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FOREWORD

This Indian Standard (First Revision) was adopted by the Bureau of Indian Standards, after the draft finalized by the Water Quality Sectional Committee had been approved by the Chemical Division Council

Large quantities of water are used for cooling purpose in various industries like power plants, distilleries, oil refineries, chemical plants, steel mills, petrochemical complexes, etc However, water as received from the source may not be quite fit due to variation in its quality from source to source Corrosion, scale deposition and fouling invariably pose problems in cooling water system, leading many a times to failures, unscheduled shutdowns and loss of production  In order to overcome any adverse effect it is usually necessary to carry out treatment of the water before it is used for cooling in the plant

This standard provides a general guideline for selecting suitable treatment schemes of water for industrial cooling system and also suggests for optimum cooling water quality, which should be tried to achieve for efficient operation of the cooling system

This standard was first published in 1976 Since then the real life data obtained during the implementation of this standard and the comments received from the users of this standard have prompted the Committee to consider the following aspects in revising this standard in order to ensure better evaluation of the performance of cooling system and effective monitoring and maintenance of the same

a) biocide efficacy,

b) selection of corrosion inhibitor,

c) assessment of corrosion,

d) interpretation of bio-analysis report, and

e) guidelines for optimum dosage of inhibitors

In this revision, the following aspects have been elaborated based on the experience gained during the past and also in view of the technological development taken place

a) selection of cooling system,

b) methods of treatment, and

c) evaluation and monitoring of the system

The salient features of water quality for recirculating type cooling system are described in 7.1.3 of this standard In the preparation of this standard, useful assistance has been derived from the following publications

NORDELL (E)	Water treatment for industrial and other uses Ed 2, 1961, Reinhold Publishing Corporation, New York

Betz handbook of industrial water conditioning, Ed 6, 1962 Betz Laboratories lnc , Trevose, Penns/ Ivania

Primer on cooling water treating, National Association of Corrosion Engineers, USA

Nalco water handbook by Frank N Kemmer (second edition) — Published by McGraw Hill Book Company

Sheldon D Strauss — Cooling water treatment for control of scaling, fouling, corrosion Composition of the Committee responsible for formulation of this standard is given in Annex B

For the purpose of deciding whether a particular requirement of this standard is complied with, the final value, observed or calculated,   expressing   the result of a test or analysis, shall   be rounded   off in accordance with IS 2 1960 'Rules for rounding off numerical values (revised)'   The number of significant places retained in the rounded off value should be the same as that of the specified value in this standard





















AMENDMENT NO. 1 JANUARY 2009 TO

IS 8188 : 1999 TREATMENT OF WATER FOR COOLING TOWERS — CODE OF PRACTICE

( First Revision )

[Page 3, clause 6.3.2.5(a)] — Substitute the following for the existing text

'Dispersants — Suitable chemicals in specified amounts are added as sludge fluidizers, surfactants and wetting agents. These keep particles suspended in the water and prevent deposit formation. Natural dispersants such as lignins and tannins provide good results but these must be used continuously and relatively at high dosages (50 to 200 ppm). However, these provide excellent food for biological organisms which cultivate and create another problem in the system They also react with chlorine or iron salts Hence, synthetic polymers most commonly polyacrylates/methacrylates of different molecular weights are used at concentration of 4 to 5 ppm Dosage level is determined by considering the water characteristics, cycle of concentration, temperature profile on the process side, etc Lower levels are used in once through cooling systems Now-a-days, different types of tagged polymers are available which can be monitored on line to determine the optimum dosage level.'

[Page 4, clause 6.3.2.5(d)(v)] — Add the following after (v)'

'vi) Dibromonirilapropionamide (DBNPA) — This is used in large recirculating and once through cooling tower DBNPA is the fastest active non-oxidizing biocide and is not persistent This hydrolyses quickly tinder both acidic and alkaline conditions and hence increased dosages must be used. It is preferred for its instability in water as it quickly kills bacteria and men degrades to ammonia and bromide ions.

vii) Glutaraldehyde — This versatile molecule is used to control the growth of bacteria, fungi and algae, including sulphate reducing bacteria. Glutaraldehyde is one of the few biocides that contains only carbon, hydrogen and oxygen, thus making it both halogen-free (no AOX issues) and readily biodegradable in the environment. The carbonyl groups of glutaraldehyde cross-link with the amino groups (NH2) contained within the cell wall of microorganisms, and in effect, prevents the microbe from receiving nutrients or discarding waste products through its cell. Glutaraldehyde is compatible with hydrogen sulfide, and is very effective against anaerobic bacteria. However, glutaraldehyde reacts with ammonia and hence, it is best to avoid using the glutaraldehyde in ammonia leaks situations or in treatment of ammonia chillers'

(CHD 13)

Reprography Unit, BIS, New Delhi, India



















1. SCOPE



This standard deals with the conditions to be aimed at, and the methods of Chemical Treatment for attaining them for different types   of   industrial water Cooling systems.



2.0  TYPES OF COOLING WATER SYSTEMS

Three types of cooling water systems are generally in use



a) Once Through Cooling Systems - Feature single pass flow through heat exchange equipment to return to the receiving body and are in extensive use at locations offering large and consistent supplies  of water.



b) Closed Recirculating Systems — In these systems water is completely confined within the system pipes and heat exchangers. The heat absorbed from the plant process is generally dissipated by air cooling or cooling by an Heat Exchanger in line with a Secondary open Recirculating System. The most familiar examples of this system are automobile radiators and refrigeration units, electric generators and chilled water system, etc



c) Open Recirculating System — It is most widely used system in the Industry or Institutions as the most of the Water is reused conserving its usage. The return water which picks up the heat from the heat exchanger from the process passes through an open cooling Tower coming in contact with air resulting in loss of some water in evaporation getting the rest of water getting cooled. The water which is lost in evaporation, drift losses and water which is blown down to contain the Impurities in cooling water within treatable limits, is only required to be added or made up.



3.0   SOURCES OF WATER	Comment by Ankit Verma: We may add one more probable source- Treated sewage water

 Normally, the sources of cooling water are classified into the following three groups.





d) Ground Water — Wells, bore wells and springs

e) Surface Water — Lake, pond reservoir,  river or a canal

f) Sea Water — Sea back up water or brackish water which is highly saline.



4. MATERIAL   OF    CONSTRUCTION   OF COOLING SYSTEM

Generally following materials of construction are used 



a. Piping — Carbon steel, hume steel concrete pipes

b. Pumps – Impellers and body; normally of cast iron

c. Coolers and Condensers for



                                    Fertiliser Oil Refineries — Stainless steel and carbon steel generally admiralty brass or in some cases combination of admiralty brass and carbon steel

Petrochemicals — Combination of 90.10 cupro-nickel, admiralty brass, Stainless Steel  and carbon steel

LPG — Mainly carbon steel

Acrylic Fibre Plants — Stainless steel, cupro-nickel, carbon steel

Chilling and Refrigeration Plants -  90:10  Copper-Nickel,  copper/stainless   

 steel   (SS) 

Air Compressor and Nitrogen Plants — Admiralty brass.

Power Plants — Admirably brass/aluminium brass/copper-nickel/copper/SS and even titanium where sea water is used.

Cooling Tower — RCC construction/wood construction/fibre reinforced  plastic (FRP)/ polyvinyl chloride (PVC)



However, material of construction may differ based on conditions and requirement.



5. Cooling Water Calculations / Water Balancing



a. Once Through System – It is hardly used now due to large water requirement.



Make up Water (M3/day)  =   Flow rate of water across all Heat Exchangers (M3/day)





b. Open Recirculating System







[image: ]





Recirculating Flow Rate (M3/Hr)     =   R  

Evaporation Rate (M3/Hr)               =    R X Delta T (Deg C)  X 0.0018  X 0.85

Cycles of Concentration                 =   C

Bleed Off (B)                                      =   E/(C-1)

Bleed Off (B)                                      =   Blowdown + Drift losses +                                                                               

                                                                 System leakages 

System Volume or                             =   Water Present in Sump  +

Hold Up Volume (M3) (V)                     Pipelines 	Comment by Ankit Verma: Also includes Open air channel volume

Make Up Water (M3/Hr)                   =   Evaporation  +  Bleed Off	Comment by Ankit Verma: Bleed off / Blowdown

Holding Time Index (HTI) (Hrs)          =   Hold Up Volume X 0.693/ Bleed     

                                                                 Off (M3/Hr)





Retention Time (Hrs)  (RT)                  =  2.3 V/B X Log 10 Ci/Cf

(Whereas Ci is Initial Concentration in ppm and Cf is Final Concentration of product in ppm)



Drift losses may be assumed to be:



  D = 0.3 to 1.0 percent of Circulating water (C ) for a natural draft cooling tower


  D = 0.1 to 0.3 percent of Circulating water (C ) for an induced draft cooling tower


  D = about 0.01 percent or less of Circulating water (C ) if the cooling tower has windage drift eliminators



Range or Delta T = Hot cooling tower inlet temp – Cold cooling                        water outlet temp.

CT Approach = Cold cooling water outlet – Wet bulb    temperature.

Terminal Temperature Difference (TTD) =  T (Hot out) – T (Cold  Out) exiting across the exchanger

CT effectiveness (%) = Range / (Range + Approach) *100

CT Effectiveness (%) = 100 x (CW temp - CW out temp) / (CW in 

temp - WB temp)

















































	Comment by Ankit Verma: TTD may be reviewed

            



C. Closed Recirculating Cooling Systems



There is practically no water loss in a Closed Cooling System in most cases. The makeup water is added to make up the water lost due to system leakages or any drainage. However, sometimes the water losses are more due to process Requirements.



A system is truly called closed if losses are less than 0.5 % of Hold Up Volume in  a day.





5.1 Cycles of Concentration.



The concentration of Impurities keep on increasing in an Open Evaporative Cooling System as the water which evaporates as Vapor does not carry the impurities along, resulting in increase of Impurities in rest of the Cooling Water.



The cycles of concentration is a number which represents ‘ The level of Impurities in Cooling Water as a multiple of Impurities in Make Up ‘



Ideally



Cycles of Concentration (COC) =  TDS of Cooling Water / TDS of Make up water



But, as Hardness of Cooling Water may precipitate reducing TDS and may not truly represent COC, Normally 



· Total Hardness can also be taken if it not varying in make up water and cooling water is treated with proper antiscalant so that Hardness does not precipitate.



· Chlorides can be taken (If there is no chlorination but not when Chlorides in make keep on changing e.g. if it is RO water)	Comment by Bidisha Sen: Chlorination will not affect chloride concentration in water



· Magnesium Hardness or Silica is often taken to measure Cycles of Concentration (COC) as these don’t precipitate unless their level is too high.



· 

5.2 Water Conservation



We can conserve more water as we operate as higher cycles and cost of chemical treatment may slightly go up due to increased level of impurities and cost of chemicals is also saved due to reduced Bleed Off.





Table No 1 – Reduction in makeup water vs Cycles of Concentration 





                                      

                                 

                                         A significant reduction of make up water can be achieved as we                                           increase upto 5.0 COC.  The reduction of make up water savings becomes lower as go up to 8.0 COC. And  Reduction of make up water savings from 8.0 to 10 COC will be insignificant and on the contrary the cost of treatment will go up significantly high. A judicial choice has to be made as we try to achieve more cycles of concentration viz a viz cost of treatment.



                                        Reclaimed Water -  In quest for going for zero discharge a trend is followed  to use ETP treated water as parallel stream of make up to Cooling Systems. Often, it contains high COD leading to slime formation and microbiological growth. The quality of ETP treated water should be such that the problems posed by its use should be perfectly treatable to avoid any of Cooling Water Problem in the system.









                        

6. Cooling Water Limits.



It is difficult to define a standard of various parameters for all cooling system but the following guidelines can be followed.





a. pH and Calcium Hardness as CaCO3

		Treatment Regime

		Min pH

		Max pH

		Min CaH

		Max CaH



		Zinc / Phosphate

		7.0

		8.2

		50

		1000



		Extended Phosphate

		6.8

		8.2

		50

		1200



		All Organic

		8.3

		9.0

		50

		400



		Zinc Organic

		8.3

		9.0

		50

		400















                                        











1. In Zinc / Phosphate treatment, Phosphate is Ortho Phosphate. Pyrophosphate sometimes can be supplemented for additional corrosion Protection.

2. In all the above cases Max CaH limit is at Min pH and Min CaH  is at Max pH 

The satisfying Criteria is that LSI (Section 9)  should be between (+) 0.5 to (+) 2.0

3. The Treatment Regimes are explained in Section 14.6

















b. Chloride as Cl



· 250 ppm max if Stainless Steel present (Can be extended to 500 ppm with Specific conditions*)	Comment by Bidisha Sen: SS 304: Max 200 ppm (as Cl-) without sodium molybdate dosing.
Ss 316: Max 400 ppm (as Cl-)	Comment by Bidisha Sen: Chloride limits for SS-304 and SS-316 metallurgy shall be different.

· 500 ppm max if Stainless Steel is not present (Can be extended up to 800 ppm with Specific conditions*)	Comment by Bidisha Sen: No clarity on metallurgy







*The Specific conditions mentioned above are



1. The temperature of Cooling Water, Heat Flux should not be very high

2. The Deposit Control Program should be such that the surfaces of Stainless Steel should be free from any deposit.

3. Sodium Molybdate can be supplemented to reduce effect of Chlorides.

4. If the equipment manufacturer has given some limit of Chlorides, the same  should be followed.





            









c. Silica as SiO2



150 ppm max (Can be extended up to 250 ppm with use of Silica Inhibitor)



d. Mg as CaCO3 X Silica as SiO2



35000 ppm Max (Can be extended with use of Silica Inhibitor up to 1,00,000)



e. Total Iron as Fe



1.0 ppm in cooling  water (Extendable up to 2.0 ppm with use of Polymeric dispersant having functionality of effective Iron Oxide  Dispersion



f. Langelier Saturation Index



(+) 0.5 to (+) 2.0



g. Turbidity



Target   :    < 10  Ntu            Max   :    25  Ntu



h. Chemical Oxygen Demand  (COD)



Less than 10 (and 25 ppm Max with good microbiological treatment)



i.  Biological Oxygen Demand (BOD) - Less than 10 ppm



         

7.  Effect of Impurities in Cooling Water



    Table No 2  : Effect of Impurities on cooling system and Methods of treatment

		Constituent

		Impact on the Cooling System

		Means of Treatment



		pH  of Water  pH = Log1/

(H+)

		Change in Scaling and Corrosiveness of Water expressed as LSI Value

		Can be increased by alkali

Or decreased by Acid



		Turbidity expressed as Ntu

		Change Colour of the water. The

Turbidity higher than 25 Ntu cause Fouling in the System	Comment by Bidisha Sen: General fouling

		Coagulation, settling and Filtration in Pretreatment.

Side Stream Filter



		Hardness – Calcium and

Magnesium expressed as

CaCO3

		Chief source of Scaling in Heat 

Exchangers  and Pipelines

		Softening, Dealkalizer, Demineralization or Reverse Osmosis.



		Alkalinity – Bicarbonates

Carbonates expressed as

CaCO3

		Influence pH of Cooling Water. 

Reduces Solubility of CaH in Cooling water

		Dealkalizer, Demineralization or Reverse Osmosis

Acid or Alkali addition



		Free Mineral Acid as 

CaCO3

		Severe Corrosion

		Neutralization with Alkalis



		Carbon Dioxide as CO2

		Influence pH of water

		Aeration, Dearation or

adding Alkali



		Chlorides and Sulfates as 

Cl and SO4  = EMA 

(Equivalent Mineral Acidity)

		Make the water more aggressive for Corrosion. Chlorides inhibit corrosion Protection layer formation. Sulfates Combines with Calcium to form CaSO4 Scale under oversaturation

		Demineralization, Reverse	Comment by Bidisha Sen: Chemical treatment also

Osmosis.





		Nitrate as NO2

		Add Solids to Cooling Water. Harmful for infants if Nitrates slip to drinking Water after Cooling Water discharge

		Demineralization or Reverse

Osmosis.



		Fluoride as F

		Combines with Calcium to form CaF Scale under Oversaturation. Cause Enamel on teeth if slips to drinking water.

		Adsorption with Magnesium 

Hydroxide, Calcium Phosphate. Alum Coagulation or by

Demineralization or Reverse Osmosis



		Sodium as Na

		Add to Solid Content of water. 

Practically no impact on Cooling

Water System unless TDS exceeds

3000 ppm

		Demineralization or Reverse

Osmosis 



		Silica as SiO2

		Polymerize and form deposit if SiO2 is above 125 ppm or/ and form deposit by combining with Magnesium under oversaturation

		Hot process removal with	Comment by Bidisha Sen: Also chemical treatment

Magnesium, Demineralization

Or by Reverse Osmosis.



		Iron as Fe (Dissolved and

Undissolved)

		Interfere with Antiscalants and most Polymeric Dispersant

Creates Iron Oxide Fouling

Change Colour

Food for Iron Bacteria which can 

Create slimy deposits.

Fouls Softener

		Aeration, Coagulation and

Filtration. 

Cation Exchange



		Manganese

		Foul Surfaces with it’s Oxide

Change Colour

		Aeration, Coagulation and

Filtration. 

Cation Exchange



		Hydrogen Sulfide (H2S)

		Corrosive to carbon steel and Copper and it’s alloys

		Aeration, 

Chlorination or ClO2 Treatment

Highly basic Anion Exchange



		Ammonia (NH3)

		Corrosive to Copper and its alloys.

Increase and then drop pH of cooling water

		Aeration, Chlorination

Cation Exchange with Hydrogen Zeolite



		Oxygen

		Induce Corrosion

Combines with Iron to form Iron

Oxide which fouls the system

		Use film forming corrosion

Inhibitors in cooling system –

Closed and Open





                                           





8.  Pretreatment and Side Stream Unit Operations	Comment by Ankit Verma: The table presented below is not understood in the context of Cooling water chemistry



Table No 3 : External Treatment Options and water output quality of treated water	Comment by Ankit Verma: This table name may be reviewed & rephrased

		Treatment

		Output Quality



		Pressure Sand Filter

		< 5 ppm of Suspended Solids subject to inlet of 

50 ppm max Suspended Solids

(Please don’t consider Turbidity in Ntu for 	Comment by Ankit Verma: This disclaimer is not understood

designing the plant)



		Softener

		<  5 ppm of Total Hardness as CaCO3 subject 

to Inlet of 500 ppm max Total Hardness as CaCO3



		Dealkalizer

		Use only when there is  temporary Hardness only in the water to be treated	Comment by Ankit Verma: To be reframed

Dealkalizer gives <  30 ppm Total Hardness as CaCO3

If you are treating Temporary Hardness Only

(M Alkalinity >  Total Hardness)



		Demineralizer without Mixed Bed 

		DM treated water is very corrosive. Most Often

 not used in open recirculating Cooling system

<  30  Conductivity as  ms/cm

< 0.5  ppm Silica as SiO2



		Demineralizer with Mixed Bed

		DM-MB treated water is very corrosive. Most

often not used in open recirculating Cooling system

<  1  Conductivity as  ms/cm

< 0.02  ppm Silica as SiO2



		Reverse Osmosis

		A preferred choice with a correct Chemical 

treatment and operated at High Cycles of 

Concentration.



The salt rejection depends upon source and quality of water. Can be as high as 99.3  to 99.7 %



There may be residual TDS, Total Hardness, 

Alkalinity, Chloride, Sulfate or Silica etc.

The RO water at high Cycles of concentration

may give min 25 – 50 ppm Calcium Hardness 

which is required for many corrosion inhibitors to work.



		Side Stream Filter

		< 10 ppm Suspended Solids subject to Inlet of 50 ppm max of Suspended Solids. Do not design 

based on Turbidity.



The Flow should be designed as 10 % of the hold up volume. This should also satisfy as min 3.0 – 10.0 %  of  Circulating Water.



































9. Calculating Tendency of Cooling Water





A prediction of calcium carbonate scale formation is done by                determining  any one of the following method, for example, 



· Langelier (saturation) index or	Comment by Bidisha Sen: Not indicative or significant in presence of chemical treatment.

· Ryznar   (stability)   index   or  	Comment by Bidisha Sen: Not indicative or significant in presence of chemical treatment.

· Puckorius    (Modified stability)     index and  accordingly  pH of          

     cooling water is adjusted by dosing acid or alkali



saturation index is then found out as the algebraic difference               between the   actual measure of pHa (Actual pH of cooling water and the  calculated saturation pHs



9.1 Langelier Saturation Index



a) A simple way to find out LSI by taking factors from LSI Table and putting these factors in following equations.



pHs   = Saturation pH of cooling water     =  (9.3 + A +B) – (C+D)

(Derived from the following Table I)

Whereas        A   -   Factor for TDS

                        B   -   Factor for Temperature

                        C   -  Factor for Calcium Hardness

                        D   - Factor for M Alkalinity

 

pHa  = Actual pH of cooling water



LSI = pHa  - pHs













Table No 4 : Factors for calculating Langelier Saturation Index

[image: C:\Users\3921.IONEXCH\Desktop\Images\LSI Table.png]





b. Another method is to use following equation to calculate pHs





[image: C:\Users\3921.IONEXCH\Desktop\images (2).png]

   LSI   =   pHa  -  pHs

Whereas pHa  is actual pH of Cooling Water







c. Third method is to use following Graph to determine pHs                    

[image: C:\Users\3921.IONEXCH\Desktop\NL-38-5-(5)B-1818 pdf_page_04.jpg]

                 

                        How to get corresponding Factors

1. pCa  :  Locate mg/l of CaH as CaCO3 on ppm scale (x axis) and match vertically with pCa diagonal line and stretch from the match point towards left to Y axis and find out pCa factor

2. pAlk  :  Locate mg/l of M Alkalinity as CaCO3 on ppm scale (x axis) and match vertically with pAlk diagonal line and stretch from the match point towards left to Y axis and find out pAlk factor

3. C factor for TDS and Temp (Deg F)  :  Locate mg/l of TDS on x Axis and match vertically with temperature curve and from the match point stretch to righ Y axis  to find C

4. Add up pCa, pAlk and C to get pHs.

5. LSI   =  pHa  - pHs 

9.2 Marble Test

Besides calculating the saturation pH (pHs) with the help of charts and tables, there is yet another experimental method known as 'marble test' which gives saturation pH with calcium carbonate In this method, the actual pH (pH actual) is taken and then pHs is determined after gently shaking for few minutes 100 ml of the sample with about 10 g of calcium carbonate (reagent quality) Here again, the saturation index is calculated from the same formula (pH – pHs). In this method, the actual pH and pHs will be the same. if the water is exactly in equilibrium with calcium carbonate then the water is super-saturated, and then on addition of calcium carbonate to such waters will leave insoluble calcium carbonate after the equilibrium is reached. 



When calcium carbonate separates out from such waters, there is a decrease in alkalinity and consequently the pH also decreases and so the saturation index for such water will be positive which would mean scaling If the water is under saturated, then addition of calcium carbonate to such waters will dissolve calcium carbonate till equilibrium is reached. When calcium carbonate is dissolved, there is an increase of alkalinity and consequently the pH also increases and hence the saturation index for such water will be negative which would mean corrosive.



NOTE — The 'marble test' is a quick test for use in the field It is also useful for supplementing the results of Langelier Index provided both the tests are carried under identical conditions

9.3 Puckorius Saturation Index

                      PSI = 2 (pHs) - pHeq

                            Where:

                pHs is the pH at saturation in calcite or calcium carbonate

          pHeq = 1.465 x log10[Alkalinity] + 4.54

    and [Alkalinity] = [HCO3-] + 2 [CO32-] + [OH-]





9.4  Interpretation of LSI /RI /PSI Values



Table No 5 – Interpretation of LSI /RI /PSI

		LSI

		RSI/PSI

		Scaling/Corrosion Tendency



		3

		3

		Extremely Severe Scaling



		2

		4

		Very Severe Scaling



		1

		5

		Severe Scaling



		0.5

		5.5

		Moderately Scaling



		0.2

		5.8

		Slight Scaling



		0

		6

		Stable water-No Scale



		-0.2

		6.5

		Very Slight Corrosive



		-0.5

		7

		Slight Corrosive



		-1

		8

		Moderately Corrosive



		-2

		9

		Strongly Corrosive



		-3

		10

		Very Corrosive













10  Cooling Water Problems



[image: ]

10.1 Scaling :   Is a deposition of  salts which occur due to precipitation of  ionic Impurities Which were originally in the dissolved state when in make up water but precipitated due changes in the environment in Cooling System viz  Increase in temperature, concentration of impurities particularly Ca, Mg hardness, Alkalinity, Silica, TDS and pH which increases due to increase in alkalinity and changes in proportions  of  bicarbonates and carbonates. The Scaling can be controlled by inhibiting the  precipitation of these impurities by adding Antiscalants.



10.2 Fouling :  Is a deposition of Undissolved or Suspended Solids such as dust, Clay, Iron Oxide and Bacterial slimes etc. The fouling is of 2 types 



10.2.1 The Sedimentation Fouling occurs with settling of Suspended Solids such as dust, clay, Iron Oxide etc which are already in undissolved State. The suspended solids agglomerate and settle down on metallic Surfaces. This kind of Fouling is controlled by Antifoulants, also referred as Polymeric Dispersants, which imparts the negative charge to the particles which repel each other which do not agglomerate and does not settles down. These gets   removed while giving blowdown and also by Side Stream Filtration. It is recommended to keep Suspended Solids in cooling water at < 10 ppm 



10.2.2 Biofouling occurs by the slimes formed by various bacteria such as Pseudomonas. This kind of fouling is controlled by use of Biodispersants which can  disperse bacteria and remove these from metallic surfaces and then by adding Biocides to kill the bacteria and. The use of Biodispersant also improve performance of Biocides



10.3 Corrosion : The corrosion is loss of metal leading to equipment failure. There are Various types corrosion that take place in cooling systems.



10.3.1 Microbiologically Induced Corrosion (MIC) :  This can happen mainly by two ways 

a. By formation of Biofilms on metallic surfaces creating differential potential as the Oxygen below biofilms is consumed by bacteria whereas oxygen remains at normal level outside the biofilms. This difference in Oxygen create differential potential making various Anodes and cathodes.



b. There are bacteria which creates hydrogen sulfide (H2S) and organic acids as a part of their metabolism. The H2S which is generated by Sulfate Reducing Bacteria directly attacks the metal and FeS  is formed due to this corrosion reaction. The FeS  further works as cathode and increase corrosion. This type of corrosion is accelerated causing pitting and premature failures



10.3.2 General Uniform Corrosion :  Takes place due to corrosive tendency of 

water indicated by Negative LSI. The many anodes and cathodes keeps shifting creating a uniform Corrosion



10.3.3 Galvanic Corrosion :    Takes   place  by  use  of  dissimilar  metals  which 

generates potential difference between the two metals and thereafter cause corrosion. The most reactive become anode and least reactive becomes cathode. The loss of metal   takes place at anode (Refer fig 2 below)
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10.3.4 Pitting Corrosion :   Pitting   occurs   when   anodic  and  cathodic    sites 

become stationary due to large differences in surface conditions.  It is generally promoted by low-velocity or stagnant conditions  and aggravated by the presence of chloride ions. When a pit is formed, the solution inside it is isolated from the bulk environment and becomes increasingly corrosive with time. The high corrosion rate in the pit produces an excess of positively charged metal cations, which attract chloride anions. In addition, hydrolysis produces H+ ions. The increase in acidity and concentration of chlorides within the pit promotes even higher corrosion rates.



The Pits are also formed due to presence of Sulfate Reducing Bacteria (SRB) below deposits which create anaerobic conditions  favorable for SRB growth.



The low residuals of Anodic Inhibitor also promote pitting corrosion.









10.3.5 Crevice Corrosion :   Crevice  corrosion  refers  to  the  attack  of   metal 

surfaces by a stagnant solution in crevices, for example around the edges of nuts and rivet heads. The similar kind of environment is created as when pits are formed.



10.3.6 Stress Corrosion Cracking : Stress corrosion cracking is the brittle failure of a metal by cracking under tensile stress in a corrosive environment. Failures tend to be transgranular. It usually happens mostly on Stainless Steel and sometimes on brass. The Stress is increased by higher temperature and Chlorides.



10.3.7 Selective Leaching : The corrosion of a particular metal in an Alloy e.g. 

            Dezincification of Brass. This is usually due to low pH  and/or higher FRC 

           (Free Residual Chlorine)

 

Balancing Chloride and Hardness to prevent Dezincification



De-zincification has been found to occur with waters having a pH 

of   over   8 2  and  having  the  ratio of chloride to carbonate 	Comment by Ankit Verma: Please correct

(temporary) hardness greater than the following.



Chloride as Cl In ppm           Carbonate Hardness as CaCO3 in ppm



               10                                                         10

               15                                                         10

               20                                                          35

               30                                                          90

               40                                                         120

               60                                                         150

              100                                                        180



Hence, either the water is softened or if already softened water is in 

use, it should be blended suitably. De-zincification also occurs at high pH especially above pH 10. Mild steel surfaces have also been noted to have some pitting corrosion due to chloride attack in presence of CO2 and O2, where the chloride and hardness in cooling  water  system  are  in  balanced  form.  Hence  generally  hardness  to chloride ratio is tried to be kept not more than 3



10.3.8 Erosion Corrosion : Erosion corrosion is the increase in the rate of metal 

deterioration from abrasive effects.  It happens due to high velocity and suspended solids. This is indicates grooves and rounded holes in a directional pattern.



11     Cooling Water Treatment Objectives



11.1 Open Evaporative Cooling Systems 



11.1.1 Scale Control

               

To prevent the formation of scale which would affect heat transfer                    and impede flow of water. Though calcium carbonate is by far the                       most common scale found in cooling water system, attention should                       also be paid on less commonly found scale like calcium sulphate,                       calcium phosphate, magnesium silicate



 The scaling should be controlled at < 10mg/dm2/day



11.1.2  Corrosion



         To control the corrosive potential of the cooling water due to dissolved oxygen, dissolved or suspended salts, alkaline or acidic   water,  velocity, temperature, microbial growth, etc

























          The Corrosion control limits are given below 



Table No 6 Corrosion Control Objectives – Open Evaporative Cooling System



		Model

		Corrosion Rate, mils/yr

		Comments



		Carbon Steel

		0-2

2-3

3-5



5-10

		Excellent corrosion resistance

Generally acceptable for all systems

Fair corrosion resistance acceptable with iron fouling-control program

Unacceptable corrosion resistance

Migratory corrosion product may cause severe iron fouling



		Admiralty Brass

		0-0.2



0.2-0.5



0.5

		Generally safe for heat-exchanger tubing and mild steel equipment

High corrosion rate may enhance corrosion for mild steel

Unacceptable high rate for long term, significantly affects mild-steel corrosion



		Stainless Steel

		0-0.1

0.1

		Acceptable

Unacceptable corrosion resistance



		                     Note To convert mils per year (mpy) to mm per year (mmpy) multiply by 39.4 and to    convert mmpy to mg/dm2/day multiply by 216

                                   Included rates apply to general corrosion system 









11.1.3. Microbiological Control



 To inhibit the growth of micro-organisms and prevent Biofouling on heat exchange surfaces and also to prevent the growth of shell fish in cooling water, intake culvert, etc, particularly with sea water



The microbiological growth will be restricted as per following limit















Table No 7   Microbiological Control Assessment for Open Evaporative Cooling Systems



		Aerobic count (cfu/ml at 30°C (minimum 48 hours incubation

		Sulfate Reducing Bacteria

Cfu/100 ml

		Legionella bacteria cfu/litre

		Action required



		10.000 or less

		<  10

		0

		Essentially Sterile 



		More than 10.000 and up to 100.000

		> 10  to  < 100

		0

		System under Good Control 



		More than 100.000 and less than 5,00,000

		> 100  to  < 250

		More than 100 and up to 1000

		Review programme operation – a review of the control measures and risk assessment should be carried out to identify any remedial actions and the count should be confirmed by immediate resampling



		More than 5,00,000

		> 250

		More than 1000

		Unacceptable - Implement corrective action – the system should immediately be resampled. It should then be ‘shock dosed’ with an appropriate biocide, as a corrective action. The risk assessment and control measures should be reviewed to identify remedial actions.







11.2 once through cooling system, since very large quantity of water is required for cooling, the cost of adding expensive treatment chemicals to water that is soon discharged from the system, can be prohibitive Also, they can contaminate large volumes of receiving water. Hence an economic and effective way of treatment of such water is to be found out



11.3 closed recirculating system, : cooling water is never lost except through some leaks The most serious problems these systems exhibit are corrosion and the corrosion products which are not removed but accumulate to foul the system. Hence, extremely high levels of corrosion inhibitor are used to eliminate corrosion. The introduced chemicals also remain with the system and should not loose its effectiveness with lapse of time.





		Table 8. Assessing Corrosion: Closed Cooling/Heating System



		30 Day- Corrosion Coupon Test



		Metal

		MPY

		Comment



		Mild Steel Piping

		< 0.2

		Excellent



		

		> 0.2 to 0.5

		Good



		

		> 0.5 to 1.0

		Fair



		

		> 1.0 to 1.5

		Poor



		

		> 1.5

		Unacceptable



		Copper and Copper Alloys

		< 0.05

		Excellent



		

		> 0.05 to 0.1

		Good



		

		> 0.1 to 0.2

		Fair



		

		> 0.2 to 0.3

		Poor



		

		> 0.3

		Unacceptable



		Stainless Steel

		< 0.1

		Excellent



		

		> 0.1 to < 0.2

		Acceptable



		

		> 0.2

		Unacceptable



		Aluminum

		< 0.05

		Excellent



		

		> 0.05 to 0.1

		Good



		

		> 0.1 to 0.2

		Fair



		

		> 0.2 to 0.3

		Poor



		

		> 0.3

		Unacceptable



		Note: Pitting attack on any metal is unacceptable







12.0     Source water to be used for cooling purpose needs to be treated for the 

        following reasons

12.1 To remove coarse debris and larger life forms, for example. Vegetation, Fish 

12.2 and rubbish, which may choke the cooling system



12.3  To remove fine suspended matter to prevent erosion and to prevent the formation of accumulations of material which would adversely affect heat transfer and possibly induce corrosion    Also, large accumulation of settled out solids can choke cooling system including cooling tower ponds



12.4  To remove iron/manganese present in water particularly in case of               

               ground water. The amount of iron and manganese can foul the tubes 

          and induce corrosion



12.5 In general, treatment might have to take into account other uses of water and restrictions imposed by the local authorities on the quality of water to be   discharged into rivers, lakes, etc



13.0  Methods of Treatment - External



Any of the following methods alone or a combination of them, as appropriate depending upon the site conditions can be used.





13.1 Removal of Coarse Debris



Screens of usually 7.5 cm are used at the water inlet to remove coarse floating debris such as vegetation, rubbish and larger life forms. Debris, as accumulated on the screen are then removed mechanically at a regular interval to keep the screen clean and to maintain the usual flow of water

13.2  Removal of Suspended Matters

Suspended matters like sand, silt, mud and remains of shell, fish, etc, are likely to foul the cooling water tubes, which can be removed by any of the following ways



   i)  Travelling Water Screen — Screens of size 0 4 to 0 5 mm are allowed  to rotate with powerful motor rolling vertically upside down While rolling downwards on the other side of the rolling mechanism,  it    is   washed continuously to remove the accumulated dirt on it, the washed dirt is led to drain through a separate channel



ii) Settling Tanks/Ponds — Water is allowed to pass through the tanks very slowly giving coarser particles of suspended matter sufficient time to settle down. The settled sludge is then removed from the tank at regular intervals through suitable dredging pumps or through suitable dredging   arrangement if the tank/pond size is large



iii) Clarifiers  - The Coagulants and Flocculants are used to agglomerate suspended solids to big flocs which settle down at a specific retention time in the clarifiers. The sludge is removed from the bottom of clarifiers and passed through a filter press to remove water and resulting into cakes for disposal. If the clear water after filtration and disinfection is used for drinking water only a good quality of Inorganic coagulants such as Alum and only approved, such as NSF 60 ,organic coagulants and flocculants should be used. 



iv) Filtration — Since cooling water carry some suspended matters from the source itself and some suspended matters like dirt, dust, sand, slime, dead algae, etc, are contributors from the cooling system also, filtration in some of the cooling schemes, particularly in open circulating system cooling tower is found a necessity. Water is generally filtered through a pressure filter where suspended particles are retained and the filtered water is used for cooling water and also  accumulated sludge on the filter beds are then removed through backwash of the filter bed 



Side Stream Filtration - However, in any cooling water system a provision of side stream filtration is made and a part of cooling water in circuit is continuously filtered to ensure clean water in the system. All the open Evaporative Cooling Systems must have atleast a Multigrade Pressure sand filter designed for flow rate at atleast 10 % of System Volume which would mean the Water in the system will atleast be filtered twice in a day taking into account backwash time. The capacity of SSF should meet the norm that it should remain within 3 – 10 % of recirculating flow rate. The multigrade pressure sand filter can filter suspended solids upto 10 microns.



iv).  Other Control Techniques



13.2.1 Blow down

Concentration of foulants are not allowed to increase beyond a certain level.   Before it is formed in the system, these are released through discharge of some water and having fresh make up water in the system

13.2.2 On-load cleaning

This technique involves injecting small rubber balls into heat exchanger tubes during operation, wiping the tubes clean as they pass through. Once the system injects the balls in the tubes, they pass through the tubes and are caught on a screen at the end of the passage, to repeat the scouring action on the tube surfaces



13.2.3 Off-load periodic cleaning

For this, plugs or brushes are used for scouring These are held in plastic holders inserted in the tube ends The cooling water flow pushes the plugs through the tubes to wipe deposits from the   tube surfaces     The cleaning process is repeated by reversing the water flow



Alternatively, long nylon brushes are employed to clean the tubes one by one manually



13.2.4 Removal of coarse debris



Screens of usually 7.5 cm are used at the water inlet to remove coarse floating debris such as vegetation, rubbish and larger life forms. Debris, as accumulated on the screen then are removed mechanically at a               regular interval to keep the screen clean and to maintain the usual flow of water



14  Internal Chemical Treatment

A cooling water treatment Program will depend upon cooling water control Parameters and other operating systems. It comprises of 



14.1 Scale Control methods and Chemicals



Scale occurs when soluble salts are precipitated and deposited from cooling water to the heat exchanging surfaces The rate of formation depends mainly on (i) Temperature, (ii) Alkalinity (iii) Amount of scale forming material in the water. (iv) Total dissolved Solids (v) pH  The Calcium carbonate is by far the most common scale found in cooling water systems which normally results from the break down of calcium bicarbonate present in water, 



Other scale occurrences in cooling water system areas below



Most Common                                      Less Frequent

                                         

Calcium Carbonate                             Calcium Phosphate

Calcium Sulphate                                 Zinc Phosphate

Magnesium Silicate                               Calcium Flouride

Silica                                                        Iron Carbonate

Iron Oxide                                               Aluminium Oxide

     

     Actions for preventive measures and leading scale control agents are as 

     follows.



      1. Water softening equipment – Water softener, Dealkalizer, ion exchange or Reverse Osmosis to remove scale forming minerals from make up water. 

      2. Adjusting pH to lower values - Scale forming potential is minimized by lowering pH of cooling water to adjust LSI.

      3. Controlling cycles of concentration - Limit the concentration of scale forming minerals by controlling cycles of concentration. This is achieved by intermittent or continuous blowdown process, where a part of water is purposely drained off to prevent minerals built up. 

     4. Chemical dosage - Apply scale inhibitors and conditioners in circulating water. 



14.1.1 Antiscalants :  By preventing precipitation of potential scale forming compounds such as CaCO3, CaSO4 etc. by a process called ‘Threshold Inhibition’. The threshold inhibition works by coating a crystal, as it starts forming, with a chemical and preventing it to grow leaving the ionic impurities in soluble form. The most typical Antiscalants are HEDP, ATMP and PBTC each having its own set of various properties. As one such property the HEDP is by and large chlorine resistant but gets attacked by bromine. ATMP gets attacked by both Chlorine and Bromine and Whereas PBTC is most resistant to both chlorine and bromine. 

14.1.2 Polymeric dispersants  : Have three properties a) Inhibition of CaCO3, CaSO4, Calcium phosphate, Zinc Phosphate and Calcium Phosphonates b) Dispersion of suspended solids which may include iron oxide (corrosion product) by providing (-) ve charge to the particles forcing these to repel from each other and as a result these don’t settle down on metallic surfaces and will be removed when giving blowdown c) Crystal Modifiers – Modify the crystal habit if and when these are formed. This makes the crystals non sticky and gets easily flushed out when blowdown is given. The Polymeric dispersants can be Homopolymer, copolymer or Terpolymer depending upon functionalities required.

14.2 Corrosion Inhibitors  :  Can precipitating type (layer formation type), Passivating and adsorption Type.



     Cathodic Inhibitors                                        Anodic Inhibitors



                 Phosphonates                                                 Phosphonates

                 Polyphosphate                                               Orthophosphate

                 Orthophosphate                                            Molybdate

                 Zinc                                                                  Nitrite



While recycling the water, as TDS and Chlorides increase molybdate based treatments have found recent use with considerable success. The treatments often contain copper corrosion inhibitors. For closed systems molybdates and occasionally nitrites along with azoles is applied with alkali buffering agents to maintain pH above 8.0. The molybdate is carried at levels of 100-200 ppm as MoO4in a closed system. This treatment  does not contribute to biological growth in the cooling water system. Using copper corrosion inhibitor in a combination is essential because even a minute quantity of copper in water (0.1 ppm) can plate out on Aluminium or mild steel causing severe pitting. There should be minimum use of nitrite as it provides a nutrient supply for biomass present in water and promote growth of Nitrifying bacteria. Similar care should be taken while using polyphosphate which can give sludge to form deposits if used without inhibitor.  Zinc alone  at high pH level greater than 8.0 can contribute to fouling if the dosage concentration is above 0.5 ppm. Also, polysilicates should not be used if cooling water contains more than 10 ppm of natural silica. Molybdate is best effective at pH levels above 7.5, but is adversly affected by dissolved solids exceeding 5000 ppm. Organic based treatments are also being used with  success with use of organic phosphates and organic corrosion inhibitors. Most of the inhibitors as mentioned above are temperature sensitive. Hence, before use, its sensitivity should be assessed, otherwise, if degraded with temperature, it can severely foul the cooling system.





Table No 9 : Effectiveness of Corrosion Inhibitors
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           Cathodic Protection



 In cooling water system, for corrosion to take place, iron acts as anode of an electrochemical cell, while the copper alloys form the cathode. If a third metal or electrode which is more electro-negative than iron is added to the system and electrically connected to the iron and copper, the new electrode will corrode in preference to the iron. The Zinc, Magnesium and Aluminium anodes are used for this purpose and are referred to as sacrificial Anodes. Another method to suppress corrosion on iron is through impressed current cathodic protection, in which an external D C potential is applied between the third electrode and the original two electrodes in

such a way that the third electrode is now the anode to the whole system. Platinized titanium is generally used for such anode material which in itself is also not corroded or taken into solution.





14.3 Biodispersants 



There are mostly non ionic surfactants of various types that are able to dislodge sessile bacteria from metallic surfaces and keep those in dispersed state. The biodispersant also help penetrate bacterial slimes and Algae and improve biocide performance of both Oxidizing and non Oxidizing. Typically 5 ppm of 100 % active biodispersant is good enough.



14.4   Biocides



The cooling water has most favorable conditions like presence of nutrients, temperature, pH and sunlight etc. to promote growth of Algae, Bacteria and Fungus. The Biocides give effective protection against Bio-fouling and Microbiologically Induced Corrosion (MIC) by killing Algae, Bacteria and fungus. The MIC is controlled by killing Sulfate Reducing Bacteria (SRBs), Iron Bacteria and Nitrifying Bacteria. These also control of mussels in discharge and heat exchangers in sea water systems.



There are of two types of Biocides  a) Oxidizing   b) Non Oxidizing 



             Oxidizing  Biocides                      Non Oxidizing Biocides



             Chlorine                                      Quaternary Ammonium  

             Bromine                                       compounds

             Chlorine Dioxide                         Carbamates

             Ozone 

Sodium Hypochlorite                              Methylene Bis Thiocyanate

                                                                  DBNPA

                                                                  Isothiazolines

                                                                  DBNPA

                                                                  Tetrakish(hydroxymethyl)                                                                

                                                                  phosphonium sulfate (THPS)

    









  Chlorine

 

Chlorine is the most familiar and effective industrial biocide in the form   of Hypochlorous acid. This diffuses easily through the cell walls of micro-organism reaching the cytoplasm to produce a chemically stable nitrogen-chlorine bond with the cell proteins. Chlorine also oxidizes the active sites on certain co-enzyme sulfhydryl groups that are intermediate steps in the production or Adenosine triphosphate (ATP) which is essential to microbial respiration



Chlorine can be dosed by Chlorine Gas, Bleach (Sodium or Calcium hypochlorite), Electrochlorination generating Hypo having 0.5 %  Chlorine and Isocyuanarates



The optimum pH values of cooling water in which chlorine dosing is best effective, is 6.5 to 7.5  and it becomes ineffective at pH > 8.0 as more of OCl is formed as compared HOCl and OCl is least effective. 



                        Cl2  +  H20                HOCl + OCl
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Figure No 3



While using chlorine, the chlorine demand has to be met. The presence of reducing agents and nitrogenous matter including ammonia, demands for higher doses of chlorine. Usually 0.3 – 0.5 ppm of Free Residual Chlorine (FRC) on continuous basis is good enough for most cooling systems. However 0.4 – 0.6 ppm FRC may be required to kill SRBs and Algae. In some towers shock chlorination is done to maintain 0.6 – 1.0 ppm FRC for few hours to disinfect the system, sometimes to kill Legionella – a bacteria leading to health hazard like humans having respiratory issues if infected and may be fatal. It may be noted that higher residuals of chlorine is corrosive and should be avoided frequently. It can also corrode copper by selective leaching and attack Cooling tower wood.



The presence of certain organics, such as Humic, Fulvic and tannic Acid and also lignin, in cooling water may produce Trihalomethanes (THMS) after reacting  with free chlorine which is a serious health concern.

.

Chlorine alternatives are regularly being searched out with these environmental concerns including the fact handling chlorine gas may be hazardous.



Bromine

Bromine is a good alternative to chlorine where  pH of cooling water is above 8.0 and there is presence of Ammonia such as in Fertilizer plant cooling towers. The Bromoamines formed in presence of ammonia continue to work as biocide.
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                                     Figure 4       (Souce : Power Magazine)



Chlorine Dioxide

Chlorine Dioxide (ClO2) is present as gas and it is very effective, less corrosive and performance of ClO2 is irrespective of pH  of cooling water. It does not react with ammonia and is very useful in Fertlizer Cooling towers. It is very useful where reclaim water used as make up water having unacceptable levels of COD as ClO2 does not react with many organic and remain available for kill. A free ClO2 residual of 0.2 – 0.3 on continuous basis is a preferred choice in contaminated systems. Alternatively a shock dose of 0.3 – 0.5 ppm for few hours twice or thrice can be given to contain the cost if system requirement is not very high.



There are three ways to generate using ClO2 Generators



14.4.1  One Pump method ( Made from reacting chlorinated water and ClO2 precursor)

14.4.2 Two Pump Method ( Made from reacting Chlorine dioxide precursor and HCl)

14.4.3 Three pump method ( Made from reacting chlorine Dioxide Precursor, NaOCl and HCl)



Two and three pump method does not use gaseous chlorine whereas Three pump is a better choice being safer and can be considered to replace gas chlorine. These methods are used at in situ at site as ClO2 solution is not stable.



Ozone

Ozone is effective but is not used as Ozone stability in water is the limitation (The residual remains for half an hour to one hour in water.























Table No 10 : Effectiveness of Oxidizing Biocides
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Non Oxidizing  Biocides



The most preferred such biocides are



a)  Quaternary  Ammonium Compounds



These are broad spectrum biocides effective for Algae and bacteria (Slime forming, Iron bacteria and Sulfate reducing bacteria etc). These work By forming electrostatic bond with the cell wall of bacteria which denature proteins and affect permeability. These compounds works over wide pH range but are deactivated by high hardness, chlorides, oil, dirt, silt and debris. Cause foaming particularly at  higher dose. It can interact with anionic dispersants.



b) Methylene bis Thiocyanate (MBT)



It is an organosulfur compound and is broadspectrum (Effective for Algae, Fungi and bacteria particularly for Sulfate Reducing bacteria). It works by blocking electron transfer in micro-organism which prevent redox reaction and by denaturing enzyme.  It starts hydrolysing at pH above 7.5 but is fast acting.



c) Dibromonirilapropionamide (DBNPA)



It is another fast acting and broadspectrum Biocide particularly effective for slime forming bacteria including Sulfate Reducing Bacteria. Less effective against Algae and fungi. It degrades quickly to non hazardous compound and start degrading at alkaline pH above 7.5. It works by interaction of bromine with sulfur-containing nucleophiles present inside the cells (e.g., cysteine or glutathione), leading to the inhibition of cell metabolism.



d) Sodium or Potassium salts of Carbamates (e.g Sodium dimethyldithiocarbamate)

These are broadspectrum biocides particularly for slime forming bacterial including Sulfate Reducing Bacteria. These are also effective for nitrifying bacteria. The kill mechanism is by interrupting cell metabolism, via chelation of essential metallic ions. Carbamates are effective above pH 7.5, but are not particularly effective, at low pH. Carbamates react with iron and other metals, but their biocidal properties are not affected.



e) Glutaraldehyde

This versatile molecule is used to control the growth of bacteria, fungi and algae, including sulphate reducing bacteria. Glutaraldehyde is one of the few biocides that contains only carbon, hydrogen and oxygen, thus making it both halogen-free (no AOX issues) and readily biodegradable in the environment. The carbonyl groups of glutraraldehyde cross-link with the amino groups (NH2) contained within the cell wall of microorganisms, and in effect, prevents the microbe from receiving nutrients or discarding waste products through its cell. Glutraldehyde is compatible with hydrogen sulfide, and is very effective against anaerobic bacteria. However, Glutaraldehyde reacts with ammonia and hence, it is best to avoid using the Glutaraldehyde in ammonia leaks situations or in treatment of ammonia chillers



f) Isothiazolines



Isothiazolines are organosulfur compounds and these biocides are also broad spectrum particularly effective against  bacteria and fungi. These are slow acting and thus requires more retention time and prevent growth of bacteria for relatively longer periods. Works at wide pH range including alkaline conditions. Isothiazolines kill by inhibiting microbial respiration and food transport through the cell wall. These can effect skin of humans when comes in direct contact.

















Table No 11 : Effectiveness of Non Oxidizing Biocides
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14.5 Passivation of Cooling System



        A passivation is key to success of the complete Cooling Water Treatment  

        Program. There are many inhibitors which can be used as passivation.







Table no 12 – Corrosion Inhibitor Requirements (As used alone)



		Corrosion Inhibitor

		Dosage (ppm)

		Film- Formation Time Days



		

		Initial

		Maintenance

		



		Cathodic Inhibitor



		Polyphosphate(1)

		40-60 as PO4

		10-20 as PO4

		5-6



		Zinc Salts (2)

		10-20 as Zn

		3-5 as Zn

		5-6



		Polysilicate (3)

		40-60 as SiO2

		10-20 as SiO2

		10-12



		Molybdate

		40-60 as Mo

		5-20 as Mo

		10-12



		Anodic Inhibitor



		Orthophosphate(1)

		40-60 as PO4

		15-20 as PO4

		5-6



		Orthosilicate

		40-60 as SiO2

		10-15 as SiO2

		10-12



		Copper Corrosion Inhibitor



		Tolyltriazole

		10-20 as TTA

		1-2 as TTA

		5-6







NOTES: General: Maintenance dosage shifts to lower part of range as pH rises.

1. May require polymeric calcium phosphate dispersant.

2. Rarely used alone. Requires Zinc Solubilizer above pH 7.8.

3. Do not if natural silica is 10 ppm or greater.

4. The above values are if these inhibitors are used alone. The dosages are significantly reduced as the combination of Inhibitors are used most often.



However  a following scheme of various Additives is recommended. This has a key advantage when you start up a new system. The Program, if required, can be modified for starting an old system after shutdown.



A Preferred Passivation Procedure



Flush the System Thoroughly till you achieve Turbidity < 10 Ntu and Total Iron < 1 ppm as Fe. Add an Oil Dispersant and circulate for 24 hours keeping bleed Off closed. Give Bleed Off till you achieve Oil < 2 ppm and Total Iron < 1 ppm as Fe. Add a non ionic Biocide and circulate for 24 hours keeping bleed Off Closed. Give Heavy bleed off after retention is over. Add an Iron dispersant good enough to remove mill scale and Circulate for 24 – 48 hours till T-Fe stabilize. Give bleed off till you achieve T-Fe < 1 ppm. Add an effective Polyphosphate and Calcium Phosphate dispersant to maintain 75 - 100 ppm Total PO4 for 72 -96 hours keeping bleed off closed. Maintain pH  between 6.0 – 7.0 during this period. Start giving bleed off till you achieve T-PO4 < 10 ppm, T-Fe < 1 ppm and Turbidity < 10 Ntu.



Add all regular treatment chemicals on Hold up volume once and start regular treatment as prescribed. Ensure orthophosphate not exceeding the limit for regular treatment while adding chemicals on hold up before starting regular treatment.





14.6 Regular Treatment



The following treatment strategies can be effectively used based on water quality and operating conditions of the plant.
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Figure No 5

i) All Organic Approach

This is a non acid or partial acid approach to keep the treatment easy to monitor. The pH is kept between 8.3 to 9.0 depending upon LSI which should not exceed (+) 2.0 . By keeping LSI on scaling side Corrosivity of water comes down. The Corrosivity comes down due to high pH as well. The Ca and CO3 present in water are used to prevent corrosion by forming a film of CaCO3. If required organic corrosion inhibitor can be used for better corrosion protection. Azoles are used for prevention of corrosion for yellow metals such as copper and brass.

Only organic additives such as Phosphonates and Polymers are used which do not precipitate like Zn and PO4 at high pH . 





                                                Min pH         max pH 



                                                    8.3                 9.0



         Max Ca as CaCO3         400 ppm

         Min Ca as CaCO3                                  50  ppm.



The pH and Calcium hardness are so adjusted to limit the LSI to max (+) ve 2.0.     As a precaution both the min or both the max limits should not be used together. 



                     

ii) Zinc / Phosphonate / Polymer Approach



Similar to all organic approach. The pH  is maintained between 8.3 to 9.0. Zinc is used for additional corrosion protection. The polymer is used to keep Zinc at soluble form at high pH .



 pH           8.3  to  9.0

CaH         50 – 400 ppm as CaCO3

Zinc          0.5 – 1.0 ppm as Zn

LSI             (+) 0.5 – (+) 2.0



Azole is used for Yellow metal as corrosion Inhibitor



iii) Zinc / Ortho and or Pyrophosphate / Phosphonate / Polymer



Is most commonly used approach due to lower cost.  The acid is used for pH  control in most cases.  The following residuals / Limits are used



pH                   6.5  - 8.3

CaH               1000 – 50  ppm as CaCO3

Ortho – PO4  2.5  -  10 ppm as PO4

Zinc                0.5 – 1.5 ppm as Zn

LSI                    (-) 0.5 to  (+) 1.25



All the lower limits and all the higher limits are not used together. The parameters pH , CaH and Ortho Phosphate are adjusted to maintain LSI and CPSI (+0.5 to +1.2) within range.



Azole is used for Yellow metal as corrosion Inhibitor





iv) Extended Phosphate / Phosphonate / Polymer

The Orthophosphate is an excellent anodic inhibitor and is used at its best by extending it to 9 – 12 ppm  as PO4 in cooling water. The Polmer is used to prevent calcium phosphate precipitation. Zinc is not used and this program can be used where zinc can not be discharged from cooling water. The Program can take more Calcium Hardness. This approach also requires use of acid for pH correction. The following residuals / Limits are used.



pH                          6.5   -   8.3

CaH                       50 – 1200 ppm as CaCO3

Orthophosphate  9.0 – 12.0 ppm

LSI                          (+) 0.5 – (-) 1.5



All the lower limits and all the higher limits are not used together. The parameters pH , CaH and Ortho Phosphate are adjusted to maintain LSI and CPSI (+0.5 to +1.2) within range. Azole is used for Yellow metal as corrosion Inhibitor









Program Selection



The Cooling Water Program should be designed by a Water Treatment Professionals and should be supervised closely by them as they have to take all operating conditions of the plant in consideration. The formulations, Selection of Phosphonate & Polymer and their quality from all the vendors may not be the same for any selected approach . The credentials of vendor for giving good products and service are very important and should be validated.

A program will also include use of Biodispersant and Biocides in addition to above specified materials.



15 Monitoring and Control



The Success of the treatment program depends on best the system is passivated and then how best the parameters are monitored and Control



Critical Parameters (*)



pH   (**)                                                            Once every 2 Hrs  or a shift 

FRC or/and (**)                                               Once  every 2 Hrs or a shift  	Comment by Bidisha Sen: And residual ClO2 (in case ClO2 is dosed)

Cycles of Concentration                               Once in a day

Product Residuals                                           Once in a shift or a day



Subcritical Parameters (*)



Turbidity in Ntu                                                 Once in a shift

Calcium Hardness as CaCO3                        Once in a day

Langelier Saturation Index or RI                     Once a  day

Calcium Phosphate Saturation Index (***)   Once a day

Total Iron as Fe                                                  Once a day or week

Possible Contaminants (NH3, Oil etc.)           Once a shift



Regular Parameters	Comment by Bidisha Sen: ORP and COC Ratio may be included



Total Hardness as CaCO3                                 Once a day

P Alkalinity as CaCO3                                        Once a day

M Alkalinity as CaCO3                                       Once a day

Chlorides as Cl                                                    Once a day

Sulfates as SO4                                                    Once a day

Silica as SiO2                                                        Once a day

Cal X SO4                                                             Once a day

Mg X SiO2                                                            Once a day    



                                                     (*)  Frequency of testing of some parameters will depend upon expected frequency Variation and Criticality to the System

(**)  Preferably on line monitoring and automation can also be done

(***) Is applicable where Orthophosphate is used in the Program 











NOTES

1 Methods of tests are given in relevant Parts of IS 3025

2 Sampling point should be in the return heads

3 Feeding of treatment chemicals and acids, etc. should be as per requirements.



16 Evaluation of Treatment Program



16.1 Corrosion



The corrosion rates are estimated by using test coupons which are placed in a Corrosion Test Rack for a period of 30 days. The detailed procedure is given in Annexure A. The Pitting Rate can also be checked by measuring depth of pits on a corrosion coupon a gauge.

It’s possible to test corrosion rate and Pitting Index on line by LPR test equipment and also by an hand held Corrator which when connected a probe, place in test rack or elsewhere in the system, and by taking the reading whenever  required.



16.2 Scaling and Fouling



The deposits (Scaling + Fouling) can best be observed on a test heat exchanger or by opening an exchanger in Service. It’s possible to check heat transfer coefficient  of actual or test heat exchanger provided all the required probes are installed. The details are given in Annexure A.



The Deposit Monitor and Biofilm Monitor as per NACE methods can be used to monitor deposition rate in Deposit Monitor and Pressure Drop across in Biofilm monitor as per details given in Annexure A



16.3    Microbiological Count



Regular Microbiological analysis of the circulating water before and after dosing of biocide should be carried out. Normally percent kill of above 85 - 90 percent indicates good biocidal effectiveness. Regular inspection of the cooling tower especially louvers and deck for algae and fungus growth will also help in evaluating biocide effectiveness. A typical guideline for interpretation of bio-analysis report is given in table no 7



16.4 The inspection of heat exchangers during annual turn around, therefore, gives best indication about the effectiveness of the overall treatment program Water formed deposits, if any, must be analyzed thoroughly in Laboratory. The extent of deposit and its analysis serve as a guide for deciding any improvement in treatment program, if required.



17.0 System Upsets and Corrective Measures



The cooling water during its circulation is exposed to various conditions arising from the system itself or from the environment If the exact cause of the upset conditions are diagnosed with corrective steps taken at an early date, the system can be saved from disastrous effects The normally encountered upset conditions in a cooling water system are as follows



17.1 Low pH 



This could be due to excess feed of acid/chlorine, ingress of acidic contaminants like CO2, SO2 and H2S and development of acid forming bacteria (Nitrifying bacteria and Sulphate reducing bacteria). If the low pH is identified due to excess acid feed, the same should be stopped, increase blowdown and make up and pH should be monitored hourly, till normal. 



If the pH falls below 6 it is recommended to add soda ash. However during low pH period, concentration of corrosion inhibitor should be increased by 25-30 percent and maintained at this level for 48 hours after regaining the pH. If the Low pH is due to acidic contaminants, the action to be taken to identify and eliminate the source. In case the problem occurs too frequently from an exchanger, it is advisable to operate the system at lower cycles of concentration or stop the exchanger, if the problem persists. This generally happens in a chemical plant where acidic gases are cooled and leak through the tubes in the circulating water. If the low pH is due to development of acid forming bacteria the following actions should be taken.



     a) Close blow down.

     b) Give shock dose of a specific and non-oxidizing biocide, effective for  

          sulfur reducing/ nitrifying bacteria.

    c) Allow the water to circulate for 12 -24 hours without blow down.

    d) Start maximum blow down and continue the same till pH normalizes



NOTE — In case the pH drops below 6 0, it is necessary to repassivate the system after normalizing the pH Iron fouling is maximum in this case





17.2     High pH 



This could be due to improper acid feed, increase in make-up water alkalinity, operation on high cycle of concentration, ingress of ammonia or any alkaline contaminant (mostly in ammonia/chemical plant) The corrective steps to be taken are to increase the acid feed rate, Restore cycle of concentration to normal and remove leakage of ammonia from the plant. In case the pH goes above specified limit, the scaling tendency will substantially increase and hence it is necessary to increase the concentration of dispersants/Antiscalants (must include calcium phosphate inhibitor if orthophosphate is used in the program. If high pH persists for a longer time, microbial growth will increase, as high pH is favorable for their growth and chlorine is less effective at high pH In such  cases, it is advisable to give shock dose of non-oxidizing biocide.









17.3  Ingress of hydrocarbons, oil, methanol, etc.



The exact source can be found by analyzing ORP in the inlet and outlet water of exchangers and action taken accordingly. The hydrocarbons serve as nutrient for the microorganisms. In addition, oil acts as a binding medium for the suspending solids and increases fouling of heat transfer surface Hence, in such cases it is advisable to dose surface active agent like Dioctyl Sulfosuccinate (DOSS) at about 10 - 30 ppm (30% Active) and flush the system after 12-16 hours of circulation, till foaming subsides completely and oil in circulating water is not traceable After this it is advisable to give shock dose of non-oxidizing biocide. In case of methanol and other hydrocarbons, immediate shock dosing of non-oxidizing biocide can be given with circulation for 8- 12 hours followed by heavy After all above actions give heavy blow down to flush the methanol/hydrocarbon out of the system.







17,4    Low Inhibitor Concentration



This could be due to improper feed of chemicals, degraded chemicals, excessive blow down followed by fresh make up, presence of adsorbent matter in circulating water. The system need to be repassivated as per passivation guidelines. Insufficient concentration of treatment chemicals give rise to increased scaling, fouling and corrosion as the case may be. Hence identification of the cause with subsequent remedial measures taken is necessary. In case the drop in concentration is only for sometime, it should be made up by slug feeding of treatment chemicals If it is for longer time, acid cleaning and passivation of the system may be necessary. Adsorbent matter like fly ash and carbon absorb organo-phosphonate and Polymers which will reduce its concentration in circulating water. Presence of organic phosphate, generally present in the sludge from backwash of side stream filters (if installed) indicate ingress of such type of adsorbent matter













ANNEXURE A



EVALUATION OF CORROSION RATES IN COOLING WATER

 (By coupon method) (Clause No 11.1.2 )



A-0 Evaluation of corrosion rates in cooling systems to determine the inhibitor's effectiveness may be done by one of the following three methods:



a) Metal coupons method,

b) Resistance probe method, and

c) Test exchanger method.



A-1 METAL COUPONS METHOD



Corrosivity measurements in recirculating cooling water can be done by the use of standard coupons. This method indicates Corrosivity in relative terms rather than absolute terms. The composition of metal inside the system may invariably be different.  It is possible to make coupons of the same metallurgy in the system provided all the procedures of making the coupon are same as standard.. Examination of metal coupons can also give an indication of pitting tendencies and scale deposition



A-1.2 Summary of the Test Method



Carefully prepared, weighed metal coupons are installed in contact with flowing cooling water  in Corrosion Test Rack for a measured length of time. After removal of the coupon from the test rack, these coupons are examined, cleaned and reweighed . The corrosivity and fouling characterstics of the water are determined from the difference in weight, the depth and destribution of the pits, and the weight and characterstics of foreign matter on the coupons.



A-1.3 Metal Coupons



Dimensions of metal coupons or strip testers should be 13 mm wide, 76 mm long and 1.6 mm thick for all sheet metals while 13 mm wide, 76 mm long and 3 mm thick for all cast metals. Other sizes are suitable provided total area is about 4 square inch. The hole should be of 5 mm at the centre at one end measuring 3 mm from the centre of hole to end of the coupon. The principal requirement is to keep flat surface area as compared to the edges. Metal specimen should be as close in composition to the metal in the system as possible. However, if the composition of the metal of system is unknown or varies , the specimen should be prepared from low carbon cold-rolled steel 



A-1.4 Preparation of Metal Coupons



The coupon should be made principally from sheet metal. However, in few cases it can made with Cast Iron. The coupon is made as follows



a.  Sheet Metal Coupon Preparation

Obtain and cut sheet metal to make coupon of size defined in A-1.3. Use cold rolled steel free of rust. If making for stainless steel, obtain stainless steel with no 4 finish.

Drill a punch of mm hole at a distance of 3 mm from the centre of hole to the end of the coupon.

Deburr all sharp edges on the coupon using a file emery belt  and Deburr the hole edges with an oversize drill.

Stamp identifying numbers or letters on the coupon area below the mounting hole



b. Cast Metal Coupon Preparation

Obtain rough casting of desired metal measuring 19 mm width, 114 mm length and 6 mm thick from a commercial foundry or elsewhere. Surface grind to the dimension of 13 mm width, 102 mm length and 3 mm thickness and a surface roughness of about 124 uin.

Drill a 7 mm hole with its centre about 8 mm from the end of the coupon.    Deburr all sharp edges on the coupon using a file emery belt  and Deburr the     hole edges with an oversize drill.







A-1.5 Test Rack Assembly



The coupon holding specimen mount should be a 150 mm long laminated phenol formaldehyde resin or similar plashes rod This rod may be inserted in a pipe plug either by means of a drive fit or by means of a threaded hole in the plug. The end of the plastics rod should be flattened on one side to take the specimen as shown in Fig 6 The specimen is secured by a nut and bolt of the same material as the metal coupon to prevent galvanic corrosion The assembly should be sufficiently steady so that the strip will be held firmly at the center of the stream of water through the pipe and will not touch the pipe The plastic rod should be long enough so that the specimen is out of the turbulence in the tee and into the flow of water in the pipe. 



[image: ]





Figure 6 : Corrosion Test Rack



The arrangement of piping, as illustrated in the fig above is such that flow passes from bottom end of assembly over specimens first at two locations and then to other two locations.



A-1.6  Preparation of the Coupon



Cleaning of a ferrous metal coupon

Remove oil by immersing in Benzene. Take out and dry it. Immerse in a solution containing 20 % Hydrochloric Acid for 30 min at room temperature. Remove acid from the coupon by three rapid successive rinses in separate water baths. The last rinse bath shall contain Methyl Orange Solution and must be kep neutral (Yellow in Color). The first and second bath must be replaced frequently. Rinse Successfully in Isopropyl Alcohol and benzene and dry with a clean cloth. Store in a Desiccator.



Cleaning a Copper, Brass and Cupronickel coupons

Follow same procedure as for Ferrous metal coupons



Cleaning a Stainless Steel Coupon

Degrease with Benzene, dry with a clean cloth and Passivate by immersing in Nitric Acid – Dichromate Solution (Mix 224 ml of HNO3 with twice the volume of water and then add 22.75 gm of Sodium Dichromate Monohydrate) at 43 to 49 Deg C (110 to 120 Deg F) for 15-30 minutes.. Rinse with water followed immersing in Benzene, dry with clean cloth and store in a Desiccator.



Cleaning an Aluminum Coupon

Degrease with Benzene and dry. Immerse in HNO3 (Sp gr 1.42) for a min of 3 minutes at room temperature. Rinse with water twice, once with Isopropyl Alcohol and finally with Benzene. Dry with a clean lint free cloth and store in Desiccator. If coupon is not clean repeat the procedure using submerged scrubbing with a fibre bristle in the water rinse.

Keep All types of coupons the coupons in Desiccator till before it has to be installed.



A-1.7  Installation of Coupon



The metal coupons, are weighed to the nearest tenth of a milligram and are then ready for insertion in the cooling water system They should be mounted on the plastic rods and screwed into the specimen holder assembly as shown in Fig 6 The water should then be turned on through the specimen support assembly and the flow rate adjusted to give a flow Velocity across the specimens of between 1 and 1 5 m/s The ideal flow would be that used in the actual system (Can adjust Velocity between 0.6 – 1.8 m/s only). under test In 25 mm dia pipe, a water velocity of 1.0 m/s, corresponds to about 30 1/min In 20 mm dia pipe, the same linear flow rate is given by about 18 l/min For usual comparative results, the flow rates shall be checked daily in order to assure that they are being maintained constant. Preferably, A rotameter can be installed in the inlet of test rack assembly.

Minimum duration of these tests is 30 days. Test can be extended with the use of multiple coupons for a longer period of time (90 days) It is recommended that always duplicate coupons should be used for such study.



A-1.8 Handling of Coupons After Test



A-1.8.1 At the end of the standard testing time, remove and examine the specimen for the appearance of tuberculation, pitting, deposits and so forth Record such observations carefully Remove the deposits on the coupons and analyze to see whether the deposits are due to corrosion or due to scaling



A-1.8.2 Cleaning of Specimen Coupons



These cleaning procedures are typical of many which have been successfully used. Other cleaning methods may be used, but it is necessary that whatever procedure is used for cleaning the coupons, should also be applied to a fresh unused coupon in order to obtain a figure representing the loss due to the cleaning procedure This figure is then subtracted from the mass loss of the coupon, and the remainder is assumed to be the mass loss due to corrosion 



 a. Ferrous coupons — Remove the loose material by brushing with a soft brush/plastic knife under a stream of tap water If oily deposits are present, degrease the coupons with trichloroethylene. Suspend the coupons in a full strength solution of inhibited hydrochloric acid at room temperature for 30 s, rinse in water, then in isopropanol, wipe dry with a clean lint-free cloth and place in a desiccator



NOTE — Inhibited hydrochloric acid may be prepared by dissolving two parts of antimonous oxide (Sb2O3) and 5 parts of stannous chloride crystals in 100 parts of concentrated hydrochloric acid or

Mix 357 ml of concentrated HCl (sp gr 1.19) and 5 gm of Inhibitor (Rodine 213 or Rodine 95 or their established equivalents) and then dilute to 1 ltr.



b) Copper alloy coupons – Follow the procedure given in A-1.8.2 (a) for cleaning copper alloy coupons but rinse with Isopropyl Alcol and finally with Benzene. wipe dry with a clean lint-free cloth and place in a desiccator





c) Aluminium alloy coupons - Clean the aluminium alloy coupons by immersing them in a distilled water solution containing 3 percent chromic acid and 5 percent phosphoric acid at 70 to 77°C for 5 minutes Store the coupons in a desiccator for at least 2 hours before weighing them to the nearest tenth of a milligram



A-1.9 Description of Local Corrosion and Pitting



Observe the cleaned coupons for localized attack or pitting If no pitting is evident, describe the appearance as 'no local attack' ,'etch', 'even local attack', 'uneven local attack', 'heavy local attack', and express the area of local attack as percentage of the area exposed Where pitting is present, determine and report the frequency of pitting in terms of pits per square centimeter Determine the severity of pitting with a feeler gauge or a microscope in terms of maximum pit depth in mm (or mils)





A-1.10.1 Calculation of Corrosion Rates 



Calculate the corrosion rates, as an average penetration in mm per year based on the mass loss by the following equation



Corrosion Rate =   365*M/(d*a*t)

where

M = mass loss in mg,

d = specific gravity of the metal in terms of g/cm3,

a = exposed area of coupon in mm2, and

t = time in days



NOTE - To convert mm per year to mils per year multiply by 39 4 and to convert mm per year to mg/dm2/day multiply by 216

















A-1.10.2  Calculation of Pitting Rates



  Pitting Rate (mils per year) =  Max pit depth * 365/t



Whereas 



Pit depth is in Mils

t  =  Exposure time



To convert mils per year to millimeters per year multiply by 0.0254



 A-1.10.3 Reporting of Results





The reporting of results of the various measurements should contain the following information

a) Name of company involved,

b) Identification of the cooling system,

c) Identification of the coupon,

d) Nature of the metal,

e) Duration of lest,

f) Temperature of water,

g) Size of pipe,

h) Flow rate of water,

i) Mass loss of coupon,

j) Average penetration either in mm per year or in mils,

k) Frequency of pitting as pits/mm2,

l) Severity of pitting as maximum pit depth in mm or in mils, and

m) Pitting rate either in mm per year or in mpy



A-1.10.3.1 In addition, the appearance of the specimen coupons before and after cleaning should be indicated



A-1.11 Resistance Probe Method



Corrosion rates can be evaluated by the use of resistance probe method This method has got distinct advantage over the coupon method as it can give instantaneous corrosion rates which can be recorded if desired or used to activate the feed controls

Pitting Index/Imbalance Reading in units 



Pitting Index/Imbalance reading can be determined based on LPR installed in line. The probes  installed in the system give output of corrosion rate and Pitting Index. This is nothing but indicative of Pitting Tendency of CWT Program. 



If there is no Pitting then Pitting Index/Imbalance reading will be same or less than Corrosion Rate. If there is Pitting then Pitting Index/Imbalance reading will be more than Corrosion Rate in mpy. 



Interpretations



Pitting Index < Corrosion Rate in mpy indicates No pitting but General corrosion 

Pitting Index > Corrosion Rate in mpy indicates initiation of pitting corrosion (Pitting Attack) 

Pitting Index < 7.0 indicates Pitting Tolerable for CS. CWT performance is considered Satisfactory. 

Pitting Index > 7.0 but less than 10.0 for CS indicates pitting is moderate & can be acceptable. 

Pitting Index > 10.0 but less than 20.0 for CS indicates very high pitting (deep pitting) & not Tolerable nor acceptable. 



A-1.12 Test Exchanger Method



Corrosive tendency can be practically demonstrated in a cooling system by the use of test exchanger method The test exchanger, besides providing excellent reproduction of field conditions with regard to heat transfer surfaces, velocity effects in tubes, etc. can be used to monitor the Corrosivity and scaling tendencies of the system  This is accomplished by settling the velocity and heat flux in the test heat exchanger and then periodic pulling of tubes for corrosion and Deposit examination 



A-2.0   Deposit Monitor as per standard - NACE RP-0189 - 2013



Deposition Simulator or Deposit Monitor is an easily installed monitoring device that effectively aids in examining deposition by simulating a system based on the parameters like flow rate representing Velocity, metallurgy and heat flux at any particular sampling point in the system.



In Deposit Monitor or simulator a sampling tube is inserted in an acrylic shell. The metal surface of the sample tube can be observed at all times during the operation of the Deposition Simulator. The system water flows between the sample tube and the acrylic shell. There is heating cartridge  inserted into the sample tube so that the sample tube can be heated. The system flow rates are controlled by a ball valve upstream of the rotameter. The temperature differential is controlled by heat-flux controller having a knob to adjust heat flux at various set points. The Deposition Simulator is complete with heater, flow meter temperature indicator and appropriate tubing. A flow switch is installed which automatically shuts-off the heater, if the water flow stops.
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Figure 7



The deposition rate is estimated by weighing the tube before and weighing it after an exposure period which is normally a month. And Deposition rate can be estimated with following formula



Deposition Rate (mg/ dm2/day)=    Delta W x 100 /(N x A)



Whereas

 

Delta W = Weight of deposit in mg 

N = Exposure time (Number of days) 

A = Area of heat transfer in dm2



A-3.0   Biofilm Monitor – NACE Standard  RP0189-2013





The BFM is based on the fundamental engineering principles expressed by the Darcy Formula (reference from Crane, Technical paper No. 410 “Flow of Liquids”)

H1 = F * (L) / (D) * (V*V)/2G

Where H1 = Loss of static pressure head due to fluid flow, in feet of liquid.

F = Frictional factor.

L = Length of pipe in feet.

D = Internal diameter of pipe in feet.

V = Velocity of flow, in feet per second.

G = Acceleration of gravity – 32.2ft. per second square.



Generally, the growth of bio film in the interior of piping and heat exchange equipment increases the frictional resistance to flow and increases the pressure drop. The increase in pressure drop indicated by the bio fouling monitor can be correlated to the degree of bio film in piping and heat transfer equipment.



The bio fouling monitor is a simple, effective tool for measuring bio fouling in cooling water systems. It comprises of a six feet length of S.S. Pipe  whose inside is highly polished (reamed) with pressure taps located one foot from either end, the pipe is installed in parallel with CW system being monitored. A differential pressure gauge is placed across the taps to measure the pressure in the central four feet section. Use of SS in this section minimizes effect due to corrosion, while providing a surface more conducive to bio film growth. Since the pipe is not heated, it does not measure the scaling that would occur in heat exchanger. By using return water to the tower, the temperature conditions for bio film development are usually representative. The flow rate is adjusted to corresponding target velocity to be simulated.
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Figure 8



The pressure drop across the tube increases when there is biofouling and indicates the level of biofouling as per following interpretations.



P increment = P observed – P base-line

P increment limit = 1.0-1.5 inches (or 25-35 mm of water column)

P increment ≤ 1.0  inches corresponds to negligible fouling

P increment > 1.0-1.5 inches corresponds to moderate fouling

P increment >1.5 inches corresponds to serious fouling





                                     ________________________________























































































v) Cooling Water Problems

vi) Various Indices

vii) Cooling Water Treatment Chemicals







Water Conservation Usage Vs Cycles

Total Make-up	2	3	4	5	6	7	8	9	10	100	75	66.666666666666671	62.5	60	58.333333333333336	57.142857142857146	56.25	55.555555555555557	Total Bleed	50	25	16.666666666666668	12.5	10	8.3333333333333339	7.1428571428571432	6.25	5.5555555555555554	COC



m3/hr
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Indian Standard



Water Chemistry Control for Once through 

Super Critical Boilers – Guidelines 





1. SCOPE

The main scope of water chemistry control is to ensure the long-term integrity of the materials of construction and the successful operation of the boiler-turbine power cycle. The particular type of chemical treatment may vary depending on many factors such as the materials of construction, operating conditions, system design, etc.

2. REFERENCES









3. CHEMISTRY CONTROL 

3.1 Chemistry control in once-through steam generating units is based on the following features:



a. No phase separating devices (i.e. steam drum) in the system



b. Feed water, boiler water, and steam are the same fluid stream



c. Sliding pressure operation ,such that fluid conditions can vary between  supercritical to subcritical 





The above design considerations require that the concentrations of feed water contaminants be kept to a minimum and be within allowable turbine steam purity limits (as specified by the steam turbine supplier) as the solubility of contaminants increases with higher steam parameters. Corrosion products transported to the boiler (or super heater, reheater, turbine) from the condensate and feed water system must be kept at low enough concentrations to minimize fouling of tube and turbine surfaces, and thus the potential for damage and/or efficiency losses.







3.2 FEED WATER TREATMENT



The overall objective for any chemistry treatment is to maintain power plant system operations at the best possible level of availability, economy, and efficiency. To attain this objective, chemical control of the water and steam purity is directed to achieve:



· Prevention of corrosion in the boiler, steam, condensate, and feedwater systems.



· Prevention of scale and deposit formation on heating surfaces.



· Maintenance of a high level of steam purity.



For these reasons, high-pressure fossil plant cycles, drum type  or once-through boilers, use very high purity water as the operational medium. The usual materials in such plant cycle are carbon steel or low-alloyed steels. These materials are subject to corrosion and can however be used because the corrosion in steel results in the formation of protective oxide layers.



Controlling feed water contaminants to a minimum is critical in once-through units, as there is no mechanism for their removal neither in the feed water (downstream of the condensate polishing system) nor can their aggressive behaviour be arrested by the typical feed water chemical treatments (OT or AVT). Contaminant ingress (from condenser in-leakage, makeup water, etc.) is generally controlled by a condensate polishing system.



3.3 IMPORTANCE OF FEED WATER TREATMENT



The most frequent contributor to boiler waterside corrosion, fouling, and failures has been the accumulation of metal oxide deposits. These deposits form principally on water / steam side of  heat transfer tubes /pipes ,but can also foul control orifices (if provided) that can then cause overheating of water wall tubes.

 A protected metal oxide layer on waterside surfaces is the key to prevent corrosion in utility steam generators. Feed water treatment chemistry is dedicated largely to maintainthis protective layer.



For many decades, magnetite (Fe3O4) has been the preferred metal oxide. It forms readily above 200°C. However, cooler metal surfaces in the steam/water loop–primarily those in the condensate/feed water cycle in the pre boiler system remain active and vulnerable to corrosion. In these areas, damage results both at local corrosion sites and in hotter downstream sections where corrosion products from cooler metal surface gets deposited.



In the high temperature region (above 200°C) a dense uniform magnetite protective layer is formed spontaneously on steel surfaces. However, in the lower temperature region (below 200°C), steel surfaces in contact with water remain active. The dissolution of iron in high purity water is diffusion-controlled (the mass transfer is controlled by diffusion through pores 



in the layer) only under favourable flow conditions. With unfavourable local flow conditions (turbulence), the diffusion-controlled iron dissolution changes to erosion-corrosion. This results in a rapid increase in corrosion and corrosion product transport. In addition to the damage done by the erosion-corrosion in the low temperature region, in the high temperature region deposition of corrosion products from the low temperature region also occurs.



Corrosion and erosion-corrosion in the low temperature region and the corrosion product transport from there into the high temperature region can be reduced considerably  by appropriate chemical measures. It has become standard practice to call such measures as “feed water treatment” or “feed water conditioning.”



3.4 AVT (ALL VOLATILE TREATMENT)



AVT is defined as the exclusive use of volatile conditioning agents. Volatile chemicals evaporate from the water into steam in a gaseous form. When steam condenses, the chemicals dissolve into the water again. They do not form a solid phase and thus they do not form a scale or deposit on heat transfer surfaces. Common volatile conditioning agents are ammonia, amines, and hydrazine (or hydrazine substitutes).



With AVT, feed water pH ranges from 8.8 to 9.8. Low-level AVT has pH between  8.8–9.3 (especially in plants with copper alloys) and high level AVT has a pH between 9.2–9.6.

Even though high pH AVT provides better corrosion protection of steel, it has also its disadvantages of waste water treatment, chemicals consumption, and exclusion of ion exchange resin to run in H+ form. In AVT, there are two types of feed water treatment AVT(R) and AVT(O).



3.4.1 AVT ( R)

AVT (R) is defined as AVT that employs a reducing agent such as hydrazine or other oxygen scavengers. This results in a low (negative) ECP (electrochemical potential). With AVT (R) practice, the protective oxide layer formed is magnetite, which is thicker and porous. This can result (see figure-1 ) in higher iron content in the water. Subsequently ripples can be formed on heat transfer surfaces. However, operation in reducing conditions is beneficial in plants with copper heat exchangers in the feedwater train because it reduces copper corrosion and therefore the release of copper into the feedwater. In once-through systems, the cycle does not however include copper or its alloys. Further, AVT (R) also favours Flow Assisted Corrosion (FAC) in the high pressure feed water system containing carbon steel alloy. Therefore, it is not used as a feed water treatment  for once through boilers.  



3.4.2 AVT (O) 

AVT (O) is a treatment practice involving the use of low Oxygen feed water (< 10 ppb).  This uses only volatile amines like ammonia for pH control and does not involve the use of reducing agents like Hydrazine.

AVT (O) favours the formation of hematite layers over the magnetite which are less soluble and hence more stable than the magnetite layers of AVT(R). As a result, the oxide layers are thinner and denser and give more protective margin against FAC and minimize orifice fouling.[image: ]

Figure -1 Schematic of magnetic growth and morphology under AVT(R) 





3.5  OXYGENATED TREATMENT (OT)



 Oxygenated Treatment (OT) will provide a high ECP that leads to the formation of hematite layers (figure-2 ), which are less porous and hence more impervious than the mixed magnetite / hematite layers of AVT (O) (compared to the magnetite layers of AVT(R)) As a result, the level of iron oxide in feed water is much lower. It gives excellent protective margin



against FAC and minimizes orifice fouling (if orifice is provided).



As an additional bonus, it has already been successfully used with very low-level pH, i.e. feedwater  pH 8.5 -9.0, the relatively small ammonia concentrations permit a very long life of H+  mixed-beds and  helps in  waste water treatment.



Traditionally, AVT has been the main method of boiler feed water treatment for once-through boilers. However, some problems, such as rise in boiler pressure drop due to scale adhesion, have become evident  in supercritical mode of operation.  In order to overcome these problems, Oxygen water chemistry, that is, oxygenated neutral or oxygen-ammonia chemistry is introduced now in the supercritical power units. However, if oxygen concentration is in excess, oxygen starts functioning as a corrosive agent.



On supercritical units, water quality is currently maintained by two methods:



· The condensate clean-up system is used to remove any suspended or dissolved solids that have entered the cycle. Typically condenser leaks are the biggest source of contamination.

· Secondly, water quality is maintained by keeping the corrosion rates of the condensate feed water system to a minimum. This is accomplished by the implementation of oxygenated feed water treatment (OT).



3.6 THEORY BEHIND OXYGENATED TREATMENT



It is important to remember that OT is used to reduce the corrosion of the condensate and feed water piping of the pre-boiler system. It has no impact on the corrosion in the steam generator or the steam turbine.



There are two forms of iron corrosion that need to be concerned about:

· Haematite (rust) is red in colour and forms when steel comes in contact with large quantities of oxygen.

· Magnetite is black in colour and forms where oxygen levels are kept extremely low.



In AVT, very low dissolved oxygen concentrations were maintained on the condensate and feed water cycle to ensure a magnetite layer is formed. This magnetite layer reduces the corrosion of the metal surface by forming a protective layer on the metal surface. However, the rate of corrosion of steel depends on density of the structure and strength of the oxide films formed on the surface.



3.6.1 Refer Figure-1 on magnetite deposit on the condensate and feed water piping with low dissolved oxygen concentrations. It shows a cross section of a metal surface with a magnetite layer on its surface. The magnetite layer is represented by the different rectangles shown. As can be seen, this deposit layer is porous. Because of these pores, dissolved oxygen and contaminants in the water (although the water is ultrapure there is still small amounts of contaminants dissolved in the water) can migrate down through the pores and reach the underlying metal surface. When this occurs corrosion of the metal surface takes place.



3.6.2 Refer Figure-2 on the identical condensate and feedwater piping metal surface under OT conditions. The magnetite layer is still present (the large rectangles) but now the pores have become smaller and impervious by the formation of haematite (the small rectangles). The formation of haematite results in a more dense deposit as the haematite fills in the pore spaces between the magnetite. As it does this, it makes it much more difficult for dissolved oxygen and contaminants to reach the metal surface and continue the corrosion process. Thus corrosion is greatly reduced.









[image: Description: FeOOH]

Figure-2 Schematic of Oxide Growth and Morphology under OT











Under the feed water cycle chemistry with low dissolved oxygen, pH is maintained 





















Between 9.2 and 9.6, by adding aqua ammonia at the condensate booster pump suction. The amount of ammonia added to the cycle is controlled by a specific conductivity controller on the condensate booster pump discharge. The specific conductivity set point for controlling feed water pH is set between 4.0 and 11 µS / cm. Under OT conditions feedwater cycle pH will be lowered to 8.5 to 9.0 and this corresponds to a specific conductivity set point of between 0.8 to 2.8 µS / cm.

Cycle pH is lowered on OT because this is the optimum pH to maintain corrosion of the condensate and feed water piping to a minimum. 



3.6.3 CONTROL POINT FOR OT

The most important control point for OT is the economizer inlet cation conductivity. The following figure emphasizes why cation conductivity is so important.  Refer Figure-3 on the corrosion rate of pipe with respect to Oxygen concentration. It is observed that as conductivity increases the release rate (corrosion rate) of piping drastically increases, rather in logarithmic manner 



So as conductivity increases on the cycle not only the problem of increased contamination in water, also have the problem of increased corrosion of condensate and feedwater piping. On OT, the requirement for economizer inlet cation conductivity is to be maintained less than 0.15 µS / cm. In aqueous solution containing no anions competing with water molecules (chlorides, sulphates and others) only certain products of hydrolysis of Fe2+, hydrates or aqua complexes, can form. If water is not thoroughly demineralised, the anions present in it, primarily the chlorides, will enter the composition of the aqua complexes, further conversion of which may lead to the formation of free acids and to disturbance of the normal processes of formation of oxide films. Hence feed water under Oxygenated treatment, when coupled with anions (increase in conductivity) will be corrosive.





[image: ]


   



4.0 WATER QUALITY FOR ONCE-THROUGH SUPERCRITICAL BOILERS



4.1 Demineralized water

		Parameter

		Unit

		Normal 

values



		Specific conductivity

		µS/cm

		< 0.10



		Silica as SiO2

		ppb

		< 10



		Sodium as Na 

		ppb

		< 2 (normally not defined)



		Iron as Fe

		ppb

		BDL (normally not defined)



		Total organic carbon

		ppb

		< 300 (normally not defined)







4.2 Condensate (CEP Discharge) (at hot well outlet)

		Parameter

		Unit

		Normal 

values



		Conductivity after

cation exchanger

		µS/cm

		<  0.20



		pH-value at 25oC (for AVT-O)

                                (for OT)

		---

---

		9.2 – 9.6 

8.5 – 9.0



		Iron as Fe

		ppb

		< 20







4.3 Feed water ( at economizer inlet) AVT (O) treatment 

		Parameter

		Unit

		Normal 

values



		Conductivity after

cation exchanger

		µS/cm

		< 0.20*



		pH-value at 25oC

		-----

		9.2 – 9.6



		Silica as SiO2

		ppb

		< 20



		Sodium as Na 

		ppb

		< 2



		Iron as Fe

		ppb

		< 10 (units without CPU)

<5 (units with CPU)



		Dissolved oxygen

		ppb

		1-10



		Hydrazine

		ppb

		**





*Cation conductivity – 0.2 to 0.5 … return to normal values within 1 week. Maximum exposure is 336 cumulative hours per year, excluding start-up conditions.

Cation conductivity ..> 0.5 … return to normal value within 24 hours. Maximum exposure is 48 cumulative hours per year, excluding start-up conditions.

Cation conductivity ..>1.0 .. Immediate shutdown to avoid damage

**hydrazine or equivalent should not be used if O2 ≤ 10 ppb (not dosed in AVT-O regime)



4.4 Feedwater ( at economizer inlet) - Oxygenated treatment



		Parameter

		Unit

		Normal 

values



		Conductivity after

cation exchanger

		µS/cm

		< 0.15*



		pH-value at 25oC

		---

		8.5 – 9.0



		Silica as SiO2

		ppb

		< 20



		Sodium as Na 

		ppb

		< 2



		Iron as Fe

		ppb

		< 2



		Dissolved oxygen

		ppb

		50- 150







		* Economizer Inlet Cation Conductivity 



		CC µS/cm

		Action Required



		< 0.2

		Normally desired level, continue normal operations. Less than 0.1 µS/cm is preferred and easily attainable in optimized units.



		0.2 – 0.5

		Increase system pH to AVT levels (~9.2 for all ferrous system). Continue feed of O2 and monitoring to determine the source of the contaminant. If the cation conductivity value is showing increasing tendency and increases beyond 0.3 µS/cm, termination of oxygen feed to be started.



		> 0.5

		Terminate oxygen feed and continue operating with AVT without the use of hydrazine. 

Use Guideline for Once-through Units using AVT (O)



		> 1

		Immediate shutdown











		GUIDELINE VALUES FOR DEVIATION FROM NORMAL OPERATING LIMITS FOR CONTINUOUS OPERATION





		Parameter (Main Steam)

		Unit

		

Normal level

		Action level 1

		Action level 2

		Action level 3

		Action level 4 = immediate

shutdown



		Conductivity at 25 °C downstream of strongly acidic sampling cation exchanger, continuous measurement at sampling point

		S/cm

		



≤0.2

		 ≥ 0.2 < 0.35

		≥ 0.35 < 0.5

		≥ 0.5 < 1.0

		≥ 1.0



		Sodium (Na)

		  ppb

		≤2

		≤4

		≤8

		>8

		>20



		Period of time per event, during which the turbine may remain in operation with the respective values

		h

		--

		≤ 48

		≤ 12

		≤ 6

		0





If one of the parameters has reached or exceeds the limit value for a particular Action Level the next higher Action Level shall apply.





4.5 HP steam and Reheat steam



		Parameter

		Unit

		Normal 

values



		Conductivity after

cation exchanger

		µS/cm

		< 0.20



		Silica as SiO2

		ppb

		< 20



		Sodium as Na 

		ppb

		< 5



		Iron as Fe

		ppb

		< 5*





*In OT mode “Iron as Fe” should be less than 10 ppb (2 ppb)



5.0 GUIDELINE AND GUIDING FACTORS



1) All conductivities are referred to 25oC. Possible contributions from carbon dioxide may be excluded.

2) Operation is desirable at the lowest achievable impurity levels, with the shortest and least frequent excursions

In OTSC boiler under AVT / OT, no solid alkalizing agents (NaOH, Na3PO4) are fed. There is less necessity for monitoring steam sodium.

3) Measurement techniques : 

· Cation conductivity, pH, dissolved oxygen and sodium are to be measured continuously with on-line monitors

· Silica can be measured on-line (preferable) or grab sample

· Parameters like total organic carbon, iron can be measured by grab sample

		4) [image: ]

		The feed water chemistry is critical to the overall reliability of the boilers. For all-ferrous feed water system, the generation and transport of corrosion products occur mainly due to corrosion of the pre-boiler components and subsequent transport to the boiler. 

		Considering the reduced transport of iron oxides from the pre-boiler sections and consequently lesser deposition rate in the evaporator section of the boiler with oxygenated treatment (OT) practice and hence higher boiler availability, the conversion from AVT (O) to OT should be achieved at the earliest.















6.0 GUIDELINE  FOR START-UP

6.1 Initial start-up and restarts after long outages

		1. 

		Flush to waste until suspended solids are less than 3 ppm.



		2. 

		Flush to waste until suspended solids are less than 3 ppm



		3. 

		Circulate through boiler and back to condenser. Place condensate demineralizer. 



		4. 

		When total iron concentration drops below 1 ppm (100 ppb), silica is less than 100 ppb (30 ppb)  and cation conductivity is less than 1 µS / cm, unit firing can commence. Boiler and start-up system operation should be as per instruction manual. 



		5. 

		Proceed to normal feed water control limits. These should be obtained before exceeding one-third unit load.
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COMMENTS ON WATER CHEMISTRY CONTROL FOR ONCE THROUGH SUPER CRITICAL BOILERS (given by ShriSharat Kumar, NTPC)



1.	Page No.2, Importance of feedwater treatment.

2nd & 3rd paragraphs- Depending on the choise of feedwater treatment the cooler metal surfaces (condensate &feedwater cycle) can also be protected.



2.	Page No.5, The theory behind Oxygenated treatment.

2nd paragraph- In AVT even with low oxygen concentrations, the protective layer formed is of gama-heamatite. Magnetite is formed when the water is reducing in nature e.g., by the addition of a reducing agent.



3.	Page No. 6, Last paragraph

	In units on OT, the economizer inlet pH shall be 0.15 µS/cm instead of 0.2 µS/cm.



4.	Page No.7

4.1	Deminerized Water- Sodium as sodium shall be < 2 ppb and Total organic carbon shall be < 100 ppb.

4.2	Condensate- In case of OT the pH shall preferably be 8.5- 9.5.

4.3	Feedwater- Sodium shall be < 2 ppb, Iron < 10 ppb and dissolved oxygen > 5 to < 10 ppb.



5.	Page No. 8, Oxygenated treatment

5.1	Cation conductivity (preferably de-gassed cation conductivity) shall be < 0.15 µS/cm, pH = 8.5- 9.5, Silica < 10 ppb, Sodium < 2 ppb, Iron < 2 ppb, dissolved oxygen 50-200 ppb and TOC shall be < 100 ppb.

5.2	Economizer Inlet Cation conductivity shaal preferably be as given below:

	

		CATION CONDUCTIVITY, µS/cm

		ACTION REQUIRED



		< 0.15

		Normally desired level, continue normal operations.  < 0.1 uS/cm is preferable and easily attainable in optimized units.



		0.15 to 0.2 

		Increase system pH to AVT levels (9.2- 9.6 for all ferrous system). Continue feed of oxygen and monitoring to determine the source of contaminant. If the cation conductivity value is showing increasing trend and increases above 0.2 µS/cm, termination of oxygen feed is to be started.



		> 0.2

		Terminate oxygen feed and continue operating with AVT without the use of hydrazine.



		> 1.0 

		Immediate shutdown.







5.3	HP and Reheat Steam- The cation conductivity shall be < 0.15 uS/cm, Silica < 10 ppb, Sodium and iron < 2 ppb.

6.	Page No.9- Startup guidelines, S.nos. 1 and 2 are same.
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Water Sectional Committee CHD 013



FOREWORD



This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the Water

Sectional Committee had been approved by the Chemical Division Council.



Three terms are generally used in discussing the conditions of steam as it leaves the steam generator. These are, carry over, steam quality and steam purity.



The term ‘carry over’ refers to any material, solid, liquid or vapour that travels with the steam after leaving the steam drum. This is a general expression referring collectively to moisture and impurities present in steam.



The expression ‘steam quality’ is used to refer to the mass of dry steam in a mixture of saturated steam and water droplets at the same temperature.



The term ‘steam purity’ makes reference to the impurities present in steam. The impurities in steam may be solid, liquid or gaseous. Solid impurities consist of alkali and alkaline earth hydroxides, chlorides, sulphates, phosphates, silicates and sulphites present in the boiler water. Superheated steam may also contain iron and copper oxides and free silica. Gaseous impurities, including ammonia, carbon dioxide, nitrogen, hydrogen, oxygen and volatile amines may be introduced into the boiler with the feed water or may be generated within the boiler: sulphur dioxide, hydrogen sulphide and hydrazine have also been reported. Gaseous impurities may also include the vapour phase of certain solid boiler water constituents, particularly silica: these are molecularly dispersed in high density steam.



Thus, as mentioned above, impurities in the steam may be derived from boiler carry over, an inefficient steam separators, natural salt solubility in the steam and other factors. An accurate measure of purity of the steam provides information which may be used to determine whether impurity concentrations are within necessary limits as specified in Central Electricity-Generating Board (CEGB), London, U. K. and Technische Verainigung’der Grosskraftwerks Bctreiber E.V., Essen, Germany (VGB) recommendations,	Comment by Ankit Verma: EPRI may also be mentioned

so as to prevent damage or deterioration of subsequent equipment such as turbines.



The composition of the Technical Committee responsible for the formulation of this standard is given in

Annex A.



In reporting the test result or analysis made in accordance with this standard, if the final value, observed or calculated, is to be rounded off, it shall be done in accordance with IS 2 : 1960 ‘Rules for rounding off numerical values (revised)‘.





The subject standard elaborates methods of sampling and testing for measuring Steam Purity in a power generation unit. Following may be included in the attached standard:

1. Typical sampling points in the steam path of thermal power unit.

2. Typical measurements at each sampling points, measurement method and limiting value of each measurement.

3. Selection method of sample tube size, limiting value of sample flow rate/velocity and sample pipe length.

4. Scheme of sample conditioning system along with guidelines for selection of critical components of sampling conditioning system such as pressure reducers, coolers, thermal shutoff valves, back pressure regulators, shutoff and blow down valves.

Further, in a thermal power unit, measurement of purity of saturated steam (at separator outlet/Drum outlet), Feed water, Condensate water, De-mineralized make up water, Auxiliary cooling water (CW) for water cooled condenser is also equally important for guaranteed performance of critical equipment such as turbine, boiler, condenser, heaters etc. and unit as a whole throughout the plant life. Accordingly, following may be included in the relevant standard along with point no. 2,3,4 mentioned above: 

1. Purity requirement along with sampling and testing methods for Feed water, Condensate water, De-mineralized make up water, Auxiliary cooling water (CW) for water cooled condenser may be elaborated in the standard.

2. Typical sampling points in a closed cycle of thermal power unit.

This may also be referred from ASME standard PTC 19.11.
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Indian Standard

STEAM PURITY - METHODS OF	Comment by Ankit Verma: Whether the standard also covers drum-less Boilers? Should be clearly indicated.

SAMPLING AND TEST



1 SCOPE



This standard prescribes the method of sampling and tests for steam purity.



2 REFERENCES



The following Indian Standards are necessary adjuncts to this standard:



       IS No.                                Title	Comment by Ankit Verma: Whether the reference IS standard are updated or require updation? This may be looked into



    3025 : 1964               Methods of sampling and test

                                     (physical and chemical) for water

                                     used in industry



  3025                          Methods of sampling and test

 (Part 35) : 1988          (physical and chemical) for water

                                     and waste water : Part 35 Silica

                                     ( first revision)



3025                              Methods of sampling and test

(Part 42) : 1992             (physical and chemical) for water

                                     and waste water : Part 42 Copper

                                      ( first revision)

11671: 1985               Glossary of terms relating to

                                   boiler water



3 TERMINOLOGY



3.1 For the purpose of this standard, the definitions given in IS 11671: 1985 shall apply in addition to the following.



3.2 Steam Sampling



Steam sampling is the withdrawal of a representative portion of the steam flowing through fossil fired/nuclear steam generator systems or in a pipeline by means of a single port or multiport type sampling nozzle and delivery of this portion of steam in vapour from to an apparatus for analysis, or condensed to a container in which the liquefied sample may be preserved for subsequent analysis.













3.3 Isokinetic Sampling



Isokinetic sampling is a special condition, wherein the velocity of steam entering the port or ports of the sampling nozzle(s) is the same as the velocity in the stream being sampled.



4 SAMPLING	Comment by Ankit Verma: It may factor-in the Unit/Boiler condition viz. routine or excursion/disturbed cases.



4.1 It is essential to sample steam as accurately as possible in order to correctly determine the amount of impurities including moisture in it.



4.2 Point of Sampling



4.2.1 When sampling saturated steam from a boiler drum or header arranged with multiple tubular connections to a superheater header, samples are taken from selected tubes at regularly spaced points using single port sampling nozzles. In a pipe line where a multiport type sampling nozzle is preferred, locations upstream from the first pipe bend in the order of their preference are:



     i) vertical pipe, downward flow;



      ii) vertical pipe, upward flow;

  

     iii) horizontal pipe, vertical insertion; and



     iv) horizontal pipe, horizontal insertion.





4.2.2 The sampling nozzle shall not be located immediately after a pipe bend or a valve and shall be installed only after a straight run of at least ten tube diameters.



4.2.3 The importance of the sampling line shall not be overlooked. The line shall not impart any contaminants to the sample. It shall be of proper strength to withstand the drum pressure and shall be as short as possible. The inside diameter shall be optimised so as to maintain sufficient sampling line velocity and prevent solids from settling with subsequent uneven solids distribution in the sample.



5 APPARATUS



5.1 The necessary apparatus for the sampling of steam consists of the sampling nozzle(s), tubing, necessary valves and fittings and when required sample condenser and cooler.



5.1.1 Saturated Steam Sampling Nozzles



For sampling saturated steam in tubes at an off take connection close to the boiler drum or a header, a single port nozzle is recommended. This consists of a piece of pipe inserted through the tube wall with the port centred and opposing the direction of flow. On the other hand, for sampling saturated steam in large pipe lines, a multiport type nozzle is recommended. This specially designed nozzle is inserted through the pipe wall extending across the pipe on a diameter. The nozzle is provide with cleanly driller holes or sampling ports facing upstream in the pipe and so spaced that each port represents an equal area of pipe section. The number of sampling ports shall be selected according to the internal diameter of the pipe. Each port withdraws a portion of the main steam equivalent to the area of the portion of the pipe in which it is located. Equal size ports withdraw equal portions of the sample from equal areas of the pipe section and ideally equal pressure drop occurs across each of such ports. Also the ratio of total port area to the pipe area shall be equal to the ratio of the rate of sample flow to that of steam flow. Under this ideal condition, the velocity of steam entering the sampling ports will be that of the steam flowing in the pipe and will represent isokinetic flow.



5.1.2 Superheated Steam Sampling Nozzles



For superheated steam sampling, a modified multiport type nozzle is used where a small tube is inserted into the sampling nozzle for injecting water to remove all superheat from the steam and to provide a small amount of moisture. The end of this tube extends beyond the last port and separate external connections are provided for the internal tube and for the annulus surrounding it. When the modified nozzle is installed vertically through the top of a horizontal steam line, or horizontally in a vertical steam line with downward flow, water is injected through the annulus and the sample is withdrawn through the internal tube. On the other hand, when installed vertically through the bottom of a horizontal steam line, water is injected through

the internal tube and sample is withdrawn through the annulus.



The complete sampling circuit, including the condenser shall be designed to offer a minimum sample residence time. If this is not done a high lag time occurs between a change in boiler operation and the resultant instrument indication. This makes it difficult to determine which operating change causes the variation in steam purity.



6 STANDARD TEST METHODS FOR STEAM PURITY



6.1 Use of a steam calorimeter for steam purity determinations has been a common practice. This instrument is installed in the steam line and is valved such that steam can be throttled through an orifice to the atmosphere. As the steam escapes, it becomes superheated at atmospheric conditions. An accurate measurement of the steam temperature and barometric pressure permits determination of the released steam’s enthalpy. If this enthalpy matches the enthalpy of the steam in the drum at operating pressures and temperature, the steam supplied by the boiler is of 100 percent quality.



6.2 If, however, the steam contains moisture, it will contain less heat per kilogram when throttled than if it was dry. The difference in kPa of the steam at the operating pressure and at atmospheric pressure represents the energy available for superheating the steam and evaporating the moisture. These data may be used to calculate the percent moisture in the wet steam.



6.3 The following four different approaches have been in vogue for determination of the amount of deposits forming impurities in steam:



   a) Gravimetric or evaporative method;

   b) Electrical conductivity method;

   c) Sodium tracer method, and

  d) Independent determinations of silica, metals and their oxides.



7 GRAVTMETRIC OR EVAPORATIVE METHOD



The gravimetric or evaporative method involves the evaporation of a quantity of steam condensate at a temperature below the boiling point and weighing of the residue to determine the amount of impurities in the sample. The evaporation process may be carried out on a steam condensate sample previously collected, or the sample may be taken continuously as the evaporation process is continued. This method is recommended for those situations where an average concentration of impurities over a period of several days or weeks is desired. It is particularly useful for samples in which a large percentage of impurities are insoluble, do not contain sodium, or do not contribute appreciably to the electrical conductivity of the samples, because the other methods are not satisfactory for these conditions. Examples of such impurities

are metals and metal oxides. Because of the large sample required and period of time necessary for evaporating the sample, the method is not applicable for transient conditions or when immediate results are desired. The method is useful for the determination of concentration of impurities of 0.25 mg/l or greater when a previously collected sample is used and for impurities concentrations of 0.1 mg/l or greater when continuous sampling is used. Impurity concentrations less than 0.1 mg/l may be determined if a continuously flowing sample is evaporated for an extremely long period of time.



8 ELECTRICAL CONDUCTMTY METHOD	Comment by Microsoft account: Suitable note may be added to avoid the effects of Temperature in conductivity measurement.
Normally condensate samples will be somewhat heated condition. So the operator wait for the solution
to come to standard temperature recommended for conductivity measurement usually 25 deg C.
 
Low level Sodium concentrations to the tune of 5 ppb or 10 ppb (normally found steam purity)  can’t be measured in Flame Photometer.
Ion selective may measure at this low level concentration.
There is one more analytical technique available for the accurate measurement of low level sodium – Ion Chromatography.
This instrument can detect up to 5 ppb Sodium




8.1 As the concentration of impurities in steam condensate are usually very low, most impurities are assumed to be completely dissolved and completely ionized. Therefore, the electrical conductivity of the condensate sample is a measure of the concentration of ionized impurities in the sample. Most steam contains gases from decomposition of certain substances in boiler feed water and from the addition of chemicals to boiler water or boiler feed water for control of corrosion. These gases dissolve and ionize in the condensed steam samples. Since such gases normally do not form deposits, their contribution to conductivity should be eliminated by degassing the sample before electrical conductivity is measured.



8.2 When electrical conductivity is used in conjunction with an effective mechanical degasser, the relationship between electrical conductivity and impurity concentration in the sample is linear for impurity concentrations down to about 3 mg/l. Below this value, the relationship ceases to be linear because of interference from residual dissolved gases not removed by the degasser, and the method is unreliable for impurity concentrations less than about 0.5 mg/l. The concentration of these gases, remaining in the samples after mechanical degassing should be determined and appropriate corrections should be subtracted from the

measured conductivity values. The method is not satisfactory for the determination of impurities in steam samples that contain volatile amines, large percentages of insoluble matter or substances that ionize weakly.



8.3 An ion exchange degasser consists of an ion exchange resin column that exchanges hydrogen ions for all cations in the sample, thereby eliminating all basic dissolved gases, including volatile amines, by converting them to water. The ion exchange degasser also converts mineral salts to their acid forms by exchanging hydrogen ions for the metallic cations, thereby increasing the specific conductance of the impurities by roughly three times. As a result, the linear relationship between conductivity and impurity content is extended to a much lower level. The method is very useful for measuring low concentration of impurities, such as condenser cooling water leakage in steam condensate, and it is especially useful for indicating small or intermittent changes in impurity content from some normal value. The method is, however, not satisfactory for the determination of impurities in steam condensate samples that contain acidic gases such as carbon dioxide, large concentrations of insoluble matter or substances that ionize weakly. The sensitivity and the accuracy of the method are decreased for samples in which hydroxides represent an appreciable percentage of the impurities, because hydroxides, which contribute to the formation of deposits, are converted to water by the ion exchange resin. This is particularly significant when steam is generated at sufficiently high pressures to cause appreciable vaporization of sodium hydroxide from boiler water.



8.4 A combination of mechanical and ion exchange degassing of steam or condensed steam, or both, ensures effective elimination of both acidic and basic dissolved gases. Electrical conductivity measurement at atmospheric boiling water temperature (98.5°C at reasonable altitudes above sea level) in conjunction with the above combination should be able to extend the linear relationship between conductivity and the ionized impurity content down to about 0.05 mg/l. Corrected conductivity is computed by subtracting theoretical

conductivity of pure water at this temperature (0.81 µs/cm) from the measured conductivity.



8.5 For the combination of mechanical ion exchange degasser arrangement, if the relationship between conductivity and impurity content is not known, it is determined from the composition of boiler water as follows:



          C = 17.0(Cl) ± 13.6(SO4) ± 9.6(NO3) ± 4.8(PO4)

                                        T



where



         C = the ratio of the corrected conductivity (in acid form) to impurity content at 985°C;



          Cl, SO4; etc = concentration of these anions in the boiler water, mg/l; and



           T = total solids in the boiler water determined by evaporation, mg/l.



9 SODIUM TRACER METHOD



9.1 This method utilizes the element sodium as a tracer material to determine the amount of impurities in steam. It is assumed that the ratio of concentrations of sodium to impurities in steam is equal to the corresponding ratio in boiler water. The principal advantages of this method are:



     i) the freedom from interferences;



    ii) the ability to measure extremely small concentrations of impurities; and



   iii) the rapid response to transient conditions because of the absence of large stagnant sample volumes.



The two methods may be employed for measuring sodium content of both steam and boiler water samples, namely, flame photometry or sodium ion electrode.



9.2 When the flame photometric method is employed for determination of sodium content of both steam and boiler water, either continuously flowing samples or at least ten separately collected samples taken under steady state conditions are used. Sodium concentrations of the separately collected samples are compared to assure that the steady state conditions existed during the sampling period. Samples having abnormally high concentrations of sodium are considered to be contaminated and discarded. A continuously flowing sample is a must for the sodium ion electrode method. If the impurities are principally sodium compounds, impurity concentrations as low as 5.0 µg/l may be detected by the flame photometry and as low as 0.5 µg/l by the sodium ion electrode method.	Comment by Ankit Verma: Online sodium analyzers that can measure less than 0.1 ppb are also available. This may be updated.



10 CALCULATION



The impurity concentration in the steam samples may be calculated as follows:



        St = Ss (Wt/Ws)



where



     St = concentration of impurities in steam, mg/l;



    Ss = concentration of sodium in steam, mg/l;



   Wt = concentration of total matter in boiler water mg/l; and



   Ws, = concentration of sodium in boiler water, mg/l.



11 DETERMINATION OF SILICA, METALS AND METAL OXIDES



11.1 Silica and various metals and their oxides are impurities that are occasionally present in steam and have definite tendencies to form deposits. Since they cannot be individually determined using gravimetric method or evaporation method and are not detected when using electrical conductivity method or sodium trace method, it is generally advisable to determine their concentrations separately, when they are present in significant quantities.



11.2 Aluminium, iron, chromium and nickel shall be determined by the method prescribed in IS 3025 : 1964, while silica and copper shall be determined by the method prescribed in IS 3025 (Part 35) : 1988 and IS 3025 (Part 42) : 1992 respectively.	Comment by Ankit Verma: Total iron (suspended & dissolved iron) should be analyzed in the steam sample. Reference BIS standard to be covered.	Comment by Ankit Verma: Online Silica analyzer may be used for continuous monitoring.



12 STEAM PURITY REQUIREMENT	Comment by Ankit Verma: The same may be broadened to segregate & include for all boiler types, covering all applicable pressure ranges (like SC/USC including OT units). Earlier revised standards may be referred for the same. In this context revised standards IS 10392 & IS 10496 can also be referred.



Steam purity recommendations during continuous operation and under adverse operation or transient conditions of high pressure utility units are becoming more and more stringent. Tighter limits on steam purity are partially necessitated by the observed low pressure turbine blades and rotor damages by stress corrosion and corrosion fatigue and partially due to the incomplete data available on the transport behaviour of sodium salt impurities in steam.



Transfer of contamination chemicals and corrosion products from feed and boiler water to the steam phase may involve one or more of the following processes:



    a) Mechanical carry over of impurities into the steam phase;



    b) Differential solubility of contaminant chemicals between the two phases;



    c) Chemical reactions taking place between the two phases; and



    d) Deposition on the oxide surfaces from the steam phase including precipitation from the expanding steam.



The cation conductivity at 25oC shall be less than 0.3 µs/cm during normal operation. The limiting conditions are 0.5 to 1 µs/cm for 24 hours and 0.3 to 0.4 µs/cm for a two-week period.	Comment by Ankit Verma: < 0.30 us/cm for mixed-metallurgy drum type units with AVT(R) feed water regime.

< 0.20 us/cm for all ferrous drum type units with AVT(O) feed water regime.

< 0.15 us/cm for supercritical units with oxygenated feed water treatment regime.

Ref: EPRI guidelines	Comment by Ankit Verma: As per EPRI <6 hours	Comment by Ankit Verma: 0.20 to 0.35 uS/cm for <48 hours
0.35 to 0.50 uS/cm for <12 hours

(Ref: EPRI guidelines)



The most important cationic and anionic limits are for sodium and chloride. For normal operations the sodium limit has been specified as less than 5 ppb so as to guarantee no deposition of sodium hydroxide. sodium chloride or any other sodium compound in the turbine. The corresponding limit for the chloride ion has also been specified to be less than 5 ppb. If due to some reason or other, these limits for Na+ and Cl- exceed during normal operation, some limiting conditions of operation have been specified. In one calendar year or one operating year, sodium and chloride should not exceed the limit of 20 ppb for any 24 hour operation period. For a two-week operating period in one calendar year sodium and chloride can range between 5 to 10 ppb. 	Comment by Ankit Verma: 2 ppb as per EPRI	Comment by Ankit Verma: 2 ppb as per EPRI	Comment by Ankit Verma: < 1 or Nil hour, as the unit should not operate above 20 ppb Na on any occasion	Comment by Ankit Verma: 2 to 4 ppb for maximum 48 hours, per event.



For silica, a limit of 20 ppb has been existing for quite some time. However, as a result of finding of complex silicates in turbine deposits and silica hide out phenomenon, this limit has been lowered to 10 ppb. During adverse operation or transient conditions, silica may range from 20-50 ppb for 24 hour period and can be in the range 10-20 ppb for a two-week period.



A quite stringent limit of less than 2 ppb copper has been specified for steam during normal operation. No specifications have, however, yet been evolved for copper for operation under slightly adverse conditions.
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