(1),1DIST11),DIST111,1CD111.LCD11).CD111 	NPUT317 

81 FORMAT121X,2(1119X).F7.4.24X,21115910.F7.0) 	 NPUT3IP 
IFIDIST(I) •GT. 5/WRITE(NP182) 	 NPUT3I9 
IFILDIST111 .GT. 41WRITEINP,831 	 NPUT320 
'mom .GT. 51WRITFINP,841 	 NPUT32I 
IFILCD(I) .GT. 4/WRITEIKP,85) 	 NPUT322 

82 FORMATI1H+.21X,RH-16VALID1 	 - 	 NPUT323 
83 FORMAT1110,31X,8H-INVALID) 	 NPUT324 
84 F0RNATI1H.,7280H-INVALID) 	 NPUT325 
85 FORMATI110,82X,RH-16VA1ID/ 	 NPUT326 
86 CONTINUE 	 NPUT327 

GO TO 99 	 NPUT328 
87 CALL HEADNG(1) 	 NPUT32q 

WRITE1NP,88) 	 NPUT330 
88 FORMAT(//43X,33H OISTRIBUTION DATA FOR RECYCLING 1 	 NPUT33I 
*/47X,35HDURING PERIOCS OF WATER RFSTRICTION, 	 NPUT137 
*1438,33H 	(DATA CARD TYPE VII 1 	g///1 	 NPUT333 
5RITE1NP,89/ 	 NPU1334 

89 FORMATI44X,4HUSER,6X15HLFVFLOWOHPERCENTAGE,//1 	 NPUT335 
DO 93 1=1,35 	 NPUT336 
WRITEINP,901 I01ST11),10IST11),0ISTIII 	 NPUT337 

90 FORMATI46X,2111,981,F7.4) 	 NPUT33P 
IFIIDIST(I) .GT. 5/WRIIFINP,911 	 NPUT339 
IFILDISTIII .(T. 4)WRIFEINP.921 	 NPUT340 

91 FORM6TI1H+,46Xg8H-IAVA1101 	 I-MIA/it 
92 FORMAT(1H+.56X0H-16VALID) 	 NPUT347 
93 CONTINUE 	 NPUT343 

GO TO 99 	 NPUT344 
94 CALL HEADNG111 	 NOUT345 

WRITEINP,95) 	 NP1JI346 
95 FORMAT(/143X,33H CONTINUOUS DFMANDS FOR RECYCLED . 	 1PUT347 

*/43X,331l 	 MAUR DATA 	 . 	 NOUT14R 
*/438,33H 	IOTA (*ARC TYPE VIII) 	,///) 	 NPUT149 
WRITE(NP.96) 	 NP(1T350 

96 FORHATI44X,4HUSER.6X0HLEVE1OX,6HAMOUNT,//) 	 NPUT351 
DU 98 1=1,35 	 NPUT352 
WRITE(NP,97) FcrIllacn(1),cc(r) 	 NPUT353 

97 FORMATI46X0(11,9X,),F7.0) 	 NPU1354 
IF(ICD)I/ .GT. 6/WWITEINP,91) 	 NPUT351 
IF(LCDII) .GT. 41wRI1F(NP.97) 	 NPUT356 

98 CONTINUE 	 NPUT35, 

99 IFINODS .EQ. 0)G0 TO 101 	 NPUT354 
_ 

DO 100 I=1,NODS 	 NPUT35q 
LDIST(I)*LDISTII)+1 	 NPUT360 

100 CONTINUE 	 NPUT361 
101 IFINDCD •EQ. 01G0 10 103 	 NPUT362 

DO 102 1=100CD 	 NPUT361 
LCDIU=LCD111+1 	 NPUT364 

102 CONTINUE 	 NPUI365 
C 	

. 	NP0T366 
C 	******AVERAGE MONTHLY RAINFALL DATA 	CATA CARD TYPE IX 	 NPUT367 

	

C   NPUT368 
103 READINR,104) (RAINAV111,1=1.12) 	 NPUT369 
104 FORMAT(8X,I2F6.3) 	 NPUT370 

IFIDCIX .EQ. 0/G0 TO 107 	 NPUF371 
WRITEINP,1051 1J,J=1,121 	 NPUT372 

105 FORMATI///40X09H******AVERAGE MCNTHLY RAINFALL CATA ****** , 	NPUT173 
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*/50X,20HIDATA CARD TYPE IX 1. 	 NPU1374 
*//13X,12(2X.12,4X)/ 	 NP1IT375 

WRITEINP,106/ (RAINAV(II.1.1,12) 	 NPUT376 
106 FORMAT(13X,12(F6.3,2X) I 	 NPU1377 

	

C   NPUT378 
C 	GRICULTURE DEPAND DATA - DATA TARD - TVP1F-X—  - 	 NPUT379 

	

C   NPUT380 
107 RFAD(NR,108) (011(1)0.1.12) 	 NPUT38I 
108 FORMAT(8X,12F6.0) 	 NPUT382 

IF(DCX •EQ. OIGO TO 111 	 NPUT383 
CALL BEADNG(1) 	 NPUT384 
WRIFE(NP.I09) (J,J=1,121 	 NPUT385 

' 109 FORMATI///43X.3311*****AGRICUL1URE DEMAND DATA*****, 	 NPUT386 
4/50X,20HIDATA CARD TYPE X ), 	 NPUT3P7 
4//13X 1 12(7X.12,41) 1 	 NPUT388 
WRITE(NP.110/ (04(11.1=1,12) 	 NPUT389 

110 FORMATII3X.12(F6.0.2M 	 NPUT390 

	

C   4PUT391 
C 	******MONTHLY WELL FLOW DATA 	DATA cAnn TYPE XI 	 NPUT392 

	

C   NPUT39i 
II/ KEADINR,108/ (hELLS(1/.1=1.121 	 NPUT394 

IFIDCXI .E0. 0)G0 TE 113 	 NPUT3S5 
WRITE(NP.I17) (J,J=1,12) 	 NPUT39G 

112 FORMAT(///43XO2H*****MONTHLY WELL FLOW DATA 	. 	 NO1J1397 
*/50X.20HIDATA CARD TYPE XI /. 	 NPUT398 
4//13X,12(2X,I7,4M 	 NPUT399 

WRITEINP.1101 (WELLS(11,1=1.12) 	 NPUT400 

	

C   NPUT4C1 
C 	******MONTHLY PROJECT FLCM DATA 	DATA CARD TYPE XII 	 NPUT402 

	

C   NOUT403 
111 READINR,108) (PROJCI(1).1=1112) 	 NOUT4C4 

IF(UCXII .E0. o)Gn IT 115 	 NPUT405 
WRITEINP,1141 (J,J=1.17) 	 NPUT4C6 

114 FORMAT(///42X,35H*****mONTHLY PROJECT FLOW DATA 	, 	 NPUT407 
*/50X.20HIDATA CARD TYPE XII/. 	 NPUT4C8 
*//13X.12(2X,12.4X)1 	 NPUT4C9 

WRITE(NPOIN (PROJETII1,1=1,12/ 	 NPUT4I0 
115 RETURN 	 NPUT411 

END 	 NPUT412 
SUBROUTINE 1UTPUTINCFILE/ 	 nuPoci 
COMMON/100EV/NR.NP,NC.TAPEI.TAPET.TAPE3 	 DUIROC2 
commoNimir,rn,mno, nsTornpuozavuortnFF,REcYcLoPTNI,nmv, 	ourPon3 

41USNO.FREQ,GRAPH.400YS(12).RIPPRI,RLOCAL 	 OUTP0C4 
commnws/NsTA,NcsTA,A1,NAs,srm4ol,sNAmE(4n0),TNTEt40). 	 nurpoc5 

*NOCUTS(40)0C(40).SEAS1(40.3).SEAS2140.31.CPIN(40.31.CMAX(400). 	OUTP006 
*1.1(60.5),IY8,WELLS112),PROJCTI12).SKIP 	 nurp007 
cnmmomintEnorQloc,nrnii,nFFccoEFomconticEnontulonIcEm, 	ourPoos 

spnicEconicEN,pcpowinroAtA,RAINAv(12) 	 OUTPOC9 
CUMMON/AWT/CD(35),LIST(35),1CD(35),10151135).LCD(35).LOIST(351. 	OUT 0 r.10 

*LORI gLI/122.LOR3.LOR4.LL(5) .Nnco,Ncos.oAt 12/ OLT0( 12).PLSTO.PTI. 	OUTP011 
4.PT2IPT3,PPL,RITL.WCR 	 OUTP012 

COMMON/OUT/SWU(50.37).SSS150.5/1SAWT(5,5),DATES(10),ANT0132,50), 	OUTP011 
4INVC(50.6)01C(500)IRMOTHRC150.10/ 	 OUTP01.4 

REAL 	LA8132.3/ 	 OUTP015 
REAL 	LORIILDR2,LOR3.LDR4,LL 	 OUTP016 
REAL 	INVC 	 OUTPC17 
REAL 	PROC(10.3).PW13,211,X(40,12).SNO(40) 	 OUTPOIR 
INTEGER TAPEI.TAPE2sTAPE3 	 OUTP019 
INTEGER 1,YR.P1O.YRST,RECYCLOPTNI.OPTN2.1DSNC.FREC.GRAPP. 	 OUTP070 
INTEGER STNO.TYPE I SEASI,SEAS2.SKIP 	 OUTP021 
INTEGFR PTIOT20T3OITL 	 OUTP077 
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INTEGER DATES 	 01T°023 
INTEGER Z110),LYR(50),STA 	 OUTP024 
DATA LAB/8H RESERV0g8H-SYSTEM .811=SECONDA,8H-LOCAL 14,814WATER S. 	OUTP075 

* ElliAGRICULOH=FLOW AV,8W-CUTBACK,8H=FLOW T0,811+F1OW, R,8H=FLOW TH, OUTP026 
*8H-CONSUMPg8HDEMAND ,81.1.41014 RE,8H=FLOW TH,8H-GCNSUMP01111DEMAND 	OUTP027 
*8H=FLOW TH.8H-CONSUPP,8H-DEMINDT8H=FICIVIVa1T-ATTENVD78147F017 fl, OUTP028 
*8H..RESERV0,8H-..DEMAND OH=FLOW REOH FLOW RE,8H+CUTB4CK,8H=FLOW RE, OUTP029 
* 13H+FLOW RE,8H=FLOW RE,RH CHECK ROHIR FLOW ,8HLOSSES ,8HRY TREAT, OUTP030 
*8HATER 	,8HOLD 	.8HTURE USEOHAILABLE OHS 	,8H AWT, PA, ourpon 
*8HECYCLED .11HRU LEVEL,8HTION LEV,RHAT LEVELOHTURNEC,SODAU LEVEL, OUTP032 
*8HTION LEV,8HAT LEVELOHRU LEVELOHTION 1EV,8HAT LEVEL,8HAILABLE 	001'013 
*8HIR DEMANOHRU LEVEL,8HIR DEPAN,RHAT LEVELT1PTURREC ITST8BTORNED... OUTP034 
*81.15 AND EX,3*EIFITHRNED,SOIHFSULT 	,2108H 	 OUTP035 
*SHED FLOW g 91118H 	 ,RHAT AWT .811 	 g 81ISS I 	, 	 OUTP036 
*8H 	 g 8H I 	,RHEL I 	,811 I 	.8HTREAMS,7,814 2 	0U1P037 
*8HEL 2 	,8H 2 	g RH 3 	01HEL 3 	18H 3 	03HLEVEL 4 , OUT0038 
*8HOS,U 	OH 4 	18H05,T 	,8H 4 	OHTREAMS,T,8HUSERS 	• 0UTP039 
*8HCESSES OHTREAMS,UOHTREAMS,T.81-ITREAPS ■S:ffD— 	 DUTPO40 
DATA PROC/4HCOAGO1.I FIL,4H GRA,4H ACT.4H----,4HSED1,4H 	 OUTPO41 

*4HCAR8,4H 	5,4H 	,4HULAT,4HTRAT,4HNULA,4HIVAT,4HAIONF,4HMENT, 	OUTPO42 
*41.4 	.4H ABS,4HLUUG,4H 	.4H1011 1 411I0N ,4HTED 	 0UTPO43 
*4HATIN,4H 	,4H014P.g4HE 	0411 	/ 	 OLTPO44 
DATA 1/3,7,9,11,15,18,21,23,26,32/ 	 01113045 
!FIT .GT. NYRPRJ*12/G0 TO 4 	 01110046 
NYRPRJ=T/12 	 OUTPO47 
NDEC=NYRPRJ/10+I 	 OUTPO48 
IFINDEC .GT. 51NDEC=5 	 OUTPO49 
on TO 3 	 OUTPC50 

4 NDEC=NYRPRJ/10 	 ournsi 

	

3 DO 5 I=1,NYRPRJ 	 0U10052 
LYR(1)=YRST+11.-II 	 nurPos) 

5 CONTINUE 	 OUTP054 
	  OUIP055 
******PREPARE THE REPAINNING norm DATA 	 ouronv, 
	  OUTPOST 
on 10 1=10YRPRJ 	 OUTA058 
SW011,35)=SWD11,2I+SW011,10)+SWD11,17I+SW0(1,23)+SWD(1,27)+ 	OUT°059 

*SWD(1,31) 	 nuTpo6n 
5W011,310=SWDI1,8/+ShD(1,151+SWOII,21/+SWO11,25).SWD11,29/* 	OUTPOEI 

*SWDII,33/ 	 OUTA062 
SWD(1,37)=SWD11,9)+SW0(1.16)+SWD11,22)+SWOI1,26I+SW011,30/+ 	OUTP061 

*SW011,34/ 	 0UTP064 
SWO(1,19)=SWD11,5) 	 OU1°065 
SWD(1,20)=SWD(1,6) 	 OUTP08fi 
IFISWO(1,3) .1E. 0.0IGO TO 10 	 nupoo 
S110(1.4/=1SWDIl g 2//SM0110//*1000.0 	 OLTP068 
5WD11,181=158011,17I/SWD(1.3)/*1000.0 	 OUTP069 
IF(SWU11.11I .LF. 0.0/60 TO 10 	 OU1P070 
SW011,12)=158011,10)/SW011.111)*1000.0 	 OUTP071 

10 CONTINUE 	 OLTP072 
DO 15 121INCEC 	 OUTP073 
IX=I+11-1/1.10 	 OUTP074 
IT=IX+9 	 OUTP075 
IFIIT .GT. NYRPRAIT=NYRPRJ 	 OUTP076 
DO 15 J=1,5 	 0U10077 
DO 15 K=IX I IT 	 0U1P078 
SAWT11.J1=AMAXIISAWT(1,AgINVC1K.A1 	 01)10079 

15 CONTINUE 	 OLT°080 
DO 20 I=1,NYRPRJ 	 ouTPnel 
ANTOI32.1)=A111. 011,1)-AWT012,1)-AWTOi6,11AWrors-a r-urrara, n 	GUTP082 

O AWIT118,11+AW10110,1)-AWT0112 1 11-ANTC113.11-AWTO(14,1)-ANT0116,I1 ObTPO81 
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*-AVITO(17,1) -AMTn(19.1)-AVITO(20.1)-ANTO122.I)-AMTC(24,1)-AWTO(25.1) OUTP084 
4.1 AMT0(27,1)+AMT0(78,1)+ANTO(14,1)-(AWTO(28.1)-AMTO(CO)) 	 OUTP0P5 

20 CONTINUE 	 nuTP0E6 
DO 21 1=10YRPRJ 	 OUTP087 
DO 21 J=1,5 	 OUTP088 
INVC(I1J)=CCOST(J,IKVCii,J)16DEFCC 	 --GLTPOP9 
INVC(1,6)=INKII,6I+INVCII,JI 	 OUTP090 

21 CONTINUE 	 OUTP091 
DO 25 J=1,6 	 OUTP092 
(=0 	 OUTP093 
5UM=0.0 	 OUTP094 
PM(1.J)=0.0 	 OUT0 095 
pw(2,J)=0.0 	 ouTP096 
pwI3,J)=0.0 	 nuTP097 
DU 25 I=1.NYRPRJ 	 OUTPOqq 
IF(INVCII,J) .LE. 0.0100 To 25 	 OUTP09q 
IF(K .NE. MO TC 22 	 nuTPICO 
K=I 	 nUTP101 
GO TO 24 	 OUTP102 

22 INVCII,J1=INVCII,JY-5UM 	 OUTPIri 
IFIINVCII,J/123,25,24 	 OUTP1C4 

23 INVC(I,J)=0.0 	 OUIPIC5 
GO 10 25 	 O(iTP1C6 

24 SUM=SUM*INVCII.J) 	 OUTPIC7 
PK(10.1)=PM(1,J)+INVCII,J/61.0/(1.04A11//**1 	 OUTPIC8 
P14(2,1)=PM(2,J)+INVC(I,J)*1.0/(1.0+R(2))**1 	 OUTP1C9 
PN1j.J)=P1(13,P.INKCII,J/4.1.0/11.002(3)1441 	 nLTP110 

25 CONTINUE 	 ouT 0 111 
DO 30 I=1,NYRPRJ 	 DUTPII2 
DO 30 J=1.4 	 OUT°113 
OC(1,51=0C11,5)+OCII,JI 	 nuiPtia 

30 Cr/6171Na 	 OUTPII5 
DU 50 I=1,NYRPRJ 	 OUTDII6 
DO 52 J=6.9 	 nuTP117 
OTHRCII,J/=0TMRCII.J)/1000000.0 	 numle 

52 CONTINUE 	 OUTP111 
OTHRC(1,51=0THRL(1.1/4.0THRC11.2)+OTHRC(1,3)4.01HRC(1,4) 	 OUT°120 
OTHRC11,10)=OTHRC(116)+OTHRC(10)4.0THRC(10)+011 ,801.9) 	 OUTPI21 

50 CONTINUE 	 OUTP122 
DO 51 J=7,I6 	 nuTP123 
piiII,J1=0.0 	 )UTP124 
PM(2,1)=0.0 	 nUTP125 
PM(3,J)=0.0 	 nLTPI26 
no 51 1=1.NYRPRJ 	 OUTPI27 
IFIOTMRCII,J-..6) .LF. 0.0/G0 TU 51 	 OUT°12d 
PNII,J1=PM(I,J)+CTHFICII.J-6/. 1 1.0/(1.04.811/)**1 	 OUTP129 
P1(12.J)=PM(7.J)4411HRCII.J-61*1.0/11.0+R(7)/**1 	 nuTPlio 
PK(3,J)=PM(3..1)+UTHACII.J..•6/*1.0/(1.0+R(3))**1 	 OUTP131 

51 CONTINUE 	 copir 
on 53 J=17,21 	 nuTPI31 
PNIL.J1=0.0 	 nUTP134 
P1,112.J/=0.0 	 (1UTPI35 
PM13.J)=0.0 	 OUTP136 
DO 53 I=1.NYRPRJ 	 001, 137 
PWI1.J)=PKII.J/f0C(1.J-16)*1.0/(1.002(1)1**1 	 OUTPliq 
pw(2,J)=Pw(2,J)40C(I,J-16)*1.0/(1.0+RI2IIssi 	 OUTP13q 
PK(3,J)=PM(3,J)+0C11,J-161*1.0/11.0+811//*4.1 	 OUTPI41 

53 CONTINUE 	 nUTPI41 

	

C   OUTPI42 
C 	INTERMEDIATE NET STRFAP 	

_- 
FLOW OUTPUT 	 OUTPI41 

	

C   CUTP144 
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IF(IDSNO .F0. 0)G0 TO 99 	 OUTPI45 
IFRO=0 	 OU1R146 
END FILE TAPE2 	 OUTPI47 
REWIND TAPE? 	 OUTP148 
DO 45 I=1,NYRPRJ 	 0U1P149 
DO 41 J=1,12 	 OUTP150 
READITAPE21 (SNCISTA),STA=IgNCSTA) 	 OLTP151 
IFIEDF(TAPE2)199,35 	 0U1PI52 

35 DU 41 STA=1,NOSTA 	 OUTPI53 
X(STA,J)=SNOISTA) 	 0U1P154 

41 CONTINUE 	 OUTPI55 
IFRO=IFRO+1 	 OUTP156 
IFIIFRO .NF. FREOIGC TO 45 	 OUTPI57 
IFRO=0 	 0UTPI58 

CALL HEADNG(II 	 EILIP159 
WRITE1NPg47) LYR11),(N,N=1,12) 	 OUTP160 

42 FORMAT(///36X0 4H*****INTERVEDIATE NET STREAM HOW DATA 1 14, 	OUTP161 
*5H*****,//5X0HSTA,1X,12(2X,I2i5X)) 	 0UTPI62 
DO 44 STA=I.NOSTA 	 OUTPI63 
WRITE(NP,43) STNCISTAIgIX(STA,N),N=1,121 	 DUTPI64 

43 FORMATI5X,13.12(3X,E6.3)) 	 OUIP165 
44 CONTINUE 	 OUIP166 
45 CONTINUE 	 OUTPI67 

	

C   OUTPI68 
C 	******ANNUAL SUMMARY OF WATER DEMAND RY ALL USERS 	 OU1D16n 

	

C   OUTD170 
99 CALL HEADNGIII 	 OUTPI71 

WRITE(NP,100) 	 001'177 
100 FORMAT(///38X,43HANNU8L SUMMARY Cr WATER DEMAND BY ALL USERS,///) OUTPI73 

WRITE(NPgI01) 	 OUI°174 
101 FORMAT(17X.2511H-(,17HOOMESTIC, 7611H- 1,2X,1 9 (1H).1 4HINCUTP 175 

 *DUSTRt /EIX I 7HPERCENTOX,5HTOTALI3X,I0HPPPULATION,IX.10HPER CAP OUTPITS 
*ITA, 	 0UT2177 
*2(7H PRICE ),7II RAIN- g7H TOTAL ,RH REVTNUE.5X15HTOTAL,3X, 	OUT°I7A 
*23HEMPLOYMPIT PER CAPITA L, 	 OLTPI79 
*/IX.26HYEAR RESTRICTIN WATER U5F,12X.3I1IWATER USE WINTER SUMMER nu1r1DD 
*FALLS ,27HREVENUE LCST/RS WATER USE,I2X112HWATER USE LI 	OUTPIEll 
*/6X.I0HOF DEMAND,4X,4HING).4X0HTHOUSANDS15X,41. (G),4$, 	 O(,T0I82 
*217115/1000 ),IX,IIHIA 	10003,5X.IH$,PX,4H(MG),4 ,(OFTHOUSAWS, 	OLIPIE3 
*5X,9H (G) 	1,//) 	 OUTPI84 
DO 103 1=1,4YRPRJ 	 PUTPIRS 
hRITEINP,IO2) LYR(1),(SWP(I,J).J=1,12) 	 PLTPIP6 

10? FORMATIIX;14.4X,2PF4.1,6X, OPF6.0,5X.-3PE6.0,5X. OPF6.0,3X. 	OUTP1R7 
*210PF6.3,1XIOPFC.1,1Xg - 1Pr7.1,1X,OPE 7 .1 ,4 X ,  0PF6.0,5X.-3PE6.0, 	n(JrDIAA 
*SX, 0146.01 	 curpteg 

103 CONTINUE 	 oLTDIgn 
CALL HEADNGII) 	 OUT°101 
WRITF(NP,100) 	 0111°19? 
WRITE(NP,I04) 	 OUTPI91 

104 FORMATIIX,7HIA1 ,22(1P-).2x,15(1H-1,21HcppmEDCIAL, 	'Nip:qv. 
*151111-1,2x,911H-1,17nMILITAAVotiH-1, 	 OUTPIRS 
*/IX,217HPRICE 1g1511 TOTAL RFVFNUE15X,5FTOTALOX,101PER CAPITA. 	OUT°196 
*2(711 PRICE ),2X.5HICTALOX,7HIEVENUE,5X.5HTOTALOX,51 - PRICEOX, 	OUTPI97 
*5HTOTAL,2X,9HREVENUE LP 	 OUID198 
*/1X,52HWINTER SUMMER REVENUE LOSI/RS WATER USE WATER USE, 	OU1n199 
*4311 WINTER SUMMER REVENUE LOST/RS WATER USE ,7X,17HREvENUE LOST/ OUTP2C0 
*RS LI 	 OUTP1CI 
*/1Xg2171lS/1000 ),8H 1000$ OX,1H$01)(g41-(MG),7X,4H IGIIAX. 	OLTP?0 ,  
*717HA/1000 ),BH 1000$ OX,IHS.8)(94HING1,4X,7H5/1000 OH 10005 , (1u7D203 
*3X,IHS,4X,IHL.//) 	 OUTP204 
DO 106 1=1,10APRJ 	 nLIT7Cs 
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WRITEINP,I05) (SWD(IgJ),J=13.26) 	 OUTP2C6 
105 FORMATI1X,210PF6.3.1)0.-.-3PF7.1.1X.OPF7.1.2X,212X, OPF6.0.3)0, 	0UTP207 

*2(0PF6.311X). 	 OUTP2CE 
* 3PF7./.1X,OPF7.1.48, OPF6.0,3X.OPF6.3,1X.-3PF7.1.1X,OPF7.1) 	OUTP7C1 

106 CONTINUE 	 OUTP2I0 
CALL HEADNG11/ 	 0U1P211 
WRITEINPg100) 	 CUTP212 
WRITE(NP,107) 	 0U1P2I3 

107 FORMAT(1)4,7)1H-),I9HMUNICIPAL,711H-/g2X.5(1H-).23H 4 0IOUTP214 
* POTARLF,511H-1, 	 OUTP215 
*/IX,7135H 	TOTAL 	PRICE 	TrTAL REVENUE hix,E1HccmaINENIA, 	01TP216 - 	. .-_-. -- .- ... . 
*2118.8HCOM8INEDI, 	 01J1P217 
*/IX,2110HWATER USEOX,15HREVENUE LOST/RSg2X).10NWATER USE,IX. 	nUTP218 
*22HREVENUES LOST/RES YEAR. 	 OUTP719 
*/1X,213X,4140'G114X.14141/10C0 	1001$ .4)1,1115,5)0.3X/41-1PG),5$, 
*5H1000$0X,IHf.,//) 
09 109 1.1,NYRPRJ 
WRITEINP,I0R) (SWD(IgJI.J=77.37),LYR(I) 

108 FORMATI1X.217X, OPF6.0.1X,OPF6.3,1X.-3PF7.1.1X,0PF7.1.2141.1V. 
* 0PF7.0,4X,-1PF7.0.2X.0PF7.0,1X,141 

109 CONTINUE 
C 
C 	****** ANNUAL SUMMARY OF SUPPLY IN STORAGE 
C 

CALL HEADNG(1) 
WRITEINP.110/ 

110 FORMAT(///42X,35HANNUAL SUMMARY OF SUPPLY IN STORAGE,///) 
WRITEINP,III) 

111 FORMAT(33$.9HRESERVEIROX,IIMPERCENT PAX.3X,I2PPAX CAPACITY,U. 
*8H TOTAL OX.11HPR084P111TV 
*/76X.4HYEAROX0H LEVEL .1X.IIHLAPACITY ON,3X,17H In ANNUAL . 
*3)103H FLOW .3X.IIH 91.  MAL . 
4.1338,9111000) 	AFOX,IIH 	JAN 1 	.3)4.121. WATER USE 138. 
*8H C.F.S. 1138,11H 	FLOW 	,//) 
nu 113 1.101YRPRJ 
WRITE(NP.112) LYR11).(SSS(I,J),J=1,5) 

OUTP220 
OUTP22I 
001'227 
OUTP273 
OUTP224 
OUTP225 
OUT°276 
OUTP.727 
nUTP728 
nUTP229 
01114'230 
OUT°231 
DUIP232 
OLTP233 
OUTP234 
OUTP235 
OUTP236 
OUTP237 
(JUTP23P 
OUTP23) 
OUTP24C 
011.0 241 

112 FORMAT176$.14,5$9-3PF5.0.9X,2PF3.0110X.OPF5.2.7X, OPF6.0.7X.OP15.3 0U1P242 
4.) 	 OLIP743 

113 CONTINUE 	 OUTP244 

	

C   uurP2As 
C 	******SUMMARY or ADVANCED WASTE TREATMENT BY nECACE 	 OuTP246 
C 	 - 	 n1JTM247 

CALL HEADNG11/ 	 OUTP7411 
WRITE(NP014) 	 OUTP749 

114 FORMAT1///35X.50HSUPPARY OF ADVANCED WASTE TRFATPENT(AWT) PY nEcAu numso 
*E./48X,24HIIN MILLIONS OF GALLONS/,///I 	 OUTP251 
WRITEINP,1151 	 OUTP752 

115 FORMATII8X,6HDECADEOX,13HCOAGULATION /.3)4,11H FILTRATTON . 	0111,1 251 
*3X,13H GRANULATED 08,1311 ACTIVATED .38,131' 	ICNI, 	̂U112 254 
*/27X,13HSEnIMENTATIDN,19%.13HCARB ABSCRPTN,3X,I31 	SLUDGE 	OUTB755 
s48,13D EXCHANGE 	.1/1 	 0U1P256 
DO 117 1.1,vnEc 	 OUTP257 
MRITE(NP.116) IgISAFT(1,J).J.1115) 	 OUTP258 

116 FORMA1(20Xg12,5)4.5f1V.0PF7.1,6X)) 	 OUTP251 
117 CONTINUE 	 OUTP260 

	

C   nUTP76I 
C 	STREAM ACDITICAS 	 OUTP267 

	

C   OUTP253 
CALL HEADNGII/ 	 nU1P264 
hRITEINP.118/ 	 JUTP265 

118 FORMATI///47X.26H*****STRFAm ACDITIONS*****,///1 	 OUTP766 
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WRITEINPp119/ 	 OU1°267 
119 FORMAT(39X.5HDATES.4X.3HSTA.7X,12HSTREAM NAMEg7X14HTYPE,/// 	OUTP768 

NAS=NAS-1 	 OUTP269 
IFINAS .E0. n)Gn TO 128 	 OUT°270 
DO 121 I=1,NAS 	 OUT0 271 
IX=DATE5TI//12 	 OUTP277 
IT=DATESIII-IX*12 	 O1iTP273 
IX=YRST+IX 	 0UIP774 
J=NISTA-NAS+1 	 0UTP275 
WRITEINP.120I 1X,I1,S1NOIJT.(SNAMF(J,K),K=1,5),TYPEIJI 	 0UTP276 

120 FORMATI38X.14,1H/,12.3K,13.3X,544.4X,12f 	 0U1P717 
121 CoN1INuF 	 01iTP278 

	

C   OUT°779 
C 	DVANCED WASTE TREATMENT OPERATION PY YEAR 	 OLTP2P0 

	

C   OUTP281 
12P DO 127 I=1.4DCC 	 OUTP282 

CALL HEADNGIII 	 OUTP2B3 
WRITE(NP,172) 	 OLTP2B4 

122 FORMATI///39X,47HADVANCED WASTE TREATMENT OPERATION PY YEAR. 	OurP2es 
*/48X,241-IIIN MILLIONS OF GALLONS/.//// 	 OUTP2P6 
I/T=1+11-11=10 	 OUTP2P7 
IT=IX.9 	 OUTP2FP 
HITT .GT. NYRPRJIII=NYPPRJ 	 OUTP28° 
WRITF(NP,123) (LrR(J),J=Ix,IT) 	 0002;0 

123 FORmAr133x,10(11(04,3x)) 	 OUTP791 
WRI1EINP,124/ 	 OUTP292 

124 FORMATTIHOT 	 OUT°291 
K=1 	 00°294 
DO 127 L=1.32 	 OUTP795 
IFIL .NE. LIKI/GO TO 125 	 OLTP2B6 
RRITUNp,174) 	 Ourp2e7 
K=K4.1 	 0U1P29° 

125 WRITEINP,126/ ILA8IL.J/.J=1.1I.I6WT0IL.NT.N=IX,IT/ 	 OUT°799 
126 FoRm4T(0x,3A13,102x,F6.0» 	 Duple° 
127 CONTINUE 	 nurPict 

	

C   OUT0 302 
C 	******INvESTPENT COSTS AND PRESENT WORTH 	 OUT°1C3 

	

C   nurP30A 
CALL HEADNGIU 	 OUTP305 
WRITEINP,130I 	 0100 3r6 

130 FORMAT(///40X.4BH*4.MINVESTMENT COST SERIES PY YEA14***s. 	CUT°3C7 
*/411X.2411IIN MILLIONS OF DOLLARS),//) 	 OUTP3CP 
WRITEINP.131/ 	 nuT0 3C1 

131 FORMATTI0XI6H YEAR g1X,13HCOAGULATION 1,3X,13H FILTRATION . 	UUTP31 6  
*3X.1314 GRANULATED 1 3X11311 AETIVATEC OX,I3H 	ION 	• 	91,1P311 
*3X,13H TOTAL ALL • 	 001, 312 
*/19X.13HSEDIMENTATION,19X.13FICARB ARSORPT1.1X.11F 	SIUGGE 	OUTP313 
*48,13H EXCHANGE 	,7x,13H pRnCFSSFS ,//) 	 OUTP314 
DO 113 I=1.NYRPRJ 	 nurvits 
WRITE(NP,132) LYRIII,IINVC(I,JT.J=1.6) 	 OLT0 316 

132 FORMATI11X114,3X,6(3X,F7.1,6M 	 011T°317 
133 CONTINUE 	 OUTP31B 

	

C   OUTP3I9 
C 	IXFD AND VARIABLE COSTS FOR STREAP, RESERVOIR, WELL AND PRJ at:Wm 

	

C   ouTP321 
CALL HEADN01) 	 OUT°322 
WRITEINP,160) 	 17UTP321 

160 FORMAT(//37X,46H0****FIXFD AND VARIABLE COSTS FOR STREAM,*****, 	OUTP324 
*/41X,38HRESERVOIR, WELL, AND PROJECT Anil- IONS. 	 OUTP325 
*/48X,24HIIN MILLIONS OF DOLLARS), 	 0u1P326 
*//7X,10111-1,22HFIxE0 COSTS.17I1H-1.1X,1311H-/s 	OUT°327 
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*28HVARIAbLE CoST5,14IIH-1, 	 0U1P328 
*/3X,4HYEAR,211X,10H STREAM TIX,10HRESEKVOIRSglX,10H 	WELL 	,IX 0UTP329 
*,10H PROJECTS ,1X.I0H 	TOTAL 14/I 	 OUTP330 
DO 162 I=1,NYRPRJ 	 001'331 
WRITEMP,161/ LYR(1),101HRC(II,J),J=1,10/ 	 OUTP332 

161 FORMAT(3x,14,5(1x,F10.2),1)C,5ITIO.30ATI 	 01JTP333 
162 CONTINUE 	 0U1P334 

	

C   OUTP335 
C 	******PRESENT hORTH SERIES 	 0U1P336 

	

C   OUTP337 
CALL HEADNG(1) 	 OuTP338 
wRITEINP,1141 	 0UTP339 

134 FORMATI///40X,39HPRESENT WORTH OF INVESTMENT COST SERIES/ 	 OUTP340 
*/48X,24H1IN MILLIONS OF DOLLARS/,/// 	 OUTP341 
WRITEINP.1371 	 OUTP347 

137 FORMATI//19X,13HCOAGULATION /,3X,13H FILTRATION , 	 OUTP343 
*3X,13H GRANULATED .3X.13H ACTIVATED g3X,13H 	ION 	 0U1P344 
*3X,13H TOTAL ALL • 	 OUTP345 
*/19X,13HSEDIMENTATIGN,19X,13HCARB ABSCRPTN,371.131- 	SLUDGE 	. 	OUTP346 
*4X,I3H EXCHANGE 	.2X,13H PROCESSES ,/// 	 0U1P347 
00 136 1=113 	 OUTP349 
WRITE(NP,1351 11(11,1PWII,A.J=1,6) 	 OUTP349 

135 FORMATI9X0HAT .7144.2.2W. 1613X,OPE7.1.6M 	 nuTP350 
136 CONTINUE 	 OUTP351 

WRITEINP,170/ 	 OUTP352 
170 FORNAT1///40x,41HPRESENT WORTH OF FIXED AND VARIABLE COSTS, 	nuTP353 

*/48X,24H(1N WILLIOKS OF DOLLARS/9 	 1LTP354 
*//9X.1611H-/,22HEIXE0 COSTS.1711H-1,1X,1311H-h 	UUTP455 
*28HVARIABLE COSTS,1411H-I, 	 OUTP356 
*/9X,211X,I0H STREAM ,Ix,10HRE5MOIR5,1x,10H 	WELL 	,1X,10H PP 0uTP357 
*OJECT5 ,IX,10H 	TcTAL 1,1/1 	 OLTP35E 
DO 172 1=1,3 	 nUTP15q 
WRITEINP,I71/ R(1),(PW(1,J),J=7,16) 	 0012 360 

171 FORMAT(IXOHAT aPE4.2.1H+,10(1X,OPF13.2)1 	 OUTP36I 
172 CONTINUE 	 OUTP362 

WRITEINP.1801 	 OU1P363 
180 CORMATI///36X,48HPRE5ENT WORTH OF OPERATION AND MAINTENANCE COSTS, OUTP364 
*/48X,25HIIN.THOUS4NDS.OF.00LLARS/9//) •1111'365 
WRITE(NP.181) IPROCIPTI,J1,1=1,11,1PROCIPT701101=1,31,1PR0CIPT3rL/ 0UTP366 

1,L=1,3) OUTP367 
181 FORMATI25X,3(3X,3A4),AX,12H 	ION- 	OX,12H 	TOTAL 	I 	OUTP368 

WRITEINP,1821 (Ppoc(PTI+5,J),J=1,3),IPROCIP12+5,X),K=1,11,(PROCIPT IUTP361 
*3+5,1.),L=1,3) 	 OU1P370 

182 FORMAT(28X,3(3X,3A4),12H EXCHANGE ,//) 	 0uTP371 
no 184 1=1,3 	 Ou1P372 
wRITEINP,1831 R(11,1PWII,JhJ=17,211 	 nU1P373 

183 FORMATI18X0HAT ,2PE4.2,11.4,2X,5171,-3PE8.0,58// 	 OUTP374 
184 CONTINUE 	 OUTP375 

	

C   OUTP376 
C 	******OPERATION AND MAINTENANCE COSTS 	 0L1P177 

	

C   OUTP37d 
CALL HEADNG(1) 	 OUTP379 
WRITE(NP,1401 	 ouTP1e0 

140 FORMATI///40X,39HOPERATION AAD MAINTENANCE COSTS -BY YEAR, 	 OuTP3el 
*/48X,25HIIN.THUUSANDS.OF.0OLLARS/a// 	 UU1P3E2 
WRITEINP,141/ (PRoc(PTI,J),J=1,31,(P8oCIPT2.K),x=1,31,( 0RoCIPT3,L1 OUTP383 

*.L=1,3) 	 0U1P584 
141 FORMATI21X,4HYEAR.311X,3A4/0X112H 	IC's- 	,3X,121. 	TOTIL 	1 OUTP3E5 

WRITEINP,143/ (PROCIPT1+51A,J=1,3),(PROC(PT24.50(),K=1.3),(PROC(PT OUTP386 

	

_ 	_ 	_ 	. .   
*3+511.1,L=1.3) 	 - OUTP3E7 

143 FORMATI28X.31344,3X).12H EXCHANGE g3X,12H 	COSTS 	,/// 	01JTP3e8 
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DO 146 1.10YRPRJ 	 OUT 0 389 
WRITE(NP,145) LYR11),IOC(I,J)1.1=1,5) 	 OUTP3O0 

145 FORMA1I21X.14,3X.517X.-5PFS.0,5X1) 	 OUTP3R1 
146 CONTINUE 	 OUTP592 

	

C   OUTP39I 

C 	******Llsr THE INTERRUPTS 	 OUTP3R4 

	

C   1301'395 

CALL INTRPT I YRST.0.0•0 ,o.o,o.n) 	 ourol.m 

	

C   OUTP397 

C 	44****DDTAP THC PLANNING MATRIX 	 OUTO1RB 

	

C   OUTP3RR 
CALL DUMP(NOEILE) 	 OUTP400 

	

C   OUTP401 

C 	sletc4.44PUNCH DATA FCR GRAPH PROGRAM 	 OUTP4CX 

	

C   nurp4ci 
IFIGRAPH .EO. 0/RETLEM 	 ourp4c4 
WRITEINC.1501 	 nurP4c5 

150 FORMAT(I0HPOPULATION) 	 015TP4C6 

WRITEINC,151) IShO(YR.3),YR=10.ygou) 	 OUTP4C7 

151 FORMATI8E10.0) 	 OUTP40A 
WRITEINC.1521 	 our ,4c1 

152 FORMATTIOHEMPLOYMENTI 	 OUTP411 
WRITEINC.1111 ISWD(.1).11).YR.1,NYRPRJ) 	 0L1P411 

WRITEINC1151) 	 OUTP412 
153 FORMATI3OHPFN CAPITA WATER USE cnmisric) 	 ourP411 

WRITEINC.151) ISWDI.P.41.YR=IINYR 0RJ) 	 72UTP414 

WRITE(NC.154) 	 0111415 
154 FORMATI32HPER CAPITA WATER USE COMMERCIAL) 	 OUTP415 

WRITFINC,151) ISW1(.R.1(1),Y4=1.N.RPRJ) 	 OUT°417 

WRITEINC.156) 	 91.141F 
156 FORMATI29HPFRCENT LAPACITY OF RESERYCIP) 	 01.1 2 41) 

WRITEINC11571 ISSSI.P.21.YR=1.NYRPRJ) 	 (11j1P42 ,  
157 FORMATI8F10.51 	 U1.1P421 

WRITEINC,158) 	 OLT°42? 
158 FORMATIPINTOTAL WATER USE IN MG) 	 DUIP421 

WRITEINC.1511 ISMD1YR,351,YP=1,NYRPRJ) 	 OUTP424 

WRIMINC.1591 	 O11P475 
I59 FORMATII3HRANX 'Jr FLEWS) 	 OLTn474 

WRITE(NE.1571 ISSSI.R.5)IYP=IgNYRPRJ) 	 uurr, 42, 
RETURN 	 g1JTP47),  

END 	 ODTP42) 
SUBROUTINE INTRP1IT.EDD5.VALUFI.VALUE7.VALUE31 	 NTIPTr1 
COMMON/TOOFV/NR.NP.AC,IATTIOAPEP.TAPE3 	 'HAND? 
REAL 	MESS(18.6) 	 NTRPFE3 

INTEGER TAPEI.TAPE).TAPE3 	 NTRPTC4 

INTEGER T.CrDE 	 NTapTcy 

DATA MESS/TMSPILLAGEOMLEVEL REO3HRESERVOIOMPLAN FIL,OHIRPLEMEDI NERPIn 
*8HIMPLEMEN.SHIMPLEMENOSHIMPLEMENOMRECYCLIN,BHPFRCFNTA,811LEVELS It NTR.1r7 
*8HITTERRATOMHISTRIN1J.8HCD-STAND.8HCC-STANDOWImEUSTRIOWCO-STAND. NTRPTC8 
*8HCU-STANHOH OHM% CENSOHR EMPTY .13HE 5 EXFAOMT4TION1 n. NT1.TC4 
*8HTATION 0.8H1ATION COHTATION 0,81-IG IPPLEm,e.-mr RATIOOM TURD 4 f NUPTI" 

*I/FUTON Lrmrohrlohl .0HOMEY DENANOMBY DEMAN.RHAL FOUAto3118Y HENAN. NTR9 111 
*8HBY DEMANOTH OMERVATICNOM .8Pusr.En •8wF NEW ST. NT?PTI7 
*8HF NEW RFOIHT KEW WEO3HF NEW PROMENTE0 	.8HNNING EXOMSUm In Z, NTR 0 T15 
*BHT EXCFEDOMIFICATIrOMD MOCIFIOMD MODIF1.8HION CONSO3HD mnnirt. NTRPT14 

*8HD ADDEO OH 	 18H PrOL 	OM 	 ,8H 	 .8)-REAM COM. TI2P115 
*81-11ERVICR .8HLL COMPLOMOJE,T CO.RH 	 OMCEEDS L1,81-ERO 	, NTRP116 

*INEU 	.RHA1 REOUFSOMCATION ROWCATION ROMTANT INC.8HED AS SH. NTRPTI7 
*8HAS SHOWNOIH 	 OM 	OH 	 .8H 	 ,8HPLETED , NTAPT111 
*8HCOMPLETE.8HETED 	.8HMOLETFD OM 	OIHMIT 	rgH 	 , NTRPTI3 

*8H 	 OINT INYALI,8HENES1 1,8HECUEST 1.8HRFASED •8HOWN 	. NTR 0 120 
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*6*8H 	 ,E11411 	 ,6*8H 	 ISHC 	IEHNVALID—A, 	 NTRPT21 
*8HNVALID—B,3*8H 	 / 	 NTRPT27 

!FIUME .EO. OIGU TV 20 	 NTRP171 
MRITE(TAPE3) T,CODE.VALUElsVALUE7,VALUE3 	 NTRPT24 
RETURN 	 NTRPT25 

20 END FILE TAPE3 	 NTR°126 
REMIND TAPES 	 NTRP177 
IYR=I 	 NTRPT2P 
CALL HEADNG111 	 NTRPT29 
WRITE(NP,27) 	 HIM:ITV) 

22 FORMATI///,13X.151 4EVFN1S 	//) 	 NTRPT31 
24 READITAPE31 N1,6,1II,V7,V3 	 NTRPT/2 

IFIEOF(TAPE3)126,25 	 NTRP131 
25 IX=NT/17 	 NTRPTi4 

I1=NT—IX*17 	 NTRP1 1 5 
IX=IYR4.1X 	 NTRPT16 
MIITE(NP,23) NT,IX.I1s(PESSIN.L),L=1.61,V1,V2,V3 	 NTRPT31 

21 FORMAT(13X03,7X,14,1H/07,2X,6AP,2X0F10.7) 	 4TRPT3A 
GO TO 24 	 NTRPT3) 

26 RETURN 	 NPIPT40 
END 	 NTR°14I 
SUBROUTINE EXPANDIFNO,T,XPLNORI 	 XPNTOEI 
COMMON/PLANS/1E(6),LE161,NE161,PLN(9030) 	 XPNOCC7 
INTEGER FE,LEOEIPL6,X 0LN17),INCIP 	 IONDOCI 
DATA 1140F,IFOF,IS,IP/7777,999901,9/ 	 XPNTICC4 

	

C   XP1P005 
C 	THIS ROUTINE PERFINP5 THE FILE 4ANAGE*EN1 OF THE VARIOUS :ILANS 	XP9D0C6 
C 	THAT ARE TO PF IMPLENE%TED 	 XPNP0C7 
C 	 XINDCr° 
C 	VARIABLE 	 DESCRIPTION 	 ONF001 
C 	NAME 	 XPN1.D16 
C 	 XP,0011 
C 	FE 	FIRST ENTRY PCINTE1 	 4P1D017 
C 	FNO 	FILE NUMBER 	 1 0 NPV14 
C 	IKOF 	BEGINNING OF FILE CODE 	 XPID(14 
C 	IEOF 	END GF FIEF CCDE 	 XPNDOli 
C 	IP 	PREDECESSOR °LINTER 	 XPI.DC16 
C 	IPT 	POINTERS 	 XPN001/ 
C 	IR 	RETURN OF PLAN INDICATCR 	 X 0 NUCI5 
C 	IS 	SUCUSSSOR PEINTCR 	 Ann/DOTI 
C 	LE 	LAST ENTRY PCINFLR 	 XPiP67r. 
C 	NE 	NUmInR OF FNTRIFS 	 voNO021 
C 	PLN 	THE VARICUS PLANS Tr nE IMPLEMENT';) 	 XPNP027 
C 	 PLNII,1°T) = PLAN mOMIER 	 1P4024 
C 	 PLN12,IPTI = START Ilmi/END TImE 	 (PN(07 6  
C 	 PLN11,IPT) = LAO TIME 	 1P10075 
C 	 PLNIA,IPT) = CODE 	 1P10024 
C 	 PLN(5,171 . 1 = ATTRIBUTES I THRU 3 	 /ni007? 
C 	XPLN 	THE PLAN REMOVED AND TO IF INPLWNTED AT TIME T 	 XPNTIC7S 
C 	 XD 10121 

	

C   8PN0011 
GO TO (20170,20,7C,49,491,FNE 	 1 010031 

	

C   X 0 NP037 
C 	IF 1HE TIME IS APPRCPRIATF, REMOVE THE PLAN AT DE TOP OF FILE 	82N0013 
C 	NUMBER I AND ADJUST THE POINTERS 	 XD110C34 

	

C   1 1 0033 
20 1 ,1=0 	 82N1036 

IFINF(FNO) .GI. OIGC TO 24 	 XPW.D3/ 
IFINEFFNC) .LT. 0IRETURM1 	 XPNOOIN 
NEIFNO)=-1 	 X°4001) 
RETURN 	 XPNr040 
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24 IPT=FEIFN01 	 XPNO041 

!FIT .NE. PLN12,1 0 111REWAN 	 XP10047 

IR=1 	 APN1:044 

on 21 I=1.7 	 MIA/01144 

XPLNIII=PLAIII,IPT1 	 XPID045 

21 CONTINUE 	 XPI0046 

I1IPLNIISOPT1 .F0. I-(IF)G0 TO 22 	 XPW047 

FF(FNO)=PLNIIS,IPT1 	 XPN0048 

IX=1EIFNCI 	 XPN004 ,1 
PLAIIIP.IX1=1 14OF 	 XP , 10050 

72 NE(FNO1=NFIFNU1-1 	 x 0 WC51 

00 23 1=1.IP 	 XP'10(57 

PLNII,IPT1= 0 	 X ,NUC54 

21 CONTINUE 	 10'40054 

IFI4FIFNO1 .NI. 01PFTUAN 	 x 0 N 0 C5 ,  

LEIFNO1=0 	 X 0 N005s 

FEIFN111=0 	 xP50057 

RETURN 	 X^N005u 

	

C   XPM14151 

C 	RCMOVF THE PLAN AT THF ITP OF FIIF ENO amotNsFRT It I 4 FILE NumIF4 xPNv04 ,  

L 	1 RANKEL CO TIPF 1LvF1. 	AIJLST PCINTFA5 4PPR0PPIATELv. 	 X 0 .41,061 

	

C   ON0052 

49 IFIKIFNO1 •GT. omr TO 50 	 XP9I1G6i 

IFINFIFAI01 .LT. 01PFTORN 	 XP 4111, 64 

CALL 'N1101(1,4,0.0...1.00.01 	 XPWO6c 

NCIFA101=-1 	 X 1, 00 6, 

RCTURN 	 X 3 N016, 

50 1 0 T2=FEIFNO1 	 X 1, 1006 0  

IA=0 	 xPNOL6q 

IFIPLN12.1 0 121.',1.011A=-1 	 xlivnr ,  
Kfv.PLN(3,1 , 12)“ 	 xoNnoti 

PLN1P,IPT71=KEY 	 xpqrni2 
IPT.PLNIIS,P121 	 x0,11.61t 

IPT1=FE111 	 XP i' , . 76 

IF INFIII.GT.,1:11 CC 51 	 X ,%o74A 

FE(11=11, 17 	 xD .41.,4f 

LE(it=ipTz 	 yno- 74(. 

41111=1 	 xP :f 74• 

PLN(15,11, 171=ICOF 	 Xn )r74; 

PLNIIP,IPT7)=1HIF 	 IONI 741 

GO 10 56 	 XP'11 74c. 

Si IF(KFV •LT. PO:17.1FT1)1Go IC 54 	 XPOCT ■ 

IFIPLNIISOPTI1 .E::. IMF140 IL 5? 	 VAW/4 

IPTI.PLN(ISOPTI) 	 xPwc1/ 

GO 10 51 	 xo . irr71 

51 PINCI5,IPT71=1FOF 	 XPNOCr; 

PLNIIP,IP171=L1111 	 x* ,10op. 

PLN115.1PTI1=1 1,1 7 	 xPNO , ,1 

1E111=111 17 	 XPILOP) 

GO TO 55 	 Xn Joop I 

53 IFIPLNIIP,IP111 .Nr_. IPOFIcAl TD 54 	 xygoo ,. 

PLNIIS.IPT21.Fri1)  

PLMIIP,IPTI1=IP12 	 XP4r;Fh 
FE111=1P17 	 XP40CF7 

GO 10 55 	 x1)41 , r9 4  
54 PLN115,1P121=1P11 	 XP4D08 ,  

PLMIIPOPT 7 1= 0 LNII 2 ,IPTI1 	 'MVOS" 

IX=PLN(IPOPT11 	 xP41:0 ,11 

PLA1(15.1X)=IPT2 	 X 0 91'017 

PLNIIP,IP11)=IPT7 	 XPNO0g3 

55 NFIII=NE(I1+1 	 xPKO094 
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56 NE(FN0)=NE(FNO)-1 	 XPN0095 
IFINE(FN0I.LE.0)G0 IC 57 	 XPN0958 
IFIIPT.EILIEOFIGO TO 57 	 Xm4D958 
FEIFN01.1mT 	 XPre096 
PLNIIP,IPT1=IBCF 	' 	 XP40097 
RETURN 	 XMN1)09P 

57 FEIFNO1=0 	 XPND98A 
LEIFT4n1=0 	 XPNO9Pn 
CALL INTRPT(T,4,0.0,0.0.0.0) 	 XPNI198C 
RETURN 	 XPNO9PD 
END 	 X 0NDO99 
SUBROUTINE SEARCH11,1FOUNO1 	 SRCHOCI 
COMMON/PLANS/FE161,1F161,NE(6),PLN19,801 	 SRCHOC2 
INTEGCR FF,LE,NE,PL6,1 	 SRCHOC3 
DATA IS/8/ 	 STIClinC4 
T24=T+24 	 S3CHOF5 
IFOUND=0 	 SRCHGC6 
IFINEW.LE.01G0 To 22 	 SRCHOC7 
N=4E111 	 S9CHOn9 
IMT=FF111 	 SRCHOCI 
DO 21 I=1,N 	 SMCH010 
IFIPLN(4,1m1).EC.51GF 10 20 	 SRC401.1 
SUBROUTINE DUMP NnFILE 	 .DOImn 
COMMON/101/NR,NP,NC,T6PEI,TAPE2,TAPEI 	 OUMTIO 
CnMMON/PLANS/FF b ,LT 6 ,NE 6 ,PL' 9,10 	 DUMm0 
INTEGER TAPEI,TAPE2,TAPC3 	 DI1 403 0 
INTEGER FE,LE,NF, 3 LN 	 pupil ,. 

C 	 DUMP(' 
C 	******THIS RUUTINF CUmmS THE mLANmING MATRIX 	 UUmm0 
C 	 DUMP° 

CALL HEADNG I 	 nUmmn 
WRITE NP,20 	 DUMPn 

20 FORMAT ///37X,45+0 ,3****** dUmm OF THE PLANNING mATR1X ****fl*, 	-0Ummn 
*///49X,23HF1LE NUMBER FIRST LAST-, 	 uumon 
*149X,23H Nn ENTRYS ENTRY ENTRY,// 	 DLPRO 
00 22 I 1,6 	 DUmln 
WRITE NP,2I 	1,NE 1 ,FE 1 ,LE I 	 DUMP',  

21 FORMAT 50X,I2,2X,T 15,IX 	 I: 	 DUMP) 
22 CONTINUE 	 DUMP+) 

WRITE 1+13 ,23 	KO( 1,3 	 UUM 3G 
' 23 FORMAT //116X,6H LULM OX,611 PLAN OX,6H TIME .3X,6H LAGS ,3x, 	OUTOI 

m6H LODE 0 38,5HATIR ,II ,3X,6HSUCCES,3X,6HTHIFOCS,// 	 DUmP^ 
DO 25 1 1,80 	 DUMP') 
WRITE NP,24 I, PIN X,I ,X 10 	 0102 0  

24 FORMAT 16X,10 16,3X 	 OUNPO 
IF I .NE. 40 GO Ti 25 	 nuvro 
CALL HEADN3 I 	 nUmml 
WRITE NP,23 	X,R 10 	 ()von 

25 CONTINUE 	 DLMPu 
RETURN 	 010 9 L 
END 	 DUMPO 
SUBROUTINE HEAUNG SW 	 HEATINGO 
COMMON/HD/TITLE 9 	 mEAnNGO 
COMMON/IODEV/NR,NP,6C,TAPE1,TAPE2,TAPE3 	 HEADNGn 
REAL 	TITLE 	 HFAD6G0 
INTEGER TAPEI,TAPE2,TAmE3 	 HEADNGO 
INTEGER PAGE,SW,DAIE 	 HEAONGO 

	

C   HEAnNGP 
C 	THIS ROUTINE PRINTS A HEADING AT THE TOP OF EACH PAGE OF THE 	HEADNGO 
C 	OUTPUT. SINCE IT USES SUBROUTINE INFO, IT IS 'WHINE TIEPENDENT. 	HEADNGO 
C 	 HEADNGO 
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C 	IFIN 360 SERIES 	 HFADNGO 
C 	REAL *8 TITLE,ADATE,ATIME 	 HEAnNv. 
C 	CALL INFO ADATE,ATINF 	 HEADNGO 
C 	WRITE ND.23 	TITLE I ,1 1,9 ,ADATE,ATIME,PAGE 	 HFADNGn 
C 23 FORMAT 1H1,9A8,6x,6HOATE .1A8OX,6HTIME .1A8,2X,5HPAGF .13 	HEAONGO 
C 	 HEAONGO 
C 	cnc 6000 SERIES 	 HEAONGC 

	

C   HFAUNGn 
IF SW 21,20,22 	 HFAONGO 

70 RETURN 	 HEADNGO 
21 PAGE 0 	 HFAONGO 

CALL INFO DATE.IHR,MIN,ISEC 	 HFAONGO 
RETURN 	 HEADNGC 

22 PAGE PAGF*1 	 HEADNGO 
WRITE NP.21 	TITLE I .1 1,9 ,DATE,IOR,YIN,ISEC,PACE 	 HEAONGO 

23 FORMAT IH1,968,6X,6HDATE 	,A1C,AHTIME 	,I2.1H ,I2,1H ,I2,2X, 	HFAT.NS" 
•5HPAGE OR 	 HFAONGn 
RETURN 	 HEARKG0 
END 	 HEAUNGO 
SURROUTINF INFO DATE,I4P,MIN.ISEC 	 INron 
INTEGER DATE 	 INrOT 

	

C   WOO 
C 	THIS ROUTINE OBTAINS THE DATE ANC THE TIFT UF CAY. If IS MACHINE 	(WM) 
C 	DEPENDENT AND THE USED SHOULD CONSULT THF STAFF AT THE COMPUTER 	1PFri 
C 	FACILITY AT MHICH THE PRCGRAm WILL HE RUN. 	 INFOn 
C 	 mit': 
C 	IBM 360 SERIFS SUPPrRT1NG TIME allo CATE SURROUT1NFS 	 ivrro 
C 	SURROUTINE INFO ADATF,ATITIE 	 imfrn 
C 	REAL *8 ADATE,ATIME 	 1.0-Co 
C 	CALL TIME ATP< 	 INFo. 
C 	CALL DATE MUTE 	 INFni 
C 	RETURN 	 INI- fl 
C 	END 	 INECO 
C 	 INFO' 
C 	cnc 6000 SERVS SUFPORTINC CIOCA AND SCATF SURROUTIMIS 	 INFen 
C 	 INTO 

IT CLOCK IHR,MINOSET 	 INFIJo 
CALL SDAYF DATE 	 ilrnr 
RF.TURN 	 ImFOn 
END  
FUNCTION COST PT,!. 	 cnsm 
INTEGER PT 	 COST' 
GJ TO 10.20,30,40.SO ,DT 	 COST- . 

10 GIST 44.0/0**0.r1746 	 CoSIC 
RETURN 	 cnsm 

20 COST 90.0/0**0.36397 	 Lnsro 
RETUP4 	 EoST,) 

- 30 COST 136.0/0**0.19438 	 GoSTr 
RETURN 	 COSTO 

4C COST 150.0/0**0.26795 	 CPSTO 
RETURN 	 COST° 

50 COST 110.0 	 CrSTr 
RETURN 	 CPSTO 
END 	 COST(' 
FUNCTION ccnsr PT,G 	 CCoSTD 
INTEGER PT 	 CCOSTr 
GO TO 10,20,30,40,50 ,DT 	 CCOSTO 

10 ccnsr 0.075*Q**0.90040 	 ccnsm 
RETURN 	 ccnsro 

20 CCOST 0.106*C**0.60141 	 unsro 
RETURN 	 ccnsio 
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30 CCUST 0.560*0**0.624P7 	 CCOST ,  
RETURN 	 CCOSTc. 

40 CCOST 0.700*C**0.8078 	 CCr'STO 
RETURN 	 unsto 

50 CCIIST 0.01, 5*G 	 ccnsu 
RETURN 	 CCOSTP 
END 	 ccosto 
FUNCTION oninam MEAN'S() 	 RNORmO 
REAL MEAN 	 RNORm0 
DMA I/0/ 	 INOmep 
IF I .NE. n GO TL 10 	 RyORMO 
I 1 	 otrutvo 
CALL RANSET 9753.0 	 agnitmG 

to RA RANF DUMMY 	 RNPlitin 
RP RAN& DUMMY 	 ungtmo 
V —2.0*4LOG RA **0.5*COS 6.283*RD 	 IINORMO 
RIURM V*SO*MEAN 	 ItNORMO 
RETURN 	 /1ORM1 

• END 	 'NORM° 
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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) TO indicate that same future event occurred; e.g., a reservoir 

expansion. 

(I)) To indicate that some rare event occurred; e.g., a spillage. 

(c) To indicate that some disastrous event occurred; e.g., an invalid 

demand modification request. 

Each interrupt that is encountered in the simulation is stored for print-

out at the conclusion of the simulation. All of the accumulated 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) The cumulative time in months at which the interrupt occurred. 

(t) The calendar date at which the interrupt occurred. 

(c) A, message describing the cause of the interrupt. 

(d) The values for up to three pre-selected variables. 

In the table below, a complete 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 numbered heading, then the value printed at 

that positon will be zero. As an example, consider the following line from an 
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interrupt print out. 

95 	1979/11 	IMPLEMENTATION OF NEW STREW 	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 from the beginning of the simulation or alternatively, 

in Noverber 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 cumulative 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 number following this message (0.00) 

does not represent a physical quanity and therefore should be zero. 

INT'ERRUPT CODES AND MESSAGES 

CODE 	 INTERRIPTPESSAGE 	 -1- 	-2- 	-3- 

1 SPILLAGE 	 RLEVEL 	SPILLAGE 
LEVEL BEIM CONSERVATION POOL 	 RLEVEL 	BCPL 

3 	RESERVOIR:EMPTY 	 RLEVEL 
4 PLAN FILE 5 EXHAUSTED 
5 IMPLEMENMTION OF NEW STMAMMETETED PLAN NO BEG. TIME 
6 IMPLEMENTATICN OF NEW RESERVOIR COMPLETED PLAN NO BEG. TIME RLEVEL 
7 IMPLEMENTATION OF NEW WELL COMPLETED 	MD 	EDI FLOW 
8 IMPLEMENIATICN OF NEW PROJECT COMPLETED MO 	NEW FLOW 
9 RECYCLING IMPLEMENTED 	 OPTN1 	RRON 	MOW 

10 PERCENTAGE RATIONNING EXCEEDS Lim 	RATION 	PRL 
11 LEVELS 1 THRU 4 SUM TO ZERO 	 SUM 1-4 
12 rITERATICN LIMIT EXCEEDED 	 QR1 	QR2 	QR3 
13 DISTRIBUTION MODIFICATION REQUEST INVALID USER NO AWT L NO % 
14 CD-STANDIWEEMAND MDDIFICATION REQUEST USER. NO ANT L NO ADD-D 

INVALID-A 
15 CD-STANDBY DEMAND MODIFICATION REQUEST NOCD 

INVALID-13 
16 INDUSTRIAL EQUATION CCNSTANT INCREASED PLAN NO CCNSTANT 
17 CD-STANDBY DEMAND ?EDIFIED AS SHCMN 	PLAN NO INC DMND 
18 CD-STANDBY DEMAND ADDED AS SWAN 	PLAN NO NEW DMND 

261 



APPENDIX F 

VARIABLE NAME LIST 

IIM■•■•••■■■■•••■■■•■■■■ 1•11•■••111■1111=■■■■••••••■•■•■■■•■■■■•■■■■11•1•8101•1•■••••■ 

VARIABLE 	 DESCRIFTION 	 UNITS 	PRESET 
NAME 	 VALUES 

ArTP 	ADDITIONAL INCREMENT 'ID PROJECTS 	 A . F . 
AITR 	ADDITIONAL INCREMENT TO RESERVOIRS 	 A. F . 
AITW 	ADDITIONAL INCREMENT TO YELLS 	 A. F . 
AUSE 	ANNUAL WA= USE 	 A. F. 
AWX) 	ADVANCED WASTE TREATMENT OPERATION ARRAY 
CD 	CONTINUOUS DEMANDS 	 MG/D 
CMAX 	Cyr, MAXIMUM FLOW LEVEL 	 CFS 
CMIN 	air, MINIMUM FIAW LEVEL 	 CFS 
CN1-4 CUMULATIVE NET ROW AT LEVELS 1-4 	 NWD 
CNR 	CUMULATIVE NET FLCW AT LEVEL 4 DESTINED FOR 

THE RESERVOIR 	 MG/D 
CUE 	TYPE OF CONSTRUCTION UNDER WAY 
CONS 	CON'SUMPTION DOSSES AT LEVELS 1-3 	 MG/D 
DATES DATE A NEW STREAM WAS IMPLEMENTED 
DEFCC DEFLATOR, CCNSTRUCTION COSTS 	 1.0 
DEFat■C DEFLATOR, OPERATION AND MiNINIENANEE COSTS 	 1.0 
DIST 	PERCENTAGE DISTRIBUTIONS 
DL 	DEMAND FOR WATER, LEVEL 	 MD/I) 
DPRIDC DIFFERENTIAL PRICE RATE INCREASE, SUMMER MONTHS 

, DOMESTIC AND OaNIMERCEAL 	 1.0 
DPRII DIFFERENTIAL PRICE RATE INCREASE, SUMMER MMTHS 

, INDUSTRIAL 	 1.0 
DT 	DEMAND FOR WATER, TYPE 	 MG/D 
EG 	EMPLOYMENT, RATE OF GRCHTH OF 	 MOS 	0.0045 
EMPLOY EMPLOYMENT 	 MEN 	7240.0 
EVAP 	EVAPORATION PERCENTAGES , MONTHLY 
EXCESS EXCESS FLCW AT THE LAST LEVEL OF RECYCLING 

IF NOT LEVEL 4 	 MD/I) 
H HISTORICAL DATA ON ANNUAL STREAM FLOC 	 CFS 
HIV 	HISTORICAL CUMULATIVE TIME 	 MDS 	264 
ICD 	CCUTINUOUS DEMANDS, SUBSCRIPT OF DEMAND TYPE 
IDIST DISTRIBUTION, SUBSCRIPT OF DEMAND TYPE 
IFRQ 	INDEX FOR TABULATING THE FREQUENCY OF THE IDSNQ 

PRINTOUT 
INVC 	INVESTNENT COSTS ARRAY 
IP 	NUMBER OF CONSECUTIVE MONTHS OF INCREASED 	NA 

PRQTECT FLCWS 
IR 	INDICATOR FOR THE RETURN OF A PLAN FROM EXPAND 
IS 	STREAM INCREMENT, MR DATE OF COMPLETION 
IT 	TEMPORARY INTEGER 
IW 	NUMBER OF CCUSECUTIVE NINTHS OF INCREASED 	MD 

WELL FILW 
IX 	TEMPORARY INTEGER 
TYR 	NUMBER OF YEARS OF HISTORICAL DATA ON STREAM 	YRS 	10 

HAWS 
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JANQ 	FLOW, TO THE AWT ON JAN. 1 	 MG/b 
CONSTANT FORMER QUALITY TEST 	 250 

LAB 	LABELS FORAM° TABLE 
LCD 	CONTINUCUS DEMANDS, SUBSCRIPT OF DEMAND LEVEL 
LDIST DISTRIBUTION, SUBSCRIPT OF DEMAND LEVEL 
LDR1-4 LOSS, IN THE DEMAND ROUTES AT LEVEL 1-4 
LEAK RESIVOR LEAKAGE CONSTANT CFS 10.0 
LL 	LOSS, IN THE Awl' PROCESS AT EACH LEVEL 
LYR 	YEARS, FOR PRINTOUT 
MEAN 	MEAN OF THE RANDOM ERROR TERM ADDED TO THE 	MG/b 

DEMAND EQUATIONS 
MESS 	ARRAY OF MESSAGES FOR THE INTERRUPT CODES 
MINQ 	MINIMUM REQUIRED OUTFLOWS PER STREAM 

WA READ IN IN C.F.S.) 
MINBQ AGGREGATE MIND114 REQUIRED RESIVOR FLOWS, 

(frLEITHLY) 
MD 	TIME, YEARLY IN NUMBS 	 MDS 
Ni 	NUMBER OF STREAMS INITIALLY IN USE + 1 	 NST%+1 
NAS 	NUMBER OF ADDITIONAL STREAMS PIUS ONE 	 1 
NATP 	NUMBER OF ADDITIONS TO PROJECTS 
NATR 	NUMBER OF ADDITIONS TO RESERVOIRS 
NAPW 	NUMBER OF ADCITICNS TO WELLS 
NC 	LOGICAL UNIT NUMBER FOR CARD PUNCH 	 7 
NDEC 	NUMBER CP moms IN THE SIMULATION 
NN 	TEMPORARY INTEGER 
NO 	NUMBER OF CONSECUTIVE MONTHS RECYCLING HAS 	 0 

BEEN OPERATIONAL 
NCCD 	NUMBER OF CONTINUOUS DEMANDS 	 0 
NOPCUTS NUMBER OF CUTS ALTLWED UNDER WATER LAW 
NODS 	NUMBER OF DEMAND SUBDIVLSICNS 	 0 
NODYS MINEER CP DAYS IN EACH MONTH 	 DAYS 
NOFTLE NUMBER OF PLANNING FILES, TOTAL 
NIS 	NUMBER CP PASSES THRU EACH LEVEL OF THE AWT 
NOSTA NUMBER OF STREAMS OR STATIONS, TOTAL 	 30 
NP 	LOGICAL UNIT NUMBER FOR LINE PRIMER 	 6 
NR 	LOGICAL UNIT NUMBER. FOR CARD READER 	 5 
NSTA 	NUMBER OF STREAMS CURRENTLY IN USE AT TIME T 	 28 
NT 	TEMPORARY INTEGER 
NYRPRJ NUMBER OF YEARS OF PROJECTION OR SIMULATION 	YRS 	50 
CC 	OPERATING CMS 	 M$ 
OFF 	VARIABLE FOR THE CODE FOR OFF 	 9 
ON 	VARIABLE FOR THE CODE FOR ON 	 1 
OPTN1 IS THE RECYCLING FEATURE DESIRED 	 YES 

( =0, NO = 1, YES ) 
CP1'N2 MUST STREAM EFFLUENT BE TREATED AT LEVEL 1 	 NO 

( = 0, NO =1, YES ) 
CTHRC FIXED AND VARIABLE COSTS FOR STREAMS, 

RESERVOIRS, WELLS, AND PRCOECTS 
PC 	PIPELINE CCNSTRATNT ON FIDW 	 CFS 
PDQ1-5 PARAMETERS FOR DEMAND EQUATIONS 1-5 
PC 	POPULATION, RATE OF GROWTH OF 	 MOS 	0.0045 
PLEVEL PREVIOUS RESIIAR LEVEL 	 A.F. 	65704.0 
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PLSTQ PERCENTAGE OF LOCAL TO SECCND. TREAT. FLOW 
PLIQ 	PERCENTAGE OF LAWNS TO TOTAL FLOW 
POP 	POPULATION 	 MEN 	150000.0 
PRICE1 PRICE, TEMPORARY VALUE FOR DOESTIC AND 

COMMERCIAL 	 $/TG 
PRICE2 PRICE, TEMPORARt VALUE MR INDUSTRIAL 	 VTG 
PRICEC PRICE, MUNICIPAL 	 $/TG 	0.000 
PRICED PRICE, OF DOMESTIC AND COMMERCIAL WATER 	 $/"X 	0.717 
PRICEI PRICE, OF INDUSTRIAL %%TER 	 MTG 	0.400 
PRICEM PRICE, MILITARY 	 $/TG 	0.000 
PRICEN PRICE, NON-POIABLE WATER 	 $AG 	0.270 
PRL 	PERCEMGE RATIONNING LIMIT 	 0.30 
PROBL P1OBATIL1TY LIMIT WHEN USING RECYCLING TO 	 0.70 

TRIGGER STREAM OR RESIVOR EXPANSION 
PROC 	PROCESS LABELS FOR OPERATION COSTS TABLE 
PROJCT PROJECT ELMS 
PT1-2 PROCESS TYPE, LEVELS 1+2 AWT 
PW 	PRESENT WORTH OF INVESTMENT COSTS ARRAY 	 M$ 

FLOW, AVERAGE INTO EACH LEVEL OF THE AWT 	 MG/D 
QA 	ELM, AGRICULTURE 	 MG/D 
QG 	FLCW, GENERATED AT EACH LEVEL OF Awr 	 M3/t) 
QI 	EWA, IMPORTED WATER (AND LATER THE FLOW 	 MG/) 

RETURNED TO STREAMS) 
QIR 	EWA, IMPORTED ENTERING RECYCLE PROCESS 	 MG/D 
QL 	FLOW, LOCAL WATER 	 MG/D 
QM1-4 FLOW, MAXEMUM AT LEVELS 1-4 	 MG/D 
QMA 	FLOW, NET PER CYCLE AT LEVELS, DESTINED 	 MG/D 

FOR THE RESERVOIR 	 MG/D 
QOL 	ELM, OF LAWN USE 	 MG/D 
QOUT 	EWA, NET MAIN CUT OF THE RESERVOIR 
QRR 	EWA, RECYCLED TO RESERVOIR 	 MG/D 
QR1-4 FLOW, RECYCLED FROM LEVELS 1-4, EXCLUDING 	M3/I) 

THE RESERVOIR 
QS 	FUN, SOLD TO OTHER CITIES 	 MG/D 
QU1-4 FLOW, CUMULATIVE USE AT LEVELS 1-4 	 MG/D 
QUR 	FLOW, CUMULATIVE USE AT LEVEL 4 DESTINED 

FOR THE RESERVOIR 	 MG/D 
INTEREST RATES 

RAIN 	RAINFALL FOR THE CURRENT MONTH 	 INCH 
RAMINV RAINFALL, AVERAGE MR= MONTH 	 INCH 
RATION PERCENTAGE RATIONNING 
RCPL 	RESERVOIR, CONSERVATION PCCE, LEVEL 	 A.F. 	3325.0 
RECYCL RECYCLE SWITCH, ON OR OFF 	 ON 
REVAP RESERVOIR EVAPORATION, MONTHLY 
RIMPRT RESERVOIR, LEVEL OF IMPORT WATER 
RINEEX RAIN INDEX FOR DOESTIC DEMAND EQUATION 
RITL 	RECYCLE ITTERATION ram 	 30 
RLEAK RESERVOIR LEAKAGE 
RLEVEL RESERVOIR, CURRENT LEVEL AT TIME T 	 A.F. 	66743.0 
RLMAX 	RESERVOIR, MAXIMUM LEVEL 	 A.F. 	125614.0 
RLOCAL RESERVOIR, LEVEL OF LOCAL WATER 	 A.F. 	33371.5 
RQIN 	RESERVOIR, EWA IN 
RQOUT RESERVOIR, FLOW OUT 
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RROFF 	RESERVOIR RECYCLE, OFF LEVEL 	 A.F. 	42667.0 
RRON . 	RESERVOIR RECYCLE, ON LEVEL 	 A.F. 	30000.0 
SAWr 	SUMMARY OF ADVANCED WASTE TREATMENT ARRAY 
SEAS1 SEASONAL CUT, BEGMEEDENONTH 	 MOS 
SEAS2 SEASONAL CUT, ENDING MONTH 	 MOS 
SD 	STANDARD DEVIATMON OF THE RANDOM ERROR TERM 

ADDED TO THE DEMAND EQUATIONS 
SKIP 	THE NUMBER OF YEARS OF GENERATED FLOM 

THAT ARE TO BE SKIPPED BEFORE STARTING 
THE SIMULATION 	 0 

SNAME STREAM, NAME OF 
SNQ 	STREAM, NET FLCW 	 CFS 
SQ 	STREAM, VIRGIN EWA 	 CFS 
SQA 	STREAM, TOTAL ANNUAL FLOW 	 CFS 	0.0 
SQ12 	STREAM, 12 MONTH REM 	 CFS 	0.0 
SSS 	SUMMARY OF SUPPLY IN STORAGE ARRAY 
STA 	STREW INDEX FOR 
STNO 	STREAM, STATION NUMBER 
STQ 	SECONDARY TREATED FLOW 	 M3/t) 
SW1 	SWITCH, INDICATOR FOR LEVEL 4 WATER. DEMAND 
SW2 	SWITCH, INDICATOR FOR FIRST PASS THRU LEVEL 4 

FOR RECYCLING TO THE RESERVOIR 
SW3 	swrrai, INDICATOR FOR FULLFILLMENT OF DEMAND 

AT THE CURRENr AWT LEVEL ON THE CURRENT PASS 
SWD 	SUMMARY OF WATER. DEMANDS ARRAY 

TIME, CUMULATIVE IN MONTHS 	 MOS 
TAPE1 LOGICAL UNIT NUMBER FOR STREAM FLOW DATA 	 15 
TAPE2 LOGICAL UNIT NUMBER FOR IDS NQ DATA DEVICE 	 16 
TAPE3 LOGICAL UNIT NUMBER FOR INTERMETPFSSAGES 	 17 
TITLE TITLE, TO APPEAR ON EACH PAGE 
TEMPI TEMPORARY REAL NUMBER 
TEMP2 TEMPORARY REAL NUMBER 
TEST 	TEST VALUE OF MR BEFORE LEVEL 4 TREATMENT 
TQIR 	TOTAL FLOW RECYCLED FROM THE USERS DURING THE 

CURRENT MONTH 	 MG/D 
TYPE 	TYPE OF WATER IN STREAM (LOCAL OR IMPOEC) 
VC 	VARIABLE COSTS FOR EACH INCREMENT TO STREAMS 

RESERVOIRS, ICEIS OR PROJECTS 
VOLR 	VOLUME OF THE RESERVOIR 
WQR 	WATER QUALITY CE 	RESERVOIR 	 70.0 
X5-7 	TEMPORARY VARIABLES 
X 	TEMPORARY REAL ARRAY 
XPLN 	THE CURRENT PLAN REMIND) FROM THE PLANNING 

FILE 
YR 	YEARLY INCREMENT 	 YRS 
YRST 	STARTING YEAR OF THE SIMULATION 	 DATE 	1972 

TEMPORARY ARRAY 
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