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ABSTRACT

Tucson, Arizona's population depends on its natural water supply

as the largest community in the nation to rely entirely upon groundwater.

With a population growth rate of 41/2 percent a year, Tucson's groundwater

levels have been declining.

State Urban Land, available for urban development in the Tucson

area, is largely located where groundwater supplies are limited. If

these lands are to be developed, insitu surface water supplies have to

be utilized.

This study examines an actual planned subdivision case study,

Fairway Villas, along with existing water harvesting technologies. The

case study and existing technologies are then incorporated into two

additional schemes of design and compared. Comparisons of the potential

runoff and economic feasibility were made.

The two redesigned subdivision schemes indicated the runoff

potential of the sites is enough to supply the subdivision with water

for all landscape needs in both cases. Economically, the two additional

schemes become feasible at a water rate increase of 7 and 10 percent,

respectively.

The State Land Department has the potential to fully develop

their Urban Land near Tucson if alternative water supplies, such as

water harvesting, are utilized.

ix



CHAPTER 1

INTRODUCTION

The population of Tucson, Arizona, has always depended on its

natural water supply. The Santa Cruz River, lifeline and immigration

route for early Spanish and Indian settlers, flowed quietly northward

from Mexico through a wide valley lined with trees and brush. Eight

hundred arable acres made up the Tucson Basin in the 1600s, providing a

few hundred Indians and an equal number of Spaniards an existence

(Sonnichson, 1982).

The Santa Cruz River attracted many people to Tucson. Close

proximity to mines and transcontinental travel routes attracted still

more people. The Indians and Spaniards never expected such an

onslaught. Since then, rapid growth has been a serious concern.

With more than a half million residents in 1980--an increase of

175,000 from a decade earlier--Tucson's population is growing at a rate

of more than 41/2 percent a year (Sonnichson, 1982). At this rate, the

population of Tucson is expected to double in 16 years. The growth rate

has placed great pressure on Tucson's natural resources.

The oldest and most constant concern continues to be water. As

the largest community in the nation to rely entirely upon groundwater,

Tucson's area pumpage is currently exceeding natural recharge, and as a

result, groundwater levels have been declining.

1
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Located in the upper Santa Cruz Subbasin, Tucson withdraws water

from the upper Santa Cruz and Avra Valley groundwater subbasins

(Figure 1). Of the estimated 395,000 acre-feet withdrawn from these

subbasins, urban water usage accounted for 123,000 acre-feet. The

remaining 272,000 acre-feet was consumed by principally agriculture and

mining (McNulty, 1983).

Currently, the total dependable supply for the basin, that is

the total amount of natural recharge, does not exceed 160,000 acre-feet

per year (AFY); therefore, the difference from the 395,000 acre-feet

withdrawn, 235,000 AFY, must come from groundwater storage as aquifer

overdraft (Dutt et al., 1983). Importation of water through the Central

Arizona Project and reuse of effluent will reduce, but not eliminate,

the need for more water to meet the continuous growing urban needs of

the city.

In Tucson, urban development will be limited unless additional

water can be provided. While diverting water from agriculture would

provide sufficient water for growth, the demand for agricultural

products is expected to double in the next 30 to 40 years. As competi-

tion for and the price of conventional water sources continue to climb,

the economic potential of Tucson's alternative sources improves.

The greatest potential for augmenting available water supplies

in the Tucson area rests in the collection and conservation of precipi-

tation (Flug, 1980). Other sources of water such as deep wells, inter-

regional water transfer, desalination, and iceberg exploitation are

prohibitively expensive (Dutt et al., 1981). Even in a desert climate
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such as Tucson's, an average of 300,000 gallons of rainfall are received

per acre per year. This is enough to meet the needs of four to five

people, assuming the current Tucson average of 166 gallons per person

per day (SAWARA, 1983). If landscapes were watered with "gray water,"

recycled water from laundry and personal washing, the rainfall on one

acre would meet the water demand of nine to ten people. The driest year

on record in Tucson recorded more than 150,000 gallons per acre of

rainfall (Cluff, 1983). Therefore, even during dry years the water

supply from precipitation on an acre of land would meet the needs of two

to three people.

History

Water harvesting is an ancient technology of obtaining water

which has received renewed interest in recent years as a viable means to

increase water supply. Over 4,000 years ago, farmers in the Negev

Desert of Israel cleared hillsides to increase rainfall runoff and

directed the runoff water to cultivated fields in the valleys (Evenari

et al., 1961). Collecting runoff from the roofs of buildings and

storing the water in cisterns or tanks is still used in some areas as a

source for domestic water supply (Myers, 1975). Generating technologies

to collect rainfall where precipitation was as little as 100 mm, the

Navataeans collected and directed the runoff from the hills toward lower

areas to irrigate established crops (Garduno, 1980). Evidence indicates

that rain was harvested in Mexico and some South American countries for

agriculture, livestock, and human purposes before the arrival of the

Spaniards (Garduno, 1980).
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During the 1950s, studies were conducted on a variety of

materials that would improve these ancient technologies. Water har-

vesting was not recognized as a cost effective means of water supply

until durable, easily installed, low cost methods and materials were

developed primarily for increased agriculture production in arid

environments (Frasier et al., 1983).

Early efforts in water harvesting at the U.S. Water Conservation

Laboratory in Phoenix, Arizona, were directed primarily at supplying

water for livestock on semiarid rangeland (Myers et al., 1974).

Research expanded to include the study of harvesting water for crops

(Ehrler et al., 1978). As water becomes critical, it is inevitable that

water harvesting should evolve into the urban scene (DeCook, 1983). The

shift in research emphasis from livestock to crops to domestic use has

not changed the broad, basic approach of water harvesting.

Definitions 

The term "water harvesting" is used to describe the process of

collecting and storing water from an area that has been designed to

increase precipitation runoff.

A "water harvesting system" is the complete facility for arti-

ficially collecting and storing precipitation runoff (Frasier et al.,

1983). It is composed of a catchment or water collecting area, a water

storage area, and various other components such as piping, evaporation

control, and pumps for retrieval. Design of water harvesting systems is

site specific. Variability of climate, soils, topography, and water
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requirements require that each system be specifically designed to fit

local site conditions.

The "catchment area" is the component that collects precipita-

tion. Any area impermeable to water can be used as a catchment. Paved

roads and roofs of buildings are examples of urban surfaces designed for

other uses which can be modified for water collection.

The "storage area" is the component of a water harvesting system

that stores the collected water until it is needed. Any area that

prevents water loss due to seepage is a potential means of storage.

Typical storage tanks are earthen reservoirs, lined pits, and various

steel, plastic, concrete, or wooden tanks (Frasier et al., 1983). These

reservoirs may be completely enclosed or open at the top.

An estimated 95 percent of precipitation in arid and semiarid

regions of the world is lost to evaporation (Peterson, 1970). A small

reduction in evaporation losses would substantially increase the quan-

tity of water available to agriculture, industry, and municipal concerns

(Flug, 1970). Open storage areas for water harvesting systems require

some means of reducing or preventing water loss by evaporation. Typical

evaporation control measures are roofs over the area or covers floating

on the water surfaces (Frasier et al., 1983).



CHAPTER 2

PROBLEM STATEMENT

Fairway Villas subdivision is fairly typical of existing resi-

dential developments occurring in Tucson, Arizona. Located adjacent to

State Urban Land, this subdivision provides an opportunity to demon-

strate the development potential for such lands.

These undeveloped State Urban Lands present a management chal-

lenge and an untapped economic potential. Without the benefit of water

harvesting, these lands may be ignored as potential development sites in

Tucson's future. The objective of this study is to identify alternative

subdivision design concepts that may enhance available surface water for

development purposes.

Using simple water harvesting technologies, Fairway Villas could

be designed to lessen its dependency on groundwater. The alternative

designs developed herein for Fairway Villas will attempt to demonstrate

the potential of urban water harvesting for the future development of

State Urban Lands in Arizona.

State Urban Lands Concern

During 1981 the State of Arizona passed House Bill 2001 pertain-

ing to state-owned lands. The passing of this "Urban Lands Bill" made

state land within the Tucson metropolitan area available for urban

7
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development. A general plan and a development plan must be prepared

prior to sale and development of these lands. The development plan must

contain specific provisions for the use, development, and management of

these "State Urban Lands." In the Tucson area, the provision for the

delivery of an assured water supply is a critical part of the develop-

ment plan that could limit the development of state land. The developer

is required to demonstrate the ability to provide sufficient water of

adequate quality to satisfy the water needs of the proposed use for at

least 100 years (McNulty, 1983).

Unfortunately, most of the lands designated as State Urban Lands

in the Tucson area are located where groundwater supplies are limited

and where there are excessive costs to extend city water supply lines.

If these lands are ever to be developed without further depleting the

water supply of the basin, insitu surface water supplies will have to be

developed. This development would provide substantial additional income

to the State Trust.



CHAPTER 3

WATER HARVESTING TECHNOLOGIES

This is not meant to be an exhaustive list of water harvesting

technologies. Rather, it consists of those technologies that, in the

author's opinion, are the most appealing and applicable to the urban

scenario.

Catchment Areas

Two varieties of catchment areas, micro-catchments and larger

catchments, can be applied to Fairway Villas. Micro-catchments are

those smaller impervious areas that provide immediate water by concen-

trating rainfall where needed. Group or single plantings are places

that benefit from those smaller catchment areas. Larger catchment areas

are those larger impervious surfaces where water flows from and is

directed toward a storage area to be used later. Overflow from plant-

ings is also included in the larger catchment discharge. Stored water

may be pumped back during droughts for landscape or domestic use.

Catchment Types 

Land Alterations

The use of landform is one of the most basic ways to influence

water efficiency. Smoothing, compacting, and altering the topography

9
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are techniques to increase and direct runoff. They increase runoff

substantially and require little skill or equipment (Cluff, 1978).

A compacted earth or "roaded catchment" requires some equipment

to install, however, hand labor and automobiles have been successful in

establishing compacted soil. In general, soil types which can be com-

pacted should contain not less than 3 percent clay and not more than 25

percent gravel retained on a 3/16th-inch screen (Carden, 1970). A

compacted catchment can yield 35 to 50 percent runoff efficiency if

properly constructed (Cluff, 1982).

Fairway Villas' soil, which consists of Pinaleno Sandy Loam, is

a suitable soil for this technique. Roaded catchments may be used in

the front and back yards, however, these catchment areas may be diffi-

cult to maintain due to weed invasion and erosion.

Chemical Treatments

Sodium salts, when mixed into the soil, reduce the permeability

by dispersing the clay fraction while leaving the soil natural looking.

These salts may be referred to as dispersing agents and include, but are

not limited to, sodium chloride, sodium carbonate, sodium silicate, and

sodium polyphosphate (Cluff, 1978). After the site is cleared of all

vegetation, salt is mixed into the upper portion of the soil. Following

a rainfall of at least one-half inch, the catchment is compacted (Cluff,

1978). These chemical treatments work only on the clay fraction and may

not be effective on Pinaleno Sandy Loam present in the case study sub-

division.
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Paraffin Wax

Another relatively cheap material for catchment areas which can

be used in front and back yards is paraffin wax. This treatment con-

sists of applying a low-melting point paraffin wax, usually sprayed onto

a prepared catchment surface in a molten form (Frasier et al., 1983).

When heated by the sun on warm days, the wax penetrates the soil to a

depth of one-fourth to one-half inch (Frasier et al., 1983). Each soil

particle is coated with wax and a water repellent surface is acquired

(Figure 2).

Paraffin wax has been demonstrated to have an efficiency of 90

percent on several different types of soil (Cluff, 1978). Paraffin wax

treated soil looks natural and if used in the front yard won't effect

the existing design. The back yards may be waxed in those areas where

vegetation is not desired, leaving planting areas permeable to receive

runoff.

Paraffin wax treatment is relatively low in cost (Frasier et

al., 1982). Water quality is excellent for immediate use and each time

the soil temperature reaches the melting point of the wax, the treatment

permeates deeper. The treated soil must be free of large rocks and hot

days are needed to melt the wax. Within two to three years, soil

stabilization by wax is negligible and the treated unstabilized soil may

gradually erode from the surface (Frasier, 1981).

Gravel-Covered Plastic

This catchment treatment is an established landscape practice

but its potential as a catchment in the urban scene has not fully been
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Figure 2. Paraffin wax detail.
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realized. Inexpensive polyethylene covered with a layer of small gravel

provides excellent quality runoff and is not dependent on soil types

(Figure 3) (Cluff, 1978).

The average runoff, although influenced by the storm type and

thickness of the gravel layer, is usually a very high percentage

(Matlock and Shaw, 1966). This treatment may be used in low traffic

areas in the front or back yard. High traffic volume may puncture

plastic and reduce runoff efficiency.

Roofs

The roofs of the houses on the case study site create a large

catchment area that is provided but can be improved at little cost. The

area, form, and type of roof covering affect the amount and quality of

water collected (DeCook, 1983). The existing asphalt shingled pitched

roofs are smooth and should yield water at a rate consistent with maxi-

mum rainfall intensities. Gutters and downspouts should be appropriately

sized to handle the heavier rainstorms, as indicated by the long-term

maximum five-minute intensity of rainfall (DeCook, 1983). In general, a

6-inch rectangular width or diameter of gutter and a 4- to 6-inch diameter

of downspout will serve the average single-family Tucson residence,

depending upon the length, location, and slope of the gutter (DeCook,

1983).

Drives

Driveways serve as another existing catchment area. The water

flow from the drives can be better controlled by placing a small lip
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lengthwise along both sides of the drive (Figure 4). This lip causes

water to flow to the street with little lost to the sides. This water

is then added to the street flow and into storage for later use. Runoff

efficiency on roofs and drives should be high due to their impermeable

surfaces.

Streets

The existing streets create the largest catchment area. In the

urban scenario, streets make up a catchment at little or no additional

cost but can be improved, in the planning stage, by selection of

specific impermeable surfaces.

Storage Area

Although there are many materials available for construction of

storage reservoirs, this is not an attempt to name them all. Rather, it

is an attempt, in the author's opinion, to name those materials that are

most appealing and compatible with an urban water harvesting system.

Storage types vary depending on the topography, soil charac-

teristics, labor, materials, and funds available. On gently sloping

land, such as Fairway Villas, the optimal type of storage would be an

earthen reservoir due to the catchment-to-storage distance that is

present. On slopes such as those existing at Fairway Villas (0-5 per-

cent), a 10-foot high tank would have to be located more than 200 feet

downslope from the catchment (Frasier et al., 1983). Some catchment

areas are located adjacent to the storage making it necessary for the

reservoir to be of a low profile.



16

Figure 4. Section of lipped drive.
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Seepage Control 

Soil Cement

This seepage control treatment consists of a mixture of portland

cement, existing soil, and water. Usually used on shallow storage areas

without steep slopes, this treatment is dependent on existing soil

types. Portland cement can be tilled six to eight inches into the soil

while water is added. The mixture is then compacted until finished

thickness is obtained.

Synthetic Membrane Liners

Liners such as polyethylene, butyl and hypalon rubber, polyvinyl

chloride, and chlorinated polyethylene are easily installed, effective

seepage controllers. Covered with earth, the membrane is protected from

mechanical damage and seepage is reduced due to unwanted punctures.

Concrete Liners

Poured concrete, usually two to four inches, is another useful

control for seepage that is available for an urban water harvesting

system (Cluff, 1978). Concrete, properly installed, should be well

cured to obtain resistance to weathering (Cluff, 1978).

It is the author's opinion that, currently, the most visually

attractive of the concrete liners consist of mortar-covered plastic.

The reservoir embankment surface and reservoir bottom is lined with

polyethelene plastic then one-inch wire mesh and covered with a thin

layer of mortar to coat the wire mesh. The mortar can also be applied

using gunit equipment (Cluff, 1978). Sprayed mortar on unsmoothed soil,
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plastic, and wire mesh contributes to a more natural look. This tech-

nique may also be used for catchment as well as storage areas. For

catchment areas, a lighter grade, less expensive plastic could be used.

Evaporation Control 

Compartmented Reservoir

The compartmented reservoir is a system that could be easily

applied to urban reservoirs. This system utilizes beams to divide a

conventional shallow reservoir into two or more different parts or

compartments (Cluff, 1977). The water is concentrated in as few com-

partments as possible by the use of a low head, high capacity pump.

This reduces the surface area, thus a decrease in evaporation occurs.

Rock-Filled Reservoir

Another type of evaporation control that can be used is a rock-

filled reservoir. In this type of storage, water is stored in the voids

of rocks 12 inches (304 mm) or more below the surface (Cluff, 1978).

This system is preferred where an open reservoir may not be desired due

to safety reasons. Colored or contrasting rocks used on top of the

rock-filled reservoir can be an attractive addition to the landscape and

also provide significant evaporation suppression.

Floating Covers

Covers that float on the surface of the stored water are another

form of evaporation control. This system can be used in conjunction

with the compartmented reservoir. Numerous materials can be used as
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covers. Cluff (1983) has used plastic balls of various sizes for suc-

cessful evaporation control. In an urban water harvesting system, these

materials may be appealing depending on the effect desired.

Polystyrene rafts coated with various types of coatings to

protect them from destruction have been used. Low-density expanded

polystyrene impregnated with wax increases the strength of the foam

while weatherproofing it (Cluff, 1978). This process has been patented

(U.S. Patent Number 4,079,170) (Cluff, 1978). Another promising cover

in which a patent application has been filed (Cluff, 1983) is stucco

coated polystyrene rafts. This type of raft utilizes a unique method to

hold the stucco coating to the foam. This cover creates a natural-

looking island that would be an appealing part of an urban water

harvesting system. It can be constructed to support foot traffic,

picnic, ramadas, or plant materials.



CHAPTER 4

STUDY PROCEDURE

The procedure of this study is accomplished by examining an

actual planned subdivision case study, Fairway Villas, currently being

constructed by the Estes Corporation, Tucson, Arizona. The study is

accomplished in five phases. These phases are as follows.

Phase One

Presentation of water harvesting technologies that may be appli-

cable in the urban scenario was accomplished in Chapter 3. Although

water harvesting systems have existed for thousands of years, they were

principally functional in design. The urban scenario introduces new

situations to consider. Aesthetics are of primary concern in urban

water harvesting developments. Chapter 3 presents those water --harvest-

ing technologies that, in the author's opinion, are most compatible with

the case study subdivision.

Phases Two, Three, and Four

Chapter 5 consists of Phases Two, Three, and Four, which contain

the three schemes presented in this thesis.

Scheme one, existing case study subdivision design, is essential

for comparison of the three schemes. Natural and developed factors and

20
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human influences are compiled to provide a site-specific data base.

These factors include:

1. Existing subdivision plan

2. Predevelopment topography

3. Development topography

4. Types of surfaces present

5. Precipitation patterns

6. Water consumption (indoor versus outdoor).

Scheme two consists of subtle water harvesting technologies

incorporated into the original case study design. Using existing and

additonal impermeable surfaces as catchment areas, Fairway Villas'

runoff potential may be efficiently utilized with the additional catch-

ment systems and specific landscape strategies. Location of a water

harvesting reservoir is included as well as design and suggested build-

ing materials. Other miscellaneous treatments such as addition of

gutters and downspouts on roof tops, detailed planting designs, and

suggested plant materials are included. Design suggestions for a con-

veyance system are included due to the increased amount of runoff and

need to direct flow to the reservoir.

Scheme three consists of all those technologies included in

scheme two in addition to an increase of impermeable surfaces. The

backyard sections of the subdivision consist of areas which may be

easily modified to contain an increased amount of impermeable surfaces.

Additional impermeable surfaces in these sections may be achieved

through modified landscape design. An example of a conceptual landscape
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plan is presented which consists of a high amount of impermeable

surfaces. The addition of these impermeable surfaces adds to the runoff

potential of the Fairway Villas subdivision.

Phase Five 

The fifth phase is accomplished in Chapter 6. Phase five con-

sists of comparison of the three schemes. The runoff potential for each

of the three schemes is calculated. Also, the sizing of the storage

reservoir for schemes two and three is included. These calculations

illustrate the change that can occur with the addition of water har-

vesting treatments. The three schemes are also analyzed economically.

Partial budget analysis was used to compare the economic changes from

scheme one to scheme two and from scheme two to scheme three.

Study Area

Tucson, Arizona, was selected for this study because of its

increasing need for alternative water sources. The residential sub-

division, Fairway Villas, currently being constructed by the Estes

Corporation, was selected as the urban residential development area.

This subdivision is ideal due to its proximity and similarity to State

Urban Land in the Tucson area.

Fairway Villas subdivision is located in the west half of the

southwest quarter of Section 34, Township 14 South, Range 15 East, Gila

and Salt Base and Meridian, Pima County, Arizona. It is located at the

northeast corner of the intersection of Irvington and Camino Seco Roads,

in the southeast portion of the City of Tucson. This subdivision, which
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is approximately 15.3 acres, is bounded on the north and east by unsub-

divided State Urban Land, on the south by a 100-foot easement to Tucson

Electric Power Company and Irvington Road, and on the west by Camino

Seco Road (Figure 5).

Fairway Villas consists of single story, single family attached

residences on approximately 3,600 square foot lots. Approximately 40

percent of the proposed development land surface will be impervious due

to the housing units, streets, and sidewalks. The remainder of the

proposed development will be landscaped.
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CHAPTER 5

PRESENTATION OF THREE SCHEMES

Scheme One

Scheme one consists of baseline case study conditions. These

conditions gathered examine the site conditions peculiar to Fairway

Villas subdivision and provide a basis for comparison for schemes two

and three.

Existing Subdivision Plan

The Fairway Villas master planned development is scheduled for

completion in 1984 (Figure 6). The subdivision consisting of 128 homes,

when completed, is meant to represent a trend in future housing due to

the reduced lot size and house size (850 square feet to 1,100 square

feet) and resulting lower price (Figure 7). The single-family attached

dwellings are all of consistent design with pitched asphalt shingle

roofs. No drain pipes are present and roof runoff falls freely to the

drip line below.

The front portion of each property consists of a single car

drive, sidewalk, and a desert landscaped yard. The desert landscapes

consist of native vegetation and crushed gravel. The native vegetation

includes Hesperaloe pariflora (Red Yucca), Parkinsonia aculeata (Mexican

25



Figure 6. Plan view of Fairway Villas subdivision.
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Figure 7. Plan view of the choices of house design.

27

ft
ASTER BEDROOm

rj
i mT14

LEONG ROOM

BEDROOM

nARAGE



28

Palo Verde), and Agave species. The landscaped area does not define

property lines which makes the two attached front yards appear to be one

yard.

Predevelopment Topography

The undeveloped parcel where Fairway Villas is located is

typical of State Urban Lands located southeast of Tucson (Figure 8).

The predevelopment topography consists of a gently sloping ridge lying

within the subdivision. Elevation on the northeast corner is 2,780

feet, with the southeast corner's elevation being 2,774.4 feet. The

southwest corner's elevation is 2,788 feet and the northwest corner has

an elevation of 2,775 feet.

There is one fairly large channel that crosses the property

entering the subdivision along Irvington Road and exiting along Camino

Seco Road (Figure 9). The several small channels which enter the pro-

posed subdivision are very localized in nature and will not contribute

significantly to the overall drainage quantities.

Development Topography

The existing large channel that goes through the subdivision has

been diverted. The diversion channel is located just south of Irvington

Road on Davis Monthan Air Force Base leased land.

Fairway Villas consists of a surface storm drain system. The

runoff will be carried from the individual properties to the streets

with a maximum depth of one foot (Trimble, 1983). The streets will
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Figure 9. Map showing diversion channel.
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carry only flow generated in the subdivision. Water flowing from the

watershed above the subdivision is included in the diverted channel

along Irvington Road.

Precipitation flows from the back of the lots to the street.

The exception is those lots that are between Lincoln Ridge and Joshua

Drives. The water flows across the back of these lots to the sides.

The runoff in the streets flows from the east and south to the

northwest corner of the subdivision. This flow then enters an existing

48-inch culvert/drop structure. The water then flows under Camino Seco

Road where it is discharged into an existing improved channel that runs

northwesterly toward Atterbury Wash (Figure 10).

Types of Surfaces Present

The impermeable surfaces present in Fairway Villas consist of:

Asphalt shingle roofs	 108,800 sq. ft.

Concrete walks/drives	 31,684 sq. ft.

Asphalt roads	 154,145 sq. ft. 

Total	 294,629 sq. ft.

The permeable surfaces present in Fairway Villas include (assuming the

back yard areas consist completely of permeable materials with the

exception of the existing patio):

Back yard area	 51,016 sq. ft.

Front yard area	 320,823 sq. ft. 

Total	 371,839 sq. ft.



I A,	

Figure 1 . Direction of water flow on the site.
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Precipitation Patterns

Rainfall data from 1895 to 1982 are shown in Table 1. The

average yearly rainfall during the 87-year period is 196.9 mm (10.61

inches) (Department of Water Resources, 1983).

Water Consumption

The daily per capita water use statistics (gallons per person

per day) are determined by dividing the total annual water pumpage by

the service area population. This daily per capita water use includes

water used by residential customers, including single-family groups,

duplex and triplex groups, multi-family residential groups, commercial

groups, industrial groups, and water system losses.

Although occupancy is not at this time 100 percent in the

Fairway Villas subdivision, it is estimated by the Tucson Water Planning

Department that each resident will consume between 110-115 gallons per

day. This is below figures typically seen for residential consumption

due to the trend in the Tucson area or duplex and triplex groups typi-

cally using the least amount of water per household.

Of that 110-115 gallons per person per day, it is estimated that

40 percent will be used outdoors and 60 percent for indoor use (SAWARA

1983). Outdoor usage consists of irrigation, swimming pools, etc., and

indoor usage includes drinking and cooking, laundry and dishes, bathing,

and toilet use (SAWARA, 1983).
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Table 1. Rainfall data.

Year	 mm Rainfall
	

Year	 mm Rainfall

1895 281.2 1939 179.1
1896 289.3 1940 365.0
1897 273.6 1941 396.2
1898 323.1 1942 204.5
1899 212.9 1943 251.7
1900 197.9 1944 338.3
1901 246.9 1945 193.8
1902 210.3 1946 345.9
1903 223.5 1947 142.2
1904 199.9 1948 168.4
1905 613.9 1949 178.8
1906 297.7 1950 203.9
1907 357.9 1951 317.2
1908 356.6 1952 269.5
1909 259.3 1953 164.3
1910 248.9 1954 287.3
1911 283.7 1955 277.6
1912 249.9 1956 147.8
1913 236.7 1957 339.1
1914 505.5 1958 352.5
1915 284.7 1959 263.9
1916 322.6 1960 310.1
1917 271.8 1961 347.9
1918 223.0 1962 319.5
1919 457.5 1963 320.8
1920 272.3 1964 308.6
1921 350.0 1965 227.0
1922 238.5 1966 251.2
1923 386.6 1967 104.1

1924 128.8 1968 133.9
1925 247.4 1969 227.5
1926 308.6 1970 143.5
1927 247.4 1971 366.0
1928 165.1 1972 326.9
1929 232.9 1973 213.9
1930 267.2 1974 228.3
1931 412.5 1975 311.2
1932 277.9 1976 309.1
1933 243.8 1977 332.9
1934 217.9 1978 183.9
1935 399.3 1979 287.3
1936 309.6 1980 167.9
1937 214.1 1981 147.6
1938 225.8 1982 188.5
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Scheme Two 

The second scheme's objective is to incorporate subtle water

harvesting technologies in the existing Fairway Villas subdivision

design.

Catchment Areas

Paraffin wax and/or sodium chloride can be used in those areas

that consist of a soil surface where activities take place or areas that

are intended to be natural in appearance. Those areas exist in the back

yard where entertainment and play occur or plant materials exist. The

treated areas create micro-catchments that should be sloped toward

plantings.

Gravel-covered plastic should be used in areas where activities

are low. The front yard is an optimal area where gravel-covered plastic

may be used. Sloping the treated catchment area toward the street will

allow the excess water to connect with the flow from the larger street

catchment.

The streets are the largest catchment area. No modification

will have to occur as they are currently paved.

Storage Area

An optimum location for the placement of the storage reservoir

is the northwest corner of the Fairway Villas subdivision (Figure II).

As a relatively low lying area and the entrance to the subdivision, the

reservoir can be an attractive point. The storage reservoir should be

compartmented to control evaporation. The reservoir should be shaped



Figure 11. Location of storage reservoir.
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into a natural configuration, rather than a square as most agriculture

storage reservoirs are, to integrate the functional receptacle into a

lake that can be the core of a neighborhood park (Figure 12).

The recommended treatment for the storage reservoir is rein-

forced mortar-covered plastic. This treatment can be formed to any

shape and, if needed, steep sloped sides can be formed. With this

treatment, depth and shape are not limited and the desired natural form

can be achieved. The mortar-covered plastic is desired in a public

setting due to its resistance to abuse if the water level should become

low and activities occur on the treated surface.

To better control evaporation, gunited stucco-coated polystyrene

rafts can be built to resemble islands. Depending on the size of the

reservoir, the islands can be moored in the middle of the lake to pre-

vent direct access or connected to the side to permit foot traffic.

These rafts can support people of various sizes along with some vegeta-

tion (Cluff, 19 83)._

Miscellaneous Essential Treatments

Roofs. Since there are currently no gutters or downspouts (the

water runs freely in all directions off the rooftops), collection of

precipitation could be accomplished through the addition of them

(Figure 13). The water released from added downspouts should be placed

so that water provided by the roof is released in the front yard only.

This approach is essential so that excess water does not get trapped in

the back yard.
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Plantings. Placement of vegetation is an important part of

water harvesting in the agriculture scene and should be equally as

significant when planning an urban system. When landscape planning

occurs, it should be noted where water is released from downspouts and

plants should be placed to receive the benefit. Strategically placed

plantings are one of the simplest ways to enhance the landscape.

A planting basin is one technique to store precipitation around

plants (Figure 14a). A wide basin is formed around the base of a plant

or group of plants where water collects. Rocks can be used as an

appealing mulch to reduce evaporation and also serve as a small storage

for water. Overflow from the basin will connect with the adjacent

catchment system. Backfill should be placed below ground level. Low

basins allow the vegetation to receive as much precipitation as possible.

A modified basin can be used in the front yards where soil

slopes downward toward the street. A basin built with one high side

will provide more precipitation by slowing down runoff and increasing

percolation rates (Figure 14b).

Vegetation will survive only if there is an adequate amount of

untreated surface area to allow needed water around the base of plants

(Figure 15). Micro-catchments should end just before the drip line to

ensure reception of available water. All plantings should include a

rock-filled basin or modified basin.

Drought tolerant species of plants should be the primary choice

of plant materials due to their appeal and ability to withstand dry
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Figure 14a. Detail of planting basin.

Figure 14b. Detail of modified planting basin.
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Figure 15. Placement of catchment treatment in relation to plant
materials.
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spells (Table 2). Drought tolerant species have the greatest chance

for survival due to their ability to withstand long periods without

water.

Placement and type of vegetation is as important when con-

sidering a water harvesting system for the urban scene as in agriculture

systems. Landscape planning must occur at the start of the water har-

vesting plan to ensure the maximum benefit from the treatments.

Catchment/Storage Conveyance

It is essential that the existing surface storm drain system be

of adequate size to facilitate the increase in runoff. If considered in

the planning stages, the surface drainage system can become a design

element. Collection channels that lie parallel to the streets can be

appealing and a useful, conscious part of the water harvesting system.

Constructed with a contrasting material such as colored concrete, the

collection channel can substitute as a bikeway during dry seasons

(Figure 16).

Due to the layout of the subdivision, the storage facility is

located some distance from certain catchment areas. The surface drain-

age system may include provisions for trapping sediment near the storage

reservoir. The drainage conveyance must be of sufficient size to carry

the water collected during high intensity storms from the catchment

without accumulation. The bike path surface and subsurface drainage

conveyance on Windrose, Almond, Boojum, Lincoln Ridge, and Joshua Drives

should have a minimal cross-sectional area of 0.6 to 0.8 ft
2 for every

quarter of an acre of catchment (Frasier, 1983).
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Table 2. Drought tolerant plants for Tucson, Arizona (from Sunset
New Western Garden Book).

TREES

Acacia
Aesculus californica
Ailanthus altissima
Albizia julibrissim
Cedrus deodara
Cercidium
Eriobotrya japonica
Eucalyptus
Fig, Edible
Koelreuteria paniculata
Maclura pomifera
Melia azedarach
Olea europaea
Parkinsonia aculeata
Populus fremontii
Rhus lancea
Schinus molle
Tilia tomebtosa
Zizyphus jujuba

SHRUBS

Acacia
Arbutus unedo .

Art emisia
Caisalpinia gilliesii
Callistemon citrinus
Caragana arborescens
Cassia artemisioides
Cercis occidental-is
Chamelaucium unsinatum
Chamaerops humilia
Cistus
Convolvulus cneorum
Crassula argentes
Crassula falcata
Cupressus glabra
Dales spinosa
Dodonaea viscosa
Fallugia paradox&
Fremontodendron
Hakea
Heteromeles arbutifolia
Hypericum calycinum
Lagerstroemia indics
Lantana
Leucophyllum frutescens
Lysiloma thornberi
Nerium oleander
Plumbago auriculata
Prosopsis glandulosa

SHRUBS (continued)

Prunus caroliniana
Prunus ilicifolia
Prunus lyoni
Punies granatum
Rhamnus alaternus
Rhamnus crocea ilicifolia
Rhus ovata
Rosmarinus
Salvia clevelandii
Salvia leucantha
Sant olina chamaecyparissus
Simmondsia chinensis
Spartium junceum
Xylosma congestum

PERENNIALS, BULBS, ANNUALS

Achilles
Agave
Aloe arborescens
Amaryllis belladonna
Anacyclus depressus
Baccharis pilularis
Baptisia australis
Carpobro tus
Cleome spinosa
Cortaderia selloana
Cosmos
Hippocrepis comosa
Iris, bearded
Iris, Pacific Coast natives
Leonotis leonurus
Linum
Marrubium vulgate
Narcissus
Oenothera berlandieri
Pennisetum setaceum
Pholmis fruticosa
Fhormium
Portulaca grandiflora
Polygonum cuspidatum compactum
Romneya coulteri
Sisyrinchium ball-urn

VINES

Bougainvillea
Cissus trifoliata
Tecomaria capensis
Wisteria
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A one-horse power, 200 gallon per minute pump is recommended to

transport water from one compartment to the other. This pump should be

enough to also supply water for landscape purposes.

Sediment traps and/or screens may be required on the Fairway

Villas' water harvesting system. If the collected water is to be used

for domestic consumption, traps or screens are essential. These screens

and/or traps must be properly designed, placed, and maintained to pre-

vent clogging.

Backyard Design

Scheme two's backyard design consists of the model homes' land-

scape plan (Figure 17). This existing plan, for the purpose of this

study, has been made 50 percent impermeable. The treated or catchment

areas include sodium salt, gravel-covered plastic, and paraffin wax.

Scheme Three 

The third scheme's objective is to increase the amount of runaff

generated on the site. This is accomplished with the following additions

and deletions from scheme two.

Scheme Two
deletions 

Scheme Three
additions 

'downspouts 'modified downspouts
40 percent increase in
impermeable surfaces in
backyard
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Modified Downspouts

Modified downspouts consist of smaller downspouts to be

installed to allow water to flow at a rate duplicating natural runoff

(Figure 18). Small amounts of water would continually flow down the

small downspouts directly into planted areas. The bulk of the water

will be released onto the larger adjacent catchment area through

adjoining larger downspouts.

Backyard Design

Figure 19 shows a suggested landscape plan that is 90 percent

impermeable. The treatments consist of paraffin wax, gravel-covered

plastic, and sodium salt along with drought tolerant plant materials.

Only those areas immediately surrounding the vegetation are not treated.

This plan, if implemented, would require low maintenance and is com-

patible with the subdivision design's native surroundings.
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Figure 19. Plan view of backyard design for scheme three.



CHAPTER 6

COMPARISON OF THREE SCHEMES

The base data described in scheme one provides a basis for

comparison of schemes two and three. Table 3 illustrates the addi-

tional technologies that define schemes two and three.

Figure 20 illustrates an example of each of the three schemes.

Assuming the impermeable surfaces have a runoff efficiency of 95 percent

and all water that falls on permeable surfaces is unavailable, the

runoff potential for each scheme is calculated.
1 The amount of water

contributed by each scheme may then be compared to the landscape and

domestic use.

Sizing of Storage Reservoir for Schemes Two and Three 

Storage reservoirs included in schemes two and three can be

approximated by a variety of calculating techniques. There is no one

best or low-cost system design. The Compartmented Reservoir Optimiza-

tion Program (CROP), as described by Cluff (1977), is a computer model

that estimates the amount of daily runoff and evaporation rates and

converts them into the size of reservoir needed to meet consumptive

1. The backyard design used in scheme one assumes it to be 100
percent permeable except for the existing patio.

51
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Table 3. Treatments for each scheme.

Treatment Type	 Scheme One
	

Scheme Two	 Scheme Three

CATCHMENT

Chemical treatments 	 X	 X

Gravel-covered plastic	 X	 X

Paraffin wax	 X	 X

Addition of downspouts
and gutters	 X

Addition of modified
downspouts	 X

Additional impermeable
surfaces 

Addition of lip-drive 

STORAGE

Addition of plant basins
(rock-filled)

Addition of compartemnted
reservoir with seepage
and evaporation control	 X	 X
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water use demand. This model is currently being modified and simplified

for use by the general public. The storage reservoirs included in this

study were approximated by a series of hand calculations.

Table 4 shows the amount of runoff occurring on schemes two

and three along with the amount of water storage needed. The consump-

tive landscape use for the subdivision has been reduced from the 40

percent typically used outdoors because of the use of strategically

located plant materials and the use of native and/or drought tolerant

species in schemes two and three. With this reduced landscape consump-

tive use, there is enough runoff generated off the site to supply every

house in the subdivision with water for landscape purposes and more.

The amount of water that needs to be stored in scheme two is

2,866,733 gallons, or 383,253 cubic feet. Divided into two equal com-

partments, each will hold 191,626 cubic feet of water. Compartment A

should be kept as full as possible and water from compartment B should

be pumped into compartment A when possible, due to compartment A's

reduced surface area (Figure 21a).

Scheme three's storage reservoir will have to hold 3,754,026

gallons, or 501,875 cubic feet of water. This should also be divided

into two equal compartments at 250,938 cubic feet each (Figure 21b).

Economic Analysis 

Partial budget analysis was used to compare the incremental

costs and incomes of the base system (scheme one) to scheme two and of

scheme two to scheme three.
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Table 5 illustrates the additional costs incurred in going

from scheme one to scheme two in the form of catchment costs and storage

costs. It also shows the additional income generated by having har-

vested water replace municipal water. The value of harvested water was

discounted over a 20-year planning period using a social discount factor

of 4 percent.

The additional costs of going from scheme one to scheme two are

$69,778.96. If the present water charges ($0.76 per CCF for the first

10 CCF) remain for the next 20 years, then the discounted net present

value of the harvested water is $39,584.83, for a deficit of $30,194.13.

Clearly, the water harvesting system using scheme two cannot pay for

itself if water charges do not increase. However, if water charges

increase, as they most likely will in the Tucson area, then the economic

feasibility of scheme two also increases. Tables 6, 7, 8, 9, and 10

show the increase in discounted net present value under a 3, 5, 7,

and 10 percent annual increase in water charges. Table 11 shows these

increases compared to the costs of scheme two. If municipal water

charges increase a 7 percent per year, the system designed under scheme

two becomes economically feasible. The 10 percent annual increase

pushes scheme two into the highly profitable region.

The comparison of scheme two to scheme three is shown in

Table 12. The incremental costs of going from scheme two to scheme

three involve additional catchment costs due to the increased imper-

meable surface area and modified downspouts and additional storage costs

due to the larger storage reservoir needed. The additional income is



Table 5. Partial budget comparing scheme one to scheme two.

Additional Costs ($)	 Additional Income ($)

Catchment
Chemical

236 ft/house x 128 - 30,208
30,208 x $0.013 - $392.70

Gravel-Covered Plastic
648 ft/house x 128 = 82,944
82,944 x $0.0558 = $4,625

Paraffin Wax
236 ft/house x 128 = 30,208
30,208 x $0.039 = $1,179

Value of Water Savings
2,866,73.3 gallons saved

(3,832.5 CC?)
$0.76/CCF (1983 water rates)
value = $2,912.72

Discounted net present value
of water savings

20-year planning period
4% social discount factor
= $39,584.83

Gutters
$28.44/house x 128 - $3,640.32

Downspouts
$17.97/house x 128 = $2,300.16

Lip Drive (Concrete)
.55 cubic yards/house x 128 x $30
= $2,130

Total Catchment Costs = $14,267.18

Storage Reservoir

Seepage Controla
5,027.7 s. y. x $1.76 = $8,848.75

Evaporation Controlb
24,271.38 s. ft. x $1.25 = $30,339.23

Excavation
14,194.6 c. y. x $1.15 = $16,323.80

Filter System Pumpsc
$3,400.00

Total Storage Costs = $55,511.78

Reduced Income ($)	 Reduced Costs ($)

Total Additional Costs	 Total Additional Income
and Reduced Income = $69,778.96	 and Reduced Costs = $39,584.83

Net Changes	 -$30,194.13

a Compartments A and B, 10 mil PVC plastic lined earth, covered with reinforced mortar 1 inch thick.

Compartment A floating cover, expanded polystyrene foam, covered with 11 inch of mortar 95% of
surface area.

C Pumping and filtration system, 1 h.p., 200 GPM floating pump, slow-sand filteration system.
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Table 6. Discounted net present value of water savings using scheme
two using present water rates for Tucson, Arizona.

Year

Present Value
(Dollars)

1 2,800.693
2 2,692.974
3 2,589.398
4 2,489.806
5 2,394.044
6 2,301.965
7 2,213.428
8 2,128.297
9 2,046.439

10 1,967.73
11 1,892.048
12 1,819.277
13 1,749.305
14 1,682.024
15 1,617.331
16 1,555.126
17 1,495.313
18 1,437.801
19 1,382.501
20 1,329.328

Total 39,584.83

Discount Rate 4%
Income per year, $2,912.72
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Table 7. Discounted net present value of water savings using scheme
two and a 3 percent annual increase in water charges.

Year 3% Increase Total Cost Discounted NPV

1 87.3816 3,000.102 2,884.713
2 90.00304 3,090.105 2,856.975
3 92.70313 3,182.808 2,829.505
4 95.48422 3,278.292 2,802.298
5 98.34875 3,376.641 2,775.353
6 101.2992 3,477.94 2,748.667
7 104.3382 3,582.278 2,722.237
8 107.4683 3,689.746 2,696.062
9 110.6924 3,800.439 2,670.138

10 114.0132 3,914.452 2,644.464
11 117.4336 4,031.885 2,619.037
12 120.9566 4,152.842 2,593.854
13 124.5853 4,277.427 2,568.913
14 128.3228 4,405.75 2,544.212
15 132.1725 4,537.923 2,519.748
16 136.1377 4,674.06 2,495.52
17 140.2218 4,814.282 2,471.525
18 144.4285 4,958.71 2,447.76
19 148.7613 5,107.471 2,424.224
20 153.2241 5,260.696 2,400.914

Total DNPV

52,716.12
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Table 8. Discounted net present value of water savings using scheme
two and a 5 percent annual increase in water charges.

Year 5% Increase Total Cost Discounted NPV

1 145.636 3,058.356 2,940.727

2 152.9178 3,211.274 2,969.003
3 160.5637 3,371.838 2,997.552
4 168.5919 3,540.429 3,026.374
5 177.0215 3,717.451 3,055.474
6 185.8725 3,903.323 3,084.854

7 195.1662 4,098.489 3,114.516
8 204.9245 4,303.414 3,144.463
9 215.1707 4,518.585 3,174.698

10 225.9292 4,744.514 3,205.224

11 237.2257 4,981.74 3,236.044
12 249.087 5,230.826 3,267.16

13 261.5413 5,492.368 3,298.575

14 274.6184 5,766.986 3,330.292
15 288.3493 6,055.335 3,362.314
16 302.7668 6,358.102 3,394.644
17 317.9051 6,676.007 3,427.285
18 333.8004 7,009.807 3,460.24

19 350.4904 7,360.298 3,493.511

20 368.0149 7,728.312 3,527.103

Total DNPV

64,510.05
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Table 9. Discounted net present value of water savings using scheme
two and a 7 percent annual increase in water charges.

Year 7% Increase Total Cost Discounted NPV

1 203.8904 3,116.61 2,996.741
2 218.1627 3,334.773 3,083.185
3 233.4341 3,568.207 3,172.124
4 249.7745 3,817.982 3,263.627
5 267.2587 4,085.24 3,357.77
6 285.9668 4,371.207 3,454.629
7 305.9845 4,677.192 3,554.282
8 327.4034 5,004.595 3,656.809
9 350.3216 5,354.917 3,762.294

10 374.8442 5,729.761 3,870.822
11 401.0833 6,130.844 3,982.481
12 429.1591 6,560.003 4,097.36
13 459.2002 7,019.203 4,215.553
14 491.3442 7,510.548 4,337.156
15 525.7383 8,036.286 4,462.266
16 526.54 8,598.825 4,590.985
17 601.9178 9,200.743 4,723.418
18 644.052 9,844.795 4,859.67
19 689.1356 10,533.93 4,999.853
20 737.3751 11,271.31 5,144.079

Total DNPV

79,585.1
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Table 10. Discounted net present value of water savings using scheme
two and a 10 percent annual increase in water charges.

Year 10% Increase Total Cost Discounted NPV

1 291.272 3,203.992 3,080.762
2 320.3992 3,524.391 3,258.498
3 352.4391 3,876.83 3,446.489
4 387.6831 4,264.513 3,645.324
5 426.4513 4,690.965 3,855.631
6 469.0965 4,160.061 4,078.071
7 516.0061 5,676.067 4,313.345
8 567.6066 6,243.673 4,562.192
9 624.3673 6,868.04 4,825.395

10 686.804 7,554.844 5,103.783
11 755.4845 8,310.328 5,398.233
12 831.0328 9,141.361 5,709.669
13 914.1361 10,055.5 6,039.073
14 1,005.55 11,061.05 6,387.481
15 1,106.105 12,167.15 6,755.99
16 1,216.715 13,383.87 7,145.759
17 1,338.387 14,722.25 7,558.014
18 1,472.225 16,194.48 7,994.054
19 1,619.448 17,813.93 8,455.25
20 1,781.393 19,595.32 8,943.052

Total DNPV

110,556.1
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Table 11. Comparisons of various water charge increases to the cost of
scheme two.

Discounted Net Present Value
(20-year planning period, 4% social discount rate)

3% Annual
	

5% Annual
	

7% Annual
	

10% Annual
Increase
	

Increase
	 Increase
	 Increase

No Increase in
	

in Water
	

in Water
	

in Water
	

in Water

Water Charges
	

Charges
	

Charges
	

Charges
	 Charges  

(dollars)          

39,584.83

Cost of Scheme 2

Net Charges
-30,194.13

52,716.12

69,778.96

-17,062.84

64,510.05

-5,568.91

	

79,585.10	 110,556.10

	

9,806.14	 40,777.14



Table 12. Partial budget comparing scheme two to scheme three.

Additional Costs (5)	 Additional Income ($)

Catchment	 Value of Water Savings

Chemical	 887,293 gallons saved

387.3 s. ft./house x 128 = 49,579 	 (1,186.22 CCF)
49,579 x $0.013 - $644.52	 $0.76/CCF (1983 water rates)

value - $901.52
Gravel-Covered Plastic 	 Discounted net present value

387.3 s. ft./house x 128 = 49,579	 of water savings

49,579 x $0.0558 = $2,766.51 	 20-year planning period
4% social discount factor

Paraffin Wax	 $12,251.95
387.3 s. ft./house x 128 - 49,579
49,579 x $0.039 = $1,933.58

Gutters
3/house x $12 - 536/house
536/house x 128 ,= $4,608

Downspouts
-0-

Lip Drive (Concrete)
-0-

Total Catchment Costs = $9,952.61

Storage Reservoir

Seepage Control
1,556.14 s. y. x $1.76	 $2,738.81

Evaporation Control
7,515.36 s. ft. x $1.25 - $9,394.20

Excavation
4,393.4 c. y. x $1.15	 $5,052.41

Filter System Pumps

Total Storage Costs - $17,185.42

Reduced Income ($) Reduced Costs ($)
Gutters $28.44/house x 128

$2,300.16

Total Additional Costs	 Total Additional Income

and Reduced Income = $27,138.03	 and Reduced Costs = $14,552.11

Net Changes	 -$12,585.92
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the discounted net present value of the harvested water produced by

scheme three in addition to that produced by scheme two (i.e., the

difference between scheme two and scheme three). Scheme three also has

the reduced costs of the replaced downspouts.

The additional costs of scheme three over scheme two are

$27,138.03, while the additional income and reduced costs are only

$14,552.11 for a deficit of $12,585.92 under the assumption that there

is no increase in water charges.

Tables 13, 14, 15, 16, and 17 show the discounted net present

value of the harvested water of scheme three over scheme two using a 3,

5, 7, and 10 percent increase in annual water charges. Table 18 illus-

trates these increases compared to the additional costs of scheme three.

Scheme three becomes economically feasible with a 10 percent annual

increase in the water charges.

Both scheme two and scheme three are not economically feasible

if the annual water charges remain unchanged for the next 20 years.

Since this is a most unlikely event, the water harvesting systems

designed under scheme two and scheme three appear to be economically

feasible if annual water charges increase 10 percent, with scheme two

being economically feasible with a 7 percent increase. Any increase

above 10 percent annually pushes both systems into the highly profitable

range.
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Table 13. Discounted net present value of water savings using scheme
three using present water rates for Tucson, Arizona.

Year
Present Value

(Dollars)

1 866.8462
2 833.506
3 801.4481
4 770.6232
5 740.9838
6 712.4845
7 685.0813
8 658.732
9 633.3962

10 609.0348
11 585.6105
12 563.087
13 541.4298
14 520.6056
15 500.5823
16 481.3291
17 462.8165
18 445.0159
19 427.8999
20 411.4422

Total 11,285.55

Discount Rate 4%
Income per year, $901.52
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Table 14. Discounted net present value of water savings using scheme
three and an annual increase in water charges of 3 percent.

Year 3% Increase Total Cost Discounted NPV

1 27.0456 928.5656 892.8516
2 27.85697 956.4226 884.2665
3 28.69268 985.1153 875.7641
4 29.55346 1,014.669 867.3432
5 30.44006 1,045.109 859.0033
6 31.35326 1,076.462 850.7436
7 32.29386 1,108.756 842.5635
8 33.26268 1,142.019 834.462
9 34.26056 1,176.279 826.4383

10 35.28837 1,211.567 818.4917
11 36.34702 1,247.914 810.6217
12 37.43743 1,285.352 802.8271
13 38.56056 1,323.912 795.1078
14 39.71737 1,363.63 787.4625
15 40.90889 1,404.539 779.8908
16 42.13616 1,446.675 772.3919
17 43.40024 1,490.075 764.965
18 44.70225 1,534.777 757.6096
19 46.04332 1,580.821 750.325
20 47.42462 1,628.245 743.1103

Total DNPV

16,316.24
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Table 15. Discounted net present value of water savings using scheme
three and an annual increase in water charges of 5 percent.

Year 5% Increase Total Cost Discounted NPV

1 45.076 946.596 910.1885

2 47.3298 993.9258 918.9403
3 49.69629 1,043.622 927.7763

4 52.18111 1,095.803 936.6972
5 54.79016 1,150.593 945.704
6 57.52967 1,208.123 954.7973
7 60.40616 1,268.529 963.9781
8 63.42646 1,331.956 973.2472
9 66.59779 1,398.554 982.6054

10 69.92768 1,468.481 992.0535
11 73.42406 1,541.905 1,001.593
12 77.09526 1,619.001 1,011.223
13 80.95003 1,699.951 1,020.947
14 84.99752 1,784.948 1,030.763
15 89.24741 1,874.196 1,040.675

16 93.70978 1,967.905 1,050.681
17 98.39526 2,066.301 1,060.784
18 103.315 2,169.616 1,070.984

19 108.4808 2,278.096 1,081.282

20 113.9048 2,392.001 1,091.679

Total DNPV

19,9-6-6.6
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Table 16. Discounted net present value of water savings using scheme
three and an annual increase in water charges of 7 percent.

Year 7% Increase Total Cost Discounted NPV

1 63.1064 964.6264 927.5254
2 67.52385 1,032.15 954.281
-I 72.25052 1,104.401 981.8084
4 77.30805 1,181.709 1,010.13
5 82.71962 1,264.429 1,039.268
6 88.50999 1,352.939 1,069.247
7 94.70569 1,447.644 1,100.091
8 101.3351 1,548.979 1,131.824
9 108.4285 1,657.408 1,164.473

10 116.0186 1,773.426 1,198.064
11 124.1399 1,897.566 1,232.623
12 132.8296 2,030.396 1,268.18
13 142.1277 2,172.524 1,304.762
14 152.0767 2,324.6 1,342.399
15 162.722 2,487.322 1,381.122
16 174.1126 2,661.435 1,420.962
17 186.3004 2,847.735 1,461.952
18 199.3415 3,047.077 1,504.124
19 213.2954 3,260.372 1,547.512
20 228.2261 3,488.599 1,592.152

Total DNPV

24,632.5
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Table 17. Discounted net present value of water savings using scheme
three and an annual increase in water charges of 10 percent.

Year 10% Increase Total Cost Discounted NPV

1 90.152 991.672 953.5308
2 99.1672 1,090.839 1,008.542
3 109.0839 1,199.923 1,066.727
4 119.9923 1,319.915 1,128.269
5 131.9916 1,451.907 1,193.362
6 145.1907 1,597.098 1,262.21
7 159.7098 1,756.807 1,335.029
8 175.6807 1,932.488 1,412.05
9 193.2488 2,125.737 1,493.515

10 212.5737 2,338.311 1,579.679
11 233.8311 2,572.142 1,670.815
12 257.2142 2,829.356 1,767.208
13 282.9356 3,112.292 1,869.162
14 311.2292 3,423.521 1,976.999
15 342.3521 3,765.873 2,091.056
16 376.5873 4,142.46 2,211.694
17 414.246 4,556.706 2,339.292
18 455.6706 5,012.377 2,474.251
19 501.2377 5,513.615 2,616.997
20 551.3615 6,064.976 2,767.977

Total DNPV

34,218.37
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Table 18. Comparisons of various water charge increases to the cost of
scheme three.

Discounted Net Present Value Plus Reduced Costs ($2,300.16)
(20-year planning period, 4% social discount rate)

3% Annual	 5% Annual	 7% Annual	 10% Annual
Increase	 Increase	 Increase	 Increase

No Increase in
	

in Water	 in Water	 in Water	 in Water
Water Charges
	

Charges	 Charges	 Charges	 Charges

(dollars)

14,552.11
	

18,616.40	 22,266.76
	

26,932.66	 36,518.53

Cost of Scheme 3 over Scheme 2	 27,138.03

Net Charges
-12,585.92	 -8,521.63	 -4,871.27
	 - 205.37	 9,380.50



CHAPTER 7

IMPLICATIONS FOR STATE URBAN LANDS

Tucson, Arizona, has seen and will continue to see a tremendous

growth in population. Increasing at a rate of 41/2 percent a year, this

rapid growth has placed great pressure on Tucson's natural resources.

The issue of water is the community's most constant concern.

The water issue has begun to be the deciding factor in develop-

ment. Tucson's present and future developers must make a conscious

effort in providing water if growth is to continue. As groundwater

levels continue to decline, alternative sources of water must be

explored.

The State Land Department is not exempt from progressive devel-

opment. With the passing of House Bill 2001, which made available state

owned land for urban development, the State Land Department can profit

from developments. Land, located economically unfeasible from water in

the Tucson area, can be developed using alternative water supplies to

lessen the strain on groundwater and finances.

If included in the planning process, water harvesting is one of

the most promising alternative sources of water. This study shows that

water harvesting is technologically and economically feasible, given the
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assumptions included, as a viable source of water that can be imple-

mented on the state urban lands. The uncertainty of future water costs

may add even more promise to urban water harvesting's potential.

State urban land in the future can utilize the water harvesting

technologies incorporated into their developments in an aesthetic manner

to create neighborhoods that are socially aware of the diminishing water

supply. The water supply, whether used for domestic purposes or land-

scape purposes (as in this study), is continuously evident in the

storage reservoir park.

Certain legal questions concerning water harvesting remain

unanswered at this time (DeCook, 1983). Although it does appear that

any rain falling on a parcel of land belongs to the owner of the land,

if utilized prior to reaching a natural stream channel. Any deviation

from this principal would cause problems (Cluff, 1983). Ownership of

water rights must be established with usage of surface water. Water

harvesting legalities are a concern that must be further analyzed.

Safety involving water storage reservoirs in a private urban

development is another issue that must be addressed. Reservoirs may

need to be fenced in if the facility appears hazardous. Concern for

upkeep of the system is another priority. Neighborhood Associations

must be responsible for the system to be in optimum working order.

It should be noted, the storage sizing method utilized in this

study allows for all the water that falls on the site to be collected.

This defines a large and expensive storage area. Numerous other methods

have been suggested, such as Cluff's CROP model, that would define a

more efficient amount of water to be collected and stored. The amount



75

of water utilized compared to the amount collected is critical when

determining economic feasibility. It is unnecessary to collect water

that will not be used. In reality, these alternative methods most

probably would create a solution that would be more economically

feasible and more attractive to developers.

It is currently popular, mostly through law, for developers to

detain and in some cases retain a portion of water that falls on a site.

The water harvesting technologies and subsequent design implications

included may serve as possible solutions to utilization, storage, and/or

conveyance of this additional water.

While some of the concepts will require additional research and

expenditures for proper planning, design, and implementation, their use

will become essential as cheap sources of water are eliminated. The

State Land Department has the potential to allow water harvesting to

receive greater acceptance by developers and the public. The use of

these water harvesting concepts included will, in the future, reduce

more expensive modifications later that provide an alternative to

groundwater.
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