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1.0.0.    INTRODUCTION 
 
 Corrosion, scale and fouling impede the efficient and economical operation of 
 open recirculation cooling water systems.  Cooling water quality and disposal 
 limitations further complicate the task of selecting and implementing an effective 
 water management programme. 
 
 This booklet includes discussions covering : 
 
 a) Open recirculating cooling water system-General operating principles. 
 
 b) Corrosion, scale deposits and fouling problems in the cooling system. 
 
 c) Traditional cooling water treatment programme. 
 
 d) Practical problems in cooling system. 
 
 e) Current cooling water treatment methods. 
 
 f) Case study. 
 
 g) Conclusion. 
 
 
 
2.0.0 OPEN RECIRCULATING SYSTEM. 
 
 
2.1.0. Open recirculating water system generally consists of   : 
 
 a) Cooling water distribution system-piping, hot and cold wells and heat 
  exchangers. 
 
 b) Recirculating water pumps. 
 
 c) System equipment-heat exchangers, reactors, compressors and furnaces. 
 
 d) Heat rejection system-cooling tower, spray pond, evaporative condenser. 
 
 
 



 
 

���������	
���������	
����������
K-47,UPSIDC Site-V,Kasna, Greater Noida-201306, India 

www.dewindia.com, Email:info@dewindia.com 
 
 

 
 
Typical Cooling Tower Installation 
 

 

  

   
 
 
 
2.2.0 Cooling System Operation 
 

Cooling water is pumped from the cooling tower basin through the system  equipment 
requiring cooling.  This water absorbs heat from the system by conduction and 
circulates back to the cooling tower.  This absorbed heat is released in the cooling 
tower by evaporation of a small portion of the recirculating    water. The water lost by 
evaporation of a small portion of the recirculating water.  The water lost by 
evaporation is free of any dissolved solids.  Dissolved minerals don’t evaporate and 
continue to remain and concentrate in the recirculating water.  In addition to 
evaporative losses, water is lost as droplets known as ‘Windage Loss’.   These 
water droplets are identical in composition to the recirculating water.  The  extent of 
windage loss depends on the type of heat rejecting system employed and   the local 
operating conditions.  Typical figures for this water loss as percentage of recirculating 
rate for a given heat rejecting system are as follow. 
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 System Type    % of Recirculation Rate 
  
 Spray Pond    1.0  -  5.0 
 
 Atmospheric    0.3 - 1.0 
 
 Mechanical Draft Tower  0.05 -0.3 
 
 Evaporator Condenser   0.0 - 0.1 
 

To minimise the risk of corrosion, deposition and fouling of a system, a portion of the 
recirculating water is deliberately bled off from the system continuously.  This  and 
all other system losses are constantly replaced with fresh make up water.  The  net 
effect is maintenance of consistent recirculating water quality to avoid cooling system 
problems while maximising the utility of recirculating water as a coolant.   The 
deliberate bleed off from the system is governed by the following factors. 

 
 a) The quality and duty of recirculating water. 
 b) The availability of suitable fresh make up water. 
 c) The nature and degree of airborne and process contaminants found in the  
            system. 
 d) The cooling circuit operating parameters and metallurgy of the equipment. 
 e) Chemical treatments used. 
 f) Disposal restrictions of the bleed off from the tower. 
 
 
 To provide efficient process cooling with least amount of water consumption, the 
 cooling water should be concentrated to a maximum safe operating quality level 
 consistent with minimal bleed off.  The effect on water and chemical treatment 
 saving by increasing the number of cycles of concentration in a cooling system . 

Neglected open circulating system invariably experiences problems like severe 
corrosion of system equipment and pipe work, formation of scale deposits on heat 
transfer surfaces and deposit fouling matter - airborne debris, sediments, micro - 
organisms, corrosion products and process contaminants on the heat transfer surfaces 
and deposit fouling matter - airborne debris, sediments, micro-organisms, corrosion 
products and process contaminants on the heat transfer surfaces. 
 
Therefore, the primary objective of any cooling water treatment programme is to 
maximise the heat transfer efficiency of the cooling system by minimising and 
controlling the above problems. 
 
 



 
 

���������	
���������	
����������
K-47,UPSIDC Site-V,Kasna, Greater Noida-201306, India 

www.dewindia.com, Email:info@dewindia.com 
 
 

 
2.3.0   Cooling Water Chemistry 
 
 Naturally occurring water is impure and contains dissolved and suspended minerals 

The type and quantity of water contaminants in raw water depends on the water      
source.  A recirculating water system functions also as a air-washer, efficiently 
scrubbing suspended particles and dissolved gases such as Carbon-di-oxide, Sulphur-
di-oxide and Ammonia from the surrounding air.  These impurities plus those 
naturally present in the make up water often result in a recirculating water with a 
complex composition and water chemistry. 
 
Each of the impurities has a direct impact on the four main problems of cooling 
system, corrosion, scale, general fouling and bio-fouling.  These properties also affect 
the treatment programme designed to control the problems.  In general, the important 
properties are conductivity, pH, alkalinity and hardness. 

 
2.3.1   Conductivity 

Conductivity is a measure of water’s ability to conduct electricity.  It indicates the 
amount of dissolved minerals and gases in the water.  Cooling water treatment 
programme functions within specific range of conductivity.  The range depends upon 
the particular cooling water system design, Characteristics and type of chemical 
treatment programme. 

 
2.3.2 pH 

pH gives an indication of relative acidity or basicity of water.  Control of pH is 
critical for majority of cooling water treatment programmes.  In generals, when the 
pH is below recommended value the chances for scale formation increase.  The 
effectiveness of the biocide performance also depends on pH. 

   
2.3.3.  Alkalinity 

Alkalinity and pH are related because an increase in pH indicates an increase in 
alkalinity and vice versa. In cooling water two forms of alkalinity play and important 
role. These are carbonate and bi-carbonate alkalinity. 

 
2.3.4. Hardness 

 
Hardness relates to the amount of calcium and magnesium minerals present in the 
water.  Hardness levels are usually associated with the tendencies of the cooling 
waters to be scaling or corrosive.  Chemical programmes to prevent scale can function 
only when the hardness levels stay within the specified range.  Some corrosion control 
programmes also require a certain hardness level to function effectively as corrosion 
inhibitors. 
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3.0.0   Corrosion 

Corrosion is defined as a destructive attack on the metal by chemical or 
electrochemical reactions with its environment.  To date, as many as sixty distinct 
types of metallic corrosion have been identified (by Corrosion Scientists and 
Engineers).  Corrosions typical of cooling water systems are general corrosion, pitting 
corrosion, galvanic corrosion, crevice corrosion and erosion. 

 
3.1.1 General Corrosion 

When the corrosion is uniformly distributed throughout the metal surface, it is 
identified as General Corrosion.  This produces considerable amount of iron oxide 
which contributes to fouling problems. 

 
3.1.2 Pitting Corrosion 

When only a small area of the metal is attacked it is known as ‘Pitting Corrosion.’   
Generally, this type of corrosion occurs in areas locally stressed and strained, 
discontinuity in the rolling mill scale and gaps in corrosion inhibitor films.  Pitting is 
the most serious from of corrosion since this leads to metal failure by  perforation. 

 
3.1.3   Galvanic Corrosion 

Galvanic corrosion arises from the contact of two dissimilar metals combined with a 
corrosive environment.  Severe corrosion of the more active of less noble metal 
occurs at the interface. 

 
3.1.4   Crevice Corrosion 

Intense, localised corrosion underneath the covered areas of the metal exposed to the 
water is termed ‘Crevice Corrosion.’  Crevice corrosion occurs in stagnant water 
formed by gasket surfaces, lap joints, surface deposits and in crevices under bolt or 
rivet heads. 

 
3.1.5 Erosion 

Erosion corrosion is the acceleration in the rate of metal oxidation due to increase of 
relative movement between metal and the corrosive environment. 
 
Turbulent water flow results in significant components of force acting at right angles 
to the direction of flow and thus acting directly on the metal surfaces.  The abrasive 
action of the water physically removes metal.  This abrasive action is accentuated by 
entrained air and suspended solids. 
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3.2.0.   Corrosion Control 
 

The principal method of controlling corrosion in cooling water systems is by means of 
chemical corrosion inhibitors.  They function by insulating the electrical current 
between the anode and cathode. 
 
The relationship between plant corrosion and corrosion rate measured in mils per year 
may be summarised as under : 
 
Mils Per Year    Degree of Corrosion 
 
Below 2    Negligible, no problem 
 
2 to 5     Acceptable, very little attack 
 
6 to 10     Some metal attack, protection required. 
 
10 to 20    Definite attack.  Protection measures very                                    
     essential. 
Above 20    Serious attack.  Immediate inhibition  
      essential. 
*  Mil =  1/10 6 inch.  * 1 mil =   0.000001 inch. 

 
 
4.0.0.   Scale Deposits 
 

Scale can be defined as the deposit of sparingly soluble inorganic minerals on the 
metal surface.  These deposits or scales are typically dense, non-conducting, hard, 
tightly bound particles that tenaciously adhere to the metallic surface.  Scales such as 
calcium carbonate and calcium sulphate are formed on the heat transfer surface since 
these substances possess inverse solubility that is these substances are more soluble in 
cold water than in hot.  
 
The factors that determine the scaling tendencies of water are temperature, alkalinity, 
pH, hardness and dissolved solids.  If any of these change, scaling tendencies also will 
change.  For example, an increase in pH or alkalinity can increase calcium carbonate 
scale formation, while silica scales decrease under these conditions.  Scale results 
when the amount of scale forming materials dissolved in the water exceeds its 
saturation level, other dissolved solids in water also influences the scale forming 
tendencies.  In general, the higher the level of scale forming dissolved solids, the 
greater the chances of scale formation. 
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4.1.0.   Scale Deposit Control 
  

Scale can be effectively controlled in a recirculating cooling system by one or more of 
the following methods. 

 
a)  Limiting the cycles of concentration. 
b)  Physical removal of scaling impurities (External treatment). 
c)  Acid dosing 
d)  Chemical treatment. 

 
 
5.0.0   Fouling 
 
 
5.1.0.   General Fouling or Sedimentation Fouling 
 

Sedimentation fouling can be defined as deposition of suspended particulate in the 
cooling water on the surfaces of the cooling system.  Suspended materials are jointly 
introduced into the system from make up water, cooling water, process contamination 
and corrosion products within the system.  Fouling occurs predominantly in high 
temperature, low pressure and low flow areas and is influenced more by system 
design and operation than water chemistry. 

 
 
5.2.0.   General Fouling Control 
 

Side steam filteration and cleaning with rubber balls are the mechanical methods 
practised for fouling control. 
 
In the latter techniques specially made rubber balls are injected into the cooling water 
inlet of the tube heat exchanger.  The rubber balls remove foulants from the tubes 
while travelling through the condenser. 
 
Polymeric antifoulants are used in chemical control.  They are applied continuously to 
prevent deposition and to act as clearing agents. 
 
For best results in any system, a combination of side steam filter supplemented by 
chemical treatment is recommended. 
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5.3.0. Bio fouling 
Biofouling results from the extensive growth and development of three lower forms 
of plant life viz., fungi and bacteria. 

 
5.3.1. Algae 

Primitive plants, manufacture their own food by photosynthesis from water and 
carbon-di-oxide, using chlorophyll as a catalyst.  Algae growth usually occurs in 
sections of the cooling tower exposed to the sun. 

 
5.3.2.   Fungi 

Fungi include all simple plants not containing chlorophyll in industrial cooling 
system.  Fungi growth is generally encountered above the water level. 

 
5.3.3.   Bacteria 

Bacteria are the smallest, yet the most prolific and troublesome forms of  life in a 
cooling water system.  Bacteria multiply at an awesome rate by cell division. 

 
5.4.0. Bio fouling Control 

Micro-organisms present in the cooling system are controlled by the periodic 
application of microbicides.  Factors which influence the effectiveness of the biocide 
are (a) Choice of biocide, (b) concentration of the biocide per application,  
( c ) Contact time, (d) application point and (e) frequency of addition. 

 
6.0.0.   Traditional Cooling Water Treatment Programme 

Traditionally chromate based treatment supplemented with zinc and phosphate is 
employed for scale and corrosion control and biological growth is controlled by 
Chlorination. 

 
6.1.0.   Limitations of Chromate Based Treatment Programme 

Unquestionably, chromates are the most effective corrosion inhibitors available.  But 
the disadvantages of using chromate based products are : 
 
a)  Chromate is highly toxic.  For effluent discharge, restrictions exist today for both 

hexavalent chromate and the total chromium present.  To meet these 
requirements, a well equipped and maintained effluent treatment plant is a must. 

b)  Drifts from the cooling tower containing chromate cause undesirable colouration 
in buildings, cooling tower, automobiles etc. nearby in the area. 

c)  Chromate is a powerful oxidising agent and reacts readily with process 
contaminants producing troublesome foulant in the system. 

d)  Phosphate and zinc present in the formulations are highly sensitive to pH and 
maintaining their residual levels in the system are difficult.  Any imbalance of pH 
in the system can lead to precipitation of zinc hydroxide or calcium phosphate 
which leads to sludging and fouling. 
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6.2.0.   Limitations of Chlorine as a Biocide 
 

Chlorine is the most frequently used oxidising biocide.  It is low cost, toxic to most 
micro-organisms and reacts quickly.  Its effectiveness, however, is impaired by 
organic matter, reducing agents and chemicals containing reactive nitrogen.  Further, 
gaseous chlorine is dangerous to handle and is extremely corrosive to many metals 
and also can attack cooling tower wood when applied in excess.  Other limitations of 
chlorine as a biocide are : 

 
a)  Chlorine is more effective only in pH range 6 to 7 which is difficult to maintain in 

practice in most systems. 
b)  In presence of ammonia chlorine demand increase.  Chlorine reacts with ammonia 

forming chloramine which is practically ineffective as a biocide. 
c)  Chlorine is very unstable and persists only for a short period in the system.  

Therefore, it is ineffective in penetrating thick slimy mass. 
d)  When only chlorine is applied as biocide, microbes develop immunity against it 

over a period of time and thereafter, it becomes ineffective in the system. 
 
 
7.0.0.   Practical Problems Encountered in the Cooling System 
 

a)  Process Contamination 
 
It is practically impossible to stop process leaks contaminating the cooling  
water.  For example, fertiliser industries would like to limit ammonia  
contamination in cooling water to <50 ppm.  But in practise, most systems  
would reach a contamination level as high as 200 ppm with ammonia. 
 
b)  pH Control 
pH Control is another problem area.  When the system is infested with  
nitrifying bacteria pH dips to acidic levels.  Sudden and unexpected ingress of      
ammonia sometimes elevates the cooling water pH. 
 
c)  Bio fouling 
      Bio fouling remains an unsolved problem in most systems. 
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8.0.0. Current Methods of Treatment and Control 
8.1.0.   Design Basis 
 

A cooling water treatment programme for all systems can never be standardised.  
Cooling systems differ widely from a simple central airconditioning or diesel engine 
cooling system to complex fertiliser plants.  The quality varies depending on its 
cooling water supply from lake, river, borewell or sea.  The heat load, cooling range, 
material of construction also differ widely.  System design, plant layout, metallurgy of 
the equipment, contaminants from the process and environment, make up and 
recirculating water chemistry and microbiology are the important factors influencing 
the design of a suitable water treatment programme. 

 
Although the problem of corrosion, scale, general fouling and bio-fouling have been 
discussed separately, in practice all four problems occur together, but in different 
degree.  Therefore, a versatile and complete treatment programme design is very 
essential to achieve satisfactory results.  For this reason, DEW water treatment 
programme are designed to include : 

 
a)  Mixed corrosion inhibitors that are effective over multimetal systems. 
b)  Scale control additives to prevent calcium carbonate and other deposits. 
c)  Antifoulants to prevent sedimentation fouling. 
d)  How toxicity additives for easy handling and minimal disposal problems. 
e)  Compatibility with biocide applied. 

 
8.2.0.   Operating Mechanism of the Treatment Programme 
 

DEW cooling water treatment programmes are non-toxic and are based on poly 
functional inhibitors.  They are effective in treating a wide range of severely corrosive 
to severely scaling water, (Recirculating water Langlier Saturation Index minus 2.5 to 
plus 2.5). 
 
Poly functional inhibitor treatments inhibit corrosion through combined action of 
cathodic and anodic inhibitors formulated in a synergistic mixture.  In an operating 
cooling system the inhibitors are removed from the solution by the metal surfaces.  
The anodic inhibitor combines with the oxide film to form a protective barrier while 
the cathodic inhibitor is absorbed directly into the metal.  The net effect is the 
retardation of the corrosion process. 

 
In addition to inhibiting corrosion, polyfunctional inhibitor treatments prevent mineral 
deposition and fouling.  This protection is achieved by combining the inhibitor with 
an organic sequestrant and polymeric antifoulants.  Where water quality dictates, pH 
control can be used without adversely affecting inhibitor performance. 
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8.3.0.   Microbiocide Programme 
 

A cooling water treatment programme is incomplete without supplementing it with an 
effective microbiocide programme. 

 
8.3.1.   General Consideration in Designing a Microbiocide Programme 
 

a)  Determine the strain of micro-organisms both qualitatively and quantitatively. 
b)  Establish the degree of resistance the existing growths have shown to the 

microbiocide(s) presently in use. 
c)  Determine, the maximum retention time available in the system.  A cooling 

system with uncontrolled water losses will usually have a short retention time and 
will require a rapid-reacting microbiocide and vice-versa. 

d)  Avoid chlorine and chlorine releasing micro biocide in systems with a high 
chlorine demand. 

e)  Consider local restrictions governing the discharge of the blow down water from 
the cooling system. 

f)  Most systems may have both algae and bacteriological slime problems.  Hence 
consider more than one microbiocide for effective control. 

 
8.3.2.   Dosage and Frequency 
 

With a wide range of organisms flourishing at different levels, it is practically 
impossible to design a universal biocide programme.  In general, higher dosages are 
necessary in the case of severe bio-fouling.  Biocide application can be broken down 
into the initial dosage needed to control existing micro-organisms and the service 
dosage at regular intervals needed to inhibit further growth. 

 
a)  Initial Dosage 
Apply and maintain the initial dosage level for as long as practical, until         
biological control is achieved.  Just prior to addition of biocide bleed off the  
system, substantially.  After biocide addition, it is desirable to shut off the blow  
down completely and allow a retention time of 4 to 6 hours.   
 
b)  Service Dosage 
      After control is evident, it is necessary to inhibit further growth and  
      proliferation of micro - organisms.  The inhibiting dosage of microbiocide is  
      usually lower than the biocidal or killing dosage.  Retention time within the  
      system and variation in the factors promoting new growths-such as sunlight,          
      atmospheric contamination, temperature, etc., will affect the interval between  
      dosages.  The frequency of treatment should depend on the severity on the  
      problem and the effectiveness of the biocide programme. 
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9.0.0   Case Study 
 
 Customer - A fertiliser Plant producing urea and ammonia. 
 System Data - Cross flow induced draft cooling tower having 3 cells. 
 
 Make up water quality    
  - 
 TDS   150-200 ppm. 
  
 Ca    60 ppm. 
 
 Hardness   100 ppm. 
 
 Silica    15 ppm. 
 
Problem Statement 
 
 Foulant deposits, under deposit corrosion, severe biofouling, high fluctuations in  

system pH resulting in high corrosion rates of 20-30 mpy, cycle of concentration was 
restricted to 2.5. 
 
Solution 
 
A treatment programme with DEWTREAT 501, a multipurpose corrosion and scale 
inhibitor with in-built dispersant was supplemented with a biocide programme.  
Biocide programme included weekly application of biocide DEWTREAT 700 and 
DEWTREAT 701 alternatively.  Biocides were supplemented with dispersant 
DEWTREAT 600. 
 
Results 
 
a)  Corrosion rate reduced and brought under control at less than 2.0 mpy. 
b)  Pitting due to under deposit corrosion minimised as revealed by corrator readings. 
c)  Cycles of concentration increased to 8. 
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10.0.0   Conclusion 
 

Effective scale/corrosion/fouling prevention will only be achieved if the 
correct treatment is prescribed and applied.  Therefore, for any cooling system 
an appraisal of the plant, water quality and problems (degree to which each 
problem prevails) is essential.  This is best done by careful plant survey prior 
to introduction of any treatment programme.  The programme designed should 
be a balanced blend of correct operation practices augmented by the use of 
chemical inhibitors combined with a simple but effective schedule of 
monitoring and control. The proper selection and application of microbiocide 
are essential if the integrity and efficiency of the cooling system is to be 
maintained. 

 
The effectiveness of the microbiological control programme should be 
monitored by regular visual inspection of exposed cooling tower surfaces and 
by periodic microbiological analysis of the recirculating water. It is possible 
for micro-organisms to build up a tolerance to any one  microbiocide.  To 
reduce this possibility, it is frequently desirable to recommend two or more 
microbiocidal products and use them alternately.  It is necessary that the 
microbiocide be of different chemical groupings.  Such a diversity in the 
chemical composition of the various biocidal material will make it impossible 
for micro-organisms to develop a resistance. 
 
Antifoulants or treatments which contain antifoulants also contribute to 
improved system efficiency by maintaining clean heat exchanger surfaces. 

 
Cooling water management in essence is a specialised job and can be done 
effectively only by companies with expertise in water treatment who can 
supply not only plant and chemicals but also service by regular visits to 
monitor and control the treatment programme implemented and train the staff 
in correct plant operation and control. 

 
 
 
   

Dew is leading manufacturer of cooling water treatment chemicals, if you 
want solution to your deposits, corrosion, fouling problems do call or write 
us. 


