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SOURCES AND P ¢ TIAL USES
OF SALVAGEABL. .IATERS IN
ARIZONA URDA.. HEGIONS

INTRODUCTION

In the 1ight of recent economic and demographic trends in the arid and
semiarid regions of southwestern United States, various impacts on water
supply and water use patterns are apparent, leading to a growing interest
in reuse of water. Significant among these tkends afe the following:

1. Popd]ation growth and resulting increases in domestic water use in
these regions have yielded a rapidly increasing rate of discharge from
municipal sewage collection and treatment systems. Increasing demands for
total water supply indicate the increasing desirability of feasible substi-
tution of reused waters into that supply.

2. The discharge rate of industrié] effluents has risen to a level
which contributes significantiy to local overloading of the sewage collection
systems. |

3. = Effects of urbanization have increased the rates of storm runoff
which not only must be controlled for public safety but may be salvaged for
public use. | |

4. Gradual changes have become evident with regard to water use in
the local and regional agricultural economy (to which portions of the muni-
cipal effluents are presently allocated), which portend shifts in water use
among kinds of crops as well as from agricultural use in general to other
kinds of uses. ~

5.  The apparent deﬁand for water-based outdoor recreation is expanding,
not 6n1y from population growth andvurbah‘sociai chénges, but also owing tb

recent federal and state legislation and administrative activity enhancing



the acquisition and development of sit = andbfaci1ities for outdoor recreation.

7. The recent surge of governmc..al activity in the realm of "quality
of the énvirohment“ has produced both federal and state legislation imposing
water pollution control meésures and water quality standards upon effluent
producers.

Some economic implications of these predominantly institutional trends
can be identified. First, it would seem timely to consider the relative
benefits of'supp1ying-the incréaéed requirementé of mining, recreation, and
other uses from Wastewater sources as against supplying them entirely from
primary sources, principally ground water.

Second, whereas many effluent producers, both municipal and industrial,
have previously regarded effluent discharge basically as a disposal problem
(thereby assigning the effluent water a negative'va1ue), the requirements of
effluent quality standards now necessitate post-use water tfeatment or
quality improvement, thereby imputing to the effluent water a positive
value as an input to some form of reuse; the discharger suppbsed1y will be
forced to more efficient recycling (a desirable result from the aggregate
supply viewpoint) or to contracting for sale of his eff]Uent to a beneficial

reuse, to recover in part the costs of his water treatment.

Identification of Salvageable Waters

The kinds of water discussed herein are called "salvageable" waters, and
include for the most part the various “wastewéters“ §uch as municipal and
‘industria1 effluents which are or can be recoveredfand reused, in addition to
increments of storm runoff ffom urban or suburban watersheds (DeCook, 1970).
The runoff, as it occurs, has not been used and so cannot be said to be

reused, but it can be salvaged for use along with the effluents. All these



classes of water have in common some chavacteristic of substandard resources,
such as impaired quality or uncertain ...:ilability.

Geographic Areas of Study

In Arizona fhe principal locales of salvageable waters and points of
potential use are the Phoenix and Tucson regions. Minor sources are found in
some of the smaller cities and mining communities around the State. Specifi-
cally discussed below are the existing and proposed uséé of municipal effluents
of Phoenix and Tucson, and of urban storm runoff and selected industrial effluents
in and near Tucson.

Arizona Standards for Wastewater Use

Regu]ations.were adopted in 1972 under which a permit system governs the
"--- direct reuse of wastes okiginal]y cohtaining human or animal wastes ---,"
under the authority of the Arizona State Deparfment of Health Services. The
form of the regu]atibns is to specify required treatment for an array of uses,

with stated Timits of coliform density as monitored after each type of treatment.

SOURCES AND POTENTIAL USES OF SALVAGEAELE WATERS
Three kinds of salvageable water that have received study in the
southern Arfzona region_are'municipa1 eff1pents, industria]ydischarges,
and urban storm runoff. Each will be considered in turn by example, in
terms of quantity, quality, and potential application to varioUs beneficial

uses.

Treated Sewage Effluent
At the City of Tucson sewage treatment plant, secondary effluent is
presently being produced at a rate approaching 40,000 acre-féét per year
(ac-ft/yr), or an average between 12 and 13 million gallons per day (mgd).'
Virtually all of this is discharged to the Santa Cruz River channe] and .

is_éurrent]y unused. At Phoenix the-aggregate discharge of treated waste-



watér (at the 23rd Avenue and 91st Averue p]ants)‘is almost double that
at Tucson, about 75,000-80,000 éc-ft/y«, much of this effluent is discharged
to the Salt and Gila River channels, and some is used for irrigation, as |
" described below.

| A number of 6ther cities and towns in Arizona are producing effluent
in sufficient quantity for economic utilization. A recent compilation by
the Arizona State Department of Health Services (1973) shows a total flow of
almost 135 million gallons per day (mgd) from 33 communities, or a volume
of more than 150,000 ac-ft/yr. This is a substéntia] water resource in
the context of water availability in Arizona.

The quality of the éff]uent at Tucson, as compared with local ground
water, is indicated in a general way in Table 1, reproduced in part from
Cluff, et al. (1972). The treated wastewater at Phoenix may be more saline
“at times, but does not differ appreciably frbm this example as to composition.

Crop Irrigation

One beneficial use of treated municipa1 wastewater ié its épp]ication,
without advanced treatment, to irrigation of field and forage crops. In
both Phoenix and Tucson areas, extensive cropped acreages are found within
a short distance of large wastewater treatment plants.

The Buckeye Irrigation Company west of Phoenix, where the gross irrigation
diversfon requirement for some 18,000 acres is approximately 100,000 ac-ft/yr,
utilizes the secondary effluent from the 9fst Avenue freatment plant. This
discharge bécame available to the irrigation area in 1962 by'gravity flow
down the Salt and Gila River channels. The wastewater, beihg less saline
thén much of the ground water in the district, was used -opportunely by the
Buckeye irrigators in increasing amounts, eventually reaching‘more than 40,000

acre-ft/yr, in partial substitution for the ground-water supply. This‘impor-
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Table

Comparison of Quality of Representative
Ground-Water Samples in Avra-Marana Area
with a Composite Sample of Treated
Sewage Effluent at City of Tucson Plant
(A11 units are milligrams per liter except pH)

Chemical Marana* Tucson Composite**

Constituents Ground Water , Sewage Effluent
Total Dissolved Solids 280 656
Calcium ' 42 77
Magnesium : 4 19
Sodium 43 * 90***
. Chloride : 30 ‘ 95
Sulfate 40 167
Bicarbonate 154 . 313
Carbonate 0 ~ ' 0
Fluoride C.6 -
NH3-N : - 19.1
NOp-N - 0.5
NO3-H : 3.2 0.4
Organic N - 8.8
Total N Co- 28.8
Potassium 2.9 : 10***
Silica 25 35
Iron : 0.03 : 0.5
BOD - . 26
cob - 60
pH 7.7 7.7

*Well Location T11S,R11E Sec. 16cdd; Sampled 8/18/661
**Composite weighted effluent sample using average daily discharges
from 1971-722 |
***Separation of sodium and potassium was made from samples taken by
the Water Resources Research Center.

1. Dutt and McCreary (1970).
2. Data published by Dye (1972).



‘tation of wastewater and concurrent decrcase in ground-water pumpage tended
toward an improved hydro]ogic:ba1anée_:r the district as well as an improvement
in qué]ity of irrigation water. ‘

The irrigation cbmpany in 1971 entered into a long-term contract with
the City of Phoenix for 30,000 ac-ft/yr of the effluent, at a delivery price
not less than $1.50/ac-ft, the exact price being determined month]ykaccording
to a stinTafed formula. It may be noted that the-cost of treatment at the
plant is a public coét incurred as a service function and is not borne by
the water user. HNeither is advanced treatment required‘for use by the field
and forage crop$ irrigated in this area, so tﬁatywaétewater cost to the user
is re]ative]y quite Tow.

An additional benefit is the fertilizer value in the wastewater, since
it contributes not only to the-water requirement but to the nutrient re-
quirement of the crops to which it is applied. The equivalent value of
commeréia] fertilizer can be conservatively estimated as about $5/ac-ft of
wastewater. In terms of available nitrogen; the secondarykeff1uent actually
contains more than that needed by most crops, so that a blend or dilution of
wastewater and ground water is more beneficial, the optimal mix depending
upon the specific crop-soi]-wafer combination.

An additional portion'of the Phoenix municipal wastewater is proposed
to be allocated from the City of Phoenix 23rd Avehde treatment plant to the
Roosevelt Irrigation District. The effluent will receive a tertiary treatment
by filtration through natural soil using spreading basins and a pump-back
well system. Improvement of wastewater quality attained by this method
(BouWer, 1973) 1is expected to be adequate to serve unrestricted crop irriga-
tion, recreational facilities, or some industrial uses.

As for crop.irrigation, the Roosevelt Irrigation District includes



acreages of small grains, hay and pasture, ahd'cotton, but also a substantial
acreage of vegetables suchvas-1ettuce o onions,‘and melons. Presumably

any and all of the crops in the District can'be irfigated with the product'
water of the filtration process. In this instance, where‘additiona1 treatment
is needed to bring the water to higher quality, the price of the treated
wastewater at the de]iveny point is subject to contract negotiation between
the water user and the seller (the City).

Reference is made next to the City of Tucson wasteWater system. For
many years in the pést, some of the treated wasfewater there has been used
'fof irrigating approximately 2,000 acres of land in the Corfaro area;vhowever,
the present land owners have ceased irrigation and other uses have been
proposed for these lands. Présent]y, except for a minor quantity being used
on-the City treatment plant farm, the effluent is being discharged to the
otherwise dry channel of the Santa Cruz River; where it flows, at times, as
‘much as 27 miles downstream. Some of the f]ow is recharged through the
channel sediments, and is contributing to an increase in nitrate concentration
in ground water along the river‘in the Cortaro area. |

These conditions suggest that, when it becomes legally feasible, it
on]d be desirable to salvage this waterlsupply and convey somé or all of
the treated wastéwater by gravity flow to the Avra-Marana agricultural area,
several miles to the northwest, for 1rrigation use. The same nutrients which
under present conditions are contributing to pollution of the ground-water
basin would be beneficial to the farmer if the effluent were properly used
inlirrigation.

It has been suggested (Cluff et al., 1972) that good-quality ground
water from the Avra-Marana irrigated area could be transferred to the City of
Tucson for municipal use in eXchénge for treated effluent to be applied to

irrigated croplands. In a sense, the ground water would by cycled through



the municipal system prior to‘use on the farm, picking up plant nutrients
en route.
Industrial Use: Mining-Milling

The City of Tucson wastewater product also is being considered as a
source of water for use in the. copper mining district about 20 miles south
of Tucson. Presumably the secondary effluent could be used without additional
treatment for some purposes such as dust control, and with additional treat-
~ment for some phases of the milling operations. fhe cost of conveyance to
- the mining district, however, would be quite high in terms of pipeline |
‘construction and energy for pumping, since it happens that a 1ift of several
hundred feet would be required, as dictated by local geography. Presently,
water for the mines is supplied from ground water pumped from adjacent
Santa_Cruz Valley.

There is no apparent incentive for the mines to obtain the wastewater
under a 1éast-cost objective. Litigationiis pend{ng, however, as between
the mines and the irrigation water usérs in the same valley, and the City of
Tucson has jntervened. It is possible at this time only to speculate as to
the possible outcomes which could either alter or reinforce the incentive
for continued ground-water utilization as opposed to.procuring waStewatert

Technical questions remain unresolved at present, regarding suitability
of the effluent in.various ore-processing operations. ‘Stﬁdies have been
conducted‘recent1y on this problem by Fishér and Rabb (1675), whose prelim-
inary test results indicated two significant problems in use of sewage effluent
in a copper milling operation. These brob]ems are excessfve frothing (not |
uséfu] for flotation) and low molybdenum recovery. Study was used to inves-
tigate methods to control non-productive frothing and to improve recovery

of molybdenum. Approaches taken include (1) blending of sewage effluent
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with fresh water and water fecyc]ed fron the flotation processes, (2) mod-
ification of the flotation process by ..ing different flotation reagents,
(3) treatment of the sewage effluent to remove constituents detrimental to
- flotation, and (4) blending sewage effluent with copper mill tailing to
determine if the tailing itself may modify the sewage effluent. The investi-
gation was carried out using’an ore supplied by the Cyprus Piha Mining Company
containing 0.49% coppef and 0.011% molybdenum. The sewage effluent was
acquired from one of the activated—s]udge treatment plants in Tucson. It was |
found that detrimental effects cah be. moderated considerably by changing the
flotation reagents and by treating'the‘effluent prior to flotation. These
results are oh]y vaiid for the ore tested and for the first step of f]otafion.
Further investigations have been 1n1tiafed recently by the City o7 Tucson
and the mining interests, to examine in detail the effects of certain advanced

treatment methods on the above. problems.

Industrial Use: Power Plant Cooling

Water requirements are growing rapidly in Arizona and the Southwestvfor
coo]ing.in‘electrica1 power generation; In addition to.increasing trends in
per capita electrical power usage, geherating needs must keep pace with
population growth and migration. Evidently, water requirements for cooling
in electrical generating plants Wi11 increase apace with generating load
growth. An additional factor is present, however, in that'a rapidiy increas-
ing proportion of electrical generatién,fat least in the western states, will
be derived from ﬁuc]éar—fue] plants, which commonly have a lower total thermal
efficiency than the foési]-fue] plants. A nuclear unit may require 20 to 30
ac-ft/yr/MWe; Fazzolare and Scofield (1973) calculated the average water use
for a number. of cooling methods at nuc]eak-p1ants és 22.4 mgd or 25.1 ac-ft/

yr/MWe, depending upon type of cooling system'énd details of plant design.



10.

A significant corollary to this agravith in énergy>and water demand is the
increasing quantity of available munici .} waStewater; which is also a func-
tion of population growfh. In somej1oca]1ties the demand for cooling water
can be satisfied from’wastewafer, rather than from already heavily appropri-
ated streamflow or from ground water of good quality whiah is 1nckeasing1y |
needed for domestic supplies. An examp]e.of this situation is the proposed
_Palo Verde nuclear plant site west of Pﬁoenix, for which aa option has been
taken on a portion of the Phoenik wastewater. Projected quantities evidently
will be sufficient to supply this‘requirement‘in‘addition to the irrigation
uses dichssed earlier. |

A quantitative comparison can be made between waétewater supply and cool-
ing water demand for power in a given locality. If a nuclear power plant is
located close to a large urban area, the urban populace will generate appro*i-'
mately three times the quantity of wastewater needed to cool a plant large
enough to serve the electrical energy reguirement of that same population. For
example, a metropolis of one million persons, with a sewage discharge load of
‘100 gallons per day per capita (City of Tuéson, 1973), would yield about 112,000
ac-ft of wastewater per year; fts e]ectfica1‘energy needs (at current per-capita
demand) would require a generating capacity of approximately 1,500 MWe which,
at 25 ac-ft/yr/MWe, would demand 37,500 ac-ft/yr for coo]ing. Therefore,vif the
power plant were to sérve only the adjoining municipality from which the waste-
water could be delivered (a condition not often realized), the total cooling
water requirement could be supplied and a 1arge‘fraction‘of the wastewater
woq1d be left over for allocation to other uses.

"Reéarding power plant location near smaller cities or outlying communi-
ties, an economic advantage is apparent if even'a portion bf the water supply

function can be filled by substitution of wastewater for other sources, as



was the case for irrigation supply. The actual financial gain would depend
largely on the cost of required treatu: & of the wastewater versus the cost

of obtaining the alternative water supply.

Recreational Use and Landscape Irrigation

Treated municipal wastewaters also can be applied to Tandscape or turf
irrigation in parks, playgrounds, go]fvcourses, and other places where non-
water based recreational activities take place; perhaps the most common of
these in Arizona and elsewhere is golf coﬁrse irrigation. Another application
is direct use of the waters to form a water body such as a lake for water-
-based outdoor recreation.

Recently the City of Tucson has built and is operating a satellite treat-
ment plant, with a capacity of about 2.0 mgd, in Raﬁdo]ph Municipal Park, where
it is planned that the 1iquid fraction or treated wastewater will be applied
to those uses just described. At this and similar park localities in the urban
regions, it may be feasible to utilize treated urban storm runoff or industrial

wastes, in conjunction with this treated sewage effluent, for these purposes.

Industrial Discharges

Industria]’wastewaters produced in Arizona may be classified as cod]ing
effluents and industrial processing effluents. The principal kinds of process
~waters are (1) numerdus boint sources of aggregate—processiné waters discharged
at sand-and-gravel operations along major stream channels, (2)'effTuent§ from
minera]—processing sites in various mining distriéts, and (3) effluents from
electroplating and similar processes involving metals and,e]ectfonic components
fabrication. This grOup of wastewaters is characterized by widely scattered
Tocation, diverse and/or complex content of pollutants, and generally minor
quantity at a given point sourcé;“therefore these waters will not be considered

further here, except in reference to research needs.
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Coo]iﬁg tower effluents (blowdown) from thermal-electric generating plants
probably fepresent the most tangible s . e of salvageable or reusable indus-
tria1'wastewatek in the Phoenix aﬁd Tucson regions. For example, the largest
separable source of industrial effluent at Tucson is the cooling tower bTowdown
of the Tucson Gas and Electric Compahy—Irvington Road steam electric generatihg
plant, which discharges not only its.sanitary effluent but its cQo]ing tower
effluent, which amounts to more than 700 acre-feet per year, into the city
sewage collection system. A representative sampling of the cooling effluent,
as well as the input water, is shown in Table 2. The chemical content of the
effluent results in partlfroﬁ variousktreatments in the cooling towers as well
as a fivefold concentration of the input water by recycling. The tfeatments
are-addition of sulfuric acid for neutralization of alkalinity in makeQup water,
addition of chlorine for‘a1gae control, and addition of hexametaphoéphates to
prevent scale formation and inhibit corrosion. The outstandfng effluent chem-
ical constituents are fluoride concentration and relatively high total dis-
‘solved solids concentration, of which sulfate is predominant. At the Company's
De Moss-Petrie power plant the average discharge on-a continuing basis is
estimated at 500 ac-ft/yr. This includes intefmittent outflow of pumped well
water from a nearby transformer station, with a resultant concentration of
total dissolved solids between 900 and 1200 ppm. ‘

A Water'temperature of courée is impbktant is considering industrial cooling
effluents for reuse. Measurements of discharge tempefatures at the Irvington
Road plant show that the average temperature of the effluent during a typical
January day 1is 720F, about 20°F highef than the January mean air temperature,
and that of a typical July day isl93°F, or 80F above the ambient temperature
for that day. The diurnal fluctuation in effluent temperature during the July

day was 87°F minimum to 97°F maximum. This heat load may be regarded as therma]



Table 2. Chemical Character of Wat® from Wells and Cooling-Tower
Effluent at Irvington Roac . team Electric Generating Plant.*

Concentration (mg/1)
‘Input Water (Composite Effluent (Composite

From Four Production From Four Cooling
Wells) Towers)
Chemical

Constituent
Calcium _ 36 161
Magnesium 6 - 2]
Sodium ' , 76 440
Chloride 22 116
Sulfate 145 v 1,167
Bicarbonate . 26 ' ‘ 28
Temperature, °C 3€d 33

- Boron : 0.18 0.€63
Fluoride 1.6 7.1
pH 8.2 7.8
Nitrate as NOj 1.0 - 6.0
Phosphate as POg - 0.55 3.87

- Potassium 2.5 12.1
Silica (Si02) 18 59
Total dissolved solids _ 338 2,022
Trace Metal
Iron 0.043 0.220
Manganese 0.002 0.010
Chromium 0.004 0.001
Nickel .0 0
Copper 0.014 0.058
Zinc 0.008 0.040
Lead 0.005 0
Cadmium 0 0.001
Cobalt 0 0 .
Strontium 1.761 3.508

-*Sampled in September 1967.

aTemperature ranged from 30° to 55°C, as avpartial function of
well depth.
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~poliution or thermal enrichment, depending upon‘intended reuse; if‘desired,rit
can be preserved, or even enhanced, by oper configuration of pénds or by

heat barriers shch as monomolecular film, perlite, or floating styrofoam’rafts
to confine heat within the water body. Examples of beneficial utilization of
thermal effluents in other areas are deicing, spacé heating, waste conversion,
warm-water irrigation, ana temperature control in closéd-system horticulture,

aquaculture, or mariculture.

Ground-Water Recharge
The DeMoss-Petrie power plant blowdown mentioned above has been utilized
since 1963 as a mediﬁm for researcn in ground-water"rechérge.at the Field
Laboratory of the Water Resources Resea%ch Center,vUniversity of Arizona, near:
Tucson.  During this beriod, under various operational schemés, effluent qual-
ity transformations during rechafge and mixing with native ground Water have
been defined, and the recharge and subsurface storage alternative as a water

management too] has been demonstrated (Wilson, 1971).

Recreation and Landscape Irrigation

Application of cooling effluents to recreational uses and landscape irri-
gétion, as in urban public parks and golf courses, has been proposed although '
not yet implemented in this region. For example, City and County parks and
recreation pffiqia]s in Tucson, among others, are currently investigating the
féasibi]ity of supplying a proposed new’park,_near the Ajo Road FToodvDetentiOn
Basin, with a combination of storm runoff from Davis-Monthan Air Force Base
and codTing effluent from the afofemenfioned IrvingtbnkRoad power plant.
Apparent problems are bio]ogicaT and chemical quality control of the combined
waters; one of the apparent advantages is the dual benefit of applying the

cooling effluent to beneficial use while simu]taneous]y relieving the sewage
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collection system of the present loading due to that effluent.

| An operation‘examp1e of combined  1ing and récreationa1 use of water

is that of the Afizona‘Pub11c Service Company-Cholla generating plant at
Joseph City in northern Arizona, where a cooling-pond system is utilized for
dissipation of heat to the atmosphere. Several years ago the pond was modified
to serve as a recreational lake as wé]T as a cooling facility. The 380-acre
water surface is esthetically appealing in this desert-]ike'region (less thaﬁ
eight inches annual precipitation), and is suitable for some types of boating,
swimming, and fishing. The user popQ1ation here is sparse and Targely transienf;
however, if such a facility were located near a large population center, there

is no doubt that recreational use would be heavy.

Urban Storm Runoff

The occurrence of urban storm runoff and its management have not been
studied extensively in the arid and semiarid regions of the United States. The
runoff regime on small watersheds in these regions is distinctive in terms of
storm characteristics peculiar to the desert climate and because of watershed
characteristics such as desert vegetation and soils. Results of urban runoff
sfudies in the humid and subhumid regions thus cannot be extended freely to
the southwest deserts.

Research has been imp]emented in recent yeérs in the Tucson region by the'
University of Arizona Water Resdurces‘Research Center, to determine the quan-
titative and qualitative characteristics of runoff from small urban and sub-
urban watersheds and to investigate management methods by which the runoff can
be ‘controlled to reduce hazards to life and property, and simultaneously can
be upgraded in quality and applied to‘hse. Several watersheds have been 1nstfu-
mented for hydrologic data collection in and near Tucson, and specific data are

presented for two areas: (1) High School Watershed, a small (0.9-square-mile)
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subwatershed tributary'to‘Tucson Arroyo and thence to the Santa Cruz ﬁiver,
and consisting of an intensively devé7¢” d.reéidentia] area adjacent to the
University of Arizona; and (2) Arcadia Watershed (3.5 square miles in area),
tributary to Rillito Creek and including moderately developed suburban resi-
dential areas, some undeveloped land, and several light commercial and shopping-
center complexes.

As to quantitative runoff data, reference isfmade first to a ”contrb]“
area, Atterbury EXperimenta] Watershed, a largely undeve]bped desert area of
18 square miles southeast of Tucson, where an 18-year record of rainfall and -
runoff is available. The record for Atterbury and several subwatersheds shows
an average annual runoff of about 2% perceht of the rainfall. On the basis
of averag; annual precipitation of 11.0 incﬁes or 586 ac—ft/miz, this percent-
age indicates an annual water yield of slightly less than 15 ac-ft/mi2 for
small watersheds (less fhan 20 miz) in the undeveloped condition.

For the urban watersheds the record is as yet too short to be deneralized,
but the data at hahd for a 6-year period on High School and Arcadia Watersheds
bare shown in Table 3. In contrast to Atterbury, High School Watershed shows
annual volume of runoff ranging from about 57 to 160 and averaging 102 ac-ft/
miz/yr, and the Arcadia record indicates a range of 13 to 130 and an average
volume runoff of 59 ac—ft/miz/yr. Stated another way, for this short and
inﬁonc]usive period it appears that annual runoff from Arcadia aﬁd High School
Watersheds is approximately four times and seven times, respective1y, the
amount recorded on the'non—urbanized areas. For an individual year (High
Schoo], 1971) this factor exceeded ten, and for individual storm events it
can be much more.

The record of peak flows illustrates two noteworthy points -- the extreme .

variability of peaks from year to year (as with_vo]umes), and the predominance



17.

"UOLSLABL 073 123(qgns vmpm_su_mu se ‘ejep me:_E__m;am

»mz -fJenuep pue 49quwedd(-49Go23(Q SL UOSEIS JUIULM n;mnsmpamm ybnouysz mc:@ SL uoseas Auted Jauwunsg

.mE:~$,;pamv-_muva;u Agq sjuawadnseay

*3Wn |4 pPaMO[44BAQ -

4
1

"89-61 - 03 J0LAd SPU0DIDA Olyx

- papnduio) eady

v01 . 92 /8 05 8¢ v/61
vl H 2L L5 51 €161
v52 0v6 £ye 81 651 2L61
ele £021 959 v6. £9¢ 161
w2l 65 L£2 2e 602 0L61
£6 _ 592 Sh el 2€ 6961
OLEx g1z 8% lax
mpmm;pm BWlLd 3® YSep eLpesay

Sy 921 35 91 2y a

25 102 LS Le 2 £L61
oLl 008x o€t L 65 2/51
o - $99 il Ly 20l L6
£y | 607 601 Gl €6 0L61
0§ Lye 85 oz 8¢ 6951
vl 98y 8961

(s49) yeaq (s49) seaq Lenuuy N;mpcwz NL@EE:m
A9ULM wnuwLxe} ABUWLNG WNWL XRJ (24-08) jjouny auniop AR3A JBpUD|R)

€

“RUOZLJAY UOSON] UL SP3YSUAIIL} URGU() 404

1

9NUBAY Auddy) 3e ysepm jooyds ybLH

R1R(] MO [JUWPRDUIS

€ atqel



of high peak flows in the summer season due to high intensity and storm rain-
fall amounts resulting from convective understorms of the summer monsoon,
augmented at times by moisture from tropical storms moving into the region in
late summer.

The quality characteristics of urban runoff in Tucson have been analyzed
and monitored during this same perfod. Three kinds of pollutants consistently
occur which would hecessitate some type of treatment prior to almost any kind
of use -- (1) suspended sediment, (2) bacterial 1oading, and (3) a complex and
undifferentiated array of dissolved organic compounds. Table 4 shows repre-
sentative analytical resu]fs for runoff from High School and Arcedia Watersheds.
Also represented is a third area, Railroad Watershed, which contains a large
area of railroad switchyards and an industrial zone. The concentrations of
most constituents in samples from this watershed are significantly higher than
in High School or Arcadia,'except for the microbiological indicators, which

are considerably lower in count.

Recreationa].Use and Landscape Irrigation

As an outgkowth of the quantitative and qualitative studies of urban runoff
in Tucson, a concept haé been developed which would provide for concurrent re-
duction of flood hazards and beneficial use of portioné of the storm: runoff.
The principal elements are (1) the diversion of peak flows frem urban water-
.eourses into adjacent or nearby park areas; (2) temporary off-channel ‘detention
and treatment of increments of the runoff; and (3) utilization of the treated
waters for park irrigation and/or water-based recreation.

Volumes of runoff in the individual storm’events are relatively small;
accordingly, in-channel diversion devices would be small, temporary, and
perhaps co]]apsbee to pass the larger flows. Field treatment would consist

of directed overflow across contoured grass strips to remove sediment along
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with some of the bacterial and organic Toads, followed by shallow natural-
soi1~f11tration and chlorination of inc wments of the salvaged water, depending
upon intended use. And, as storm runoff is not a dependable source in this
region, sman—sca]e storage would provide only intermittent carry-over as‘a
supplemental water supply for park usé, and in times of exceés, portions of
the stored water would be refurned to'the channel at a controlled rate,
enhancing'recharge downstream. |
Field studies have been conducted by Popkin (1973) on fhexpensive
treatment methods for upgrading the detained runoff. Actual conditions
were simulated by diVerting f]ow from Arcadia Wash onto an eXperimenta] plot
containing a grass-covered soil filter of native calcareous Toam, 200 feet
Tong, 4 feet wide, and 5 feet deep. Water was directed alona the lenagth of
the grass filter and as it progressed, a fraction of it infiltrated into the
soil and was recoveredrby a buried coilector pipe emitting at the lower end.
Preliminary results of the grass and grass-soil filtration are shown in
Table 5.
| Economic studies in progress indicate that costs of diversion, treatment,
and storage of runoff as outlined above may be justified by the combined benefits

attributable to use of the water and reduction of peak flows downstream.

PRESENT PROBLEMS AND CONTINUING RESEARCH
It appears that rivers, or the normaT]y dry channels of major streams,
have become a common depositdry,for wastes and wastewaters in the. arid-semiarid
urbén regions. Water resources management in the desert environment should
be directed toward transforming the tributary urban watercourses from unsightly
litter collectors to functional and esthetiCa]]y pleasing wéterways-parkways,
from the standpoint of not only flood control but also urban beautification

“and water conservation. Specifically, this will require continued study on



Table 5. Estjmated Quality of Filtered Urban Storm Runoff1

W

ater-Quality Variable

Urban Storm Runoff

Untreated = Grass Fi]teredz' Grass-Soil Filtered

2

C

ool-season flow

~ Chemical oxygen demand, mg/1 100 38 1

. Suspended solids, mg/1 1000 650 4
Volatile suspended solids, mg/1 100 74 3
Turbidity, mg/] 200 24 2
. Total co]iforms3, MPN/100m]1 50,000 8000 100
Fecal coliformsS, MPN/100m] 4000 100 8
Total dissolved solids, mg/1 180 180 180

Warm-season flow

" Chemical oxygen demand, mg/1 ~ 200 76 2
Suspended solids, mg/1 15,000 9750 .60
Volatile suspended solids, mg/] 200 148 6
Turbidity, mg/1 1100 33 2
Total co]iformSS, MPN/100m1 2,000,000 300,000 4000
Fecal co]iforms3, MPN/100m1 600,000 20,000 1000
Total dissolved solids, mg/1- 220 220 220

Lrrom Popkin (1973), based on eleven trials.
2Grass establishment and grass-soil stabilization is assumed.

3

Chlorination of a dose of 3 mg/l of chlorine, after filtration, reduces

coliform density to zero.
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quantitative characteristics ofrurban.storm runoff, as well as distributive
quality sampling keyed to specific lanc ..e areas to pinpoint pollutional
sources in the arid'urbah area.

Méjor stream channels are the recipients of most of the treated muni-
cipal wastewaters, in both Phoenix and Tucsorn. Whereas in the more humid
regions a river can,assimilafe some wastewater by dilution and mixed f]ow;
in the désert region wastewater in the dry stream channels is highly visible,
environménta]]y degrading, and'subject to inordinately hcavy losses by
evaporation énd transpiration'by riparian vegetation. °

In removing these wastewaters from the stream channels and applying
'them to beneficial uses, much work 1s:needed fo»assure that through proper
treatment and management the efficiency of those uses, both technical and
economic, will not be impaired by the substandard quality charaéteristics
inherent in the wastewaters. Examples are the continuing investigations
" in the use of treated sewage effluent in mining-milling processes near Tucson
and in crop irrigation near Buckeye, west of Phoenix (Day et al., 19745.

To extend crop irrigation by effluent to other areas, several kinds
of applied research would be in order:

1. A determination of the optimal mixture of source waters for each
crop ‘on a growing-season basis is needed to develop irrigation schedules
with effluent, well water, or di]utions applied alternately at times
most beneficial to emergence, plant growth, crop yield, and other
production output variables.

2. An eva]uation’should be made of existing and potential off-channel
recharge basins and their operational criteria; because of time
differences between schedules of irrigation requirement and effluent
supply, facilities for controlled recharge, temporary storage, and
opportune pumpback are needed under almost any plan for utilization
of effluent for irrigation. ‘
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3. Appropriate planning studies could include a cost-minimization
analysis under various de]ivery'fv'tems criteria and a determination
of optimal values for the combinc. variables of irrigated service
area, cropping pattern, sizing of conveyance canals or pipelines,

- design of delivery system, quantity of effluent delivered, and
degree of dilution of effluent with pumped ground water. Such an
analysis could be enlarged to a net benefit maximization under
varying allocations.of effluent to irrigation use.

SUMMARY STATEMENT
Several kinds of "symbiotic" relations are implicit in the occurrence
and potential use of salvageable waters in the desert environment:

1. Treated sewage effluent disposed in dry channels infiltrates in
part to the ground-water reservoir and contributes to excessive
nitrate concentration; transfer of the effluent tovcrop'irrigation
removes this negative effect and creates the positive effect of ‘
nitrogenous plént nutrients on the cropped lands, where commercial

- fertilizer otherwise would be needed.

2. Satellite wastewater treatment plants Tocated at urban regional
parks, such as that at Randolph Park in Tucson, can simultaneously
relieve local overloading of the sewage collection system and provide
a source of usable water to supplement park water requﬁrements. The
same effect is achieved by removal of power-plant blowdown from the
system and application to use in mixed water supplies for a park area,
as proposed for the Tucson Gas and Electric Company effluent.

- 3. Concentrated population growth produces simultaneously an electric
power demand and a water resource for power generation cooling, in
the form of treated sewage effluent.

4. Diversion of short-duration peak flood flows fromféma11VUrban
watersheds can reduce flood danger as well as construction cost of
hydrau11c Structures downstream, while providing supplementary water
supply for turf irrigation or recreation in parks adjoining the
watercourse. ‘
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