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EVALUATION OF WATER MANAGEMENT SYSTEMS FOR THE SONOITA CREEK WATERSHED

by

Hugh B. Robothaml

INTRODUCTION

The purpose of this paper is to present a water management study which is being conducted for the
Sonoita Creek Watershed, and to provide an example of the use of the standardized cost effectiveness
methodology in evaluating water resources systems. The watershed is about 209 square miles in area and
is located in Santa Cruz County, southeastern Arizona. The towns of Sonoita, situated on the northern
edge of the basin, and Patagonia situated in the floodplain of Sonoita Creek, are the main population
centers in the area.

Previous studies done by Halpenny (1964), Nasseridin (1967) and more recently Ben -Asher, et al.
(1976) have indicated that a steady state condition currently exists in the watershed when viewed on
a yearly cycle. However, seasonal fluctuations in water levels, in response to the winter and summer
rainy seasons and the intervening dry season, have caused great concern over the adequacy of the areas
water supply in meeting future demands.

A water management study is necessary at this point because of the following reasons:

1. Most of the water used in the Basin is pumped from the alluvial aquifer which underlies the
floodplain. Although agricultural activities are expected to maintain only a constant level of pro-
ductivity in the area, municipal consumption is expected to increase substantially over the next
twenty years. This is in anticipation of copper mining operations which could start at Red Mountain,
southeast of Patagonia, in the next ten years. A substantial increase in population could translate
into increased pumpage from the aquifer.

2. Increased pumping in Patagonia could stop the perennial flow of the creek through the Sonoita
Creek Sanctuary, which has long served as a refuge for rare and endangered species of birds and fish.

3. Continued release of sewage effluent, from the Patagonia sewage treatment plant, a few hundred
feet upstream of the sanctuary, could lead to serious deterioration of water quality in the creek and
in lake Patagonia, a recreational facility in the area.

The possibility of conflict therefore exists among potential water demands in the basin.

The standardized cost -effectiveness (CE) methodology has been selected to develop and compare
alternative system solutions for the Sonoita Creek water management study. The use of CE approach, to
develop and compare alternative systems, has been widespread in recent years. Important applications
of the methodology to water resources problems include development of the Lower Meking River Basin
(Chaemsaithong et al., 1974), and comparison of alternative water reuse systems in Tucson (Duckstein
and Kisiel, 1977). CE methodology is particularly suited to water resources problems because of the
multiplicity of the objectives and the sometimes unquantifiable nature of both costs and effectiveness.

The next section presents the standardized CE methodology as applied to the Sonoita Creek water
management study. The conclusions and recommendations follow.

APPLICATION

The standardized cost -effectiveness approach, as proposed by Kazanowski (196A), consists of the
following ten steps:

1. Define the desired objectives that the systems are to fulfill.
2. Identify requirements or specifications that are essential for the attainment of the desired

goals.
3. Establish system evaluation criteria that relate system capabilities to requirements.
4. Select fixed -cost or fixed -effectiveness approach.
5. Develop alternative systems or solutions for accomplishing the objectives.
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6. Determine capabilities of the alternative systems in terms of evaluation criteria.
7. Generate systems - versus - criteria array.
8. Analyse merits of alternative systems.
9. Perform sensitivity analysis.

10. Document the rationale, assumptions, and analyses underlying the previous nine steps.

OBJECTIVES

The objectives that the Sonoita Creek Basin Water Management Plan are to accomplish are grouped
under demand, environment, treated sewage effluent disposal, and flexibility. The planning horizon
covers the period 1980 -2000.

Water Demand

The most economic means of fulfilling the water demands of the Basin should be determined. These
demands are; 1) municipal, which includes projected use by potential mining employees; 2) recreation,
namely Lake Patagonia and the Sonoita Creek Sanctuary; 3) agriculture and; 4) rural activities.

Quality requirements for each should be met.

Environment

The water management plan should have no negative effects on the environments of Sonoita Creek
Sanctuary, Lake Patagonia and the National Forest area.

Disposal of Treated Sewage Effluent

Treated sewage effluent from the Patagonia plant should be efficiently reused. Proper disposal
of other waste waters produced in the Basin should be made.

Flexibility

The proposed systems should be flexible enough to meet a wide variety of future requirements,
most of which cannot be foreseen at the present time.

SPECIFICATIONS

The specifications consist of expressing the objectives in quantitative terms, inasmuch as that
is possible. The planning horizon of 20 years was chosen because; 1) uncertainties involved in
forecasting population growth and water use makes a longer period unadvisable, 2) structural changes
which may be introduced would make a shorter period unrealistic.

The specifications are developed in a one -to -one correspondence with the objectives.

Demand

Municipal and Industrial. Figure 1 and 2 gives the projected water demand for the communities
of Patagonia and Sonoita for the period 1970 to 2000. Figure 1 (median projection) is based on a con-
stant population growth rate of 3% per year over 1976 estimates and a constant increase in water use
rate from .21 acre -feet per person per year in 1976 to .23 acre -feet per person per year in 2000.
Figure 2 (median projection) is based on a 2% per year population growth rate and a steady increase
in water use from .083 acre -feet per person per year in 1970 to a maximum of .23 acre -feet per person
per year in 2000.

The plan should provide enough water to cover the high estimate in Figure 1 and the median
estimate in Figure 2.

Quality standards for water supply in Patagonia and Sonoita are those established by the Environ-
mental Protection Agency for domestic use (EPA, 1920).

Recreation. The recreational facilities that will be directly affected by a water management plan
are the Nature Conservancy's Sonoita Creek Sanctuary and Lake Patagonia.

A minimum flow of 0.5 cubic feet per second should be assured for the perennial segment of the
creek near the southern edge of the sanctuary. This 0.5 cubic feet per second is the minimum flow
measured at that point in the creek over the period for which records were available.

Water quality specifications of the creek are those prescribed by the EPA (1972) for fresh water
aquatic life.
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Figure 1. Total Water Use in Patagonia, Arizona, 1970 -1976, and Forecast to the Year 2000. -- Based on
population forecast, water use records from the Patagonia, Arizona, Town Clerk and assumed
rate of water use for the year 2000 equal to 0.23 acre -feet per year. High, median and
low projections are shown.

In order to function adequately as a recreational facility the water level in Lake Patagonia
should be kept a minimum of five feet below spillway crest (3,766 feet); a lower level would render
the marina and beaches useless.

Quality standards for the water in the lake are those stated by the EPA for recreational uses.

Agriculture. Agricultural activities are expected to maintain a constant level of activity
throughout the planning period. The amount of water used in 1975, about 1500 acre feet, is expected
to remain the same throughout the period.

Water quality standards are those stated by the EPA for agricultural purposes.

Rural use. Total use by rural residences and cattle ranches was estimated to be about 180 acre -

feet (Ben -Asher et al., 1977). Rural water supply is not expected to be affected by activities in
the alluvial valley.

Environment

The environment status of the Sonoita Creek Sanctuary, Lake Patagonia and the National Forest
areas should not be negatively affected. Requirements for the sanctuary and lake are the same as
those stated under water demand for recreation. In addition, water levels in the vicinity of the
sanctuary should not fall to levels which may prove detrimental to the life of the phreatophytes in
the tract. It is difficult to determine this level because phreatophytes generally have very deep
root systems which invariably do reach the water table.

Flexibility

Flexibility should be an undispensible property of the Sonoita Creek water management plan, because
of the many uncertainties which characterize the problem (Diaz Pena, 1978). These uncertainties include
natural, strategic, technological and informational uncertainties.
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Figure 2. Total Water Use in Sonoita, Arizona. -- Projection 1970 -2000 based on population projections
and assumed rate of water use equal to 0.23 acre -foot per person per year by the year 2000.

High, median and low projections are shown.

The plan should be able to cope with all of these uncertainties and posses the necessary flexibil-
ity to undergo changes that become necessary as new elements are introduced or become more important
in the future (Kazanowski, 1972).

SYSTEMS EVALUATION CRITERIA

The measures of effectiveness (MOE) are developed in a one -to -one correspondence with the

specifications.

Demand

Municipal and Industrial. The MOE for municipal and industrial demand is the opportunity loss
measured by a specific number of people that cannot live in the community for each acre -foot shortage

of water. Tables 1 and 2 gives the "opportunity loss" functions for the communities of Patagonia and

Sonoita respectively. These values represent the ratio between the median projection for population

and the median projection of total water consumption.

The MOE for water quality takes the qualitative ratings of very good, good, fair and poor.

Recreation. The MOE for water quantity demand in Sonoita Creek is the probability that the

minimum flow falls below the required flow of 0.5 cubic feet per second.

For Lake Patagonia the MOE for water quantity demand is an opportunity loss associated with the
number of people that cannot use the facility as a function of water level depths below spillway crest.
The precise form of this function is still to be determined.

The MOE for water quality demand for Sonoita Creek and Patagonia has the ratings very good, good,

fair and poor.
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Figure 3. Sewage Water Effluent from Patagonia, Arizona. -- Projection to the year 2000 based on ADEPD
(1971) report and estimated volume of domestic water use. High, median and low projections
are shown.

1975 1980 1990 1995 2000

Table 1. Opportunity Loss for Patagonia. Table 2. Opportunity Loss for Sonoita.

Year
Population per
Acre- Foot /Year Year

Population per
Acre- Foot /Year

1980 4.72 1980 8.68

1985 4.63 1985 7.44

1990 4.52 1990 6.15

1995 4.43 1995 5.24

2000 4.35 2000 4.35
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Agriculture. The number of acres of agricultural land that cannot be irrigated due to a shortage

of water is the measure used for agricultural water demand. Using an estimate of five acre -feet of

water per acre of land irrigated per year (Ben -Asher et al., 1977), each acre -foot of shortage leaves

0.20 acres unirrigated.

The criterion for water quality demand is; very good, good, fair and poor.

Environment

The environmental impact of the water management plan, on the sanctuary, lake and national forest,
is assessed using the qualitative measures; beneficial effects, unaffected and adverse effects.

Disposal of Treated Sewage Effluent

The effectiveness of the systems with respect to sewage water disposal is measured by the fraction
of secondary treated sewage effluent not utilized, especially in agriculture. The exact form of this

function is still to be determined.

Flexibility

The flexibility of the systems is measured by their ability to cope with uncertainties (sensitiv-
ity) and the ease with which they can be transformed. Correspondingly, the two M0E's are; not

sensitive, sensitive or very sensitive and very good, good, fair or poor.

SELECTION OF FIXED COST OR FIXED EFFECTIVENESS APPROACH

The choice between fixed cost and fixed effectiveness is necessary in cost -effectiveness analyses
and is in general not a trivial decision (kazanowski, 1968). In the fixed -cost approach the alterna-

tives are judged on the basis of the amount of effectiveness obtained for a given expenditure of
resources. In the fixed -effectiveness approach the alternatives are evaluated on the basis of the
amount of cost incurred or resources required to obtain a given level of effectiveness.

The nature of the objectives, which require certain minimum specifications to be met, necessitated

the selection of a fixed -effectiveness approach. It is generally recommended that both approaches be

used especially when major assumptions are supported only by subjective judgement and sketchy data.

DEVELOPMENT OF ALTERNATIVE SYSTEMS

The importance of this step is stressed by Kazanowski (1968) who stated that the results of the

evaluation can be no better than the conception of attractive candidate systems." A major problem

usually encountered in implementing this step is in determining the degree of detail required for the

definition of the candidate systems. Too little system definition usually results in unreliable
estimates of system effectiveness and cost while too detail definition would defeat the basic purpose

and value of cost -effectiveness.

Suitable candidate systems have been developed by Diaz Pena (1978). The principal characteristics

of these systems are displayed in Table 3.

CAPABILITIES OF ALTERNATIVE SYSTEMS

Once appropriate criteria have been identified and the candidate systems have been adequately
defined the next step is to express the abilities of these systems in terms of the criteria. This

should be done in quantitative terms, whenever possible, or qualitatively.

Diaz Pena (1978) established the framework for the present study. For the purpose of his thesis

he expressed dil the criteria in qualitative terms then performed a subjective evaluation of the

systems capabilities. The reader is referred to this thesis or a subsequent paper, published by

Diaz Pena, et al. (1978) for the details.

The main aim of this study is to perform a quantitative evaluation of the alternatives, insomuch
as that is possible, and to determine the most suitable plan for the basin. Although substantial

research has been done over the past nine months several problems still remain:

1. The effects of continued release of treated sewage effluent, at the present site, on the
environments of Sonoita Creek Sanctuary and Lake Patagonia have to be researched.

2. Cost estimates of each alternative have to be determined.
3. Operating policies for Lake Patagonia have to be researched.

In order to do a quantitative evaluation of the candidate systems the above problems must be

resolved. The author expects work on this study to be completed within the next two to three months.
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Table 3. Main Characteristics of Alternative Systems

Alter-
native
Systems

Patagonia Municipal
Water Supply Sewage Effluent

Agriculture
Water Supply

Base Flow in Sonoita
Creek Sanctuary

Lake Patagonia

I From existing wells
and new wells in

Released at site
upstream from

Unchanged,
from wells

No provisions made
for maintaining

No use for

water supply
the future. Sonoita Creek

Sanctuary
and springs. minimum flow through

Sonoita Creek
within the
basin.

Sanctuary.

II Same as in Piped down- Same as in Same as in Same as in
Alternative I stream of Lake Alternative Alternative I. Alternative I.

Patagonia Dam. I.

III From existing wells Same as in Same as in Minimum flow assumed Same as in
and from Red Rock
Reservoir.

Alternative I. Alternative
I.

through Sanctuary by
water from Red Rock

Alternative I.

Reservoir.

IV Same as in Pumped 6 miles Rail -X Sup- Same as in Same as in
Alternative I. upstream for

use in Rail -X
Ranch for ir-

rigation. Total
Lift: 250 feet.

plemented

with second -
ary- treated

sewage
effluent.

Alternative I. Alternative I.

V Same as in Pumped 1 mile Box -T Sup- Same as in Same as in
Alternative I. upstream for

use in Box -T

Ranch for
irrigation.
Total Life:

plemented
with second -

ary- treated

sewage
effluent.

Alternative I. Alternative I.

25 feet.

VI From existing wells Same as in Same as in Minimum flow assumed Used for sup -
and from Lake Alternative I. Alternative through Sanctuary by plementary
Patagonia. I. water from Lake

Patagonia
water supply
to Patagonia
and Sonoita
Creek Sanctuary

SYSTEMS VERSUS CRITERIA ARRAY

The system -versus- criteria -array is regarded by many as the core of multicriterion decision -
making. This array is easily generated once the abilities of the candidate systems have been express-
ed in terms of the criteria. In general, the criteria are identified at the tops of columns and
arranged in decreasing order of importance while the alternatives are listed vertically (Kazanowski,
1968). This arrangement is particularly useful when many alternatives are being evaluated because
less likely candidates can easily be eliminated leaving the major contenders. The ultimate selection
is generally based on a judicial evaluation of system capabilities and requirements.

The remaining steps of the cost -effectiveness methodology consists of; 1) analysing the merits
of the alternatives, 2) performing sensitivity analysis, and 3) documenting the results, etc. These

steps can be dealt with more appropriately when systems capabilities can be adequately evaluated.

CONCLUSIONS

A water management study for the Sonoita Creek watershed is needed to resolve possible conflicts
among potential water demands in the area. These demands have certain requirements which should be
met. Implementation of a water management plan should have no negative effects on the environments
of Sonoita Creek Sanctuary, Lake Patagonia and the National Forests.

Cost -effectiveness is an appropriate approach for this problem since it allows for the considera-
tion of all the important factors, both quantitative and qualitative, involved in the decision -making
process. The approach enables the identification and proper handling of the uncertainties which exist
in such complex decision problems.
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Much work needs to be done before a thorough evaluation of the candidate systems can be made.
The main problems that still remain are:

1. The impact of treated sewage effluent on the environments of Sonoita Creek Sanctuary, and
Lake Patagonia.

2. Cost estimates of the alternative systems.
3. Optimal operating policy for Lake Patagonia.

A qualitative evaluation can still be done, as exemplified by Diaz Pena. This further illustrates

the versatility of the cost -effectiveness methodology.
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