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Al t hough published several years ago, the principles

expressed in this docunent remain valid and are substanti ated

by several years of operating data. Do not use this information
for design without consulting the author. Although | hate to waste
the tinme saying this, all |lawer disclainers required apply

to this docunent.

COOLI NG TONER SYSTEMS
Basi c Principles

In Power Stations, water is recircul ated

bet ween the condenser and cooling towers to

di ssi pate waste heat. Wat appears to be a
simple process, inreality, is dynanm c and
compl ex. Substantial transfer of material and
energy occurs. The process is constantly
changi ng, consum ng, and di schar gi ng.
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Evaporation in the Cooling Tower transfers the

waste heat to the environnent at amnbient

conditions. The quantities of HEAT and

EVAPCRATI ON can be estinmated by know ng

the MASS FLOW and TEMPERATURE DROP

of the recirculating water. (The heat capacity

of water = 1 BTU per pound per degree F; 1 gallon = 8.33 pounds).



EXAMPLE

Wt h:
30,000 G@ DeltaT=10F

Then:
BTUMN = 2,502, 000

Si nce evaporation consunes 1,000 BTU LB

the MASS RATE (in pounds) equals TOTAL

HEAT RATE/ 1000 (2,502 LBS/ M N above).

Thi s equal s 300 gpm Evaporati on Rate
(2,502/8.33). Makeup is added to the Tower
to account for evaporation and other |osses.

WATER LOSSES occur fromthe system (Drift,
W ndage, Bl omdown, sanpling, condenser

| eakage). In many plants, cooling water is
consumed for ash quenchi ng, scrubber
makeup, area | osses, etc.).

TONER MAKEUP is supplied nostly from

fresh water. However, wastewaters are often
directed to the system These include plant
drains, boiler blowdown, dem neralization
wast es, etc.

MAKEUP = Evaporation + Losses - Recycl ed Wastes.

Short termvariations occur (tower basin |evel
fluctuation, batch recovery of waste streans,

| oad swi ngs, and periodic w thdrawals). The
recirculating systemis a large "fly wheel" as it
responds to many changes.

Si nce EVAPORATI ON | S PURE WATER

VAPCR, dissolved salts fromthe | NPUT
concentrate in the Tower. The degree of
concentration is limted by | osses that occur
(salts are lost fromthe system by severa

means as referenced above). The ultimate
salinity that results is further influenced by
chemi cal additives, air stripping of volatiles,
dust, bio-reactions, precipitation, and dilution.

Conventionally, the term CYCLES is used to
describe the concentrating effects of salinity in
cooling tower systens.

CYCLES = MAKEUP/ BLOADOMN
(For expedi ency by some, although inexact,
the conductivity ratio is being used).

However, CHEM CAL PROCESSES alter the



composition of the SALINITY. Therefore, the
term"Cycles"” is generally of little neaning in

nodern systems. These PROCESSES (pH

control, chem cal additives, stripping, bio-

reactions, sidestreamtreatnment, etc.) increase

salinity and change the nature. |n sophisticated systens,
Cycles is of little value for

controlling operations.
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ZERO DI SCHARGE & COOLI NG TONERS

It is desirable to allow the water in the cooling
tower to concentrate to a high level for severa
reasons. First, water use is reduced. Second,
wast ewat er di scharge is mnimzed. Third,

chem cal use can be reduced.

To protect equi prment (condenser, tower, etc.)

and the environnent from corrosion and/or
fouling, the concentration of specific inpurities
in the recirculating water nmust be controll ed.
Further, the recircul ating water nust be

mai nt ai ned at specific pH free from biol ogi ca
activity, and low in suspended solids.

Sone inmpurities may be allowed to concentrate

to high levels with little concern. These

i ncl ude natures' soluble mnerals (sodium

pot assium and sulfate). Chloride concentration

must be | ooked at for each individual case as they may
be corrosive with systens using stainless

steel material s.



QO her inpurities nust be restricted in concentration.
The dom nant inpurities that nust be

limted are CALCI UM and SI LI CA. These can

pl ate out on piping and ot her surfaces,

causi ng equi prent danmage or expensive

mai nt enance.

As cal cium concentrates in water, it can react
with carbonate to forma hard scal e on pi ping.
Silica can plate out as a glass like materia
(nearly inpossible to renmove). Cal cium
Carbonate will precipitate nmore fully at higher
tenmperatures (such as in condenser tubes).

The primary nethod to avoid these conditions

is to control the recirculating water pH. This is
acconplished with sulfuric acid addition to the
Tower. High quality design, equiprment, and

i nstruments shoul d be used for pH control.
Operation and mai ntenance of this system

nmust be diligent.

The pH of the recirculating water should
be kept stable (just below 8.3). A reasonable target is
8.1 (with a range of 8.0 to 8.2 pH).

This pH range is significant as all carbonates
are converted to harnl ess bi carbonate and

CX2 below 8.3 pH. Therefore, little chance
exists for the formati on of cal ci um carbonate
scale. Another beneficial action occurs in the
tower at this controlled pH (the air flow strips
inmpurities fromthe water).

The cooling tower is an effective stripper due
to the high air flowate and | arge surface area
provi ded for the evaporati on and heat renoval.
Properly arranged, the tower strips out the

CO2 and bi carbonate. Stripping to about 100
parts per million alkalinity can be achieved.

WCA ZERO DI SCHARGE

Calciumand silica can be extracted utilizing
Si destream Treatment to provide ultinmate
assurance. Al so, the systemis kept free of
bi ol ogi cal growt h which otherw se can pronote
corrosion and fouling.

Wth controlled pH, |ow alkalinity, and
sidestreamtreatnent, the potential for scaling
or fouling is virtually elim nated.



Bl OLOG CAL CONTROL

A Bromine (or chlorine) residual is maintained

in the recirculating water to retard the incubation,
growt h and propagation of m crobes.

Frequently (weekly or as needed), short term

spi kes of chlorine bleach are added to "shock"

any m crobes that coexist with the |ow | eve
residual . (Avoiding sunlight, shock treatnent

at night is nost effective).

Bromine is the environnmental ly attractive

chem cal choice, safest for personnel, and of
nodest cost. Chlorine gas is effective and

| owcost, but safety and environmenta
considerations restrict its' use. Proprietary
organi ¢ based bi ocides are avail able from
vendors. These are expensive and can

produce unwanted side effects. Therefore,
their use should be avoided. Experinments with
ozonation may soneday result in practica
appl i cati on.

O her methods for controlling biological growh
i ncl ude renoving the mcrobes fromthe

system and killing them by exposing themto

pH shock. These capabilities are included with
t he WCA S| DESTREAM TREATMENT PROCESS.

Wth controlled pH, |ow alkalinity, and
sidestreamtreatnment, the potential for
scaling or fouling is virtually elimnm nated.

In Essence, keep the water clean and at the proper pH

CORROSI ON CONTRCL

Several methods are enployed "in unison"” to
m ni mze the corrosion of plant equi pnment.

Wth suitable materials of construction and
good control of the recircul ating water,
corrosion issues are minimzed (to long term
effects). Corrosion "coupons" shoul d be

mai ntained in the recirculating water to
estimate these rates (typically 1 to 3 mils per
year) or to detect the potential for short term
pitting or |ocalized probl emns.

The first line of defense to minimnm ze corrosion
is proper pH control as described previously.

The second necessary strategy is to contro

bi ol ogi cal activity, to restrict suspended solids
bui | dup, and to prevent deposits from

occurring. | N ESSENCE, KEEP THE WATER



CLEAN AND AT THE PROPER pH

Conventionally, a small anount of phosphate
derivative is added to the recircul ati ng water
for "unmbrella” corrosion protection. These

| evel s should be maintained within a strict
range to provide the wanted "effects" yet to
avoi d unwanted side effects and costs. O her
chem cal additives should be avoi ded.

SCALE & DEPOSI T PREVENTI ON

Scal e and deposits can occur from cal ci um
silica, iron, nmanganese, suspended soli ds,
organi cs and mcrobial action. The best
prevention agai nst scaling and deposition is to
keep these conponents frombuilding up in the
recircul ati ng water.

In conventional tower systens, blowdown is
used to purge the recirculating water to keep
the inpurities bel ow troublesome limts. Large
quantities of dispersants are added to the
system This procedure is inefficient as the
amount of bl owmdown can be substantial. The
bl omdown required can be estimated based on
the quality of the fresh water supply, the
evaporation rate, and other system Inputs and
Losses. Measurements are nmade during
operation to establish the actual rates.
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ELI M NATI NG BLOADOAN SAVES MONEY

Bl omdown i n conventional designs can cause
several problens and result in high costs.

First, a high volune of water consunption is
experienced. Disposal of the waste is often
difficult. Chemcal additive costs are high due
to the purging. Environnental concerns may
prevent this practice.

ZERO DI SCHARGE & S| DESTREAM
PRI NCI PLES:

To minimze wastes & consunption while

mai nt ai ni ng high quality water, the WA

S| DESTREAM SYSTEM i s enployed. 1In the

basi c design, a portion of the recircul ating
water is treated to

Extract unwanted calcium & silica

Kill mcrobes.

Renove solids, netals, colloids & organics.

Treat and recover other waste streans fromthe plant.

PonNE

Several options are available to integrate al
wat er systens and chem cal uses. Tota
Management and optim zati on of the processes
& technol ogy can be achi eved.

The S| DESTREAM TREATMENT PROCESS

can elimnate wastes, reduce consunption &

chem cal costs, enhance operation, and

acconmmodat e Envi ronnment al Regul ati ons.

The Total Costs nust be assessed.

Frequently, this is the | owest cost option.

Sonetines, there is no choice. Fresh water

may be limted and waste di sposal nmay not be

possi ble. Regul ations may disall ow conventional practices.

ZERO DI SCHARGE (Si ngl e Stage Design):

In nearly all designs, the S| DESTREAM

PROCESS wi | | extract sufficient quantities of
calciumand silica fromthe recircul ation water
such that no Bl owdown fromthe plant is
required for this purpose. Losses fromthe
recirculating systemlimt the salinity rise.
Losses are assimlated within the plant by ash
quenchi ng, scrubber makeup, drift and

wi ndage. Further |osses occur from di sposa

of the dewatered solids, sanpling, condenser

i n-1 eakage, and internal station evaporation.



For plant |locations with a | ow TDS wat er
supply (such as in New England), a Single

Stage Design is sufficient. Internal |osses by

t he nmechani sns nenti oned above are sizable

in conparison to the raw water input such that

the recirculation water salinity stays wit
reasonabl e bounds.
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Western U S. raw water TDS content can be
several times higher than that of New Eng

and.

In this case, though calciumand silica can be

controlled in the circuit, TDS may rise to
| evels. Then, additional purging of salts
required.

ADVANCED SYSTEM

The Doubl e Stage design provides
ENHANCED SALT PURG NG by bl owi ng

down fromthe primary tower systemto a
Secondary Evaporation G rcuit (BRI NE
TONER, EVAPCORATOR/ CRYSTALLI ZER,

etc.).

The BRI NE TOAER design is cost effective.
Here, purge water is treated by the WCA

Reactor to extract nobst traces of cal ci um
silica. The remmining salts are sol uble.
form the fluid is concentrated to severa
that of sea water. Waste is reduced to a

hi gh
is

and
In this
times



manageable level. 1In the Wst, a solar pond is

i deal for final evaporation of the residual. In
many cases, internal plant uses (ash quenching, etc.)
consumne the residual

The Brine tower materials (plastic, etc.) avoid
corrosion and fouling. Evaporation is driven by
waste heat fromthe condenser similar to the
action of the Primary Tower. A plate and

frame heat exchanger (or "split condenser") is
enpl oyed to isolate the "Secondary Loop"
fromthe "Primary" recircul ating fl ow

The "Secondary" Tower circuit is smal
conpared to the "Primary" Tower circuit such
that costs and mmi ntenance are noder ate.
Chemical additives prevent corrosion and
scal i ng.

In extrene circunstances, the EVAPORATOR CRYSTALLI ZER
version is enpl oyed where other nethods fail to
provide sufficient "Salt Purging" fromthe

system Electric power is consuned to drive a

vapor conpressor which provides the notive

energy to evaporate the waste fluid. Salt

crystals are formed and extracted with a

centrifuge.

This option in design of Zero D scharge
systens may be expensive, conplex, and

costly to operate. It is enployed where other
options are inappropriate.

Al ternate | NTERVEDI ATE CONCENTRATI NG
PROCESSES such as reverse osnosis and

el ectrodi al ysis have been used in some pl ant
designs to reduce the size and cost of the
Evaporator Crystallizer. GCenerally, nenbrane
processes are sensitive to fouling, add cost,
and conplicate the system It is desirable to
avoid their use as a waste concentrating unit.
However, some special applications can nake
these additions practical

RESTRI CTI NG | NPUT SALINITY to the
power station water systemis the nost
effective and common sense nethod to
m ni m ze the conplexity and costs of
achi evi ng ZERO DI SCHARGE

SALINITY INPUT to the system cones from
many sour ces:

1. Wth the raw water supply.



2. From chemicals used in makeup
dem neralization.

3. From conditioning chemicals added
to system

4. Plant drains, spills and waste
streans.

There are several design and operating
measures to restrict the salinity input:

Use a high quality raw water supply.
Treat the raw water supply.

Desi gn an efficient makeup system
M ni m ze use by recycling.

M nim ze chem cal additives.

Manage drains & spills.

Intelligent automation.

"Expert Systens" software.

9. Conprehensi ve Trai ni ng.

10. Operate according to design intent.
11. Maintain equi pnrent and control s.

NGOk ®WNE

RAW WATER SUPPLY - Often, there is little
choice in selecting the water supply. Wen
there is, selectively enploy the raw supplies
for the nost appropriate uses.

Provi de the makeup denineralizers with the
hi ghest quality source to achi eve best
efficiency (reduces regenerant waste, boiler
addi ti ves and bl owdown) .

TREAT RAWWATER - In sonme cases, it is
necessary to treat the supply before use.
TDS may be reduced by precipitating cal cium
silica, and alkalinity. This also renoves
suspended solids, colloids and organics.

DESI GN AN EFFI CI ENT MAKEUP SYSTEM

The makeup system efficiency influences the
Power Station in many ways, including "Zero
Di scharge" objectives. It is well known that
high quality water is required for boiler
operation. However, the inpact on waste is
of ten overl ooked.

| on exchange designs are effective in
produci ng a high quality product. However,
they produce regenerati on chem cal wastes.

I nternal recovering schenes shoul d be
considered. In sone cases, the use of reverse
osnmosi s before i on exchange shoul d be
considered strictly for waste m nim zati on.



M NM ZE WATER USE - RECYCLE

Each water subsystemw thin the station

shoul d be classified for the input quality
requirement. Waste streans from sonme can

be the supply to others. Sone wastes contain
chem cal s that are needed el sewhere. Cation
exchanger wastes contain acid which is

useable in the cooling tower. Anion exchanger
wastes contain caustic which is useable in the
sidestreamtreatnment process. Simlar
opportunities and benefits are nunerous.

DRAI NS AND SPI LL MANAGEMENT

I deal ly, the concept of "Wastewater Collection
Drai ns"” should be elimnated from power
station design and operation. Instead, the
concept of "Recycle Collection"” and " Spil
Contai nnent"” is a nore thoughtful approach

Di scharges from subsystens shoul d be

directed to the "Recycle Collection" system

Open floor lines, thought of as Spill Containment,
shoul d be designed to collect and

contain accidents and non standard events.

Spill contai nment should be isolated by area
sunmps. Liquids entering these sunmps shoul d

be eval uated automatically (pH and conductivity).
Based on anal ysis, the contents should

be directed to the appropriate reuse system
Were necessary, the contents should be

gi ven speci al handling and di sposal

The cont ai nnent sunps shoul d be nonitored

by the Station conputer. |f the frequency of
sunmp use becones excessive, an al arm

shoul d signal the operator for investigation.

I NTELLI GENT AUTOVATI ON

O'ten, systens beconme "over automated”.

Mai nt enance may be excessive and therefore
neglected. "Key Itenms" requiring control are
overl ooked. This can produce the worst of
results - a conplex systemthat can't be kept
wor ki ng and that doesn't produce meani ngfu
results.

Aut omat i on can be devel oped at reasonabl e
cost. Oten, this is the | owest cost alternative
and the best investnent choice.



This is acconplished with Process and |&C
Engi neering teammork. Process Descriptions,
Mat eri al and Energy Bal ances and P& D s are
the essential first step of design. Physica
desi gn such as civil and nmechani cal mnust be
subj ect to process and control review.

Equi pnent procurenment requires simlar
confirmation.

EXPERT SYSTEMS SOFTWARE

EXPERT SYSTEMS software i s becom ng

avail abl e to assist operators with conpl ex
deci si ons, tedious mathematics, |ogic, data

| oggi ng and trend analysis. The conputer
tools are rapidly inproving. "Expert Systens"
shoul d be commonpl ace in the near future.

OPERATCOR TRAI NI NG AND FOLLOW UP

Conpl ex and expensive facilities nust be
operated and cared for in an efficient manner.
Signi ficant decisions must be made constantly.
Success of the venture ultimately is in the
hands of operati ons.

Huge pay back is achi eved through equi ppi ng
the operating personnel wth classroom and
hands on training. Followup is valuable to
assess the success of the training, to answer
questions, and to fine tune instructions.

OPERATE PER DESI GN | NTENT

Sonetimes, systens are not operated

according to the design. There can be many

reasons for this. First, the design or installation
can be faulty. Second, the training may

be i nadequate. Third, m sguided or inconplete
advi ce may have been given by vendors

or outside consultants. Fourth, operations

may | ack the discipline and dedication.

Unr esol ved desi gn and operating deficiencies
can be costly and hazardous. Resolution
achi eves big rewards.

MAI NTENANCE

The | owest cost and | east tinme consum ng

option for operating conplex facilities involves
proper repair, preventative nmaintenance and

good housekeepi ng. This obvi ous concl usi on



is too often negl ected.

To manage these interrel ated subsyst ens;
experience, automation, trouble free design,

and intelligible operator interface is required.
Conputerization is ideal for the many techno
ogy intensive cal cul ations and "cause & effect™
deci sion making. This renmpves unnecessary

and unreasonabl e burden from Operati ons.

Thi s techni que al so provides a single

optimzed "Ganme Pl an" under one source of
control .

Cooling Towers can be your biggest ally
for achieving "Zero Di scharge” in power
stations. Conplex issues can be made
econom ¢ by using experience, know edge,
and common sense design.

Environmental linmitations require power
stations to consider inproved water
systens. Cooling Towers can be a big

Ally in achieving significant inprovenents.
The techni ques and experience

are growing rapidly to nmeet these needs.



