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COOLING TOWER MAINTENANCE

Evaporative cooling systems are used in comfort air conditioning and in Industrial applications to remove heat from the circulating water.

Circulating water is distributed over an effective dispersing media in the Tower. Forced air is pushed against this flow causing intimate contact with air and water resulting in rapid evaporation. Heat is released from the bulk circulating water and the water is effectively cooled. In the process of evaporation the original dissolved solids in the water are concentrated. In most installations this concentration process will proceed to a level where some of these dissolved solids will exceed their solubility level and precipitate. These  precipitates will form deposits on heat exchange and distribution surfaces. The result is reduced flow, poor heat transfer and corrosion, ultimately resulting in system shut-down or failure. As the Chiller Condenser tubes develop deposits the electrical energy costs to operate the compressor will increase.

The expected average Extra Energy cost at to days prices would be

Deposit Thickness                    
    Extra Electrical Cost / Month
1/32 "                                   
Rs.23,000 / 1000 TONS of Cooling

1/16"                                 
Rs.60,000 / 1000 TONS of Cooling

5/64"                                 
Rs.93,000 / 1000 TONS of Cooling

CORROSION

Another serious problem inherent in this system design is corrosion. With the circulating water continuously exposed to air, it will become saturated with oxygen and other corrosive gases. Without some form of chemical protection, the result will always be:

· Pitting and or general corrosion

· Metal loss.

· Eventual system failure.

· High maintenance cost.

· Production losses

BACTERIA

A third problem that develops in all exposed evaporative systems is the evolution of aquatic growth. Many forms of algae, bacteria, molds and fungi thrive in this environment. This condition is exacerbated by the action of the cooling tower where the system functions as a giant scrubber removing particulates  from the air. These particulates in themselves cause problems by contributing directly to deposit formation. In many cases they can also become a food source for bacteria. Heavy infestations of bacteria will result in slime and biofilm development. Biofilms as with other forms of deposition will result in reduced  operating efficiency and corrosion.

The presence of many bacterial strains such as Legionella Pneumophila represents serious hazards to human health. (i.e. Legionaries Disease)  This type of bacteria  is normally carried in airborne water droplets. The water droplets can be passed into the heating and cooling ducts and end up where people live and work.

It is extremely important for many reasons that Cooling systems are maintained as clean and corrosion free as possible. Bacteria and other forms of aquatic growth must also be controlled within acceptable limits.

 

FILTATION

The use of Sand Filters on Cooling systems that have a lot of air contamination is a good idea. It can help reduce biocide requirements, prevent plugging of the spray nozzles and reduce in the maintenance and cleaning of the Tower.

Miracle Solutions. offer a broad range of chemistries for use in evaporative water systems from which we can design a program well suited to your application. We provide an excellent selection of chemical feed, filtration, ion exchange, bleed control and fully automated control, monitoring and reporting equipment. We have something to satisfy every need, and every budget. We support our sales with regular scheduled service visits and customized operator training programs.

GUIDELINES

INTRODUCTION

Water is precious and a renewable resource. The art of management of water in every sphere of activity is a significant approach in preserving water quality and conserving water. Cooling water is one of the important and essential utilities for most of the industrial activities. Therefore, its proper management plays a vital role in optimising the process operation. At the same time, its improper management hampers production and induces problems of pollution andultimately affects pollution control measures seriously. This necessitates understanding of cooling water management and formulation of guidelines and stipulations for adoption by the cooling water users.

COOLING WATER USAGE

Cooling water is normally used for indirect cooling in the process through heat exchangers. In some cases, cooling water is used for direct cooling of the process material.  The use of cooling water for equipment, gland cooling of pumps etc. also comes under direct cooling system.

COOLING WATER SYSTEM

Generally four types of cooling water systems are in practice.

Once through and then to the Waste System. In this system, the water after cooling service is discharged as wastewater.

Open Recirculating Cooling System. In this system, the same water is circulated repeatedly after cooling in cooling tower.

Cooling Lake or Pond System. In this case, cooling water after cooling service is returned to the lake or pond from where it was drawn.

Spray Pond System. The cooling water after use is cooled by spraying over a pond and recirculated in the process.

RECOMENDED PRACTICE

In view  of the  preferred uniformity  and stringent  quality and temperature of  cooling water and also due to non-availability of sufficient quantity  of raw water supply, the present practice is towards installation  of cooling  tower with  open  recirculating type cooling water system.

DISCHARGE OF COOLING WATER
In once-through cooling system, entire water is discharged after cooling service as wastewater. In other three cases open recirculating through cooling tower, lake or pond and spray-pond cooling systems, only a small part of the recirculating water is discharged (blowdown) particularly to prevent scaling and fouling of the heat exchangers due to build-up of Suspended Solids (SS) and Total Dissolved Solids  (TDS) contents of the circulating water.

CONCENTRATION FACTOR

In the recirculating system, losses from the cooling water circuit are due to the following:

                Evaporation

                Carryover/Windage

                Seepage

                Blowdown

The sum  of the above four losses is make-up water to the system. The term Concentration Factor  (CF) is used for  indicating the number of  times the  make-up water  has been  concentrated while under recirculation.

CALCULATION OF CONCENTRATION FACTOR
The concentration factor for a recirculating cooling water system where no  seepage takes place can be calculated using the general working formula given below:

            CF = E+W+B

                       W+B

     Where E = Evaporation Loss

                W = Carryover/Windage

                B = Blowdown

The evaporation   loss  (E), is dependent on the temperature differential (T) at the inlet and outlet of the circulating water and the relative humidity of the ambient air. As a rule of thumb, it is considered that 1.8 percent of recirculating water gets evaporated for 10degreeC T. The carryover/windage loss (W) mainly depends on the design of Cooling Tower.  Usually 0.1 to 0.2 per cent of  recirculating water  is considered  as carryover/windage loss. Only blowdown from the cooling tower needs to be measured to find out concentration factor.

 The concentration factor of the circulating water can also be found out directly by chemical analysis of the make-up and recirculating waters. Where chlorine as biocide is not practised, the ratio of the chloride contents in circulating and make-up waters is generally taken as concentration factor. Alternatively, where chlorine is used as biocide, the ratio of magnesium content   in  recirculating   and  make-up  waters  is generally considered as concentration factor.

It is clear from above, one of the unknown figures in the formula can easily be found out, if the rest three figures are known. So. if blowdown  is known,  concentration factor can be found out and vice-versa.

IMPLICATION OF CONCENTRATION FACTOR
This infers that if concentration factor is raised, belowdown can be reduced. The reduction of blowdown results in savings on:

(a) Generation of wastewater due to blowdown  (and treatment forremoval of pollutants wherever due to blowdown (and treatment for removal of pollutants wherever necessary), and 


(b) Consumption of make-up water to the cooling tower.

The above aspects of cooling water dictate that it  is  always advantageous for  the industry  to optimise  the  concentration factor  of   the  recirculating   water.  The scale-forming and corrosive tendencies of the cooling water are the main limiting factors for control of concentration factor.

COOLING WATER TREATMENT/CONDITIONING

Cooling water needs treatment/conditioning in order to protect the heat transfer surface from fouling for optimum heat transfer. Fouling of the heat transfer surface may arise due to the following:

                Scale Formation

                Corrosion of the Metal

                Biological Growth

Only biological fouling control methods are generally applied for once through, lake or pond and spray-pond cooling systems. Whereas, in case of open recirculating system using cooling towers, scale-corrosion inhibitors alongwith biocides are used.

TREATMENT/CONDITIONING CHEMICALS

Various chemicals and some proprietary formulations are in practice for treatment/conditioning of cooling water. Some of the Biocides generally used for control of biological fouling are given below:

                Chlorine

                Quaternary Ammonium Compounds

                Sodium Penta Chlorophenate

                Other Proprietory Formulations

On the other hand, for the prevention of scale formation and corrosion of the metal, one or more chemicals  (inhibitors) in different rations are used:

                Sulphuric Acid

                Sodium Hexametaphosphate

                Metaphosphate - Zinc

                Chromate - Metaphosphate

                Chromate - Metaphosphate - Zinc etc.

Some other proprietory formulations and the formulations based on organo-phosphonates, e.g., Hydroxyethylidine  Diphosphonic  Acid (HEDP) and  Amino Trimethyl  Phosphonic Acid  (ATMP), are also in use now.

These inhibitors are used with suitable dispersing agents. The pH of the  circulating water  is  also  required  to  be  maintained between the  specified limits  with the  addition of  acid/alkali depending   on    conditioning   chemicals. Where proprietory formulations are  used, guidelines  on the control parameters are provided by the suppliers.

SIDE-STREAM FILTER

Some  industries   practice  side-stream  filtration  system  for removal of  suspended solid  from the  re-circulating water.  This improves the performance of cooling water systems.

Cooling Water Filtration extend the life expectancy and enhance the performance of your cooling tower by ridding them of unwanted contaminants, using filtration. 


Even with proper water treatment and routine blow down, particle accumulation in basin and sumps can be a problem. In an open system, contaminants like sand, leaves, insects or cottonwood enter causing severe problems. Particulate-laden cooling water can reach havoc on an otherwise well maintained cooling system. Particles can accumulate on tower fill affecting both flow and efficiency, not to mention eventually leading to under-deposit corrosion and a microbiological breeding ground. Water-distribution headers and nozzles can become clogged again affecting the flow and operating efficiency of the system. Some systems may have sensitive and/or small diameter equipment in which debris can result in very expensive repairs and downtime. As the particles collect in the systems basins or sump additional problems arise. An increase in blow down will increase chemical usage and required make-up, but most likely not significantly reduce the accumulation of solids.


Particle accumulation in damp, dormant environments can become an increasing problem of bacteria and disease. Bacteria strive in secluded areas protected by debris from even penetrating biocides. This contaminated water is also contaminating the air which can put employees and local residents at risk for diseases like Legion Ella and Tuberculosis.


Filtration in particle-prone systems has been found to reduce maintenance costs by 60-90%, taking into account downtime, labor, heat exchanger cleaning and lost productivity. 


Filtration can reduce energy costs by 10% or more by increasing efficiency on once fouled heat exchangers and chillers. 


Decrease in blowdown can reduce water usage and thus reduce chemical use by 5-15%.


Consider also the costs associated with the wear of the tower, heat exchanger, damage to pump and the fouling of valves and control equipment. Filtration may not be an option, it may be a necessity you cannot afford not to have. 

Sulfate-Reducing Bacteria

Sulfur occurs in living matter chiefly as a component of certain amino acids. Sulfur is present in the soil primarily as a part of proteins and is taken up by plants in its oxidized form, sulfate (SO42-). The sulfur- containing proteins are first degraded into their constituent amino acids by enzymes and then excreted by numerous soil organisms as hydrogen sulfide (H2S). Hydrogen sulfide (H2S), immediately identified by its pungent odor, is highly toxic to most biological systems, if it was ever to accumulate. Under aerobic conditions, H2S oxidizes spontaneously to its most readily utilized form sulfate, by sulfate bacteria. However, under anaerobic conditions, sulfate-reducing bacteria can reduce sulfate to H2S. 


In cooling systems, corrosion and fouling are frequently attributed to sulfate-reducing bacteria. The organism is often found in sludge in the basins of cooling towers. In these systems the bacterium, using sulfate as a hydrogen acceptor, produces hydrogen sulfide and ferrous sulfide, which in combination form a malodorous black slime. In severe cases of biological fouling, bubbles of hydrogen sulfide rise through the water in the basin causing objectionable odor in the area. 


Corrosion occurs where biological matter settles or attaches to surfaces. Biologically produced chemicals such as ammonia, hydrogen sulfide and acids can increase general corrosion rates in a system, near and away from the generating organisms. The corrosion of iron by sulfate-reducing bacteria is rapid, and unlike ordinary rust, is not self-limiting. Tubercles formed by sulfate-reducing bacteria consist of an outer shell of red ferric oxide mixed with black magnetite iron oxide. Beneath the shell is a soft black center of ferrous sulfide, under which there is usually a deep pit. When cleaned, the interior surface of the pit usually has a characteristic bright silvery appearance. 


Even though the sulfate-reducing bacteria are obligate anaerobes, they may survive but not actively grow if exposed to oxygen. The bacterium is present in most natural waters including fresh, brackish and seawater, and most soils and sediments contain sulfate reducers. Sulfate or sulfite must be present for active growth. The bacteria may tolerate temperatures as high as 176°F and a pH from about 5 to 9. 


Control of sulfate-reducing bacteria requires a comprehensive biocide program and regular bacteria levels monitoring. Walling's complete line of biocides provides an effective biocidal control of sulfate-reducers and other biological concerns in cooling systems. Contact your Walling representative for information on a biocidal program for your requirements.

PICK-UP FROM PROCESS

When the cooling water  is  properly  treated/conditioned  using effective biocides  and inhibitors,  the possibilities  of damage with consequent leakage of heat exchangers are minimized. In case of leakage due to  lack of  proper conditioning,  if the process material is  at higher  pressure than  that  of  the  circulating cooling water,  then the  process  material  may  pass  into  the cooling water.  This may  result in  contamination of  the entire quantity water  under circulation  and necessitate  high blow down from the  system. The contaminants present in the blow down water may also  require adequate  treatment to comply with the relevant effluent standards before disposal.

CONDITIONING CHEMICALS
The presence  of chlorine, biocides and conditioning chemicals in the blow down  water may  turn it unsuitable for direct disposal. Therefore, depending  on the types of the conditioning chemicals, case to case studies have to be made to ascertain the need of the treatment of  the blow down  water. Based  on the  study, suitable treatment system as required should be incorporated to conform to the relevant effluent standards.

THERMAL POLLUTION

The temperature  of cooling  water discharged  from  the  process plants is  usually higher than that of ambient water temperature. This may  result in  thermal pollution  of  the  receiving  water stream.

DESIRABLE MANAGEMENT APPROACH
Generally,  the cooling water treatment system is so selected as to  achieve corrosion  rate for  carbon steel on cooling water side at 5 mils per year or less.

The  concentration factor  can be  optimized for a particular type of  cooling water and conditioning system. This will in turn result in  minimal blow down. The desirable approach may be summed up as follows:-

    - Protect heat transfer surface

    - Use biocides and inhibitors

    - Increase concentration factor

    - Reduce blow down

    - Treat blow down water for removal of pollutants, if any,

    - Save water and treatment chemicals on conditioning and effluent treatment

    - Install test heat exchangers for monitoring of fouling

    - Render appropriate training to the operators

The  levels to  which the  concentration factor can be raised under particular  pH and  temperature conditions can be found out after evaluating  saturation  index  (Langelier  Index)/stability index (Ryzner  Index)/  Marble  Test  (Annexure  I)  etc.,  where inhibitors are  not in use. When use of inhibitors are practised, the scaling/corrosive  properties are  evaluated by  coupon  test  (Annexure I)  or installation  of test heat exchangers on the by-pass return line of cooling water circulating loop.

GENERAL RECOMMENDATIONS

1. ONCE-THROUGH COOLING WATER 

Circuit shall  remain separate from all  other water  and effluent system. Separate sewers shall be provided for once-through cooling water return.

Cooling water  shall not  be used  for direct cooling service particularly where contamination is possible.

Suitable  biodegradable biocide  and conditioning  chemical for cooling  water shall be used wherever practicable for control of fouling of heat exchangers.

The  return water from the once-through cooling system when discharged to  the receiving  water, the  temperature rise at and beyond the  periphery of  20 metre radius of the confluence point shall not  exceed 5  degree C  from the ambient temperature of the receiving water body.

The  pH variation of the return water shall not exceed 0.4 units from the prevailing pH level of the receiving water.

The  pollutants  in  the  return  water  due  to  biocides, conditioning chemicals  and leakages  from the  process shall  be within prescribed limits.


2.RECIRCULATING COOLING WATER THROUGH COOLING TOWER

Cooling Tower water circuit shall be separate, based on the type of contamination expected through leakage of heat exchangers. This stipulation is made to keep the power and steam generation plant  cooling tower water circuit separate from other process  plants  as  contamination  due  to  pollutants  are  not expected in the circulating water of power and steam plants.

The  blow down from  the Cooling Tower shall be made from an identified point  source only. The blow down shall be regulated based on  the concentration  factor  (CF)  of  the  re-circulating water. it  is desirable  to have  the blow down  system  from  the circulating water return line.

Flow  measuring and  recording device  and  sampling  point shall be provided for the make-up and blow down water.

The cooling tower re-circulating water shall not be used for direct cooling  of process  material. Wherever  gland cooling  is practiced, the drained water shall be collected and returned back to the  cooling tower  basin. Otherwise,  process water  shall be used for  gland  cooling  service  and  treated  for  removal  of pollutants as necessary.  Where direct cooling cannot be avoided, separate cooling tower water circuit shall be provided for direct cooling.   The blow down  of such  system shall be recycled in the process or  treated adequately  for removal  of pollutants before disposal.

The circulating water shall be treated and conditioned with inhibitors and biodegradable  biocides. This  is  required  for protection of  heat  transfer  surface  vis-a-vis  prevention  of frequent leakage resulting in pollution problems.

Side-stream   filters  may   be  provided   for   improved performance of cooling water system.

The  blow down shall be treated for removal of pollutants as necessary.

The   cooling  tower   blow down  water  should  not  cause interference in  the biological  treatment system if the blow down is adopted  as an  effluent stream  and subjected  to  biological treatment.   This can be ascertained by laboratory experiment and by  treatment  and/or  by  proper  management  of  cooling  tower blow down.

Similarly,  cooling tower  blow down water  should not cause interference in the chemical treatment of effluents.


3.LAKE OR POND AND SPRAY - POND SYSTEM

In  the above two cases cooling water circuit shall also be separated.

The  blow down shall be made from an identified point source and treated for removal of pollutants as necessary.

Flow  measuring and  recording device  and  sampling  point shall be provided in the blow down line.

Biocides  (and conditioning  chemical if practicable) shall be used.  The blowdown water should not cause interference in the biological/chemical treatment  system, if  the blowdown  water is considered   as    an   effluent    stream   and   subjected   to biological/chemical treatment.


4.GENERAL

Installation  of pressure gauges at the inlet and outlet of the heat exchangers are useful for identification of leaking heat exchangers.

The  leaking heat  exchanger shall  be isolated  soon after identification and  replaced. For  this  purpose,  stand-by  heat exchanger shall  be provided  wherever possible  based on techno- economic consideration.  This will  save production  loss due  to shut down and simultaneously prevent pollution.

The  industry shall analyse the cooling water regularly and evaluate the scaling - corrosive properties. Direct evaluation by use of  metal coupons  (Annexure I) is very helpful in predicting  the characteristics of the cooling water.

Regular   monitoring  shall   be  done  for  biocides  and inhibitors applied to the cooling water system.

The  cooling tower  blow down water  shall  be  treated  for removal of  toxic chemicals,  e.g., chromium, and analysed before disposal. The prescribed limits for chromium are as follows:

        Chromium as             Not to Exceed      Remarks

        -----------             ---------------   -----------

        Total Cr               12 mg/1         The above limits of

                                               total and hexavarlent

        Hexavalent Cr     0.1 mg/1        chromium shall be

                                               conformed to at the

                                               outlet of the

                                               chromate removal

                                               unit.

Modern  trend of cooling water conditioning is to go in for treatment based  on organics  which are  biologically degradable. However, in  deciding the conditioning chemicals, it is desirable to  take   care  of  all  aspects  into  consideration  including  environmental requirements.

        ANNEXURE- I

1. LANGELIER INDEX

The  Langelier  Index  (also  called  saturation  index)  is  the difference between  actually measured  pH (pHa) and calculated pH at saturation  (pHs) with  CaCO3. In order to calculate Langelier Index, it is necessary to have to following data:

      Total Solid, mg/1(A)

      Temperature of water to which it is raised (B)

      Calcium hardness as CaCO3, Mg/1 (C)

      Methyl Orange alkalinity (M Value) as CaCO3, mg/1 (D)

      pH Value actually measured (pHa)

Then the  calculated pH  at calcium carbonate saturation (pHs) is found out from the Table I using the following formula:

                pHs = (9.3 + A + B) - (C + D)

                Langelier Index = pHa – pHs

 A positive  value of  Langelier Index  indicates, a  tendency  to deposit CaCO3  on the  surface of  heat exchanger  system. On the other hand,  a negative  value represents  unsaturated  condition with respect to CaCO3 and hence can corrode the metal surface.

2. RYZNAR INDEX

    The Ryznar  Index (also  called stability  index) is  based on he following formula:

                Ryznar Index = 2(pHs) - pHa

The pHs  is calculated from Table 1. With waters having stability index of  6.0 or  below, the  scaling tendency  increases and the tendency of  corrosion decreases.  When the  index is around 7.0, protective coating  with CaCO3  may or  may not be developed. The problem of  corrosion would  become increasingly  greater as  the Ryznar Index increases beyond 7.5.

3.  COUPON TEST

Coupon test  provides values  of the  corrosion rates and is very useful for  comparative purposes.  Steel plate  specimens (called coupons), similar  to the  composition of  the metals used in the    process cooling  equipment, are  used for  this test.  The coupon after polishing,  cleaning and initial weighing, is inserted in a piping system  and installed  in a  by-pass line of the hot water return line.  After a  stipulated period  (15, 30 or 90 days) the coupon is taken out, cleaned, dried and reweighed. The difference between the  initial and  final weights  gives the mass loss. The average penetration is found out using the following formula:

PENETRATION = 365 x M

                    -------  mm/year

                    d x a x t

      Where, M = Mass Loss, mg

             d = Specific gravity of metal g/cm3

             a = Exposed area of coupon, mm2

             t = Time, days

    N.B: to convert mm/year into mil/year multiply by 39.4

READY REFERENCE FORMULAS


Range = Inlet Temp - Outlet Temp 

Approach = Out Temp - Wet Bulb Temp 

Heat Rejection = FlowGpm X RangeDegF X 500 

Typical Drift Loss = .002% X Recirculated Flow Rate 

Evaporation RateGpm = FlowGpm X RangedegF / 1,000 

Bleed RateGpm = Evap. RateGpm / (Cycles-1) 

Make-up Water RequirementGpm = Evaporation RateGpm X [Cycles/(Cycles-1)] 
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