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Abstract 

 

The demand for freshwater for various industries has been increasing due to population growth. Water is directly used in boilers 

to produce steam and is also used in cooling towers for cooling machinery, heat exchanger for increasing the efficiency and cleaning 

the various components thereof.  The coal based thermal power station under the study has been using ground water from nearby 

river for all industrial purposes.  An attempt has been made in the present investigation to evaluate the treatment imparted by 

thermal power station by conducting intensive and comprehensive characterization study employing a time proportional composite 

sampling an analysing for important parameters in Laboratory. During the study it was found that the treatment given by the 

thermal power station is quite satisfactory and scale formation and corrosion problems which were earlier severe have been 

resolved by adopting treatment technology. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Thermal power station proposed for the present study is a coal based thermal power station.  Basically three kinds of cycles are 

involved in the generation of electricity. They are coal cycle, water stream cycle and cooling water cycle. In this thermal power 

station the natural circulating boiler system is used. The cooling system used in the thermal power station is a recirculating type 

cooling water system. 

Thermal power station under present study has tube well-constructed in the nearby river as the source of raw water. The ground 

water is sucked from the riverbed of Sabarmati through pump. There are 14 clear well pump houses installed at the riverbed. 

From the clear well pump house the water goes to the Demineralization Plant.  In the DM plant the water is demineralized and 

this demineralized water is used as “boiler feed water” and “make-up water” for the boiler.  From the DM plant the water is taken 

to the condensate storage tanks. These are two condensate storage tanks. From condensate storage tank water is added in the hot 

well as make water for boiler feed water. 

II. SCOPE OF PROPOSED WORK 

The present research work aims at precise qualitative studies of the Industrial waters used for various purposes like cooling, heating, 

steam generation of thermal power station. In other words the study aims at evaluation of existing facilities of the treatment of the 

industrial waters with the help of characterization studies.  Briefly the present work encompasses following steps: 

1) Collection of time proportional composite samples from various location of the industrial waters at thermal power station. 

This include collection of samples from following sampling ports. (It was proposed to collect the samples at the interval of 

one hour to get the representative  samples) 

 Raw water samples were collected from the DM Plant Inlet 

 Boiler feed water, Makeup water and Condensate returns sampler were collected from the sampling ports 

 Cooling water samples were collected from the bottom of the cooling towers. 

2) Analysis of the samples collected from various locations as mentioned in step No.1 above. 

3) Identifying the treatment needs from the analytical report. 

4) Studying and verifying the treatment given by the thermal power stations. 

III. MATERIALS AND METHODS 

 Sampling of Water 

Representative samples were collected from various sampling ports of the thermal power station.  Sample were collected once in 

a day. Four types of water samples were collected as under: 

 Raw water 

 Boiler feed water 
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 Cooling water 

 Make up water 

Raw water samples were collected from the inlet of the D M Plant., Boiler feed water, Hot well water and Make up water 

samples were collected from the sampling room of the power station.   Cooling water samples were collected from the bottom of 

the cooling tower. 

The prime objective of collecting these sample was 

 To study the variation in the quality of the water as well as steam used in thermal power station 

 To measure the efficiency of the DM and softening plants 

The parameters included in the characterization a study are temperature, P-alkalinity, M-alkalinity, pH, Conductivity, Phosphate, 

silica (SiO2), Total Dissolved studies (TDS), Hardness- Calcium hardness, Chlorides, hydroxide (OH), Carbonate(CO3),  

Bicarbonates HCO3 and (SO4)Sulphate. 

The results of the characterization of raw water, Boiler feed water, hot well water, cooling water and Make-up water are reported 

in Table 1.  
Table – 1 

Characterization Studies of Water Used in thermal power station 

Parameters Raw Water Boiler Feed Condensate Return Cooling Water Makeup Water 

TEMP , OC 30 42 39 32 31 

P-ALK, mg/L NIL 8 0 250 NIL 

M-ALK, mg/L 400 20 4.0 750 NIL 

pH 7.9 9.0 8.51 8.0 7.5 

Conductivity (umohs) 5400 25 4.3 5700 0.23 

Phosphate, mg/L 3 5.30 NIL NIL NIL 

SiO2, mg/L - 0.60 NIL NIL NIL 

TDS, mg/L 2000 10 2.5 1850 NIL 

Hardness, mg/L 400 14 6 35 NIL 

Ca Hardness, mg/L 70 8.0 3.0 19 NIL 

Cl--, mg/L 150 1.5 2.5 1670 NIL 

OH- ALK, mg/L NIL NIL NIL NIL NIL 

CO3 ALK, mg/L NIL 16.0 NIL 500 NIL 

HCO3 ALK, mg/L 400 12.0 4.0 500 NIL 

SO4, mg/L 129 75 487 2000 NIL 

L.I. 0.51 -0.24 -1.80 0.25 - 

Nature Scale Forming Corrosive Corrosive Scale Forming  

The samples were analyzed in the laboratory of Thermal power station as well as in Environmental Engineering Laboratory, 

BVM Engineering College Vallabh Vidyanagar. The experimentation was conducted for 6 weeks. In the present paper observations 

for second week have been reported. The thermal power station under study is not revealed in this paper. 

The method of the analyses adopted was in all the cases in accordance with the guideline given by APHA 28 th edition [1]. For 

calculating Langelier index following method was used. 

IV. LANGELIER SATURATION INDEX 

Different kinds of indices like Langelier, Ryznar are used to decide whether the water is scale forming or corrosive.  They are the 

indices, which indicate that the water is amenable to use for boiler feed or cooling purposes, or not [2]  In this study Langelier 

saturation index for determining the stability and nature of boiler feed and cooling water has been used. 

The Langelier Saturation Index, an estimate of solution’s tendency to dissolve or deposit calcium carbonate. Often is ased as an 

indicator of the corrosivity of water.  The index is not related directly to corrosion, but is related to the deposition of a calcium 

carbonate film or scale that can insulate surfaces from contact with water [3]. 

The LSI is defined as the difference between actual pH and calculated pHs.  The pHs represents the pointy at which water is 

saturated with calcium carbonate.  Although the information obtained from the LSI is not quantitative, it can be useful in estimating 

water treatment requirements for water treatment plants, low pressure boilers and cooling towers, as well as serving as a general 

indicator of the corrosivity of water [2].  

LSI = pH – pHs 

Where, 

pHs  = A + B – log(Ca2+) – log(alkalinity) 

 A represents a constant that is a function of water temperature. 

 B represents a constant that is a function of TDS 

 The log (Ca2) is the logarithm of the calcium ion concentration expressed in milligrams per liter as calcium carbonate. 

 The log (alkalinity) is the logarithm of the total alkalinity expressed in mg/L as calcium carbonate.                                                                                             

These all four parameters can be found out by using graph. 
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Using the values obtained from graphs, compete the LSI formula.  A zero index value indicates the water is balanced and the 

calcium carbonate is in equilibrium.  A positive value indicates the water will tend to deposit calcium and is scale forming.  A 

negative value indicates the water is not saturated, will tend to dissolve calcium carbonate and may have corrosive tendencies. In 

short [2]   

pHs = pHactual  -  the water is balanced 

pHs ≤ pH actual  - the water is scale forming (nonaggressive) 

pHs ≥ pH actual -  the water is not scale forming (aggressive) 

V. RESULTS AND DISCUSSIONS 

 Raw Water 

The parameters of raw water analyzed include Temperature, P – Alkalinity, M – Alkalinity, pH, Conductivity, Phosphate, SiO2, 

TDS, Total Hardness, Chlorides, Hydroxide Alkalinity, Carbonate Alkalinity, Bi-Carbonate Alkalinity and Sulphate. The 

analytical results of the quality of the raw water are reported in Table 2. 

The value of Langelier Saturation Index has been worked out and reported in the same table no 3. It is crystal clear that the 

quality of the raw water changes frequently. It is evident that the raw water is found to be both Scale forming as well as Corrosive. 

The general range of the M-Alkalinity is 100-300 mg/L., it therefore shows the presence of mineral acid in the raw water. 
Table - 3 

Quality of Raw water 

Day Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 

TEMP , OC 31 32 31 30 31 31 31 

P-ALK, mg/L 0 0 0 0 0 0 0 

M-ALK, mg/L 200 290 234 267 350 248 172 

pH 7.9 7 7.9 8.89 7.9 8.2 7.97 

Conductivity (umohs) 5300 5700 5460 4800 4730 4689 5630 

Phosphate, mg/L 2 6 2.6 6 2 3.78 4.78 

SiO2, mg/L 0 0 0 0 0 0 0 

TDS, mg/L 1500 1390 1300 1245 1256 1230 1240 

Hardness, mg/L 190 228 258 198 346 267 233 

Ca Hardness, mg/L 60 62 72 63 68 78 59 

Cl--, mg/L 275 267 228 198 175 286 217 

OH- ALK, mg/L 0 0 0 0 0 0 0 

CO3 ALK, mg/L 0 0 0 0 0 0 0 

HCO3 ALK, mg/L 200 290 234 267 350 248 178 

SO4, mg/L 125 125 130 125 130 124 125 

L.I. 0.18 -0.57 0.28 1.26 0.67 0.68 0.18 

The pH varies from 6.78 – 9.0.  It is found to be alkaline in majority of cases. The TDS range is 996-2400 mg/L for all the days.  

The conductivity range is 4500-5900.  Closely observing the results it is crystal clear that whenever TDS is high, conductivity is 

also high. 

 
Fig. 1: Quality of Raw Water 
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The range of the Total Hardness is 150-400 mg/L the total Hardness is on account of Calcium and Magnesium hardness.  

Hardness due to Strontium could have been separately worked out but in total Hardness Strontium hardness is already been 

included.  Quality of raw water to be used as industrial water is not suitable as hardness is found to be quite high. 

The range of Chloride is 145-286 mg/L. Chloride is found to be corrosive for industrial water.  The concentration of chlorides 

in raw water is found to be high. 

The range of Bi-Carbonate Alkalinity is 100-350 mg/L.  It is found to be high.  It indicates the presence of carbon dioxide in 

raw water.  The presence of carbon dioxide makes the raw water corrosive. 

From the above observations it is extremely clear that the present quality of raw water is not appropriate for the use as Make Up 

water, Cooling Water and Boiler feed Water and therefore, it is essential to treat the raw water before using the same [3]  

Thermal power station has already provided alum dosing and filter facility before conveying the water to the DM Plant.  It was 

actually proposed to evaluate the quality of water after giving alum and filtration treatment, but the sampling port was not available 

in the plant.  However, the raw water after necessary treatment reaches to DM Plant for the removal of the ions and complete 

removal of TDS as far as possible so that the raw water meets with the desired norms as given by ASME. 

The variation study of the raw water for TDS, pH, Bi-Carbonate Alkalinity and M Alkalinity has been presented in figure No. 

1. The variation patterns of these parameters are almost found to be similar.  And it is clearly establishes the relation between TDS, 

Ca hardness, Bi-Carbonate Hardness, Alkalinity and pH. The relation is found to be linear. 

 Boiler Feed Water 

The analytical results of the quality of the boiler feed water have been reported in Table No. 3.  The comparisons of different 

parameters of Boiler feed water are shown in Figure No. 2. 

The parameters analyzed include Temperature, P – Alkalinity, M-Alkalinity, pH, Conductivity, Phosphate, SiO2, TDS, Total 

Hardness, Chlorides, Hydroxide Alkalinity, Carbonate Alkalinity, Bi-Carbonate Alkalinity and Sulphate. 

The value of Langelier Saturation Index has been worked out and reported in same table No 3. The quality of boiler feed water 

is mostly found to be Scale forming.  The Langelier Saturation Index is mostly positive. 
Table – 3 

Quality of Boiler Feed Water 

Days Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 

Temp , OC 45 46 43 45 42 43 45 

P-ALK, mg/L 4 6 6 4 5 6 4 

M-ALK, mg/L 17 10 12 16 20 12 16 

pH 9.2 9.87 9.84 9.8 9.98 9.58 9.57 

Conductivity (umohs) 100 33.4 27.4 98 33.4 90 110 

Phosphate, mg/L 7.5 4.76 3.82 8 5.2 7.5 8.25 

SiO2, mg/L 0.75 0.72 0.73 0.7 0.76 0.67 0.78 

TDS, mg/L 62 13 14 52 15 54 63 

Hardness, mg/L 15 14 13 18 18 20 9 

Ca Hardness, mg/L 8 6 6 8 6 9 3 

Cl--, mg/L 1.5 1.7 2.2 3.7 2.7 2.38 2.2 

OH- ALK, mg/L 8 12 12 8 10 12 8 

CO3 ALK, mg/L 13 4 6 12 15 6 12 

HCO3 ALK, mg/L 3 4 1 3 2 2 6 

SO4, mg/L 40 45 80 55 62 52 40 

L.I. -0.14 0.29 0.33 0.41 0.66 0.1 0.22 

The range of pH is observed between 9-10, When pH ≥ 10, the LSI ≥ 1.0 which is found to be very high.  It means that the water 

has very high tendency to form Scale.  Limit for pH is 9.6.  Therefore we could say that the scale formation could be occurred due 

to high pH value. 

The general range of M-Alkalinity is observed between 7-20 mg/L. it shows that the mineral acid alkalinity is present in boiler 

feed water.  M-Alkalinity is the sum of hydroxide, carbonate and bi-carbonate alkalinity and therefore any of these alkalinity could 

be present in water. 

The range of Carbonate alkalinity is 8-16 mg/L.  The recommended limit of Carbonate alkalinity for boiler feed water given by 

ASME is 20 mg/L. So it is very clear that it is within limit.  Presence of small amount of Carbonate alkalinity is beneficial for 

boiler feed water, because it helps to minimize corrosive attack occurred due to presence of CO2.  

The range of Bi-Carbonate alkalinity is 0 – 15 mg/L.  The recommended limit for Bi-Carbonate alkalinity is 0 mg/L.  Thus the 

concentration of Bi-carbonate alkalinity is more than the limit.  The presence of Bi-Carbonate alkalinity indicates the presence of 

CO2 in water.  Which imparts corrosivity to the boiler feed water.  Therefore deaeration should be properly done before [3]  

The water enters the boiler drum.  In thermal power station deaerators are provided before the boiler drum.  Therefore, we could 

also say that the deaeration has not been carried out properly. 

The range of Ca hardness and Total hardness is 3-9 mg/L and 7-19 mg/L RESPECTIVELY.  It indicates that both Ca and Mg 

hardness is present in boiler feed water.  However, Mg hardness and strontium hardness is on an average found to be high compare 

to Ca hardness.  Total hardness limit for boiler feed water is 2 mg/L for 2000-psi pressure boiler.  Therefore we could say that 
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value of Total Hardness exceeds the limit.  Thus, Ca and Mg hardness can combine with Bi-carbonate alkalinity to form Calcium 

and Magnesium Bicarbonate.  Which is ultimately deposited on the wall of boiler tube and on the sides of boiler drum. 

The range of Sulphate observed during the testing is 589-679 mg/L.  The ratio of SO4 to CO3 is found to be very high.  Sulphate 

can combine with Calcium and Magnesium hardness to precipitate the Calcium and Magnesium sulphate.  Sulphate reducing 

bacteria could convert sulphate into sulphite and corrosion could be taken place.  In order to control the ratio it is essential to add 

H2CO3, which will ultimately lower the ratio.  The ratio should be 3:1. 

The range of TDS is found to be 10-67 mg/L. The standard for TDS given by ASME is 50 mg/L. Thus it exceeds the limiting 

value.  Now from the Figure No. - 2, it could be clearly seen that TDS value has direct relation with temperature.  As temperature 

increases, TDS increases due to the decrease in the solubility of ions.  Therefore scale formation may take place.  TDS could also 

cause the problem of boiler metal corrosion through electrolytic action.  For controlling TDS Phosphate treatment is given by 

thermal power station. Because of this treatment the Phosphate is present in the Boiler feed water. 

The range of conductivity is 22.3-11.5 micromohs.  From figure No. 2, it could be seen that Conductivity has linear relationship 

with TDS.  The conductivity is found to be high such that it exceeds its limiting value.  High conductivity could cause the problem 

of carryover.  This indicates that the steam contamination could be occurred due to the carry over matter from the boiler feed water 

which ultimately results in to the corrosion and scaling of turbine blades. 

 
Fig. 2: Quality of Boiler Feed Water 

SiO2 concentration is less than 1 mg/L, which is within limit. 

The Makeup water of thermal power station is not found to contain many impurities, while the Boiler feed contains lots of 

impurities, which may be due to the following reasons. 

1) Contamination from leakage into condensate system 

2) Inadequate steam condensate protection programmes resulting in to high levels of corrosion products returning to the boiler. 

3) Internal treatment chemicals like Trisodium Phosphate, Hydrazine and ammonia. 

 Condensate Return Water 

Generally, Condensate returns water represents the quality of steam.  It would be reused as the boiler feed water; we could compare 

its quality with the standards of boiler feed water. 

The analytical results of the quality of the condensate returns for a period of 28th November to 24th December are reported in 

Table No. 4.  The comparisons of different parameters of Condensate returns water are shown in figure No. 3. 

The parameters analyzed include Temperature, P –Alkalinity, M – Alkalinity, pH, Conductivity, Phosphate, SiO2, TDS, Total 

Hardness, Chlorides, Hydroxide Alkalinity, Carbonate Alkalinity, Bi-Carbonate Alkalinity and Sulphate. On each day the value of 

Langelier Saturation Index has been worked out and reported in same tables. 
Table - 4 

Quality of Condensate Return Water 

Days Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 

TEMP , OC 42 43 39 41 40 38 41 

P-ALK, mg/L 3 0 3 0 1 1 0 
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M-ALK, mg/L 6 4 4 3 3 3 6 

pH 8 8.23 8.24 7.89 7.9 7.43 8.28 

Conductivity (umohs) 18 2.26 4.24 7.75 4.23 8 14 

Phosphate, mg/L NIL NIL NIL NIL NIL NIL NIL 

SiO2, mg/L NIL NIL NIL NIL NIL NIL NIL 

TDS, mg/L 9 1 3.23 4 2 5 8.37 

Hardness, mg/L 8 12 4.7 8.2 9 4.43 3.67 

Ca Hardness, mg/L 3 6 2 3.4 3 2.25 2.53 

Cl--, mg/L 3.6 3.12 2.54 2.58 2.98 2.69 3.69 

OH- ALK, mg/L NIL NIL NIL NIL NIL NIL NIL 

CO3 ALK, mg/L 6 0 6 0 2 2 0 

HCO3 ALK, mg/L 3 4 1 3 2 2 6 

SO4, mg/L 495 490 498 498 498 495 468 

L.I. -2.16 -1.66 -2.24 -2.56 -2.55 -3.13 -1.96 

The range of pH observed during testing is 7.43-9.25.  Therefore, we could not reuse it as a boiler feed water without giving the 

treatment. The range of M-Alkalinity is found to be 3.0-6.0 mg/L. we could say that the Carbonate, Bi-carbonate and Hydroxide 

alkalinity is present in condensate return which ultimately results in to Scale formation. 

The range of Carbonate and Bi-carbonate alkalinity is observed between 0.0-6.0 mg/L and 1.0-6.0 MG/l. Here Carbonate 

alkalinity is with in limit while the Bi-carbonate alkalinity is higher than the limit.  Which ultimately results in to corrosion and 

Scaling of the turbine blades and condensers. The range of Total hardness is 3.67-12.0 mg/L., which is found to be high than the 

limits.  It could create the problem of scale formation.  Therefore, treatment is essential before using it as boiler feed water. 

 
Fig. 3: Quality of Condensate Returns 

From the values of LSI, it is crystal clear that the water is highly corrosive.  It indicates the presence of undesirable gases.  These 

gases contamination occurs when the water is in the hot well and can also occurs due to the leakage in the condensate system.  The 

water could cause corrosion of condenser walls.  Therefore we could say that significant amounts of corrosion products, like 

ferrous, could be return to the boiler system and deposition on the boiler tube walls and on the surface of boiler drum occurs due 

to surface attraction forces.  In thermal power station Neutralizing amines and filming amines are used at thermal power station to 

reduce the corrosivity of the condensate returns. 

The range of TDS and Conductivity is found to be 0.98-9.50 mg/L and 2.26-19.50 micromohs respectively.  Form the Figure 

No: 3, it is clear that when the impurities of boiler feed water is high, the impurities of condensate returns is also high.  It should 

therefore be possible that carry over from the boiler feed water is another reason for the presence of impurities in condensate return 

water.  Therefore, TDS, M-alkalinity, Total hardness are present in condensate return. 

 Cooling Water 

The analytical results of the quality of the cooling water for a period of 28th November to 24th December are reported in Table No. 

5.  The comparisons of different parameters f Cooling water are shown in figure No.4. The parameters analyzed include 

Temperature.  P-Alkalinity, M-Alkalinity, pH, Conductivity, Phosphate, SiO2, TDS, Total Hardness, Chlorides, Hydroxide 
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Alkalinity, Carbonate Alkalinity, Bi-Carbonate Alkalinity and Sulphate.  On each day the value of Langelier Saturation Index has 

been worked out and reported in same tables. 
Table – 5 

Quality of Cooling Water 

Days Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 

Temp , OC 35 36 32 35 33 32 36 

P-ALK, mg/L 200 265 234 213 233 256 245 

M-ALK, mg/L 700 823 823 789 764 784 742 

pH 9.69 9.64 8.98 9.65 10.1 9.67 9.67 

Conductivity (umohs) 5800 5250 5230 4900 5340 5457 5427 

Phosphate, mg/L NIL NIL NIL NIL NIL NIL NIL 

SiO2, mg/L NIL NIL NIL NIL NIL NIL NIL 

TDS, mg/L 1250 1230 1260 1190 1650 1327 1342 

Hardness, mg/L 39 30 26 23 32 29 31 

Ca Hardness, mg/L 14 14 12 15 12 17 12 

Cl--, mg/L 1750 1250 1430 1560 1450 1678 1558 

OH- ALK, mg/L NIL NIL NIL NIL NIL NIL NIL 

CO3 ALK, mg/L 400 530 468 426 466 512 490 

HCO3 ALK, mg/L 500 558 589 576 531 528 497 

SO4, mg/L 2034 2045 2070 2035 2026 2034 2030 

L.I. 1.88 1.92 1.18 1.96 2.22 1.95 1.94 

The range of pH is observed between 8.0-10.10.  It seems that there is a huge variation in pH value.  The range of pH is in the 

alkaline range.  The pH of the cooling water is highly alkaline.  It ultimately leads to the problem of Scale formation. 

The range of Conductivity and TDS is 4900-6400 mg/L and 1190-2550 micromohs.  Both the parameters are very high.  The 

limiting value of TDS for cooling water is 2000.  Therefore, the cooling water is scale forming and the clogging of tubes of heat 

exchanger could be possible. Due to this reason it is very essential to reduce the conductivity and TDS concentrations in cooling 

water. 

The range of M-Alkalinity is 460-900 mg/L. Thus mineral acids are present in the cooling water, which could form scale in 

cooling water. 

A high heat transfer areas the temperature of cooling water is dramatically increased.  At this location Calcium Bi-Carbonate is 

converted into Carbonate, CO2and H2O.  That’s why Carbonate concentration has been increased in cooling water. 

Total hardness range is found to be 23-67 mg/L, which is higher than the limit and it could cause the problem of scale formation 

on the wall of cooling towers. 

 
Fig. 4: Quality of Cooling Water 

The principal Scale forming material for cooling water is the Calcium Carbonate.  It is extremely clear from the results of 

hardness and alkalinity that CaCO3 formation could possible.  To inhibit the Scale formation, acid treatment is given intermittently 

at thermal power station.  Sulfuric acid (H2SO4) is used for acid treatment.  Due to the reaction with sulfuric acid the bicarbonates 

are changed to the Sulfates and Scale formation could be reduced. 
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During study of the quality of the cooling water, it was found that the slime as well as algal growth on the surfaces of the cooling 

towers were significant.  It was learnt that slime and algal formation problem is a major problem in cooling towers of thermal 

power station.  It would create the problem of odor and human health.  Human health problem persists due to the possibility of the 

presence of Legionella Pneumophila in the cooling tower slime formation.  Due to this reason HCI treatment is given at thermal 

power station to reduce the algal formation and slime formation in the Cooling Tower. 
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