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WATER QUALITY PROBLEMS OF THE URBAN AREA IN
AN ARID ENVIRONMENT. TUCSON, ARIZONA

BY

Gary Hansen

1.0 INTRODUCTION

In July, 1976, the U.S. Environmental Protection Agency approved and funded a two year 208 areawide
Water -Quality Management Study for Pima County, Arizona. This study, enacted under Public Law 92 -500,
The Federal Water Pollution Control Act ammendments of 1972, charged the Pima Association of Govern-
ments (PAG) with the following tasks:

1. Identify area water pollution problems

2. Develop most effective (best) management practices to deal with
identified problems.

3. Develop management system to allow implementation of best management
practices within existing or proposed local, state and federal
government organizations.

Cost and data constraints necessitated the concentration of study on an area known as the Tucson
Urban Window. This area included some 670 sq. miles of the City of Tucson and related surrounding
Pima County land from Marana in the North, to the San Xavier Indian Reservation in the South, to the
Tucson Mountains in the West, to the Rincon Mountains in the East.

Within the Tucson Urban Window, the pollution problems were identified as:

1. Municipal and Industrial wastewater effluent.

2. Urban Stormwater Runoff

3. Landfill Leachate

4. Septic Systems

5. Construction Activity

6. Agricultural Activity

In this paper I will detail the specific problems related to the City of Tucson urban area. There-

fore, I will not include No. 6 - Agricultural Activity. I will mention, briefly, that Agricultural
Activity presents essentially no surface water pollution problem due to extensive irrigation water reuse
systems. The groundwater pollution potential exists but is identifiable only in specific areas where
the hydrologic and geologic conditions are favorable for rapid infiltration to saturated water tables,
not a commonly identified condition in the study area.

The author is a Water Resources Planner, Pima Association of Governments, 208 Water Quality
Management Program.
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2.0 URBAN WATER POLLUTION PROBLEMS

There have been essentially two different approaches to the analysis of Tucson area water quality
problems. The water pollution sources which eminate from a discrete outfall or pipe are called point
sources. These sources are easily defined and controlled, if economically and politically feasible.
The water pollution sources which come from large area land uses, where the hydrologic cycle is the
main driving force and the pollution is directly related to the extent of contact between precipitation,
surface, or subsurface waters and the particular land use are called nonpoint sources. Examples include
stormwater runoff from cities and farmland. As can be seen from their respective origins and natures,
the point sources are much easier to analyse than the nonpoint sources. This is reflected in their
depth of study in this paper. The point sources have a fairly straight forward examination approach,
the nonpoint sources require unique analytical methodologies for each type.

2.1 MUNICIPAL WASTEWATER EFFLUENT

2.1.1 Description. The largest volume of water pollution generation within the Tucson Urban are
is from the two area wastewater treatment plants (WWTP). The Roger Road WWTP discharges some 25 x 10
gallons per day of secondarily treated effluent (30 mg /1 BOD - 30 mg /1 suspended solids) into the
Santa Cruz River Bed. The Ina Road WWTP also discharges approximately 8.5 x 10 6 gallons per day to the
Santa Cruz River. The resultant 33 million gallons per day of sewage effluent flows down the predom-
inantly dry Santa Cruz River Bed and either evaporates or infiltrates down into groundwater supplies
north of the effluent outfall. Water quality analyses indicate high levels of nitrates in the ground -
waters along the river course. Downstream water users include the town of Marana, Arizona and a number
of farming operations.

2.1.2 Requirements. The Federal water quality standards for sewage effluent are for 30mg /1 BOD-
30 mg /1 suspended solids secondary treatment. The existing facilities are or will soon be meeting
these standards. A planned 77 million dollar wastewatertreatment program is projected to continue
treating Tucson's sewage until the year 2025.

2.1.3 Pollution Potential. The following points should be considered in evaluating the present
and future pollution potential of municipal effluent:

* Treated wastewater still contains a wide variety of exotic toxins not
detected by current analysis methods.

* The treatment ability of the soil for infiltrating effluent is good if properly
managed and could remove most pollutants.

* 33 x 106 gallons is a large water resource and reuse is a certainty in the future.

* A legal controversy currently involves the ownership and reuse of effluent.
Several alternatives include reuse in irrigated agriculture and copper mineral
processing operations.

2.2 INDUSTRIAL WASTEWATER

2.2.1 Description, Regulation and Pollution Potential. There are currently only six area
industrial facilities discharging wastewater to the environment. All other facilities discharge into
the municipal sewage system. All six are regulated by the National Pollution Discharge Elimination
System which issues pollution permits and regulates discharge quality and quantity. The total pollution
potential from these facilities is very small and currently effectively regulated.

2.3 URBAN STORMWATER RUNOFF

2.3.1 Description. Stormwater runoff refers to all surface waters resulting from rainfall quan-
tities which exceed the receiving land surface's ability to absorb water. This type of runoff is

unusually visible in Tucson because of the extensive use of streets as drainage paths and the subse-
quent disruption of traffic during heavy storms.

In an arid region such as Tucson, the management of all available water supplies is a matter of
primary concern to the area resident's well -being. The amount and quality of the water which annually
runs off the Tucson area and down the arroyos and river beds in the Tucson Basin is known generally to
be a fairly large volume of very poor quality water. The particular water volumes and qualities from
the various land use types within the urban window have received little comprehensive study. With

proper information, the stormwater runoff could be managed, contained within the basin for beneficial
use, and /or prevented from adversely affecting the groundwater supplies under the city.
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2.3.2 Requirements. Section 208 (2) (A, F, and H) of P.L. 92 -500 requires that the Areawide
Waste Treatment Management Program identify and control to the extent feasible nonpoint sources of
pollution from stormwater runoff.

2.3.3 Analysis Methodology. The analysis of stormwater runoff quantity and quality included the

following steps:

1. Review existing literature and data on runoff.
2. Delineate watersheds within the study area.
3. Determine land use by watershed.
4. Determine annual water runoff volumes.
5. Develop water quality loading factors by land use and estimate

water quality for each watershed.

2.3.4 Results. There are a number of key factors to be considered in evaluating the results of

the urban stormwater runoff analysis. They are:

* The Tucson urban window area has been extensively studied in previous
research by the University of Arizona Water Resources Research Center.
This previous work has enabled our study to be one of the most thorough
in the United States.

* There are such variations in rainfall and pollutant location and intensity
within the area that the resultant figures represent long term averages,
not specific storm events.

* The ability of stormwater runoff to pick up and transport pollutants is
also highly variable. In this arid environment, there is a marked
"first flush" condition where previous dry weather allows a large volume
of pollutants to build up, and the first good rainstorm runoff collects
a very high concentration of these pollutants.

* There was little study done of the more exotic pollutants such as organic
hydrocarbons from auto emissions and the presence of insecticides and
herbicides. It is a fair assumption that any urban runoff contains
these chemicals and their concentrations will increase with urbanization.

Figure 2.3 -1 illustrates the watersheds in the Tucson urban window. These are "custom- formed" to

represent alteration by human land uses (streets, drainage ditches, etc.). The land uses in each

watershed were determined by the twenty -one existing land use type classifications used by the Tucson

City Planning Department. This information was converted to a watershed classification system which
had 10 classifications reflecting basic watershed characteristics (i.e. urban areas, desert areas,
paved areas). The average annual rainfall in Tucson is approximately 11 inches, and was used in the

calculations.

Unit loading factors for each analyzed pollutant were developed from area runoff water quality
information and similar studies in other parts of the country. The factors represent the available
quantities of each pollutant which would be washed from the particular land use in an average storm year.
The variability is, as previously stated, very high, but the relative interrelationships between the
runoff pollutant loading factors and actual available material remain valid.

Table 2.3 -1 is a representative total pollution loading from the primary urbanized watersheds in

the Tucson urban window. These amounts, in tons /year, again represent long -term averages and could

vary considerably with rainfall.

TABLE 2.3 -1

Total Pollutant Loadings for Urban Watersheds
Prefix K, L, M, and N (Tons /Year)

ACREAGE TDS S.S. COD NO3 PO4

62,809 3,220 27,273 9,109 50 4
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From the data gathered on urban runoff in Tucson, the following points can be drawn:

* Thousands of tons of pollutants will be deposited annually in
area water courses.

* There will be very little change in area stormwater runoff quality over
the next 20 years.

* The largest change will be in bacteria, most probably due to increased
human and pet animal habitation.

2.3.5 Management Systems.

Existing System

1. The City of Tucson has a street sweeping program which removes dirt and
trash from area streets.

2. There is a trash removal service by the City to aid in the cleanup
of arroyos and other water courses.

3. A large volume of trash is currently allowed to be dumped into area
arroyos and river courses if on private property.

4. There is no concerted effort to control pollutants in area urban
runoff.

2.4 LAND DISPOSAL OF RESIDUAL WASTES

2.4.1 Description. The primary water pollution potential from land disposal of residuals (land-
fills) is the creation of highly toxic leachate (polluted landfill drainage). This landfill leachate
is one of the most concentrated forms of nonpoint pollution. It often escapes undetected because it
is created and moves primarily underground. Leachate is produced when large quantities of water are
allowed to enter a landfill, saturate the landfilled material, and then move out of the landfill
carrying a wide variety of dissolved chemicals. The prevention of leachate involves protecting the
landfill from intrusion by water. This means keeping water out of the top, sides, and bottom of the
landfill. In addition, the sealing of the bottom and sides of a landfill prevents the movement of
liquid wastes out of the disposal area.

A landfill monitoring program developed by the University of Arizona Water Resources Research
Center determined that leachate was being produced at two area landfills. The landfills in question
were located within the 100 year flood plain of the Santa Cruz River and, as such, subject to the
influences of river -related surface and subsurface waters.

2.4.2 Requirements. Section 208 (A) (2) (K) of P.L. 92 -500 requires "a process to control the
disposal of pollutants on land or in subsurface excavations within such area to protect ground and
surface water quality."

2.4.3 Methodology. The following tasks were performed:

1. Review literature and available data.
2. Identify and map all past and present landfills.
3. Map and review well data near landfills.
4. Determine landfill leaching potential.

2.4.4 Results. As can be seen from the Tucson Urban Window map, (Fig. 2.3 -1) almost all the
Tucson area landfills are located near existing major water courses. An analysis of the leachate
producing potential, which considered the hydrologic and geologic locations of each landfill, has
produced a ranking of landfills ranging from very safe to very hazardous locations.

Some 24 area landfills are located within the 100 year floodplain. Two of these landfills have
produced leachate, seven others have a high potential for leaching. In analyzing this data, the
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following points should be considered:

* Landfill leachate moves very slowly in comparison to surface flows,
often in the neighborhood of several feet /day or less.

* Once an aquifer is contaminated with toxic material, it will remain
contaminated for many years.

* The movement of leachate pollutants through soil has not been studied
extensively. There is enough known to predict a high degree of
attenuation (filtering) of many pollutants which slows their movement
relative to the water transporting them.

* The underground geology of the Tucson area river beds is extremely
complex and unpredictable with intermixing of permeable and relatively
impermeable layers. Water can move in many directions at a wide
variety of speeds.

* Large flood events in Tucson area water courses could easily uncover
and exhume existing landfills located in floodplains.

* Alternative hydrologically safe disposal areas and methods are available
at competitive cost.

2.4.5 Management Systems.

Existing System

Within the past year (1977 -78), the management of residuals wastes by the City of Tucson and
Pima County has taken some very comprehensive steps to control the pollution potential from area land-
fills. These steps include:

* Recognition of the problems involved in landfill location and design as they
impact water quality.

* Coordination with Arizona Department of Health Services and Pima County Health
Department to manage residuals effectively.

* Relocation of at least one potential landfill site to prevent water pollution
problems.

* Development of area residuals waste guidelines to assure continuing good
management.

2.5 SEPTIC SYSTEMS

2.5.1 Description. Septic systems most often consist of a septic tank for holding and digestion
of solid waste and a leach field for the aeration and disposal, by infiltration and evaporation of the
clarified liquid which overflows from the septic tank.

The septic tank method of sewage disposal is a very common and quite effective means of waste
treatment if properly located, installed, and maintained. In the Tucson area, the very dry normal
conditions and the lack of running surface water reduce the potential for pollution from septic systems
to a fairly low level. However, the positioning of septic systems near arroyos and other dry stream/
river courses presents the problem of infiltration of pollutants (specifically nitrates and phosphates)
to the underlying groundwater. In addition, the potential for highly polluted runoff from area with
improperly maintained septic systems presents a definite problem.

2.5.2 Requirements. Public Law 92 -500 requires that each water quality management plan include
processes to control sources of water pollution (Section 208 (b) (2) ). Septic systems, cesspools,
and seepage beds are devices for the subsurface disposal of liquid wastes, and they fall under the
purview of the Act.

2.5.3 Methodology. The analysis of the pollution potential from septic systems in the Tucson
urban window included the following steps:
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1. Review available literature and data.
2. Locate septic systems and calculate density /acre.
3. Calculate loading rates /acre of nitrogen, phosphorus, BOD, and

suspended solids.
4. Determine total present and future loading of pollutants /acre by

wastewater drainage areas of urban window.
5. Identify and evaluate septic system failures.

2.5.4 Results.

Septic System Pollution Potential. Surface Water - The following figures indicate the year
and total number of complaints about surface septic system problems received by the County Health
Department: 1975 -72; 1976 -53; 1977 -45.

Approximately 40% of all complaints proved to be not related to septic systems. Of the

remainder, the range of problems included:

* open cesspools
* overloaded septic tanks (not pumped regularly)
* broken septic tanks
* leach field overlaoding (only a few cases)

The primary problem in most cases was the lack of proper maintenance of the system. In these cases the

remedial action was pumping of the septic tank and covering of exposed cesspools. County records

indicate these were quite satisfactory solutions.

In several cases the septic tank was bypassed completely, and the sewer attached to the
central wastewater treatment plant. This was a function of the proximity of a sewer hookup.

The ability of the soils in the Tucson urban window area to accept the effluent from septic
tanks appears to be adequate in most cases. Marco Soil and Foundation Engineers perform percolation
tests for many of the septic systems in the Tucson area. They have indicated that the percolation
properties of most area soils are satisfactory for proper septic system operation although there are
wide variations in soil permeability over the entire basin. The main problem areas are places where

rock outcroppings limit vertical water movement or there are extremely impermeable underlying soils.
These areas occur most often in the foothill areas around Tucson, but can occur almost anywhere in the
basin.

Groundwater - Calculation of total effluent volume indicates that approximately 7,000 acre -

feet of effluent per year (85 gcd in 1975) is treated by urban window septic systems. According to

figures in a recent report on the Tucson area water budget (Corps of Engineers, Water Resources Study,
Element 6 - PAG -208 Work Plan) there is essentially negligible recharge from this use. These figures

are probably valid for a basin -wide viewpoint but there are undoubtably localized areas where recharge
of septic system effluent is occurring. This statement is supported by recent work done by the

University of Arizona Water Resources Research Center. Wells monitored in an area located in the Tucson

Mountain foothills due west of the Ina Road Wastewater Treatment facility indicate high concentrations
of nitrates (60 -64 mg /1) (drinking water standard = 45 mg /1). The subsurface geology in the area would

allow effluent to flow horizontally and enter wells as cascading water.

2.5.5 Management Systems

Existing System

The current health management system being used by the City of Tucson and Pima County
requires all septic tank installations to meet specific requirements for size, location, and construc-

tion. In addition, all existing systems are required to not cause surfacing waste effluent. This

system appears to be quite effective in dealing with problems of design and surface waters.

The disposal of septic system solids pumped from septic tanks is currently accomplished by
dumping of this material into a selected number of manholes in the Tucson central wastewater treatment
facility. The alternative to this method is dumping into a sanitary landfill. The problems involved

in these disposal methods include:

* The discharge to City sewage system of hazardous waste (oil, grease,
chemicals) which are not treatable by present methods and which foul

the treatment plant system.

* The discharge of liquid wastes into landfills which are not operated
to effectively handle such wastes.
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The disposal of primarily human septic waste into the central wastewater treatment facility

presents no great problems. Disposal in this manner is preferable to the landfilling of these wastes,

which would compound solid waste handling and leachate problems. However, there must be some regulation

to prevent hazardous wastes from being disposed of in this manner. Proper landfill disposal should be

utilized for hazardous wastes.

The deficiencies in septic system management includes:

* No recognition or guidelines for alternative onsite treatment methods such
as closed composting toilets, vault and haul systems, and combined grey

water /black water systems.

* Little recognition of septic systems impact on groundwater.

* Little or no efforts to coordinate septic system with central sewer systems
to reduce costs to public.

2.6 CONSTRUCTION ACTIVITIES

2.6.1 Description. Construction activities refer to all activities related to the building of

houses, apartments, businesses, roads, etc. The main activities related to potential water pollution

include land disturbance by construction and the waste materials discarded during construction.

There are several possible adverse effects on water quality from construction activities

within the Tucson urban window. These effects include the increase in sediment content of waters

flowing over soils disturbed by construction, and the addition of construction -related materials
(petroleum products, paints, etc.) to surface and /or subsurface waters near the construction site.

The water pollution effect of construction activities in the Tucson region is judged to be

relatively minor and therefore has received a reduced level of investigation. In addition, the control

of construction activity impacts is perhaps more feasible than other activities due to its limited and

closely regulated (building permit) nature.

2.6.2 Requirements. Section 208 (a) (2) (H) of P.L. 92 -500 requires:

(H) a process to identify construction activity related sources of pollution, and
set forth procedures and methods (including land use requirements) to control to
the extent feasible such sources.

2.6.3 Methodology. The analysis of the water quality impacts of construction activities within

the Tucson urban window included the following steps:

1. Review literature
2. Locate construction sites
3. Evaluate water pollution potential

2.6.4 Results. The primary pollutants from construction activities are:

1. Sediment
2. Construction wastes

Sedimentation is caused primarily by the removal, during construction, of the excavation area vegeta-

tion and naturally stabilized ground surface. Water drainage paths are disrupted and runoff volume

increases. All these factors combine to increase soil loss.

Construction wastes include all material used on a construction site which could be washed away by

runoff (petroleum products, fertilizers, pesticides) or which are discarded in an improper location

(trash, etc.).

Analysis of the pollution potential from construction activities has indicated the following important

points:

* The majority of area construction is in the foothills areas around the Tucson Basin.

* The foothills are prime groundwater recharge areas and construction in these areas

decreases recharge and increases runoff.

* The foothills are naturally unstable and subject to erosion.
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* The primary hydrological effect of area construction is increased stormwater
runoff by a factor of from 4:1 to 6:1 over natural areas.

Construction activities contribute the first step in urban runoff generation. They set the stage for

runoff management. While construction is not specifically analyzed in the urban runoff section it does
contribute a substantial portion of the suspended solids from subdivision areas as well as

increasing runoff volume.

2.6.5 Management Systems

Existing Systems

There is currently no organized management system for control of water pollutants from
construction activities. Stormwater runoff flows must be managed to prevent drainage to others
property.

3.0 SUMMARY

The primary points indicated in the PAG -208 Water Quality management plan are:

* The dependence of Tucson on groundwater and the slow cycling of the hydrologic
system in this arid urban environment reduce many water pollution problems to
insignificant levels in the short term.

* There do exist significant long -term pollution problems in the area. These

problems include urban stormwater runoff and landfill leachate, and are related
to the pollution of groundwater recharge areas and aquifer water supplies.

* There is a strong need for total water resource planning in arid urban areas which
includes planning for wastewater reuse, water harvesting, and proper management
of groundwater recharge systems.
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