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avaiIable throughout the current system for fire

PrOteCtion. The City is aIso engaged in a piiot program
utilizing the recIaimed water as make-uP Wate「 for

COOIing towers,冊strating the flexib掴ty of the system.

Charges for recIaimed water are based on the area to

be served, nOt On Water VOIume. CurrentIy, Charges for

the first acre or less are $6.00 per month for

unrestricted use. Large users pay an additionaI $1.20

Per half acre irrigated. These sites are not metered.

The exception to this is the industriaI user, Where the

Water is used for boiIer make-uP Or COOling water, etC.

The charge for metered industrial users is 25 cents per

thousand ga=ons.
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Wate「 Reuse Via Dua看Distribut冒on Systems

lntroduction

Many communities are experienclng Water SuPPly

Shortages. In pa砧CuIar, COmmunities with rapidly

growlng POPuLations, in arid climates, Or With partial

Water SuPPly contamination, may have a demand for

Water that exceeds their supply. One remedy to this

PrOblem is development of a duai distribution water

reuse system. Dual distribution water systems transport

reclaimed water from treatment pIants to irrigation or

industriaI sites. In many areas, development of a

WaSteWater reuSe SyStem WOuld provide recIaimed

Water at a lower cost than potable water. Substitution

Of recIaimed water for potable water can reduce

demands on ground water supplies and can reduce or

eliminate the amount of wastewater treatment piant

e仰uent discharged to environmentalIy stressed s而ace

WaterS (See Figure l).

Figure l , Dua! Distribution System Schematic

A Iook at four operating duaI distribution systems

Shows a cross-Seく荊On Of benefits avaiIable from

OPerating a wastewater reuse system. The experiences

Of the wastewater reuse facilities in irvine, CA; Tucson,

AZ; CoIorado Springs, CO; and St Petersburg, FL

ClearIy demonstrate the benefits of u輔zing this kind of

Wise management of a scarce and vital resouroe…Our

Water,

書rvine, CaIifornia
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So go the openlng lines of a historical article about

Southem CaIifornia, Where Orange County’s lrvine

Ranch Water District (旧WD) is Iocated. Encompassing

70,000 acres, nearly one-S雨h of the county,旧WD

impoれS Water from the Feather River in no軸・Centrai

CaIifornia via the CaIifornia Aqueduct and from the

CoIorado River via the CoIorado River Aqueduct.

旧WD’s PIan for Water RecIamation

Once imported, the water used and disposed of as

SeWage by the District’s 35,000 customers is reciaimed.

Reclaimed water, about 9 mgd in 1984, irrigates

CrOPIand, a reglOnaI park, SChool grounds, Street

medians and edgeways, gOlf courses, reSidentia=awns,

and greenbeIt pathways. Wastewater is reclaimed and
recycIed by the District at the Michelson pIant rather

than disposed of into streams or the nearby Pacific

Ocean.旧WD’s Water Resources Master Plan of 1972

triggered the construction of suitable treatment fac輔es

and the requlrement that any new development incIude

dual distribution facilities for potable and reclaimed

Water.

The Treatment Process

Sewage treatment at the MicheIson plant is fairly

typical, conSisting of conventional primary and activated

SIudge treatment, With a capacfty o= 5 mgd. The
recIaimed water fac胴ies consist of the addition of

∞agu闘on chemicals, direct filtration (SeVen Sand仰ne

Ca巾On graVfty柵ers〉, and two-hour chIorination.

AII e鮒uent leavlng the plant must meet strict water

quafty criteria estabIished by the CaIifornia Department
Of HeaIth Services. Stringent reliabifty features are

incIuded throughout the plant and storage ponds are

avaiiabIe to contain, and return to treatment, any Plant

e仰uent not meeting the criteria.

Dual Distribution System

The dual distribution system incIudes an extensive

array of storage reservoirs, PumP Stations, and a

transmission/distribution pIPing SyStem. Water in the

duaI distribution system is avaiIable upon demand by

CuStOmerS. 1t is deIivered through regular service

COnneCtions and meter fac皿ies. In most cases use of

recIaimed water for landscape irrigation must occur

between the hours of 9 p.m. and 6 a.m. Automatic

COntrOIIers are used throughout.

RecIaimed water is soId at 85% of the prlCe Of

domestic water. The reduction in prICe is in recognition

Of the limitations upon use and as an incentive for

Chooslng reCiaimed water. The costs of reclamation

and ope「ation of a duaI distribution system are high.

Under 1 984 conditions, the lRWD reclaimed-Water
SyStem required a sma= payment in Iieu of aIternative

disposai costs from the users of the sewerage system.



Cfty of Tucson, Arizona

In Tucson, a Metropolitan Wastewater Beuse

Assessment was completed in March of 1983 to

assess the demand for reclaimed water for turf

irrigation in the metropoIitan area (See Figure 2). The

resuIts of this study were used to provide a basic pIan

for a recIaimed water system providing pretreatment by

PreSSure fiItration of 8.2 mgd (expandabIe to 25 mgd).

The p「句ect was compIetely constructed with IocaI

funds and was designed and pIaced in operation in

Only eight months.

Figure 2. PrQjected Annual RecIaimed Water Demand

for Turf lrrigation

A demonstration recharge p「句ect is being constructed

to store up to l.5 mgd of recIaimed water underground

during Iow demand winter months which w帥be

PumPed to the system during peak summer demand.

The Becharge Prqect w川be studied to evaiuate the

treatment provided by the vadose (unsaturated soiIs)

ZOne tO aSSeSS the potentiai application of this

treatment for future recharge prQjects.

Costs

A 「O-year CaPital program is in pIace to provide 24,000

acre-feet per year of reciaimed water to identified users

at a cost of鍵9 m冊On. Operating and maintenance

∞StS are PrQjected to be $70 per acre-foot which

includes $24 per acre-foot for pumping. Users of the

「ecIaimed water pay 80% Of the appIicable potable

Water rate, PreSently鈎48 per acre-foot.

Effects on PotabIe Water System

As t而irrigation users shift from the potabIe system to

recIaimed water’OVeralI ut岬y reYenueS W紺decline

SOmeWhat. This Ioss of revenue lS generalIy offset by

the reduced need for we= capacity. More importantIy,

the recIaimed water system allows high quaIity, POtable

ground water to be reserved for future use by Tucson’s

growlng POPulation.

PubIic Acceptance

lt would not have been possibIe for a p亘yect such as

Tucson’s to be constructed and institutionalized in such

a shor=而e without politica=eadership and widespread

Public acceptance. Public o鮒cials in Tucson are

COmmitted to managlng the region’s limited wate「

SuPPIy. The reuse of reciaimed e鮒uent is an important

eIement in achieving the basinwide water baIance

mandated by state law.

CoIorado Springs, CoIorado
Coiorado Springs has reciaimed wastewater for

landscape irrigation since 1 955. Secondary e鮒uent

from both an activated siudge treatment pIant and a

trickling航er plant is polished by seven gravity

Sand/anthracite dual media f航ers and stored in

uncovered reservoirs prIOr tO finaI chlorination and

distribution. The system has a production capacity of

「O mgd. Non-POtabIe ir「igation water is delivered to

users via a 13-m=e distribution system. Average daily

Summer irrigation use is 5 mgd. Non-POtable water is

used to irrigate approximateIy 600 acres of landscapIng

in Coiorado Springs including the wastewater treatment

facility, municipal parks, gOIf courses, Cemetaries, and

Private commerc劇establishments. AIso, COnStruCtion

firms purchase non-POtable water for construction

PurPOSeS and dust controI.

System Ope「ation

The sand f冊ation operation is manned by wastewater

treatment fac=ity persomeI, While the

distribution-SyStem and storage Iakes are maintained by

a single caretaker. Non-POtable system customers own

and operate the distribution system on their own sites

in a∞Ordance with a Use PoIicy ISSued and enforced

by the Crty Wastewater Division in accordance with

guidelines from the CoIorado Department of Health∴

The Wastewater Division conducts an extensive

SamPling program of the irrigation system to assure a

high quaIfty product.

Costs

The reclaimed wastewater portion of the irrigation

SyStem WaS Put On line in 1955 and expanded in 1971.

The system is financed entirely by user charges. The

non-POtabIe water rate is set at $.54 per hundred cubic

feet as opposed to a potable water rate of $1.22 per

hundred cubic feet. Since CoIorado water law operates

On the appropriations doctrine, the non-POtable

irrigation system is an important eIement in the plan for

the beneficial use of CoIorado Springs water resources.

This indirect economic benefit of securing the crty’s

Water rights vastly outweighs the operating expenses of

the irrigation system.



PubIic Acceptance

CoIorado Springs’non-POtabIe irrigation system has a

history of trouble-free operation with regard to

∞mmunity heaIth. An extensive epidemioIogy study to

assess the impacts of the system on communrty heaIth

has indicated that there are no apparent d嗣erences in

gastrointestinaI冊ess rates between users of parks

irrigated with potabIe versus non -POtable water. Public

acceptance of reuse technoIogy ln generaI, and the

existing irrigation system in pa巾cular, is high. Strong

Iocal participation in the Areawide Water Qua甲y

Management PIan (the 208 PIan〉 has resulted in

repeated endorsement of wastewater reuse.

St. Petersburg, FIorida
The city of St. Petersburg operates the Iargest effIuent

SPray irrigation system in the United States. In

response to PL 92-500 and a state Iegislative act that

required either advanced treatment or zero discharge

to Tampa Bay’the City CounciI adopted the concept of

ZerO discharge through wastewater reuse in 1977.

Three of the Cfty’s four wastewater plants currentIy

SuPPIy w争ter to the e鮒uent distribution system. When

the fou軸PIant is tied to the systenl (SCheduIed for

1986), the recycled water potential w旧ncrease to 68.4

mgd. Although current demand requlrementS are Iess

than 20 mgd, the City’s program for extending the dual

Water SyStem W川continue to increase e鮒uent usage.

in addition’Other nearby communities may eventuaIly

use the City’s e仰uent.

System Design

Each of the four wastewater plants is a standard

CompIete Mix Activated Sludge plant without primary

CIarifiers. Complete Mix requlreS a Shorter aeration

detention time for treatment, and therefore, a SmaIler

aeration basin. The shorter aeration period norma=y

PreVentS nitrification. The nitrogen and phosphorus in

the e鮒uent reduce lawn fe輔zer requIrementS - a gOOd

Se冊ng point. A treated wastewater main ties a旧Our

PIants together in a ∞mPlete Ioop, eIiminating any

PrObIems in suppIy or pressure drops due to shuトdown

at any one plant,

Probably the most important process in meeting

e鮒uent qualfty restrictions is輔ration. Pre一冊er alum

addition for enhanced solids capture is used at two of

the plants. Su鮒cient chIorination after the冊ers is aIso

important in disinfection and virus inactivation,

With the majOr PerCentage Of reuse i「rigation at night, a

Shift in e鮒uent discharge from the normal daiIy flow is

required. Four ground storage tanks (CaPaCrty 23

m冊On ga=ons) provide the reservoir for nigh請me

PumPlng. The cIosed storage tanks eIiminate algae

PrOblems, aS We= as mosquitoes, bird contamination,

etc.

E鮒uent Disposal System

E鮒uent disposa=s accomplished through spray

i「rigation or deep-We旧njection. The spray irrigation

SyStem COnSists of a compIete secondary water main of

「OO miIes, CarryIng e鮒uent to the four quadrants of the

City. Branches of the water main supply both large

Water uSerS - gOIf courses, Parks, SChool grounds - and

aIso the criticaI water quafty (CWQ) areas. CWQ areas

(genera=y residentiaI users) are areas where welIs

PrOduce saIt water, Which is unacceptabIe for irrigation

and would therefore requIre POtable water for irrigation.

Excess e鮒uent not used for irrigation is injected via

deep welIs into a brine zone a thousand feet below the

ground・ An impermeabIe layer of rock and clay

OVe「-1aying the brine zone prevents vertical mIgration of

the e鮒uent, eliminating the possib掴ty of contaminating

ground water.

Reclaimed Water use

Since the program was initiated in 1977, the City has

experienced a substantial decline in the increasIng rate

Of potable water consumption and a軸butes this decline

to the introduction of the RecIaimed Water System

(See Figure 3〉. Reclaimed water, On a limited scale, is

Figure 3. St. Petersburg Water Usage




