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ABSTRACT

Evaluation of industrial cooling syste爪S USing reclaimed municipal wastewater∴WaS made.

For an industry, three major conditions which can dictate considerations of water reuse for

industrial cooling systems are8 1) scarcity of freshwater supplies, 2) public policy which

encourages wastewater∴∴reuSe, and　3) lower costs than those incurred with freshwater

SUPPlies・ Seveエal extemal treatment altematives are available for the recirculatingl

evaporative cooling tower operation using reclaimed municipal wastewateェ(lime clarifica_

tion, alum precipitation, andノ旬r ion exchange).工ntemal chemical treatment of cooling

tower makeup water is a component common to both freshwater and reclaimed water supplies●

工n spite of the higher costs of industrial cooling systems　=Sing reclaimed municipal

WaSteWaterl SeVeral conditions encouraging adaptation of wastewater reuse syst帥S for

COOling were identified and discussed.
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INTRODし購T ION

Use of municipal wastewater for industrial cooling occurs at many facilities worldwlde.

Total potential use, however, far exceeds these existing applications. The gap between

POtential and existing applications occurs in part because there remains uncertainty about

the mechanics and cost of wastewater reuse for individual cooling facilities●

The purpose of this paperl thereforel is to evaluate specific components of industrial

reuse as they affect potential industrial cooling system projects. This will allow iden-

tification of measures which potential users may take to facilitate and impl帥ent

WaSteWater reuSe and to identify their own feasibility of using reclaimed municipal

WaSteWater for industrial cooling systems.

Use of reclaimed恥nicipal wastewater in industrial cooling systems is not new. Bethlehem

Steel at Sparrows Pointl Maryland) ∪・S.A・タ　began using Baltimorels Back River secondary

treatment Plant eff#豊島署2F霊a嵩工悪霊ミ#嵩等岩音窮O器寵
metals cooling.

豊熟圭
Engineers, Inc., 1980).　The impetus for most users has been a lack of available wate王

SuPPlies and p重OVisions for supply reliability●

effluent s王nce 1974　for process coolingl and in Califomial the City of

P9Wer Plant has ±Sed_City ef甘uent since 1967 (James M.‾　Montgomeエy, Consulting
○　　○_　臆_　臆,_　　、
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164 T. ASANO ct al.

INDUSTR工AL COOL工NG SYSTEM

There aエe Significant variations among large industrial cooling systems. The range inclu-

des once-through non-COntaCt COOling such as at large power facilities or refineries near

the ocean, direct contact cooling of relatively inert material as in the prima重y metals

industry, and non-COntaCt reCirculating cooling at large inland industries with limited

Water reSOurCeS.

0nce-through cooling transfers process heat to water∴Which is then wasted. Recirculating

SyStemS gO One SteP further and transfer the heat from the warmed water to the air so that

the water can again be used to absorb process heat. The heat is transferred from∴Water tO

air primarily through evaporation.　Figure l shows the basic features of the recir-

諾圭i#詳嵩㌢苦書誌霊e言。詣t藍i諾I圭。豊謹話a黒岩謂.薄紫
Out the top by a fan rotated at the top. Warmed water from an industrial heat exchanger

is pumped into the top of the tower and allowed to fall down through the upcoming air

Stream.　Packing inside the tower breaks up the water into droplets to allow efficient

air-Water COntaCt. A fraction of the water evaporates and leaves the tower as vapor. The

COOled remainder falls into a collecting basin at the base of the tower’ and is again

ready for process cooling.

Evaporation is one of three mechanis爪S by which water is lost from the cooling system.

註e謙yt。謹書豊富霊S #持菩豊蕊器e藍Of。詩誌譜語音詩l%
the second mechanism. About O.00うPerCent Of the recirculating water is Iost in this way.

The third mechanism for water loss is tower blowdown. Evaporation removes water from the

SyStem Without taking salts’ and in order to preserve a salt balance in the resultingly

more concentrated tower∴Water (SUCh that the solubility of potential precipitants is not

exceeded), a Certain amount of this concentrated system water is bled off and replaced

With low salt make-uP Water.

The total make-uP flow for the cooling system includes all three of these water losses.

Figure　2　depicts `the water and salt balances in the recirculating, eVaPOrative cooling

tower. Quantitatively the water balance may be sumarized as follows!

Q請雪Qb十Qd+Qe (l)

Where Qm is the make-uP Water flow∴rePlacing blowdown flow, Qb; drift flow, Qdi and eva-

POration, Qe. Qd is generally small enough to be lgnored, and so drops out of the calcu-
1ations.

In a similar wayl the salt balance in cooling tower may be described as followsI

QmCm = QbCb + QdCd + QeCe (2)

Where the ’’Q’’terms are the same in Eq. (l), and the “C●● terms represent the concentration

Of a conservative salt in the specific flows.　Again, Qd is negligible so that the

expression QdCd drops out. The concentration of salt in the evaporation water is also

ZerO SO that QeCe drops out. The resulting equation sets the low concentration of a

COnSerVative make-uP Saltl Cml times the relatively larger make-uP flowI QmJ equal to the

high concentration, Cb, times the relatively smaller blowdown flow Qb:

QmCm = QbCb (ブ)

The magnitude of the blowdown flow (and thus the make-uP flow) is dependent upon the con-

Centration of potential precipitants in the make-uP Water.丁hese may be concentrated to

just below their solubility limits, after which time they must be‾ removed through blowdown

and replaced with low salt concentration make-UP Water. The ratio of the concentration

露盤言霊∈器等善書霊豊講評器霊誓鵠尭嵩he謹言器。雷重
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Fig. 1. Recircula七ing, eVaPOrative cooling tower operation
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166 T. ASANO ct al.

▲
Warm air + evaPO「ated wate「 (no saIt) = OeCe

P書us drift (high salt) = QdCd

Salt in via make up = Salt out via bIowdown and windage

Fig. 2. Definition sketch for mass balance

亀



Evaluation of industrial cooling systems

(3) and the cycles of concentration above’it can be seen that the cycles of concentration

are also equal to the ratio of the make-uP and the blowdown flows!

Cycles of Concentration = Qm/句b

Figure 3 su同arizes water and salt balances and defines cycles of concentration.

(4)
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WATER QUALITY REQU工REMEN丁S

Industrial cooling tower operations face four general water quality problems' SCalingl

COrrOSion, bioIogical growthsl and fouling in heat exchanger and condensers. Both fresh_

Water and reclaimed剛nicipal wastewater contain contaminants which can cause these

PrOblems’b=t their concentrations in reclaimed m=nicipal wastewater are generally higher.

詫言計hごC認i筆書蕊薯豊*rd deposits’USUally on hot surfaces’wlhichCalcium scales (calcium carbonate, Calcium
SUlfate and calciu同Phosphate) are the principal cause of cooling tower scaling problems.

Magnesiun scales (magnesium carbonate and phosphate) can also be a problem. Silica depo-

Sits are particularly difficult toェemove from heat exchanger surfaces; howeverl mOSt

WaterS COntain relatively small quantities of sil王ca.

Reducing the potential for scaling in wastewater is achieved by controlling the fo珊ation

Of calcium phosphate’which is the first calcium salt to precipitate if phosphate is pre-

Sent・ Treatment is usually accomplished by r飢OVing phosphates in a sequence of ch帥ical

addition and sedimentation steps・ Other treatmentsI SuCh as ion exchangel reduce scale

formation by r飢OVal of calcium and magnesium汗OWeVerl these techniques are comparatively

expensive and their use is limited.

Corrosion・ Corrosion can occur in syst飢S When an electェical pote=tial between dissimilar

me a Surfaces is created・ The corrosion cell consists of an anode上Where oxidation

(dissolution) of one meta1 0CCUrS, and a cathodeJ Where reduction (deposition) of another

metal takes place・ Water quality greatly affects this process. contaminants such as

total dissolved solids (TDS) increase the electric cond=Ctivity of the solution and

thereby accelerate the corrosion reaction・ Dissolved gases (oxygen) and certain metals

(manganese’iron・ and aluminum) promote corrosion because of their∴relatively high oxida-

tion potential.

The. corrosion potential of cooling water is controlled by the addition of chemical corro_

Sion inhibitors・ The ch帥ical requir飢entS tO COntrOI corrosion in reclaimed wastewater

are uSually恥Ch higher than for freshwater because the concentration of TDS is often two

to five times higher in wastewater・ The alteエnative to ch帥ical addition is to pretreat

the reclaimed wastewater by reverse osmosis or ion exchange●

B王o10 ical Growth.

O富　PrO同O 1ng

Organics (measured by bi6chemi品l oxygen demand,馳D) further encourage this growth which
、葛‾　　‾　‾「‾　‾‾‾　‾‾　1“‾’ “‾　’“““一〇°“‾葛細ミプ1-“ ○ノ　　ヽ置" ●ヽ一　　ヽ置▼ヽ置〇〇〇〇⊂案葛′ふくラ

Can attaCh and布r deposit on heat exchanger surfaces, inhibiting heat transfer and water

誌豊蒜諾嵩認諾諾諾鵠三・ de馳e霊霊。豊O#
BioIogical growths are usually controlled by the addition of biocides d=ring the intemal
treatment process・ Because reclaimed wastewater contains a greater concentration of orga-

nics it may require larger dosages of biocides・ It isl howeverl POSSible that most of the

nutrients and available organic matter is removed from the reclaimed wastewater during

bioIogical and chemical treatment and that the potential for reclaimed water to support

bioIogical growth may not be significant.

豊#霊葦蒜,∪詫#謹∩結晶aSSuranCe Of adequate dis輔ection is a pri-The disinfection requirements for use of
reclaimed water in ind=Strial processes are made on a case-by-CaSe basis. The most

reStrictive requirement’limiting total coliform concentration to 2.2 MPNAoo巾(most

PrObable number per 100 ml)l WOUld be applied if there were a potential for∴WOrkers to be

exposed to spray (State of California, 1978).

The warm, mOist environment inside the tower∴makes an ideal environ_

bioIogical growth・ Nutrien干s (p巾sphorus and nitrogen) and available
○　　　　　　○臆　　●　　　　　　〃　　　　　　　　○　　　　　　○



T
.
 
A
S
A
N
O
 
e
t
 
a
l
.

1
6
8

応急

、ヽ

嘉の宰○岬　的亀山〇〇〇〇　①q審　審健　S①Ou寄白競q　薯館S p亀購　裏①審轟き.g.勘山田



Evaluation of industrial cooling systems　　　　　　　　　　　　　　　　169

The addition of chl脚lne, Chlorine dioxidel Or OZOne tO the wastewater following treatment

Can disinfect the reclaimed wastewater to a safe level. Chlorine gas is most frequently

used、 because it is readily availableIエelatively inexpensivel and most treatment -Plant

OPeratdrs are f帥iliar with the operation of the process equi叩ent●

「oulin

in. co聖ng t聖er reCirculation syst飢S. These_ COnSist oでbioIogical growths,

・ Fouling refers to the process of attachment and growth of deposits of various

言諾d#謹霊#轟器i諾豊島書音譜i諾誌.. The resultin6 opera二

ControI of fouling is achieved by the addition of chemical dispersants which prevent par-

ticles from reaching certain sizes so that they do not settle. When reclaimed wastewater

is　=Sed for coolingJ the ch帥ical coagulation and filtration processesrequired for

Phosphorus removal are also effective王n red=Cing the concentration of contaminants that

COntribute to fouling. Dispersants are also added to the point of use as usual for fresh_

Water COOling systems.

In many eases’ the　南ter q=ality requir飢entS for the use lof∴reclaimed municipal

WaSteWater are the same as those for freshwater・ An example of the water quality require-

ments for cooling tower make-UP Water is shown in Table l. These water quality require-

ments could be achieved with advanced water treatment (AWT) designed to reduce

COnCentrations of phosphorus (controI scaling),. S=SPended solids (COntrOl fouling),. and

microorganisms (COntrol bioIogical growth and pathogens). Additionally, internal chemical

treatment such as zinc丞hromate treatment would be required to minimize corrosion caused

by other contaminants・ These incl=de total dissoIved solids and minerals which are expen-

Sive to remove in conventional unit processes and operations.

TA軌_E I Water Qualit uirements for

Tower Ma

Parameter*　　　　　　　Allowable Concentration**　AWT Effluent***

Calcium (Ca)

Sulfate (SO4主

Magnおium (Mg)

Silica一(SiO2)

Phosphate (FO4)

PH’ 【州Units

Chloride (Cl)

Total工ron (Fe)

Total Manganese (Mn)

Total Aluminu爪(Al)

A調onia (NHブ)

Total Suspended Solids

Total Coliform, MPNAooml

Biochemica1 0×ygen Demand

Chemica1 0× en Demand

JWS富　20:10-重

40

l,lう0

ブO

19

0.`

6.8_　7.2

9○

○.0`

0.06

0.06

l.ブ

13

2.ナ

10

-う0

*concentrations are mg/l unless otheエWise stated

畢書き等
at eight cycles of concentration in cooling tower

SUbsequent field demonstration project
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TREATMENT FOR COOL工NG WATER

The effluent provided after secondary or tertiary wastewater treatment is acceptable for

non-Critical, 0nCe-through cooling・ For∴reCirculating cooling purposesJ howeverl it still

COntains constit=entS Which’if not removedl WOuld limit industries to very low cycles of

COnCentration in their cooling towers・ Industrial pretreatment processes generally

include lime clarificationJ alum precipitationタOr ion exchange● Internal chem王cal treat-

ment invoIves the addition of acid for pH controll biocidel SCale and biofoul inhibitors.

Lime Claエification

Lime clarification is traditionally used for∴remOVing hardness from waterl but in applica-

tion to wastewater for ind=Strial cooling p=rPOSeSl the primary aim is phosphorus removal.

The basic phosphorus removal reaction can be written as

3HPOa2 +うCa+2 + 40H- → Caぅ(OH)(ro4)3 + 3H20

(hydroxyapatite)

Other precipitants and reactions may occur with different stoichiometric ratiosl but the

above reaction is illustrative. Softening is a secondary reaction in wastewater lime

Clarification・ Some removal of calcium and magnesium is obtained.

工f there is not enough alkalinity in the water to remove sufficient hardnessI then soda

ash is added to provide pecessary alkalinity・ This treatment process is termed lime-SOda

SOftening・工f the叩is sufficiently highJ above 10・うタand there is sufficient magnesium

in the water, then silica removal through adsorption onto the magnesi=m hydroxide floc

Will occur.

Magnesium and phosphorus removal is maximum aェound pH ll・ The pH in the clarif王er is

COntrOlled by the amount of lime additionタ　and normally an intermediate叩Of 10.うis

Selected. At this叩ValueJ gOOd phosphorus and adeq=ate Calcium, magneSium and silica

removal generally occur.

A sludge of 3 to 4 percent solids is produced in large quantities from conventional lime

Clarification, and is one of the major drawbacks to operation. The sludge must be dewa_

tered and disposedタOr∴reCyCled●

Alum Preci itation

Alun is an effective coagulant for phosphate removal・ The optimum pH of operation is

around 6・O to 6・5・ The reactions may be represented as fol10WSi

A12(SO4)3・ 14H20 + 6HCO三十2Al(OH)3 +3SOZ2 +6CO2 +14H20

A12的。)ブ・ l仙2〇十2帝→祖的。十坤2 + l仙20

Both carbonate and phosphate are removed in the reactions. The叩Of th。 reaCtion will be

reduced somewhat due to the conversion of bicarbonate to carbon dioxide.　Calcium and

Magnesiun are not affected by the alum addition・ Some slight silica removal may occurl

SPeCially if high deses‘ Of alun are used. GenerallyJ howeverl alum is not the reco同ended

alternative if silica reduction is required.

As with lime clarificationl alun precipitation produces a sludge which must be disposed.

The amount of alum sludge produced per cubic meter of effluent is about one_third the

amount of lime sludgei howeverl it is generally more difficult to thicken and dewater.

Ion Exchange

Three ion exchange pr∞eSSeS Which are suitable for treatment of reclaimed wastewater for

COOling purposes areg l) sodiun ion exchange (NAX) 2) weak acid ion exchange (WAX), and 3)

SPlit stream ion exchange with sodium and hydrogen resins in combination (SANAX).
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Sodium ion exchange lcan completely remove the hardness ions from∴Waterl rePlacing th帥

With sodium・ However’the NAX pr∞eSS does not remove the alkalinity of the water and' aS

a result’ large amounts of acid aエe Still required for pH adjustment in the cooling

towers・ Another disadvantage of the NAX process is that by replacing each calcium or噌gne-

Sium ion with two sodium ionsJ the TDS of the product water is somewhat higher than in the

effluent.

Weak acid ion exchange utilizes a weak acid resin in

the hydrogen ion functional groups and the released H‡h言。豊諾nr慧・ wi謙語s謙蒜
alkalinity and convert it to carbonic acidタWhich is subsequently stripped from the water

aSCO2・

The main drawback of the WAX process is that the resin is operationa1 0nly down to叩4.う,

after which point replacement ceases. In waters where the hardness exceeds (the alkali_

nity) the resin will remove the alkalinityl the pH will drop and the excess hardness will

re同ain.

In the split stream ion exchange processl a POrtion of the flow is sent through a sodiun

ion exchanger a=d the remainder through a strong acid exchanger in the hydrogen fo珊●　The

17l

StrOng aCid process is similar to the

PH; all the cations are removed and

W豊l:霊#韓d謙:’but it is not limited by
The effluent from this

exchanger is completely softened, but acidic. The two effluents are mixed and the resi_

dual acid from the strong acid stream ne=tralizes the remaining alkalinity from the NAX

Stream. The net result is a completely softenedl neUtral water.

Filtration

After clarificationタfiltration may be desirable to further reduce turbidity and suspended

SOlids ahead of the cooling tower・ Altemativelyl Or i= additionタSidestrea爪filtration

Of recirculating tower∴Water Can aid in maintaining a low suspended solids 10ad.

Filters can be of either the pressure or gravity type design●　Pressure filters are used

Whenever the inco爪ing water is supplied under pressure. Although pressure filters are

generally less expensive than gravityl for the same capacityl this will vaエy aCCOrding to

the specific application.

e and Brine Dis

Sludge disposal for either lime or alum treatment can constitute’a major component of the

Pretreatment SySt飢・ The appropriate system of sludge handling and disposal is site spe-

Cific・ Because alum sludge is quite dilutel it may be possible in some areas to discharge

directly to the sewer・ For lime and most alum sludgesI howeverl if land is available and

the climate dryl then direct disposal to lagoons is the easiest and cheapest method.

Recycling of lime th士ough recalcination is an attractive disposal altemativel but ls

generally not cost effective.

The waste stream from rege=erating ion exchange systens can also present disposal

PrOblems. If gェo=ndwater contamination is not a probleml then lagoon spreading and eva-

親書n are POSSible・ Otherwise, eVaPOration in lined ponds may be a feasible alter-

Internal Chemical Treatment

Intemal chemical (and布r mechanical) treatment of tower make細UP Water ProVides further

PrOteCtion against scalingJ COntrOIs叩タand retards corrosionタfoulingl and microbioIogi-

Cal growth・ The types of chemicals =tilized for freshwater or reclaimed make-uP Water

SuPPlies are the sameI howeverl the specific formulations and doses may differ●

One of the two general treatment programs is utilized for q=ality controI within the

COOling systemi aCid or alkaline・ An acid program is usually selected when scale is a

PrOblem; the low叩increases the solubility of many scale forming constituents. On the

Other hand, at these lower　叩　Values, COrrOSion is enhanced, and corrosion inhibitors

became an important aspect of the internal treatment. Chromate or chromate-Zinc products

are extremely effective corrosion inhibitorsl howeverタ　their use is now often restricted

by waste discharge limitations・ To avoid or reduce corrosion problemsl an alkaline treat-

ment program may be utilized・ Scale inhibitors or dispersants then become the primary

COmPOnentS Of intemal quality control.
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FQr SOme COOling operations, meChanical cleaning syst飢S Can be utilized to significantly

reduce internal chemical requir帥entS. These are soft rubber’Plastic or metal devices

Which are specifically sized to scrape thro=gh the heat exchanger tubes and prevent depo-

Sition of contaminants・ In the appropriate applicationタthese can be very effective.

Most of these systems are q=ite expensive and are mQSt aPPrOPriate for single large heat

exchangers such as are found in power plants・ They may also be warranted for critical

application for exchanges in the petrochemical industry where it is necessary to avoid

removing the exchanger from service for periodic maintenance.

BIowdown Tエeatment and Disposal

Cooling tower operation is dictated to a certain extent by waste discharge requirements.

For examplel if an industry dischaェges to an open channel or to a wastewater treatment

Plant, limitations on specific constituents may force low cycles of concentrationl

industrial blowdown treatment, Or USe Of altemative programs・ At Burbank Power Company?

for examplel TDS discharge standards limit operations to 2・0-2.うCyCles of concentration.

Any constituents which exceed discharge req=irements must be removed or neutralized.

Continuing Burbankls example’ eVen With their moderate cycles of concentrationl the

b10Wdown TDS must be diluted with additional reclaimed water before discharge●　Waste

discharge permits or pretreatment reg=lations for cooling tower operations generally plaee

limits on temperature,叩,関D, COD, SuSPended solids, and toxics (c巾Omate and鵬tals〕.

Treatment can incl=de dilutionタion exchange for metals r帥OVall Or mOre rigorous and

expensive methods s=Ch as chemical or electrochemical reduction of chエO同iun followed by

alkaline precipitation (James M・ Montgomery, Consulting Engineers,工nc. , 1980).

The above descriptions of pretreatment and intemal treatment provide a general background

Of c=rrently accepted methods of treatment of reclaimed water∴for cooling purposes.

Further information on principles and applications of the specific unit process or opera-

tion may be found in several references including James Montgomery Engineers (198う) and

Culp川esner尤ulp (1986).

F工ELD DEMONSTRATION PROJECT

The East Bay M=nicipal Utility District (EBMUD), With headquarters in Oakland, California’

COnducted a pilot study to evaluate reclaimed municipal wastewater for industrial cooling●

Studies conducted by the E酬UD have identified sources of reclaimable wastewater and

葦置謹請霊器鵠荘耗S轟t詰詩請書豊富聾詰薯葦
COUld be replaced by reclaimed municipal wastewater.

蕊嵩嵩y。fP諾霊前#蒜u耕COOling towers having a total potable waterWater is cycled up in these towers to ten
CyCles of concentr鵠盤号。鵠荘O聾語i詩豊島霊i器(l藷霊譜n#
Calcium haエdness.

treatment chemicals include dispersants (to controI scaling), Sulfuric acid (叩adjust-

ment) and chlo正ne (control bioIogical growth).

The water quality requirements for use of reclaimed water aェe the same as those that

already exist for use of potable water. Preliminary water quality requirements (Table l)

Were PrOVided by the refinery to minimize these problems (Parker生垂., 1987).

Advanced Water Treatment Pilot Plant

The advanced water treatment (AWT) processed a maximum of 7.8 1布in in two parallel treat_

ment trains. Treatment processes included chemical coagulationタ　flocculationタSedinen-

tation,叩adjustment, filtration, and disinfectioh.工n addition, Single vs. two-Stage

recarbonation was evaluated during the dry weather period・ Soda ash softening was added

to the processl and single and two stage softening were evaluated.

C○○lin Pilot Plant

Stored AWT effluents were transferred to the other trailer) Where they were tested in the

two parallel cooling tower小eat exchanger loops, eaCh having a recirculating flow of 3.8

1布in・ These systems incl=ded the cooling towerl Chemical injection p=mPS (SulfしIric acid,

Zinc-Chromate, Phosphate布olymer dispersants), heat exchanger tubes, make-UP rate COntrOl

Valves and on-1ine process monitoring equipment.

圏
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For this study, refinery conditions weエe Simulated byI mild steel and admiralty brass

tubes in the heat exchanger, Skin temperatures at 92.2 degrees Celsius and bulk water tem-

PeratureS in and out at 46.7 and 48.9 degrees Celsius, reSPeCtively・ Proc?SS mOnitoring

included corrosion rates, PH, fouling, and conductivity・　During the dry weather test

Period, the conditions maintained in the recirculating water were3 PH 6.0-7・l, d王spersant

謀計豊監・辞書t霊器罵㌦霊a謙語普請詰笠島霊詐霊器
hardness at 800 mg/l (as CaCO3).

里中dings

l. Calcium hardness of lうO mg/l (as CaCO3) limited the number of cycles to about five

COmPared to 10 attainable with potable water.　Both single and two stage high lime

Clarification processes produced the similar results.

2. The phosphate/bolymer intemal treatment program was more effective than the zinc-

Chromate program in reducing fouling and corrosion in heat exchangers when　飾T

effluent was used as cooling medium.

3. Both single and two stage softening achieved the target calcium hardness reduction to

allow a minimun of eight cycles of concentration in the cooling tower小eat exchanger

SyStem.

The field demonstration project showed the suitability of the EBMUD reclaimed wastewater

for industrial cooling.　工nitially, the main treatment goals were to reduce the con-

Centrations of phosphateタSuSPended solidsJ and coliforms. Lime coagulation was effective

in this purpose; howeverI its use resulted in excess effl=ent Calcium and higher costs of

internal treatment. As a result, the main treatment objective became softening・ The best

COmbination of phosphate and calcium effluent levels at the lowest cost of AWT and inter-

nal treatment was single stage lime/soda coagulation at a叩Of 10.8.

ECONOM工C AND　工NSTITUTIONAL CONSIDERAT工ONS

The specific cooling systems examined in the Montgomery Engineers study (1980) and the

認芋器#豊r。詩話訃r:認nfe謹書霊#霊譜i謹呈嵩抗e結
Water quality and treatment costs.

誌豊詳Sふ坑詰悪霊。〇㌦砦‡認諾‡柴島龍霊S霊詩誌諸士蕊
about !600,000有ear, Which represents an average cost of如.1う布ブ. If lime sludge

覇親筆鵠詩話。J:謀eks荘紺席t increases to a囲×imatelyThe largest single cost is

pretreatment o and MI*which represents around　うう驚of the water treatment total cost・

Annualized pエetreatment COSt rePreSentS about 18%・l and intemal treatment about　27%

(James M. Montgomery, Consulting Engineers, Inc., 1980).

For an industry, three major conditions which can dictate considerations of wastewater

reuse for cooling towers are: l) scarcity of freshwater supplies, 2) public policy which

encourages wastewater∴reuSe, and　3) lower costs than those+ incurred with freshwater

SuPPlies●　While the first two conditions are likely to apply in many placesl it will be

rare that the costs of the operation with reclaimed water are lower than with freshwater・

The most important aspect of industrial cooling systems is the reliabil王ty of supply pro-

vided by reclai爪ed municipal wastewater・ As a locally developed supplyJ eSSentially unaf-

fected by climate, its delivery can be easily assured even in drought years・

SUMMARY AND CONCLUS工ONS

Evaluation of the use of reclaimed municipal wastewater in industrial cooling systems in

the U●S.A. was madel and the following findings and conclusions are reported herewith章

l. Most existing industrial reuse applications occur∴Where freshwater supplies are vir-

tually unavailable・ The industries concemed have typically selected those particular

locations because other more important raw materials or resources were available・

★O and M = OPeration and maintenance
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2., Some type of indust正al pretreatment is required for reclaimed wastewater in order to

allow operation of the cooling tower at cycles of concentration comparable to those

achieved with freshwater supplies.

3・ The treatment processes more appropriate for treating the recla王med water supplies

are$ lime clarificationタalum precipitation or ion exchange. Which process is most

effective depends on the quality of water being treated and sl=dge and brine disposal●

4. Each of those extemal treatment altematives produces either a sludge (lime or alun

PrOCeSSeS) or a brine (ion exchange process) which must be disposed・ The availability

Of appropriate waste disposal facilit王es can be a determinant factor in the selection

Of a cost-effective pretreatment system.

う・ Internal chemical treatment of tower make-uP Water is a component common to freshwater.

and reclaimed water supplies・ The types and doses of chemicals required for the

TeClaimed water∴Will depend upon the effectiveness and the preceeding external treat-

ment in removing residual contaminants and allowing increased cycles of concentration.

6. Reclaimed water can usually be purchased for a much lower price than freshwater.

However’ the costs associated with reclaimed water pretreatmentJ internal chemical

treatment’ and sludge or brine disposal will typically exceed the costs associated

With internal treatment of freshwaterl SOme CaSeS by about 7う驚.

7・ A reclaimed water project includes necessarily several institutional components, amOng

them the contractual arrang帥entS for the purchase and delivery of reclaimed waterl

and health and environ鵬ntal constraints on the use and disposal of reclaimed waterタ

and the regulations on the disposal of sludges and/br brines. Most of these com_

POnentS Will apply regardless of the type of water s=PPlyタreClaimed or freshwaterl

and their cost of co岬Iia∩Ce Will be comparable in either case.

8. In spite of the higher costs of industrial cooling systems using reclaimed municipal

WaSteWater, three conditions encourage adoption of this alternative! l) the uncer_

tainty of future freshwater supplies, 2)the reliability of locally-developed reclaimed

Water SUPPlies, and 3) a public policy favoring reuse.
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