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 Preface
To interpret  the chemistry of water, it is necessary to have some background understanding of the 
concepts of Physical Chemistry. Hydrogeochemistry draws the basic principles from Chemical 
Thermodynamics.  Chemical thermodynamics is a very vast subject. Study of Hydrochemistry needs 
much inputs from analytical and physical chemistry. It has been observed, all over the world, that  a 
good number of researchers and Govt. offi cials  concentrate more on a few major ions and focus their 
attention on certain physico-chemical properties of water. 
Today, there are more than 100 water quality parameters that are computed using the  major ion 
chemistry data, alone.  Having worked in the fi eld of hydrochemistry, for the last three decades and 
beyond, we decided to conslidate all our earlier works, started by our  guide, late Prof.J.C.V.Sastri, way 
back in 1980s.  We concentrated on several parameters that are popularly considered in a wide range 
of geoenvironmental conditions.  This manual on the WATCHIT (WATer Chemistry Interpretation 
Techniques) - computer code,  is a revised form  of the fi rst “HYCH “ program, which was  released 
and widely used since 1991.  It is one of the application oriented  computer programs, developed in 
the year 1985, at the Hydrogeology Laboratory, Department of Studies in Earth Science, University 
of Mysore, Mysore, India.  The  fi rst set of software, that were developed in the year 1985,  include, 
the following Programs:
I. APE/AQPARM- Aquifer Parameter Evaluation -FORTRAN program
II. FLOMOD- Aquifer fl ow simulation program in FORTRAN
III. MORPHO- Program for Morphometric Analysis of Drainage basins  in FORTRAN
IV. HYCH- Hydrochemical Facies Classifi cation and water quality Interpretation - initially 

developed in FORTRAN, simplifi ed in GWBasic, then into QuickBasic and then QB64( all 
these are available in ResearchGate).  

At the second stage, the following programs were released:
1.  PRINCI- Program for Principal Component Analysis-
2.  RMULT- Program for Multiple Regression Analysis 
3.  POLYNOM - Program for Polynomial coeffi cients Determination and Correlation.
4.  TIMESER- Program for Time-series Analysis.
Most of these programs were initially developed in FORTRAN, simplifi ed later in GWBasic, then 
restructured  into QuickBasic and then fi nally modifi ed in QB64.   QB64 is very good to handle all 
the scientifi c computations, in a very simple way.  HYCH was  a successful program used by several 
hundred research scholars while interpreting surface water and groundwater chemistry data of rivers, 
lakes, and groundwaters of river basins, watersheds and coastal areas. 

The current version of  WATCHIT,  described in this manual,  is a batch-processing  version which  
requires an input data fi le conatining  a minimum of  three records of water quality data, unlike the 
HYCH program which could process even one sample data. This document explains  the calculations   
cariedout,  output fi les  created, their contents, graphs, tables and the statistics given by the software. 
The program creates an  instruction fi le, while executing it,  without any input data. Onec it is executed 
with a sample data, all  108 water quality parameters are computed for all samples  in an orderly  
sequence.  The main signifi cant part of this software is that the number and nature of output fi les and 
the different kinds of applications  proposed while using it.  The application potentials  of this software 
are too many and the users may get  more ideas after seeing the results.   The parametric computations 
have been checked and verifi ed with several hundred water chemistry sample input data.  

Dr. A. Balasubramanian
Dr. D. Nagaraju
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WATER CHEMISTRY 
INTERPRETATION TECHNIQUES 

Abstract

Every water tells a story. Water is a universal solvent. Water  invariably contains both natural 
constituents  and contaminants,  that arise from the geological formations through which it  fl ows 
and due to the anthropogenic polluting sources, which get into it. The   chemistry of water is an 
essential aspect,  in most of the study of  aquatic  surface ecosystems and also in the subsurface water 
reservoirs, called aquifers. Every water is characterised by  its own physico-chemical and biological 
properties. All water chemistry data are required to be subjected to various calculations, in order  to 
determine the quality parameters, for fi nding their suitability and to know about their origin, evolution 
and distribution. Water quality can show a lot of signifi cances, about their existance. This software 
computes more than 100 parameters, pertaining to water quality interpretations. The software has  
its own method of approach to determine the required results, by using numerical methods. Systems 
International Units are used. Limited input parameters are required for using this software. WATCHIT 
is  suitable for all scientifi c research, regular government water quality data interpretations and for 
understanding the quality of water, before using it.  

The total number of parameters computed by WATCHIT are 108.   The software generates several 
hundred pages of output including graphs, tables and other computed  details,  for every water sample 
data which is  given as input with reference to the major ion chemistry. It is a potential research 
tool for scientists, engineers and decision makers at all levels.   Only a few ionic concentrations are 
considered in this software, due to  their major role in all kinds of  interpretation works.   One may vary 
the input data and fi nd out the sensitivity of  results, very easily.  One may change the  Temperature 
value(s) of the input record(s)  and   see the changes that are refl ected in  various parameters,  related 
to input temperature.  There are options to use the results for water softening and water treatment 
applications using WATCHIT.  The lime dosage calculations and soda ash applications may help to 
treat swimming pool and other water treatment systems too.  There are  a few water quality indices 
that are helpful  to detect  the boiler water characteristics,   in industries.  

WATCHIT has been tested with surface water, snowmelt water, lake water, groundwater of various 
locations in India and other nations, coastal zone water, and seawater sample data. It works well with 
all kinds of input data. Climate change is severely  impacting on the globe. Rising temperature of 
various earths’ systems, including water bodies, are anticipated everywhere. This program can also 
help to fi nd out  the effect of raising temperature, in surface water bodies, and detect their changes in 
terms of saturation indices(equilibrium states).    Impact of coastal areas, Non-sea salt concentrations 
and  non-marine chemical constituents in water, are yet another group of water quality parameters 
suitable to do  research in urban atmospheric water chemistry.  The role of atmospheric components 
on the surface water chemistry, could also be analysed by using  WATCHIT. 
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CHAPTER - 1   INTRODUCTION

1.1  Introduction 
Natural water  is never found in its pure form. Any sample of water is expected to  disclose the 
presence of chemical ions, the nature and properties  of which depend upon the source of  water, rate 
of its movement which controls the residence time and the soil or rock through which the movement 
occurred or occurs. Only after ascertaining the physical, chemical and bacteriological qualities of 
the samples, the suitability of any water can be determined, for different purposes.  In geological 
environments, water has the ability to dissolve a greater range of substances than any other liquid. A 
slow percolation of precipitated water, through the ground, results in prolonged contact of water with 
the minerals in the soil and bed rock. Some minerals are dissolved slowly as the groundwater passes 
over them and in due  course, an equilibrium condition is established between the minerals in the 
soil,   rock and the groundwater. Sometimes, the water may be over-saturated or supersaturated with 
certain dissolved species derived from the minerals of soils or host rocks in groundwater. This ability 
of water to dissolve  minerals determines the chemical properties of groundwater.

In contrast to the surface water, most groundwater contains no suspended particles and practically no 
bacteria or organic matter. Groundwater  is usually clear and odourless. When compared to surface 
water, groundwater  ordinarily contains more dissolved solids. Some of these dissolved minerals 
are essential for our health.  A complete chemical analysis may help to evaluate the suitability of 
water for domestic, agricultural and industrial purposes.   Water samples are collected and  analysed 
to determine the major ion concentrations, trace metals, hardness, specifi c electrical conductance, 
hydrogen ion activity and total dissolved solids. Each one of these properties is useful in evaluating 
the chemical character of  water as a whole. The solubility of mineral species in water is yet another 
deciding factor of dissolution and precipitation of mineral matter.  Any increase in temperature will  
also enhance  the solubility of most of the soluble minerals. Near the surface, the  water may have 
a temperature almost equal to surface atmospheric temperature. Any change on water temperature 
will certainly have its own effect on the dissolution and precipitation of minerals.  Due to geothermal  
energy, groundwater at depth may have   a higher temperature. Therefore,  most of the groundwater 
obtained from deeper wells are found to be  more mineralised. Low temperature mineral speciation 
calculations are very much needed to understand the equilibrium status of water. In this Program, 20 
varieties of mineral species are included for equilibrium calculations. All computational results are 
shown with tables, graphs and correlation statistics. The uniqueness of this software is that it is like 
a one-stop destination to get all the 108 parameters, evaluated with several hundred pages of output. 

1.2   Computer Applications in Hydrochemical Studies
Numerous computer programs and interpretation methods have been developed, so far, by several 
authors(133-137, 147, 269, 313, 327, 358). A lot of application oriented programs are also available 
for modelling thermodynamic speciation of inorganic ions and complex species in solution for a 
given water analysis. For performing geochemical calculations pertaining to groundwater and surface 
water, HYCH program was developed by the authors which was used by several hundred scholars, 
during the last twenty years.  Scientists from our own Hydrogeology Research Group have used it 
extensively(1-105).  Success in the assessments  of  water quality and its variations  depend  on the 
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scientifi c evaluation of the major ion chemistry of  the water samples. Hydrogeochemical studies 
often involve, analysis  and interpretation of a group or a set of samples belonging to a region. The 
objectives of water quality interpretation are always  aimed at classifying the water and  also in 
assessing the suitability of the water  for various  purposes. Sometimes these studies will be much  
useful for deciphering  the water mixing processes and to know about the contaminated path ways 
and saline zones in the  environment. An attempt has been made to incorporate all kinds of water 
quality parameters, in this  program. These  parameters are very widely used  all over the world. These 
parameters and  procedures for  determining them were given by different scientifi c workers, during 
the last six to seven decades.  The present program is one of its kind for a detailed evaluation of water 
chemistry data, which is more suitable for various kinds of scientifi c research. 

1.2.1 From Hych to  WATCHIT
The fi rst author has (in 1991) developed the computer program named as “HYCH” for hydrochemical 
data interpretation, way back in 1985.   Initially, HYCH program had the option of computing  twenty 
varieties of water quality parameters. Most of these parameters are very essential to evaluate the 
hydrochemistry of water samples.  The present computer program “WATCHIT” meaning “WATer 
CHemistry Interpretation Techniques” does an exhaustive computational  work. It computes  not 
only 108 varieties of water quality parameters, but also gives  the statistical correlation among the 
parameters  with  different kinds of combinations and 227 graphical plots for a quick understanding.  
One execution  with a set of data will provide  271 ASCII text scatter plots to get the fi rst hand 
information to know the  relationships of ions, their ratios and quality parameters. WATCHIT creates    
20 master tables which are ready to use for publication purpose, in addition to another set of 30 tables  
for correlation purpose.  

1.3  Need of the day
Today, a comprehensive computer software is needed for quickly processing  the data of water 
chemistry, with a wide range of parameters to be selected for different purposes.  The parameters 
vary for specifi c applications and for unique interpretations like ion evolution studies.  The speed 
and accuracy of computer systems  that are available today helps to carry out  these  processing in a 
few minutes. A huge volume of data could be processed without any diffi culty. Output Data storage 
also helps to use the results  for several other software applications.  This program solves much of 
the present day needs of researchers involved in hydrochemical studies.  The following are the broad   
aspects of the hydrogeochemical research , pertaining to any area of investigation:

(1)  Establishing the hydrogeochemical patterns.

(2)  Developing a hydrochemical model.

(3)  Identifi cation of the facies of the groundwater system.

(4)  Establishing the possible ways of using the water.

The results of an in-depth hydrogeochemical study would  yield much information of high utility for 
a variety of applications.  
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1.4    Program code
This program “WATCHIT” has been written in 64 bit QuickBasic (QB64) language. It is a versatile 
programming language for scientifi c calculations like the other Programming languages. It requires 
less memory. It is portable and directly executable(.exe format). It is compatible to be used  in any 
system from the old Dual core to the i5 or other processors. It is also executable in any popular 
Operating System. Though it may look  like a Command Prompt- based software, it does everything 
internally and gives the results as per the need.  It takes 1 to 2 minutes to process  a set of 150 
sample data in a group(season).  The source code is also given in this manual.  The object code (post 
compilation already done) is  available for direct usage. There is no need to compile the source code, 
unnecessarily.   

When the program is executed without any input data fi le, it prints the instructions fi le fi rst and 
gets terminated through a prompt from the user.  When it is executed with the required input data 
fi le(WCHEM.DAT), after a prompt, all output fi les will be generated by the software. About 10 
varieties of output fi les could be seen.   
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CHAPTER- 2   HYDROGEOCHEMISTRY 

2.1  Introduction
Hydrogeochemistry  is a branch of hydrogeology,  dealing with the quality of both surface and 
groundwater existing in various geological formations, their origin and evolution. Water chemistry 
changes from one place to the other due to hydrological, geological and human induced factors. The 
chemistry of water evolves from simple to complicated types through fl ow, duration of stay in rocks 
or soils.  Interpreting the quality-related aspects of water, is an essential aspect in Hydrogeology and 
environmental studies. Civil Engineering applications also require the quality of water to be used for 
construction purposes  and for water supply and waste water treatment.  

Water quality parameters invariably depend on the major ion chemistry of water samples.  The major 
ions are those sets commonly found in ambient  waters,  in concentrations exceeding 1 mg/L (Hem, 
1992). They  form as the result of innate processes such as geochemical  weathering and atmospheric 
deposition. Major ions always  include  positively charged cations, such as calcium, magnesium,  
sodium, and potassium, and negatively charged anions, such as  sulphate, chloride, fl uoride, nitrate, 
bicarbonate, and carbonate. Rain water contains little mineral matter. As it falls on land and   percolates 
through soil, it becomes increasingly  acidic (lowering the pH) as it reacts with carbon dioxide  (CO2) 
in the soil to form carbonic acid (H2CO3). Natural   organic acids, such as humic acid, also can 
increase the  acidity of water. Carbonic acid reacts with limestone in the  groundwater system to 
liberate calcium (Ca2+) and bicarbonate   (HCO3-) ions (Jones and others, 1996). As water enters the  
slowe moving groundwater-fl ow system, concentrations  of major ions further increase because the 
water is in close    contact with Earth materials for a longer period of time.   

Natural waters whether derived from springs, streams, or pumped from wells, contain appreciable 
quantities of chemical substances in solution. In addition to these,  water also carries substances 
derived from the waste products of human activities, agricultural return fl ows  and industrial effl uents.  
The suitability of the water for any purpose  is not only determined by the total amount of ions or salts 
present in it but also by the kind of salts dissolved in it.  Here comes the role of various water quality 
parameters. Unless one understands these parameters, it is diffi cult to interpret their characteristics 
and behaviour. 

2.2  Data of Water Chemistry

The analysis for the physico-chemical parameters of water samples are to be  carried out by  adopting 
the established analytical methods. It should not have errors in determination. Similarly, the calculation 
of water quality parameters also should be errorless. The program WATCHIT has been developed for 
interpreting the water quality parameters, without resorting to much manual calculations.  There are 
a very wide range of criteria used in the interpretation of water qualities. 
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Table-1.   Source or cause, and signifi cance of dissolved-mineral constituents and physical properties 
of water     (modifi ed from Popkin, 1973, p. 85)     [μS/cm, microsiemens per centimeter 
at 25 degrees Celsius; mg/L, milligrams per liter; μg/L, micrograms per liter]

Constituent 
or property Source or cause Signifi cance

Specifi c 
conductance 
(μS/cm)

Mineral content of the water. Indicates degree of mineralization. Specifi c 
conductance is a measure of the capacity of the 
water to conduct an electric current. Varies with 
temperature, concentration, and degree of ionization 
of the constituents.

pH Acids, acid-generating salts, and 
free carbon dioxide lower the 
pH. Carbonates, bicarbonates, 
hydroxides, phosphates, silicates, 
and borates raise the pH.

pH is a measure of the activity of hydrogen ions. 
A pH of 7 indicates neutrality of a solution. 
Values higher than 7 denote increasing alkalinity; 
values lower than 7 indicate increasing acidity. 
Corrosiveness of water generally increases with 
decreasing pH. However, excessively alkaline water 
also may be corrosive.

Hardness 
as calcium 
carbonate 
(CaCO3)

In most water, nearly all the hardness 
is due to calcium and magnesium. All 
metallic cations other than the alkali 
metals also cause hardness.

Consumes soap before a lather will form and 
deposits soap curd on bathtubs. Hard water 
forms scale in boilers, water heaters, and pipes. 
Hardness equivalent to or less than the bicarbonate 
and carbonate concentration is called carbonate 
hardness. Any hardness in excess of this is called 
noncarbonate hardness. Water with hardness of 60 
mg/L or less is considered soft; 61 to 120 mg/L, 
moderately hard; 121 to 180 mg/L, hard; more than 
180 mg/L, very hard.

Calcium 
(Ca) and 
magnesium 
(Mg)

Dissolved from many rocks and 
soil, but especially from limestone, 
dolomite, and gypsum. Calcium and 
magnesium are detected in large 
quantities in some brines. Magnesium 
is present in large quantities in 
seawater.

Causes most of the hardness and scale-forming 
properties of water; soap consuming (see hardness).

Sodium (Na) 
and potassium 
(K)

Dissolved from many rocks and 
soil; also in ancient brines, seawater, 
industrial brines, and sewage.

Large concentrations, in combination with chloride, 
give a salty taste. Moderate concentrations have 
little effect on the usefulness of water for most 
purposes. Sodium salts may cause foaming in steam 
boilers. A large sodium concentration may limit the 
use of water for irrigation.
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Bicarbonate 
(HCO3) and 
carbonate 
(CO3)

Action of carbon dioxide in water on 
carbonate rocks such as limestone 
and dolomite.

Bicarbonate and carbonate produce alkalinity. 
Bicarbonates of calcium and magnesium decompose 
in steam boilers and hot-water facilities to form 
scale and release corrosive carbon dioxide gas. In 
combination with calcium and magnesium, causes 
carbonate hardness.

Sulfate (SO4) Dissolved from rocks and soil 
containing gypsum, iron sulfi des, and 
other sulfur compounds. Commonly 
present in mine water and in some 
industrial wastes.

Sulfate in water containing calcium forms hard 
scale in steam boilers. In large concentrations, 
sulfate in combination with other ions gives bitter 
taste to water, and may have a laxative effect on 
some people. Some calcium sulfate is considered 
benefi cial in the brewing process.

Chloride (Cl) Dissolved from rocks and soil. 
Present in sewage and found in large 
concentrations in ancient brines, 
seawater, and industrial brines.

In large concentrations in combination with 
sodium, gives salty taste to drinking water. In large 
concentrations increases the corrosiveness of water 
towards some metals.

Fluoride (F) Dissolved in minute to small 
concentrations from most rocks 
and soil. Added to most water by 
fl uoridation of municipal supplies.

Fluoride in drinking water reduces the incidence 
of tooth decay when the water is consumed during 
the period of enamel calcifi cation. However, it may 
cause mottling of the teeth and renal dysfunction, 
depending on the concentration of fl uoride, the age 
of the child, quantity of drinking water consumed, 
and susceptibility of the individual.

Silica (SiO2) Dissolved from many rocks 
and soil, commonly less than 
30 mg/L. Large concentrations, as 
much as 250 mg/L, generally occur 
in alkaline water.

Forms hard scale in pipes and boilers. Transported 
in steam of high-pressure boilers to form deposits on 
blades of turbines. Inhibits deterioration of zeolite-
type water softeners.

Dissolved 
solids

Primarily mineral constituents 
dissolved from rocks and soil.

Water containing more than 1,000 mg/L 
dissolved solids is unsuitable for many purposes.
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CHAPTER-3   INPUT DATA STRUCTURE

3.1 Introduction
The Input data should be kept as  WCHEM.DAT  in the form of  comma separated values, using 
notepad.   Ionic Conc.& TDS should be in ppm or (mg/L),Temp. in Deg.C & EC in mmhos/cm.  The    
Input data fi le Name is fi xed as WCHEM.DAT  for every processing. So, users are required to rename 
their data fi les into this name.   

 The fi le  structure  of  INPUT FILE   WCHEM.DAT   is shown below: 
--------------------------------------------------------------------------------------------------------------------------

Line-1 should contain the  area  name 
i.e., NAME OF RIVER BASIN     or  HEADING OF STUDY AREA:  For example      
TAMBRAPARNI BASIN
Line-2  should  contain the   number of data groups/ sets /seasons.  For example, 
2                       - meaning  Number of Seasons (Upto  5 are  allowed in one fi le )
Line-3  should  contain  the   names of groups or seasons  and the number of records of data for it. For ex-
ample:  
SEASON-1,23             - meaning  name of fi rst season, number of samples are  23
SEASON-2,20             - meaning   name of second season, number of samples  are 20
Note:    From next line onwards, the data sequence must follow this order:
Location Name, Ca, Mg, Na , K, HCO3, CO3, Cl, NO3, SO4,  Ba, PO4, F, Fe, SiO2, TDS, Ec, pH, T

Illustration-1:     Input data fi le  model 1  -Notepad fi le
BHARATHAPUZHA RIVER BASIN
2
PRE-MONSOON,54
POST-MONSOON,46
Ponnani,78,10,100,8,130,0,116,124,67,0,0,0,0,0,560,893,7.09,21
Chittur,67,42,75,7,424,0,83,29,87,0,0,0,0,0,602,917,8.17,23 
Pudupalli,56,22,210,14,265,0,402,24,46,0,0,0,0,0,937,1549,6.76,22 

                               ...continue  till the end of records of the study area
                               --fi rst 54 are for season-1 and second 46 for season 2

Illustration-2: Positioning of various data in the input data fi le WCHEM.DAT as model-1
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Illustration-3: Sequence of various data to be arranged  in input data model-1:

Illustration-4:     Input data  as  model 2:    Notepad fi le
TAMBRAPARNI RIVER BASIN
1
SEASON-1, 53 
Ponnani,78,10,100,8,130,0,116,124,67,0,0,0,0,0,560,893,7.09,21
Chittur,67,42,75,7,424,0,83,29,87,0,0,0,0,0,602,917,8.17,23 
Pudupalli,56,22,210,14,265,0,402,24,46,0,0,0,0,0,937,1549,6.76,22 
           ----continue upto 53 full set in total

Illustration-5:  Input Data as model  -3:
KARNATAKA STATE-INDIA
5
DISTRICT-1,154
DISTRICT-2,146
DISTRICT-3,128
DISTRICT-4,112
DISTRICT-5,131
Ponnani,78,10,100,8,130,0,116,124,67,0,0,0,0,0,560,893,7.09,21
Chittur,67,42,75,7,424,0,83,29,87,0,0,0,0,0,602,917,8.17,23 
Pudupalli,56,22,210,14,265,0,402,24,46,0,0,0,0,0,937,1549,6.76,22 

--First 154 for district-1 and followed by second 146 for district-2, like that continue till district 5 
(Note :for zero concentration, put 0.1 or 0.3 or 0.9)
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Illustration-6:        SAMPLE INPUT DATA FILE  -Model-4
 SAMPLE DATA FOR WATCHIT
1
Group-1,11 
RIOGRANDE,109,24,117,7,183,0.001,171,0.001,238,0.001,0.002,0.003,0.004,0.005,650,700,7.8,25
PANPOLI-GW, 80.0, 41.3, 55.8, 3, 317.0, .50, 156.0, .96, 19.4, 0, 0, 0, 0, 0, 514.0, 1130, 7.8, 24
VALASAI-GW, 36.0, 40.1, 140.0, 5, 91.5, 30.0, 238.0, 93.0, 33.0, 0, 0, 0, 0, 0, 698.0, 1110, 8.3, 25
TIRUCHENCOAST, 44, 58, 432, 8, 506, 0.01, 411, 120, 211, 0.001, 0.003, 0.001, 0.005, 0.001, 2000, 2510, 7.8, 21
TUTICORINCOAST, 48, 92, 925, 31, 427, 0.01, 432, 5, 1526, 0.002, 0.002, 0.002, 0.001, 0.001, 4800, 5020, 7.7, 21
BOGALURCOAST, 88, 185, 1440, 9, 525, 0.01, 2233, 51, 490, 0.002, 0.003, 0.004, 0.005, 0.006, 8000, 8180, 7.47, 
21
DALAVOYLAKE-S1, 77, 67, 120, 6, 490, 10, 174, 28, 25, 0.004, 0.005, 0.005, 0.09, 0, 777, 1410, 8.35, 20
LAKEWATER1, 54, 23, 87, 6.6, 134, 1, 67, 1, 201, 0.001, 0.002, 0.004, 0.004, 0.005, 573, 879, 8.2, 21
LAKE-HARSVATTEN, 29, 58, 240, 11, 50, 0.3, 243, 30, 102, 0.006, 0.009, 0.001, 0.003, 0.003, 714.3, 800, 4.5, 22
KABINIRIVER, 5.33, 1.55, 3.66, 0.66, 20.73, 0.001, 4.66, 0.001, 3.33, 0.004, 0.004, 0.01, 0.003, 0.004, 41.33, 50.00, 
7.7, 20
GANGABHAGIRIVER, 11.21, 6.21, 8.31, 2.53, 152.31, .001, 4.77, .002, 10.33, .001, .002, .003, .04, 
.05,90.24,230,7.22, 19.35
SEAWATER STD, 410, 1310, 10900, 390, 152, .5, 19700, 0.7, 2740, 006, 0.005, 0.002, 0.003, 0.005, 35000, 40000, 
8.1, 23

( Note: zero values are avoided for some concentrations. Instead very low values are entered.)

In illustration-6, one could see the nature of samples and their constituents.  Groundwater, coastal 
groundwater, lake water and river water chemistry data are included for a basic understanding of how 
the results are going to come  up, through WATCHIT. 

NOTE:
When the software is executed without any input data(WCHEM.DAT), it creates a sample input 
dataset at the end of the INS(Instruction text) fi le. That portion may be copied and pasted in a notepad 
fi le and be saved as WCHEM.DAT. After this execute WATCHIT, it will complete the processing with 
this sample data. The details of INS...TXT fi le is shown in Appendix-A.

CHECKINPUT Module : 

WATCHIT Program comes with another independent software  module names as checkinput.exe.  This 
module verifi es the orderliness in the input data fi le WCHEM.DAT.  This program creates checked1.
DAT fi le which may show the errors, if any found in WCHEM.DAT.  The users may watch the video 
provided in the CDE media for proper understanding.
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CHAPTER-4  OUTPUT FILES

4.  Output fi les and their naming convention:
Ten output fi les are created by the software.  

MAT-------.TXT    -ALL MASTER TABLES-DIRECT TO USE TYPE
RES-------.TXT    -SAMPLE-WISE SEQUENCE OF RESULTS
RWK-------.TXT    -MASTER FILE OF ALL COMPUTATIONS(STEP-BY-STEP)
TAB-------.TXT    -TEXT FILE, HOLDS ALL STATISTICAL TABLES-DIRECT TO USE TYPE
GRA-------.TXT    -ASCII TEXT FILE HOLDS GRAPH DATA AND GRAPHS*
GEN-------.DAT    - COMMA SEPARATED VALUESOF VARIOUS DATA MATRICES 
TTL-------.DAT    -TITLES OF  TABLES- FULL LIST
PER-------.DAT    -TITLES OF  GRAPHS -FULL LIST  
INS--------.TXT    -Instructions to the user 
INP--------.DAT   - Backup fi le of WCHEM.DAT for future use.

 All these fi les have time and date attached to  them,  as shown below:

For Example: The name of an output fi le shown is  GEN2101210219.     It is one of the output fi les.

The meaning of   GEN2101210219    is:

File code Hours Minutes Day Month Year Type 
GEN 21 01 21 02 19 .DAT

GEN is General data of all internal variables. The  execution of this  application software was  done 
on 21-2-2019, at 21:01 hours.

The GEN fi le contains X-Y data pairs of all graphical plots  at the end, as comma separated values. 
These can be used in other graphical plot software for a better clarity. This may be attempted by the 
user, after visually looking into  the nature of graphs generated by WATCHIT, in GRA output fi le.

Whenever the WATCHIT is executed new output fi les are created with new timings. Hence, none 
of the previously created fi les are overwritten. Only thing is, old fi les should be transferred to some 
folders of the project. 

In all the output fi les, the sample number is considered as  Serial Number (SL.NO) and Parameter 
Number is mentioned as PRM.NO. Since a large number of pages of output  are generated, ( 7 pages 
per sample as a result(RES fi le ) , 40 + pages of output per sample as rough work- (RWK fi le), 
reference to a particular sample is a basic need.  The users  may not use all of the output fi les, except 
a few. For example, the MAT (Master Tables) output fi le contains the tables of most of the results 
that are needed for report generation. Similarly, the GRA fi le contains all ASCII text graphs for 
inclusion in reports. The TAB fi le contains all statistical calculations like mean, standard deviations, 
symmetrical correlation matrices, etc for  evaluating the relationships of variables.  The particulars 
pertaining to the computational aspects of these parameters are explained in the forthcoming sections 
of this manual.
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CHAPTER-5  PROCESSING

5.1  Batch processing 

Illustrations 2 & 4 are the examples for preparing the INPUT fi le for batch processing(for process-
ing a full set of data  in one go).    When two season or district data of  samples are given , the pro-
gram computes the results, season-wise (fi rst for group 1, then 2 and so on).   The aim for  carrying 
out batch processing method is to get the statistical parameters (symmetrical correlation matrices) 
evaluated separately for comparison and get the graphical scatter plots for matching  with reference 
to seasons. Though the output fi les are very  lengthy(more than 250 pages of graphs, 30 pages out-
put per sample, etc),  but do not occupy much memory space, due to their fi le types being in .TXT 
formats(to be opened  in notepad).

5.2  Methods of Interpretation
The chemistry of one or more water samples are studied by evaluating the empirical calculations, and 
compared by drawing graphs or  charts.  

The water quality parameters that are caculated through empirical methods are:
1. Ionic Strength
2. Activity Coeffi cients  of ions
3. Saturation Index of Mineral Species in water 
4. Corrosivity Ratio  
5. Base Exchange Index  
6. Residual Sodium Carbonate (RSC)  
7. Total Hardness 
8. Non-carbonate Hardness  
9. Permeability Index(Doneen)  
10. Pollution Index of Stuyfzand
11. Chloroalkaline Index using Two equations 
12. Sodium Adsorption Ratio 
13. Schoeller’s Water Type.
Water can also be classifi ed into various types, using graphical methods of interpretation. The 
following are the approaches:
1. Identifying the Mechanisms controlling Water Chemistry using Gibb’s Plot
2. Hardness and Salinity based graphical plots of Handa
3. Piper’s Hydrochemical Facies Using Piper Diagram
4. The water used for agricultural  purposes  are studied using the standard United Sates Salinity 

Laboratory classifi cation  diagram. 

Piper Diagram:
The Piper diagram plots the major ions as percentages in two base triangles, one for cations and 
one for anions. 
The total cations and the total anions are separately set equal to 100%. The percentages of cations are 
calculated separately and anions are calculated  as shown in this table.
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Cations epm %
Ca 2.9  23.2
Mg 5.1  40.2
Na+K 4.7  36.6

100

Anions epm %
HCO3  6.1  53.0
CO3  0.8  0.80
Cl  5.2  40.5
NO3 0.6  4.40
SO4 0.2  1.30

100

After calculating the percentages, the anion based point is plotted in one triangle and the cation based 
point is plotted in another triangle. 

The data points of these two triangles are projected onto the  diamond fi eld, and plotted in it. This 
point gives the combined chemistry both anions and cations.   This plot reveals many useful properties 
and relationships for large number of samples of a region. 

The main purpose of the Piper diagram is to show clustering of data points to indicate samples that 
have similar compositions.

Evaluating Hydrochemical Facies:
 The dominant hydrochemical facies that could be identifi ed from the diamond fi eld are:

Cation facies Anion facies Final Hydrochemical Facies
Ca + Mg Cl+ SO4 Ca + Mg + Cl+ SO4

Ca+Na Cl+ SO4 + HCO3 Ca+Na  + Cl+ SO4 + HCO3

Na+Ca HCO3+ Cl + SO4 Na+Ca + HCO3+ Cl + SO4

Na + K HCO3 Na + K +  HCO3

Handa’s classifi cation
Handa’s Diagram is more suitable for classifying water into 3 different categories of parameters like 
Hardness, Salinity and Sodium Hazard.   In this diagram, there are  two triangular plots as one for 
cations and another one for anions. The  Diamond fi led of Piper has been modifi ed in a different way. 
It is divided into 6 zones as A1, A2, A3 and B1, B2, B3. 

Any sample falling in A1, A2, A3 possess permanent hardness and samples falling in 

B1, B2 and B3 possess temporary hardness.  The combined point of cations and anions will be projected 
to fi nd out these properties.

From his point, horizontally if we draw a line and extend it to the next Parallelogram, and plot a 
point with reference to the Total Soluble Cation (in epm), we get two more properties of water.  The 
Horizontal divisions of this fi eld help to fi nd out the salinity class as C1, C2, C3, C4.

By the end of it,  we have the sodium hazard classifi cation as S1, S2 and S3.    These  3 show the  
Sodium hazard of water.

In this water quality classifi cation diagram, one can fi nd out the suitability of water for general 
purpose use or for agricultural use.  Hardness is for general purpose, salinity and sodium hazard are 
for agricultural uses.
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USSL DIAGRAM
The Agricultural water chemistry is studied using the standard United States Salinity Laboratory 
classifi cation  diagram. This diagram requires to plot EC versus the  percentage sodium or Sodium 
Adsorption Ratio(SAR).   The formula for calculating sodium adsorption ratio is:

where sodium, calcium, and magnesium are in milliequivalents/liter.

Using this diagram, water can be classifi ed with reference to its salinity and sodium hazard. Salinity 
levels are categorized into 4 types as C1, C2, C3, C4 and C5

Water types  ranging from freshwater as C1 brackish water  to Brackish water as C2,  moderately saline 
as C3, highly saline as C4 and super saline as C5 waters.

The sodium hazard is categorized into S1 S2 and S3  types denoting low, medium and higher sodium 
hazards in water.

The USSL diagram is much useful for identifying the suitability of water for agricultural and industrial 
purposes.  C1  S1 and C2  S2 are suitable water types, for all purposes.

The resident time of Water on land, length of the fl ow above or below the surface and dissolution 
of minerals from rocks, all  lead to change the  Quality of Water from one type to the other.   These 
evolutionary trends and changes of water quality in  a basin or a watershed are analyzed using these 
types of diagrams.

GIBB’S plots
Gibbs has proposed two diagrams for interpreting water quality.  These are semi-logarithmic plots.  
The  data of Cl/Cl + HCo3 ratio is considered in X axis in liner scale and TDS in ppm is considered 
in Y axis.  

This diagram has 3 zones as evaporation dominance, rock dominance and precipitation dominance.  
The boundaries have been demarcated based on detailed research and surveys made in many countries.

When we plot the Water chemistry data in this diagram, we can detect whether that water is derived 
from recent rainfall as precipitation, or due to rock-water interaction or due to evaporation or 
salinization.

Gibb’s diagram is a good tool to interpret the quality of water with reference to these 3 origins.
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Reconstructed Water Quality Diagram
Balasubramanian (33)  proposed a new simple, easy to use diagram for fi nding out the signifi cant 
environment of water.  It is suitable for identifying the origins of water with reference to its 
environmental regime.  It is called as reconstructed water quality diagram.  It is a simple rectangular 
diagram in which % of cations and anions are plotted in X and Y axis.  



15. . . 

The plotting position of percentage Na + K is on Y over  percentage of HCO3 + CO3 on X axis, 
within the diagram can point out  the location from which the water is collected.  This can show the 
environmental conditions of the water.  
This diagram can show clearly the
a) waters contaminated/enriched with Gypsum 
b) Sea water
c) Waters of static and dis-coordinated regimes
d) Waters from zones of dissolution and mixing
e) Dynamic and coordinated regimes,
f) Ion exchange
g) Concentration and precipitation conditions
h) Recent Dolomitic water
And the Recent recharge waters, i.e., the rain water from rain water to sea water, all kinds of water 
samples when plotted over this diagram shall be interpreted using this diagram.

Good amount of literature sources are  available for  understanding the major ion chemistry of surface 
and groundwater, including textbooks and technical reports. It may be very diffi cult to enlist all of 
them, in this manual. Selected references are privided with reference to water chemistry studies at the 
end of the manual.

The list of water quality parameters that are computed by this software, is  shown below:

The following are the list of parameters computed by the software
------------------------------------------------------------------------
1)   Ion Balance and Permissible error 56)  Pollution Index
2)   EC    Calculated  57)  Chloroalkaline Index-1 & 2
3)   TDS   Calculated  58)  Sodium Adsorption Ratio
4)   Total Soluble Cations & Anions 59)  Mechanisms of  Water Chemistry
5)   Computation of all Ions as CaCO3 60)   Handas :Hardness  /Salinity
6)   Ionic Strength of every ion 61)   Schoeller’s Water Type (r epm)  
7)   Activity Coeffi cients of ions 62)   Piper s Hydrochemical Facies
8)   Sat.Index of Ca Cl2  63)   Stuyfzand’s Classifi cation of Facies
9)   Sat.Index of  -Aragonite 64)   Signifi cant Environment of Water
10) Sat.Index of  -Calcite 65)   USSL: Salinity  / Sodium hazard
11) Sat.Index of Ca 2(NO3) 66)   Alkalinity of water
12) Sat.Index of -Dolomite 67)   Calcium Hardness
13) Sat.Index of -Huntite 68)   Magnesium Hardness
14) Sat.Index of -Anhydrite 69)   Permanent Hardness
15) Sat.Index of K Cl 70)   CaCO3  Sat.Index  by Method-A
16) Sat.Index of K NO3 71)   CaCO3  Sat.Index  by Method-B
17) Sat.Index of K2 CO3 72)   CaCO3  Sat.Index  by Method-C
18) Sat.Index of K HCO3 73)   CaCO3  Sat.Index  by Method-D
19) Sat.Index of -Magnesite 74)   CaCO3  Sat.Index  by Method-E
20) Sat.Index of Mg(NO3)2 75)   CaCO3  Sat.Index  by Method -F
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21) Sat.Index of Mg Cl2 76)   CaCO3  Sat.Index  by Method - G
22) Sat.Index of Mg HCO3 77)   Solubility of CO2
23) Sat.Index of Mg SO4 78)   Acid Neutralising Capacity
24) Sat.Index of Na Cl 79)   Sodium Adsorption Ratio(SAR)  
25) Sat.Index of Na HCO3 80)   Salinity Rating of Water using EC
26) Sat.Index of Na NO3 81)   Salinity
27) Sat.Index of Na2 CO3 82)   Impact of Chloride
28) Sat.Index of Na2 SO4 83)   Impact of Residual Sodium Carbonate
29) Temp & Solubilities of CaCl2 84)   Kelly’s Ratio
30) Temp & Solubilities of -Aragonite 85) Magnesium Adsorption Ratio
31) Temp. & Solubilities  of Calcite  86) Potential Salinity
32) Temp & Solubilities of Ca 2(NO3) 87) Exchangeable Sodium Percentage
33)  Temp & Solubilities of -Dolomite  88) Sodicity hazard and its Impact
34) Temp & Solubilities of Huntite  89) Soluble Sodium Percentage
35)  Temp & Solubilities of Anhydrite   90) Aggressiveness Index
36) Temp & Solubilities of K Cl  91) Ryznar Stability Index  & its impact
37) Temp & Solubilities of K NO3  92) Puckorius Index & its Signifi cance
38) Temp & Solubilities of K2 CO3  93) Larson Skold Index
39) Temp & Solubilities of K HCO3  94) Oxidation Capacity of Water
40) Temp & Solubilities of Magnesite 95) Von Wirdum Ion Ratio
41) Temp & Solubilities of Mg(NO3)2  96) Lime dose requirement
42) Temp & Solubilities of Mg Cl2  97) Soda Ash dose requirement
43) Temp & Solubilities of Mg HCO3 98) Salt Index
44) Temp & Solubilities of Mg SO4 99) Sodium Dominance Index
45) Temp & Solubilities of Na Cl 100) Non-Marine concentrations of ion-Ca
46) Temp & Solubilities of Na HCO3  101) Non-Marine concentrations of ion-Mg
47) Temp & Solubilities of Na NO3 102) Non-Marine concentrations of ion-Na
48) Temp & Solubilities of Na2 CO3 103) Non-Marine concentrations of ion-SO4
49) Temp & Solubilities of Na2 SO4 104) Non-Marine concentrations of ion-K
50) Corrosivity Ratio   105) Adjusted Sodium Adsorption Ratio
51) Base Exchange Index 106) Dissolved Inorganic Carbon
52) Residual Sodium Carbonate 107) Non-Sea Salt Conc. of Ions in Water
53) Tot.Hardness & Carb. Hardness  108) Seawater Intrusion, if any
54) Non-carbonate Hardness  
55) Permeability Index 
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CHAPTER-6   RESULTS OF PROCESSING

6.1   Contents of output fi les:
Among the output fi les generated by WATCIT, the consolidated results are provided in MAT fi le. It 
is also necessary to know the variations in the water quality parameters among snowmelt water, river 
water, lake water, groundwater and seawater.   Hence, the simple data used for processing includes 
most of them.
Note: In the Program compiled with QB64, the subscript or superscripts are not incorporated. Hence, 
the program output will show them in normal mode, only.

RESULTS FROM 
OUTPUT FILE  RWK.. NOTEPAD FILE

(OPENED IN MS WORD. FONT SIZE = 9)

Date of Processing (DD/MM/YYYY) = 14-03-2019
Sample Code= 2      PANPOLI-GW              Group-1
____________________________________________________________
pH                             = 7.8 
Total Soluble Cations          = 9.894429 
Total Soluble Anions           = 10.03136 
TDS Measured (ppm)             =  514   TDS Calculated (ppm)    =     673.9649 
EC  Measured(mS/cm)            =  1130  EC by Calculation(mS/cm) =     882.826 
      Where: 1000 μs/cm = 1 dS/m 
Density of Water (Calculated)  =  .997323 
Temperature   =    24 Deg. C
TK   =     297.15  T in Kelvin TF= 75.2 Deg.F

Ion Balance Computations:
1. The fi rst step is to compute the Total soluble Cations(TSC) and Total Soluble Anions(TSA), using epm data:

2. The second step is to compute the Observed Permissible Error(OPE) using the following 
equation: 

OPE = ABS(TSC - TSA) / (TSC + TSA) * 100

The third step is to determine the Permissible Error of the sample, using the following table values.

Table --- The Permissible Error for different values of TDS.
TDS (mg/L) PE(%) TDS (mg/L) PE(%) TDS (mg/L) PE(%)
3100 1  2000 2  900 3.2 
 3050 1  1950 2.05  850 3.3 
 3000 1  1900 2.1  800 3.4 
 2950 1.05  1850 2.15  750 3.5 
 2900 1.1  1800 2.2  700 3.6 
 2850 1.15  1750 2.25  650 3.7 
 2800 1.2  1700 2.3  600 3.8 
 2750 1.25  1650 2.35  550 3.9 
 2700 1.3  1600 2.4  500 4.016667 
 2650 1.35  1550 2.45  450 4.181667 
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 2600 1.4  1500 2.5  400 4.346667 
 2550 1.45  1450 2.55  350 4.511667 
 2500 1.5  1400 2.6  300 4.676667 
 2450 1.55  1350 2.65  250 4.841667 
 2400 1.6  1300 2.7  200 7 
 2350 1.65  1250 2.75  150 7.5 
 2300 1.7  1200 2.8  100 7 
 2250 1.75  1150 2.85  50 15
 2200 1.8  1100 2.9 40 16.6
 2150 1.85  1050 2.95 30 18.2
 2100 1.9  1000 3 20 19.8
 2050 1.95  950 3.1 10 21.4

The Numerical method adopted in the softwares uses the following criteria:
TDS (mg/L) Formula to calculate PE
<100 PE = 23 - .16 * TDS
TDS > 100<200 PE = 9 - .01 * TDS
TDS > 200< 500 PE = 5.666667 - .0033 * TDS
TDS > 500<1000 PE = 5 - .002 * TDS
TDS > 1000<3000 PE = 4 - .001 * TDS
TDS > 3000 PE = 1

TDS and EC:
There are two major parameters in any water chemistry data, which deside the quality of water for 
various uses. They are  the 1) Total Dissolved Solids(TDS) and 2) the Electrical Conductivity. 

Conductivity is the ability of a solution, a metal or a gas - in brief all materials - to pass an electric 
current. In solutions, the current is carried by cations and anions whereas in metals it is carried by 
electrons.   Specifi c conductance is the conductance over a unit length and cross section at a specifi c 
temperature (213). For water, the unit length and cross section are 1 centimeter, and the temperature is 
25 degrees Celsius. Specifi c conductance is an easily measured indicator of ionic concentration and is 
often correlated with dominant ionic species (174). The commonly used units for measuring electrical 
conductivity of water are:    μS/cm (microSiemens/cm)   or   dS/m   (deciSiemens/m).       Where: 
1000 μs/cm = 1 dS/m .

All substances possess  conductivity. In aqueous solutions the level of ionic strength varies from 
the low conductivity of ultrapure water to the high conductivity of concentrated chemical samples.  
Conductivity and salinity vary greatly between different bodies of water. Most freshwater streams and 
lakes have low salinity and conductivity.  The oceans have a high conductivity and salinity due to the 
huge amount of  dissolved salts present. In streams and rivers, normal conductivity levels come from 
the surrounding geology.   Discharges from polluting sources also  contribute to salinity and TDS.  
When water temperature increases, so will conductivity. For every 1°C increase, conductivity values 
can increase 2-4%. Freshwater has a wide conductivity range due to geology effects. Distilled water 
does not contain dissolved salts and, as a result, it does not conduct electricity.  It has an EC of zero.
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EC can be converted into TDS using the following calculation:  TDS (ppm) = 0.64 X EC (μS/cm) = 
640 X EC (dS/m).  This relation provides an estimate only.

Since the electrical conductivity is a measure to the capacity of water to conduct electrical current, it 
is directly related to the concentration of salts dissolved in water, and therefore to the Total Dissolved 
Solids (TDS). Salts dissolve into positively charged ions and negatively charged ions, which conduct 
electricity. 

The TDS value is needed to determine the percentage permissible error in analysis. 

The software computes them and provide  the results as shown below: 

The SL.NO is the sample Number and PRM.NO. is Parameter Number. 

Since there are more than 100 parameters, and if there are more than 200 samples, it would be  
necessary to know the SL.NO. and PRM.NO, of each sample. Hence, they are also printed in the RES  
fi le and RWK fi le.

Example -1   -for a water sample showing the following composition:
INPUT DATA OF THE SAMPLE/STATION   1 
------------------------------------------------------------------------------------
Conc/Ion       Ca        Mg        Na      K     HCO3   CO3      Cl        NO3       SO4
ppm          80.00     41.30     55.80   3.00  317.00  0.50    156.00      0.96     19.40
epm           3.99      3.40      2.43   0.08    5.20  0.02      4.40      0.02      0.40 
as CaCO3    200.00    170.16    121.64   3.84  259.94  0.83    219.96      0.78     20.18
%            40.35     34.35     24.53   0.78   51.79  0.17     43.86      0.15      4.03 
------------------------------------------------------------------------------------
Conc/Ion       Ba        PO4        F       Fe2       SiO2 
ppm         0.0010    0.0010    0.0010    0.0010    0.0010 
epm         0.0000    0.0000    0.0001    0.0000    0.0000 
as CaCO3      0.00      0.00      0.00      0.00      0.00 
%             0.00      0.00      0.00      0.00      0.00 
----------------------------------------------------------------------------------------

Total Soluble Cations        = 9.894429 
Total Soluble Anions         = 10.0316 
TDS Measured (ppm)       =     514      TDS Calculated (ppm) =     673.9649
Sample TDS & the % permissible error are = 673.9649      3.65207 
Th e Observed Permissible error  = .6883762 
ION BALANCE :Th ere is Good ion balance in this lab. analysis.

Molality calculations 
MOL(EW below )= ION in mg/L*0.001/GRAM FORMULA wt
FF is Charge of Ion; MI= MOLALITY ;   
ZI1= EW*FF^2 ;    ZI2= Ionic Str of ion i  =ZI1 *0.5
Ionic STR = 0.5 *( mi*zi^2) of ion i (where   mi is molality, zi is charge)
-----------------------------------------------------------------
        AC        P(J)   CD(J)    EW(J)   FF(J)  ZI1      MI(J)    ZI2          
-----------------------------------------------------------------
Ca     0.001    80.00    40.08     0.00200  2  0.00798  0.00200  0.00399
Mg     0.001    41.30    24.31     0.00170  2  0.00679  0.00170  0.00340
Na     0.001    55.80    22.99     0.00243  1  0.00243  0.00243  0.00121
K      0.001     3.00    39.10     0.00008  1  0.00008  0.00008  0.00004
HCO3   0.001   317.00    61.02     0.00520  1  0.00520  0.00520  0.00260
CO3    0.001     0.50    60.01     0.00001  2  0.00003  0.00001  0.00002
Cl     0.001   156.00    35.45     0.00440  1  0.00440  0.00440  0.00220
NO3    0.001     0.96    62.00     0.00002  1  0.00002  0.00002  0.00001
SO4    0.001    19.40    96.06     0.00020  2  0.00081  0.00020  0.00040
Ba     0.001     0.00   137.34     0.00000  2  0.00000  0.00000  0.00000
PO4    0.001     0.00    94.97     0.00000  3  0.00000  0.00000  0.00000
F      0.001     0.00    19.00     0.00000  1  0.00000  0.00000  0.00000
Fe2    0.001     0.00    55.85     0.00000  2  0.00000  0.00000  0.00000
SiO2   0.001     0.00    60.08     0.00000  0  0.00000  0.00000  0.00000
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6.1.1  Ionic Strength:
Th e ionic strength of water takes into account the impact of the ionic charge of a species on chemical 
interaction in solution. Ionic strength, I, is calculated using Equation 1.
   Ionic STR = 0.5 *( mi*zi^2) of ion i 
(where   mi is molality, 
zi is charge ,                 
 m

i 
is the concentration of species i (mol/L), and

 z
i 
is the charge of the species, i; 

z is considered dimensionless, so Ionic Strength has units of mol/L.
Inputs used for Ionic Strength Calculation are:

Sl. No : 2    Ionic Strength (ISS) =       0.01387
____________________________________________________________
EC   Calculated Using Equation: 
ECC= 71.027*((0.94+1.38207*(CLPPM/35.453)+(SO4PPM/48.03)+(NO3PPM/62)+0.95721*(HCO3PPM/61.02)+(CO3P
PM/30.01))
SL.NO. PRM NO.  2  2 EC Measured & Calculated =   1130     882.826 
SL.NO. PRM NO.  2  3 TDS  Measured & Calculated = 
                                                  514     673.9649 
 --------------------------------------------------------------
SL.NO. PRM NO.  2  4  Unit Conversions 
---------------------------------------------------------------
ION        PPM        EQ.WT        EPM     GRAM FORM.WT   MOLES/L)
 --------------------------------------------------------------
Ca       80.0000     20.0400      3.9920     40.0800      0.0020
Mg       41.3000     12.1525      3.3985     24.3120      0.0017
Na       55.8000     22.9898      2.4272     22.9898      0.0024
K         3.0000     39.1020      0.0767     39.1020      0.0001
HCO3    317.0000     61.0200      5.1950     61.0200      0.0052
CO3       0.5000     30.0040      0.0167     60.0100      0.0000
Cl      156.0000     35.4530      4.4002     35.4530      0.0044
NO3       0.9600     62.0049      0.0155     62.0049      0.0000
SO4      19.4000     48.0308      0.4039     96.0616      0.0002
Ba        0.0010     68.6000      0.0000    137.3400      0.0000
PO4       0.0010     31.6571      0.0000     94.9714      0.0000
F         0.0010     18.9984      0.0001     18.9984      0.0000
Fe2       0.0010     27.9235      0.0000     55.8470      0.0000
SiO2      0.0010     60.0848      0.0000     60.0848      0.0000

6.1.2  Computation of Ions as CaCO3

SL.NO. PRM NO.  2            5            Computation of Ions as CaCO3
---------------------------------------------------------------
Ion          PPM         Multiplication Factor        Ion as CaCO3
----------------------------------------------------------------
Ca            80.0000           2.5000                200.0000
Mg            41.3000           4.1200                170.1560
Na            55.8000           2.1800                121.6440
K              3.0000           1.2800                  3.8400
HCO3         317.0000           0.8200                259.9400
CO3            0.5000           1.6700                  0.8350
Cl           156.0000           1.4100                219.9600
NO3            0.9600           0.8100                  0.7776
SO4           19.4000           1.0400                 20.1760
Ba             0.0010           0.7300                  0.0007
PO4            0.0010           1.5800                  0.0016
F              0.0010           2.6600                  0.0027
Fe2            0.0010           1.7900                  0.0018
SiO2           0.0010           0.8300                  0.0008
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SL.NO. PRM NO.  2  6 Calculation of Ionic Strength 
Ionic strength calculates the degree to which charges on ions infl uence how far a solution deviates 
from ideal behavior. This a combination of concentration and unaltered charge and concentration of 
a given ion. It is calculated using the following equation:

• Ci is the concentration of the ith component
• Zi is the charge on the on the ion in question
• μ is the symbol for the total ionic strength of a solution
            PPM    CON.F  MOLS/KG   VALENCY     I
-----------------------------------------------------------
Ca       80.0000   40.08 0.0019960  2.00   0.0039920
Mg       41.3000   24.31 0.0016987  2.00   0.0033975
Na       55.8000   22.99 0.0024272  1.00   0.0012136
K         3.0000   39.10 0.0000767  1.00   0.0000384
HCO3    317.0000   61.02 0.0051950  1.00   0.0025975
CO3       0.5000   60.01 0.0000083  2.00   0.0000167
Cl      156.0000   35.45 0.0044002  1.00   0.0022001
NO3       0.9600   62.00 0.0000155  1.00   0.0000077
SO4      19.4000   96.06 0.0002020  2.00   0.0004039
Ba        0.0010  137.34 0.0000000  2.00   0.0000000
PO4       0.0010   94.97 0.0000000  3.00   0.0000000
F         0.0010   19.00 0.0000001  1.00   0.0000000
Fe2       0.0010   55.85 0.0000000  2.00   0.0000000
------------------------------------------------------------
          Monovalent Ions                 Di/Trivalent Ions
Na                       0.001214      Ca                   0.003992
K                        0.000038      Mg                   0.003397
Cl                       0.002200      HCO3                 0.002598
NO3                      0.000008      CO3                  0.000017
F                        0.000000      Ba                   0.000000
                                       SO4                  0.000404
                                       PO4                  0.000000
                                       Fe2                  0.000000
MTOT  =                0.006057
                                       DTOT=  0.007810
Sl.No. : 2    Total Ionic Strength ( ISS )=    0.0138675
=================================================================

6.2   Activity Coeffi cient Calculations of ions
 
SL.NO. PRM.NO. 2  7 Activity Coeffi cient Calculations of ions 
 
The activity coeffi cient of an electrolyte solution is used to detect  the concentration-dependent 
interactions between ions in a solution.   Ions in solution travel near other ions. So, cations will 
encounter cations and anions. Cations are more attracted to anions than cations.   An activity coeffi cient 
is a factor used in thermodynamics to account for deviations from ideal behaviour in a mixture of 
chemical substances. Activity coeffi cients of electrolyte solutions may be calculated theoretically, 
using the Debye–Hückel equation or extensions such as the Davies equation, Pitzer equations or 
TCPC model. Specifi c ion interaction theory (SIT)  may also be used.  It is the ratio of the chemical 
activity of any substance to its molar concentration.
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Compute Debye Huckel Parametric Constants -Using Polynomial Coeffts.

The ionic activity coeffi cient is connected to the ionic diameter by the formula obtained from Debye-
Huckel theory of electrolytes. It is calculated using the expression:

where A and B are constant, zi is the valence number of the ion, and I is ionic strength. The parameter a 
is the effective ionic radius. (Effective Ionic Radius: Smaller ions have a larger effective radius. This is 
because the solvent cage of water is larger. The other factor associated with effective ionic radius is the 
ionic charge. A higher ionic charge (a magnitude whether it is positive or negative) attracts more oppositely 
charged ions).   The values of A and B ( referred to as DBA & DBB) here are calculated using polynomial 
coeffi cients of table values as shown below:  

Parameter DBA used in Extended Debye-  Huckel Equation at  1atm.p(Adapted from Truessdell and Jones, 
1974; Ball and Nordstorm, 1991)     

Temp. Deg.C DBA Term Coeffi cients 
0 0.4883 a 0.4883034
5 0.4921 b 6.915223E-04
10 0.4960 c 1.98649E-05
15 0.5000 d -1.859608E-06
20 0.5042 e 7.855822E-08
25 0.5085 f -7.053712E-10
30 0.5130 g -4.052089E-11
35 0.5175 h 1.143742E-12
40 0.5221 i -8.682397E-15
45 0.5271
50 0.5319 RMS ERROR=    0.0000218
Used in activity coeffi cients  calculation :
Act Coeft (log yi) = (-A * zi^2*sqr(Ionic strength))/( 1+ B * a0 * sqr( Ionic Strength))

Parameter DBB  used in  Extended Debye-  Huckel Equation at  1atm.p (Adapted from Truessdell and Jones, 1974; 
Ball and Nordstorm, 1991)     ( columns  6, 7 are Ionic radii a0 )
1 2 3 4   5 6 7
Temp. Deg.C B(x108) Term Coeffi cients Ion a0(x10 

-8) b *
0 0.3241 a 0.3240979 Ca++ 5.0 0.165
5 0.3249 b 1.874162E-04 Mg++ 5.5 0.200
10 0.3258 c -4.139971E-06 Na+ 4.0 0.075
15 0.3262 d 9.080973E-09 K+,Cl_ 3.5 0.015
20 0.3273 e 1.266162E-08 SO4- 5.0 -0.040
25 0.3281 f -3.609535E-10 HCO3-,CO3-- 5.4 0.000
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30 0.3290 g 1.919584E-12 NH4+ 2.5
35 0.3297 h -1.294317E-13 Sr++,Ba++ 5.0
40 0.3305 i 5.883643E-15 Fe++,Mn++,Li+ 6.0
45 0.3314 j -6.000348E-17 H + , A l + + + , 

Fe+++
9.0

50 0.3321

RMS ERROR=    
0.0000781

Used in activity coeffi cients  calculation:
Act Coeft (log yi )= (-A * zi^2*sqr(Ionic strength))/( 1+ B * a0 * sqr(Ionic Strength)) 

For example:
Sl. No : 2    IONIC STRENGTH    = .0138675 

COEFFICIENTS USED FOR DBA CALCULATION FOR TEMP  24 
TERM 1 = .4883034  + 
TERM  2    6.915223E-04 *  TC ^  1 =  1.659654E-02  =  .5048999 
TERM  3    1.98649E-05 *  TC ^  2 =  1.144218E-02  =  .5163421 
TERM  4   -1.859608E-06 *  TC ^  3 = -2.570722E-02  =  .4906349 
TERM  5    7.855822E-08 *  TC ^  4 =  2.606373E-02  =  .5166986 
TERM  6   -7.053712E-10 *  TC ^  5 = -5.616606E-03  =  .511082 
TERM  7   -4.052089E-11 *  TC ^  6 = -7.743662E-03  =  .5033383 
TERM  8    1.143742E-12 *  TC ^  7 =  5.24574E-03  =  .5085841 
TERM  9   -8.682397E-15 *  TC ^  8 = -9.557176E-04  =  .5076284 
TERM  10    0 *  TC ^  9 =  0  =  .5076284 
 
FOR THE TEMPERATURE OF SAMPLE= 24 Deg.C
THE DBA DEBYE HUCKEL A  =    0.5076

COEFFICIENTS USED FOR DBB CALCULATION FOR TEMP  24 
TERM 1 = .3240979  + 
TERM  2    1.874162E-04 *  TC ^  1 =  4.497989E-03  =  .3285959 
TERM  3   -4.139971E-06 *  TC ^  2 = -2.384624E-03  =  .3262112 
TERM  4    9.080973E-09 *  TC ^  3 =  1.255354E-04  =  .3263368 
TERM  5    1.266162E-08 *  TC ^  4 =  4.200822E-03  =  .3305376 
TERM  6   -3.609535E-10 *  TC ^  5 = -2.874137E-03  =  .3276635 
TERM  7    1.919584E-12 *  TC ^  6 =  3.668382E-04  =  .3280303 
TERM  8   -1.294317E-13 *  TC ^  7 = -5.936348E-04  =  .3274367 
TERM  9    5.883643E-15 *  TC ^  8 =  6.476438E-04  =  .3280843 
TERM  10   -6.000348E-17 *  TC ^  9 = -1.585177E-04  =  .3279258 
SUM V1 =  .3279258 
DBB = V1 * 10 ^ 8. It is X* 10^8 
THE DBB  DEBYE HUCKEL B  =    0.3279
SISS(IONIC STRENGTH )  =   .0138675
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Calculations  for  calcium  for reference

THE DEBYE HUCKEL EQUATION IS T1/B1 HERE 
T1 = -DBA * 2 ^ 2 * SISS ^ (1 / 2) =  -.239114 
B1 = (1 + DBB * ARICA * SISS ^ (1 / 2)) =   1.193083 
YCA = T1 / B1  =-.2004168 
LYCA = 10 ^ (YCA)  = .630352 
ACT( CA ) = log Act.Coef for CA  =-.2004168 
-LACT( CA ) = -log Yi of CA  = .630352 
For all other ions:
-------------------------------------------------------------
ION        ARi                 T1       B1   -LOG Yi    Yi 
 -------------------------------------------------------------
Ca        5E-08              -0.2391  1.1931 -0.2004  0.6304
Mg        5.5E-08            -0.2391  1.2124 -0.1972  0.6350
Na        4E-08              -0.0598  1.1545 -0.0518  0.8876
K         3.5E-08            -0.0598  1.1352 -0.0527  0.8858
HCO3      5.4E-08            -0.0598  1.2085 -0.0495  0.8924
CO3       5.4E-08            -0.2391  1.2085 -0.1979  0.6341
Cl        3.5E-08            -0.0598  1.1352 -0.0527  0.8858
NO3       3E-08              -0.0598  1.1158 -0.0536  0.8840
SO4       5E-08              -0.2391  1.1931 -0.2004  0.6304
Ba        5E-08              -0.2391  1.1931 -0.2004  0.6304
PO4       4.5E-08            -0.2391  1.1931 -0.2037  0.6256
F         3.5E-08            -0.2391  1.1931 -0.2106  0.6157
Fe2       6E-08              -0.2391  1.1931 -0.1941  0.6395
------------------------------------------------------------------

SL.NO. PRM NO.  2  Activity Coeffi cients of ions 
------------------------------------------------------------------
ION      ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)
------------------------------------------------------------------
Ca     0.00200   0.00399  -0.20042   0.63035   0.00126  -2.89973
Mg     0.00170   0.00340  -0.19723   0.63500   0.00108  -2.96656
Na     0.00243   0.00121  -0.05178   0.88761   0.00215  -2.66620
K      0.00008   0.00004  -0.05266   0.88581   0.00007  -4.16699
HCO3   0.00520   0.00260  -0.04946   0.89235   0.00464  -2.33346
CO3    0.00001   0.00002  -0.19786   0.63408   0.00001  -5.27616
Cl     0.00440   0.00220  -0.05266   0.88581   0.00390  -2.40876
NO3    0.00002   0.00001  -0.05357   0.88395   0.00001  -4.86285
SO4    0.00020   0.00040  -0.20042   0.63035   0.00013  -3.89446
Ba     0.00000   0.00000  -0.20042   0.63035   0.00000  -8.33671
PO4    0.00000   0.00000  -0.20371   0.62559   0.00000  -8.17983
F      0.00000   0.00000  -0.21064   0.61568   0.00000  -7.48801
Fe2    0.00000   0.00000  -0.19413   0.63954   0.00000  -7.93970
---------------------------------------------------------

6.3  Saturation Index of Mineral Species in water:
The chemical composition (major and minor ion)  of water determines the stability of the water or the 
likelihood of precipitation of sparingly soluble salts or the tendency to cause corrosion by scavenging 
minerals from surrounding materials such as tanks and pipes.    The solubility product, Ksp, is the 
equilibrium constant for a chemical reaction which a solid ionic compound dissolves to yield ions in 
solution. When the product of the molar concentrations of the salt ions in solution are equal to Ksp

 
, 

the solution is considered to be 100-percent saturated. Further addition of ions is expected to result in 
precipitation of the sparingly soluble salt. The Ksp is a function of the ionic strength and temperature 
of the water sample. The software  computes the solubility products for several selected mineral 
species.  
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Computation of Saturation Index(SI) of Selected Mineral Species 
If the Ion Activity Product (IAP)  for a mineral species is  lower than the solubility product of it, that   
is, the saturation index(SI) , log IAP I Ksp < 0 or IAP / Ksp  < 1, then the solution is  undersaturated 
and no  mineral-based  scaling is  predicted. If the saturation index(SI) , log IAP / Ksp > 0 or IAP / 
Ksp  > 1, then the solution   is supersaturated and has the potential for that mineral deposition as a 
scale. The Ion Activity Product (IAP) for a desired salt is calculated using the molar concentrations 
of the constituents in water. Scaling potential indices have been developed to predict the likelihood 
of detecting the mineral- based  precipitation.   The most widely used indices in the water treatment 
industry are the Langelier Saturation Index (LSI), Stiff and Davis Stability Index (S&DSI), the Ryznar 
stability index, and the Larson-Skold Index.

SI=IAP/KSP Species  considered with Gibb’s Free Energy Data 

DGr is the Gibbs Free Energy of formation computed from Thermodynamic data.

DGr refers to the difference between reactants and product  values, as shown below:

MINERAL SPECIES  =        Ca CO3-Calcite
 Gibbs Free Energy Product DG(kJ/mol)  of mineral species, Ca CO3-Calcite =-1128.8 
 Reactants      DG(kJ/MOL)    multiplied by Valency       Total 
Ca            -553.54  *  1        = -553.54 
CO3           -527.917  *  1       = -527.917 
 PRODUCT =     -553.54  + -527.917 = -1081.457  - ( -1128.8  ) =   47.34302 
RTG3, RTG2= RTG4   -1081.457              -1128.8        47.34302 
 LOG Ksp (equilibrium const.)=   47.34302  / 5.708 = -8.294151 
( -LOG of Ai values of previous Table for respective ions)
------------------------------------------------------------------
ION      CONC.     ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)
------------------------------------------------------------------
Ca   109.00000   0.00272   0.00544  -0.22824   0.59123   0.00161  -2.79324
CO3    0.00100   0.00000   0.00000  -0.22493   0.59576   0.00000  -8.00171
------------------------------------------------------------------
LOG SI= -LOG Ai ION-1 + -LOG Ai Ion-2 - (LOG Ksp of  mineral)
-log Ai of Ca     + CO3      +    - ( KSP) = LOG IAP 
-2.79324          -8.00171
    X  1           X  1 
-2.793242    +    -8.001714  = -10.79496 
LOG IAP/ Ksp = -10.79496  - (-8.294151 )  = -2.500805  at  25 Deg.C
ION ACTIVITY PRODUCT (IAP) = -10.79496 
Saturation Index (-log) of Ca CO3-Calcite =   -2.50080 at  25 Deg.C

-LOG SI=IAP/KSP Species  considered with Gibb’s Free Energy Data 
 
GIBBS FREE ENERGY OF FORMATION = computing equilibrium constants
---------------------------------------------------------
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Sl.No. PRM No.: 2     8   MINERAL SPECIES  = 1      Ca Cl2
 Product DG(kJ/mol)  of mineral species Ca Cl2 =-732.2 
 Reactants      DG(kJ/MOL)    multiplied by Valency       Total 
Ca            -553.54  *  1        = -553.54 
Cl            -131.2521  *  2      = -262.5042 
PRODUCT =     -553.54  + -262.5042 = -816.0441  - ( -732.2  ) =  -83.84412 
RTG3, RTG2= RTG4   -816.0441              -732.2        -83.84412 
LOG Ksp (equilibrium const.)=  -83.84412  / 5.708 = -14.68888 
( -LOG of Ai values of previous Table for respective ions)
------------------------------------------------------------------
ION      CONC.     ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)
------------------------------------------------------------------
Ca    80.00000   0.00200   0.00399  -0.20042   0.63035   0.00126  -2.89973
Cl   156.00000   0.00440   0.00220  -0.05266   0.88581   0.00390  -2.40876
------------------------------------------------------------------
LOG SI= -LOG Ai ION-1 + -LOG Ai Ion-2 - (LOG Ksp of  mineral)
 
-log Ai of Ca     + Cl       +    - ( KSP) = LOG IAP 
   -2.89973        -2.40876
      X  1       X  2 
-2.899732    +    -4.817511  = -7.717243 
LOG IAP/ Ksp = -7.717243  - (-14.68888 )  =  6.971635  at  24 Deg.C
ION ACTIVITY PRODUCT (IAP) = -7.717243 
 LOG IAP/ Ksp = -7.717243  - (-14.68888 )  =  6.971635  at  24 Deg.C
SI= -log(IAP/KT) = -7.717243              -14.68888      6.971635

 
 Saturation Index (-log) of Ca Cl2 =    6.97164 at  24 Deg.C
 MINERAL SPECIES  = 2      Ca CO3-Aragonite
Sl.No. PRM No.: 2     9   MINERAL SPECIES  = 2      Ca CO3-Aragonite
 
Product DG(kJ/mol)  of mineral species Ca CO3-Aragonite =-1127.797 
Reactants      DG(kJ/MOL)    multiplied by Valency       Total 
Ca            -553.54  *  1        = -553.54 
CO3           -527.917  *  1       = -527.917 
PRODUCT =     -553.54  + -527.917 = -1081.457  - ( -1127.797  ) =   46.34021 
RTG3, RTG2= RTG4   -1081.457              -1127.797      46.34021 
LOG Ksp (equilibrium const.)=   46.34021  / 5.708 = -8.118467 
( -LOG of Ai values of previous Table for respective ions)
------------------------------------------------------------------
ION      CONC.     ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)
------------------------------------------------------------------
Ca    80.00000   0.00200   0.00399  -0.20042   0.63035   0.00126  -2.89973
CO3    0.50000   0.00001   0.00002  -0.19786   0.63408   0.00001  -5.27616
------------------------------------------------------------------
LOG SI= -LOG Ai ION-1 + -LOG Ai Ion-2 - (LOG Ksp of  mineral)
-log Ai of Ca     + CO3      +    - ( KSP) = LOG IAP 
   -2.89973        -5.27616
      X  1       X  1 
-2.899732    +    -5.276158  = -8.17589 
LOG IAP/ Ksp = -8.17589  - (-8.118467 )  = -5.742264E-02  at  24 Deg.C
ION ACTIVITY PRODUCT (IAP) = -8.17589 
LOG IAP/ Ksp = -8.17589  - (-8.118467 )  = -5.742264E-02  at  24 Deg.C
SI= -log(IAP/KT) = -8.17589               -8.118467     -5.742264E-02 

Saturation Index (-log) of Ca CO3-Aragonite =   -0.05742 at  24 Deg.C
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MINERAL SPECIES  = 3      Ca CO3-Calcite
Sl.No. PRM No.: 2     10   MINERAL SPECIES  = 3      Ca CO3-Calcite
Product DG(kJ/mol)  of mineral species Ca CO3-Calcite =-1128.8 
Reactants      DG(kJ/MOL)    multiplied by Valency       Total 
Ca            -553.54  *  1        = -553.54 
CO3           -527.917  *  1       = -527.917 
PRODUCT =     -553.54  + -527.917 = -1081.457  - ( -1128.8  ) =   47.34302 
RTG3, RTG2= RTG4   -1081.457              -1128.8        47.34302 
 
LOG Ksp (equilibrium const.)=   47.34302  / 5.708 = -8.294151 
( -LOG of Ai values of previous Table for respective ions)
------------------------------------------------------------------
ION      CONC.     ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)
------------------------------------------------------------------
Ca    80.00000   0.00200   0.00399  -0.20042   0.63035   0.00126  -2.89973
CO3    0.50000   0.00001   0.00002  -0.19786   0.63408   0.00001  -5.27616
------------------------------------------------------------------
LOG SI= -LOG Ai ION-1 + -LOG Ai Ion-2 - (LOG Ksp of  mineral)
-log Ai of Ca     + CO3      +    - ( KSP) = LOG IAP 
   -2.89973        -5.27616
      X  1       X  1 
-2.899732    +    -5.276158  = -8.17589 
LOG IAP/ Ksp = -8.17589  - (-8.294151 )  =  .1182613  at  24 Deg.C
ION ACTIVITY PRODUCT (IAP) = -8.17589 
LOG IAP/ Ksp = -8.17589  - (-8.294151 )  =  .1182613  at  24 Deg.C
SI= -log(IAP/KT) = -8.17589               -8.294151      .1182613 

Saturation Index (-log) of Ca CO3-Calcite =    0.11826 at  24 Deg.C
MINERAL SPECIES  = 4      Ca(NO3)2

Sl.No. PRM No.: 2     11   MINERAL SPECIES  = 4      Ca(NO3)2
Product DG(kJ/mol)  of mineral species Ca(NO3)2 =-743.204 
Reactants      DG(kJ/MOL)    multiplied by Valency       Total 
Ca            -553.54  *  1        = -553.54 
NO3           -111.3  *  2         = -222.6 
PRODUCT =     -553.54  + -222.6 = -776.14  - ( -743.204  ) =  -32.93604 
RTG3, RTG2= RTG4   -776.14  -743.204      -32.93604 
LOG Ksp (equilibrium const.)=  -32.93604  / 5.708 = -5.770154 
( -LOG of Ai values of previous Table for respective ions)
------------------------------------------------------------------
ION      CONC.     ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)
------------------------------------------------------------------
Ca    80.00000   0.00200   0.00399  -0.20042   0.63035   0.00126  -2.89973
NO3    0.96000   0.00002   0.00001  -0.05357   0.88395   0.00001  -4.86285
------------------------------------------------------------------
LOG SI= -LOG Ai ION-1 + -LOG Ai Ion-2 - (LOG Ksp of  mineral)
-log Ai of Ca     + NO3      +    - ( KSP) = LOG IAP 
   -2.89973        -4.86285
      X  1       X  2 
-2.899732    +    -9.725701  = -12.62543 
LOG IAP/ Ksp = -12.62543  - (-5.770154 )  = -6.855279  at  24 Deg.C
ION ACTIVITY PRODUCT (IAP) = -12.62543 
LOG IAP/ Ksp = -12.62543  - (-5.770154 )  = -6.855279  at  24 Deg.C
SI= -log(IAP/KT) = -12.62543              -5.770154     -6.855279 

Saturation Index (-log) of Ca(NO3)2 =   -6.85528 at  24 Deg.C
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MINERAL SPECIES  = 5   Ca Mg (CO3)2 -Dolomite
Sl.No. PRM No.: 2     12   MINERAL SPECIES  = 5   Ca Mg (CO3)2 -Dolomite
Product DG(kJ/mol)  of mineral species Ca Mg (CO3)2 -Dolom =-2163.54 
Reactants      DG(kJ/MOL)    multiplied by Valency       Total 
Ca            -553.54  *  1        = -553.54 
Mg            -454.8  *  1         = -454.8 
CO3           -527.917  *  2       = -1055.834 
PRODUCT =     -553.54  + -454.8  + -1055.834 = -2064.174  - ( -2163.54  ) =   
99.36621 
RTG3, RTG2= RTG4   -2064.174              -2163.54       99.36621 
LOG Ksp (equilibrium const.)=   99.36621  / 5.708 = -17.40824 
( -LOG of Ai values of previous Table for respective ions)
------------------------------------------------------------------
ION      CONC.     ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)
------------------------------------------------------------------
Ca    80.00000   0.00200   0.00399  -0.20042   0.63035   0.00126  -2.89973
Mg    41.30000   0.00170   0.00340  -0.19723   0.63500   0.00108  -2.96656
CO3    0.50000   0.00001   0.00002  -0.19786   0.63408   0.00001  -5.27616
------------------------------------------------------------------
LOG SI= -LOG Ai ION-1 + -LOG Ai Ion-2 - (LOG Ksp of  mineral)
-log Ai of Ca     + Mg       + CO3  - ( KSP) = LOG IAP 
   -2.89973   -2.96656   -5.27616
      X  1         X  1  X   2 
    -2.899732     +  -2.966561    -10.55232  = -16.41861 
LOG IAP/ Ksp = -16.41861  - (-17.40824 )  =  .9896259  at  24 Deg.C
ION ACTIVITY PRODUCT (IAP) = -16.41861 
LOG IAP/ Ksp = -16.41861  - (-17.40824 )  =  .9896259  at  24 Deg.C
SI= -log(IAP/KT) = -16.41861              -17.40824      .9896259 

Saturation Index (-log) of Ca Mg (CO3)2 -Dolomite =    0.98963 at  24 Deg.C
 
MINERAL SPECIES  = 6      Ca Mg3 (CO3)4-Huntite

Sl.No. PRM No.: 2     13   MINERAL SPECIES  = 6      Ca Mg3 (CO3)4-Huntite
Product DG(kJ/mol)  of mineral species Ca Mg3 (CO3)4-Huntite =-4203 
Reactants      DG(kJ/MOL)    multiplied by Valency       Total 
Ca            -553.54  *  1        = -553.54 
Mg            -454.8  *  3         = -1364.4 
CO3           -527.917  *  4       = -2111.668 
PRODUCT =     -553.54  + -1364.4  + -2111.668 = -4029.608  - ( -4203  ) =   173.3921 
RTG3, RTG2= RTG4   -4029.608              -4203          173.3921 
LOG Ksp (equilibrium const.)=   173.3921  / 5.708 = -30.37703 
( -LOG of Ai values of previous Table for respective ions)
------------------------------------------------------------------
ION      CONC.     ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)
------------------------------------------------------------------
Ca    80.00000   0.00200   0.00399  -0.20042   0.63035   0.00126  -2.89973
Mg    41.30000   0.00170   0.00340  -0.19723   0.63500   0.00108  -2.96656
CO3    0.50000   0.00001   0.00002  -0.19786   0.63408   0.00001  -5.27616
------------------------------------------------------------------
LOG SI= -LOG Ai ION-1 + -LOG Ai Ion-2 - (LOG Ksp of  mineral)
-log Ai of Ca     + Mg       + CO3  - ( KSP) = LOG IAP 
   -2.89973   -2.96656   -5.27616
      X  1         X  3  X   4 
    -2.899732     +  -8.899683    -21.10463  = -32.90405 
LOG IAP/ Ksp = -32.90405  - (-30.37703 )  = -2.527018  at  24 Deg.C
ION ACTIVITY PRODUCT (IAP) = -32.90405 
LOG IAP/ Ksp = -32.90405  - (-30.37703 )  = -2.527018  at  24 Deg.C
SI= -log(IAP/KT) = -32.90405              -30.37703     -2.527018

Saturation Index (-log) of Ca .3Mg. (CO3)4-Huntite =   -2.52702 at  24 Deg.C
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MINERAL SPECIES  = 7      Ca SO4-Anhydrite
Sl.No. PRM No.: 2     14   MINERAL SPECIES  = 7      Ca SO4-Anhydrite
Product DG(kJ/mol)  of mineral species Ca SO4-Anhydrite =-1321.8 
Reactants      DG(kJ/MOL)    multiplied by Valency       Total 
Ca            -553.6  *  1         = -553.6 
SO4           -744  *  1           = -744 
PRODUCT =     -553.6  + -744 = -1297.6  - ( -1321.8  ) =   24.20007 
RTG3, RTG2= RTG4   -1297.6  -1321.8        24.20007 
LOG Ksp (equilibrium const.)=   24.20007  / 5.708 = -4.239676 
( -LOG of Ai values of previous Table for respective ions)
------------------------------------------------------------------
ION      CONC.     ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)
------------------------------------------------------------------
Ca    80.00000   0.00200   0.00399  -0.20042   0.63035   0.00126  -2.89973
SO4   19.40000   0.00020   0.00040  -0.20042   0.63035   0.00013  -3.89446
------------------------------------------------------------------
LOG SI= -LOG Ai ION-1 + -LOG Ai Ion-2 - (LOG Ksp of  mineral)
-log Ai of Ca     + SO4      +    - ( KSP) = LOG IAP 
   -2.89973        -3.89446
      X  1       X  1 
-2.899732    +    -3.894463  = -6.794195 
LOG IAP/ Ksp = -6.794195  - (-4.239676 )  = -2.554519  at  24 Deg.C
ION ACTIVITY PRODUCT (IAP) = -6.794195 
LOG IAP/ Ksp = -6.794195  - (-4.239676 )  = -2.554519  at  24 Deg.C
SI= -log(IAP/KT) = -6.794195              -4.239676     -2.554519

 Saturation Index (-log) of Ca SO4-Anhydrite =   -2.55452 at  24 Deg.C
 
MINERAL SPECIES  = 8      K Cl

Sl.No. PRM No.: 2     15   MINERAL SPECIES  = 8      K Cl
Product DG(kJ/mol)  of mineral species K Cl =-408.5 
Reactants      DG(kJ/MOL)    multiplied by Valency       Total 
K             -283.26  *  1        = -283.26 
Cl            -131.2  *  1         = -131.2 
PRODUCT =     -283.26  + -131.2 = -414.46  - ( -408.5  ) =  -5.960022 
RTG3, RTG2= RTG4   -414.46  -408.5        -5.960022 
LOG Ksp (equilibrium const.)=  -5.960022  / 5.708 = -1.044152 
 
( -LOG of Ai values of previous Table for respective ions)
------------------------------------------------------------------
ION      CONC.     ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)
------------------------------------------------------------------
K      3.00000   0.00008   0.00004  -0.05266   0.88581   0.00007  -4.16699
Cl   156.00000   0.00440   0.00220  -0.05266   0.88581   0.00390  -2.40876
------------------------------------------------------------------
LOG SI= -LOG Ai ION-1 + -LOG Ai Ion-2 - (LOG Ksp of  mineral)
-log Ai of K      + Cl       +    - ( KSP) = LOG IAP 
   -4.16699        -2.40876
      X  1       X  1 
-4.166988    +    -2.408755  = -6.575743 
LOG IAP/ Ksp = -6.575743  - (-1.044152 )  = -5.531591  at  24 Deg.C
ION ACTIVITY PRODUCT (IAP) = -6.575743 
 
LOG IAP/ Ksp = -6.575743  - (-1.044152 )  = -5.531591  at  24 Deg.C
SI= -log(IAP/KT) = -6.575743              -1.044152     -5.531591 

 Saturation Index (-log) of K Cl =   -5.53159 at  24 Deg.C
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MINERAL SPECIES  = 9      K NO3
Sl.No. PRM No.: 2     16   MINERAL SPECIES  = 9      K NO3
Product DG(kJ/mol)  of mineral species K NO3 =-393.93 
Reactants      DG(kJ/MOL)    multiplied by Valency       Total 
K             -283.26  *  1        = -283.26 
NO3           -111.3  *  1         = -111.3 
PRODUCT =     -283.26  + -111.3 = -394.56  - ( -393.93  ) =  -.6300049 
RTG3, RTG2= RTG4   -394.56  -393.93       -.6300049 
 
LOG Ksp (equilibrium const.)=  -.6300049  / 5.708 = -.1103723 
( -LOG of Ai values of previous Table for respective ions)
------------------------------------------------------------------
ION      CONC.     ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)
------------------------------------------------------------------
K      3.00000   0.00008   0.00004  -0.05266   0.88581   0.00007  -4.16699
NO3    0.96000   0.00002   0.00001  -0.05357   0.88395   0.00001  -4.86285
------------------------------------------------------------------
LOG SI= -LOG Ai ION-1 + -LOG Ai Ion-2 - (LOG Ksp of  mineral)
 
-log Ai of K      + NO3      +    - ( KSP) = LOG IAP 
   -4.16699        -4.86285
      X  1       X  1 
-4.166988    +    -4.862851  = -9.029839 
LOG IAP/ Ksp = -9.029839  - (-.1103723 )  = -8.919466  at  24 Deg.C
ION ACTIVITY PRODUCT (IAP) = -9.029839 
LOG IAP/ Ksp = -9.029839  - (-.1103723 )  = -8.919466  at  24 Deg.C
SI= -log(IAP/KT) = -9.029839              -.1103723     -8.919466 

Saturation Index (-log) of K NO3 =   -8.91947 at  24 Deg.C

Sl.No. PRM No.: 2     17   MINERAL SPECIES  = 10      K2 CO3 
Product DG(kJ/mol)  of mineral species K2 CO3 =-1094.41 
Reactants      DG(kJ/MOL)    multiplied by Valency       Total 
K             -283.26  *  2        = -566.52 
CO3           -527.917  *  1       = -527.917 
 
PRODUCT =     -566.52  + -527.917 = -1094.437  - ( -1094.41  ) =  -2.697754E-02 
RTG3, RTG2= RTG4   -1094.437              -1094.41      -2.697754E-02 
 
LOG Ksp (equilibrium const.)=  -2.697754E-02  / 5.708 = -4.726268E-03 
( -LOG of Ai values of previous Table for respective ions)
------------------------------------------------------------------
ION      CONC.     ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)
------------------------------------------------------------------
K      3.00000   0.00008   0.00004  -0.05266   0.88581   0.00007  -4.16699
CO3    0.50000   0.00001   0.00002  -0.19786   0.63408   0.00001  -5.27616
------------------------------------------------------------------
LOG SI= -LOG Ai ION-1 + -LOG Ai Ion-2 - (LOG Ksp of  mineral)
 
-log Ai of K      + CO3      +    - ( KSP) = LOG IAP 
   -4.16699        -5.27616
      X  2       X  1 
-8.333976    +    -5.276158  = -13.61013 
LOG IAP/ Ksp = -13.61013  - (-4.726268E-03 )  = -13.60541  at  24 Deg.C
ION ACTIVITY PRODUCT (IAP) = -13.61013 
LOG IAP/ Ksp = -13.61013  - (-4.726268E-03 )  = -13.60541  at  24 Deg.C
SI= -log(IAP/KT) = -13.61013              -4.726268E-03               -13.60541

 
Saturation Index (-log) of K2 CO3 =  -13.60541 at  24 Deg.C
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 Sl.No. PRM No.: 2     18   MINERAL SPECIES  = 11      K HCO3
 

Product DG(kJ/mol)  of mineral species K HCO3 =-870 
Reactants      DG(kJ/MOL)    multiplied by Valency       Total 
K             -283.26  *  1        = -283.26 
HCO3          -586.875  *  1       = -586.875 
 
PRODUCT =     -283.26  + -586.875 = -870.135  - ( -870  ) =  -.1350098 
RTG3, RTG2= RTG4   -870.135               -870          -.1350098 
LOG Ksp (equilibrium const.)=  -.1350098  / 5.708 = -2.365273E-02 
( -LOG of Ai values of previous Table for respective ions)
------------------------------------------------------------------
ION      CONC.     ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)
------------------------------------------------------------------
K      3.00000   0.00008   0.00004  -0.05266   0.88581   0.00007  -4.16699
HCO3 317.00000   0.00520   0.00260  -0.04946   0.89235   0.00464  -2.33346
------------------------------------------------------------------
LOG SI= -LOG Ai ION-1 + -LOG Ai Ion-2 - (LOG Ksp of  mineral)
-log Ai of K      + HCO3     +    - ( KSP) = LOG IAP 
   -4.16699        -2.33346
      X  1       X  1 
-4.166988    +    -2.333456  = -6.500444 
LOG IAP/ Ksp = -6.500444  - (-2.365273E-02 )  = -6.476792  at  24 Deg.C
ION ACTIVITY PRODUCT (IAP) = -6.500444 
 
LOG IAP/ Ksp = -6.500444  - (-2.365273E-02 )  = -6.476792  at  24 Deg.C
SI= -log(IAP/KT) = -6.500444              -2.365273E-02               -6.476792

 
 Saturation Index (-log) of K HCO3 =   -6.47679 at  24 Deg.C 

 Sl.No. PRM No.: 2     19   MINERAL SPECIES  = 12      Mg CO3-Magnesite
Product DG(kJ/mol)  of mineral species Mg CO3-Magnesite =-1012.1 
Reactants      DG(kJ/MOL)    multiplied by Valency       Total 
Mg            -454.8  *  1         = -454.8 
CO3           -527.9  *  1         = -527.9 
PRODUCT =     -454.8  + -527.9 = -982.7  - ( -1012.1  ) =   29.39996 
RTG3, RTG2= RTG4   -982.7   -1012.1        29.39996 
LOG Ksp (equilibrium const.)=   29.39996  / 5.708 = -5.150659 
( -LOG of Ai values of previous Table for respective ions)
------------------------------------------------------------------
ION      CONC.     ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)
------------------------------------------------------------------
Mg    41.30000   0.00170   0.00340  -0.19723   0.63500   0.00108  -2.96656
CO3    0.50000   0.00001   0.00002  -0.19786   0.63408   0.00001  -5.27616
------------------------------------------------------------------
LOG SI= -LOG Ai ION-1 + -LOG Ai Ion-2 - (LOG Ksp of  mineral)
-log Ai of Mg     + CO3      +    - ( KSP) = LOG IAP 
   -2.96656        -5.27616
      X  1       X  1 
-2.966561    +    -5.276158  = -8.24272 
LOG IAP/ Ksp = -8.24272  - (-5.150659 )  = -3.092061  at  24 Deg.C
ION ACTIVITY PRODUCT (IAP) = -8.24272 
LOG IAP/ Ksp = -8.24272  - (-5.150659 )  = -3.092061  at  24 Deg.C
SI= -log(IAP/KT) = -8.24272               -5.150659     -3.092061

  
Saturation Index (-log) of Mg CO3-Magnesite =   -3.09206 at  24 Deg.C



. . . 32

 MINERAL SPECIES  = 13      Mg(NO3)2
Sl.No. PRM No.: 2     20   MINERAL SPECIES  = 13      Mg(NO3)2
 
Product DG(kJ/mol)  of mineral species Mg(NO3)2 =-589.52 
Reactants      DG(kJ/MOL)    multiplied by Valency       Total 
Mg            -454.8  *  1         = -454.8 
NO3           -111.3  *  2         = -222.6 
 PRODUCT =     -454.8  + -222.6 = -677.4  - ( -589.52  ) =  -87.88 
RTG3, RTG2= RTG4   -677.4   -589.52       -87.88 
LOG Ksp (equilibrium const.)=  -87.88  / 5.708 = -15.39594 
( -LOG of Ai values of previous Table for respective ions)
------------------------------------------------------------------
ION      CONC.     ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)
------------------------------------------------------------------
Mg    41.30000   0.00170   0.00340  -0.19723   0.63500   0.00108  -2.96656
NO3    0.96000   0.00002   0.00001  -0.05357   0.88395   0.00001  -4.86285
------------------------------------------------------------------
LOG SI= -LOG Ai ION-1 + -LOG Ai Ion-2 - (LOG Ksp of  mineral)
 
-log Ai of Mg     + NO3      +    - ( KSP) = LOG IAP 
   -2.96656        -4.86285
      X  1       X  2 
-2.966561    +    -9.725701  = -12.69226 
LOG IAP/ Ksp = -12.69226  - (-15.39594 )  =  2.703673  at  24 Deg.C
ION ACTIVITY PRODUCT (IAP) = -12.69226 
 
LOG IAP/ Ksp = -12.69226  - (-15.39594 )  =  2.703673  at  24 Deg.C
SI= -log(IAP/KT) = -12.69226              -15.39594      2.703673

 Saturation Index (-log) of Mg(NO3)2 =    2.70367 at  24 Deg.C
 ---------------------------------------------------------
Sl.No. PRM No.: 2     21   MINERAL SPECIES  = 14      Mg Cl2 

Product DG(kJ/mol)  of mineral species Mg Cl2 =-717.1 
Reactants      DG(kJ/MOL)    multiplied by Valency       Total 
Mg            -454.8  *  1         = -454.8 
Cl            -131.2  *  2         = -262.4 
 PRODUCT =     -454.8  + -262.4 = -717.2  - ( -717.1  ) =  -9.997559E-02 
RTG3, RTG2= RTG4   -717.2   -717.1        -9.997559E-02 
LOG Ksp (equilibrium const.)=  -9.997559E-02  / 5.708 = -1.751499E-02 
 
( -LOG of Ai values of previous Table for respective ions)
------------------------------------------------------------------
ION      CONC.     ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)
------------------------------------------------------------------
Mg    41.30000   0.00170   0.00340  -0.19723   0.63500   0.00108  -2.96656
Cl   156.00000   0.00440   0.00220  -0.05266   0.88581   0.00390  -2.40876
------------------------------------------------------------------
LOG SI= -LOG Ai ION-1 + -LOG Ai Ion-2 - (LOG Ksp of  mineral)
-log Ai of Mg     + Cl       +    - ( KSP) = LOG IAP 
   -2.96656        -2.40876
      X  1       X  2 
-2.966561    +    -4.817511  = -7.784072 
LOG IAP/ Ksp = -7.784072  - (-1.751499E-02 )  = -7.766557  at  24 Deg.C
ION ACTIVITY PRODUCT (IAP) = -7.784072 
 
LOG IAP/ Ksp = -7.784072  - (-1.751499E-02 )  = -7.766557  at  24 Deg.C
SI= -log(IAP/KT) = -7.784072              -1.751499E-02               -7.766557 

Saturation Index (-log) of Mg Cl2 =   -7.76656 at  24 Deg.C
 ---------------------------------------------------------
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 Sl.No. PRM No.: 2     22   MINERAL SPECIES  = 15      Mg HCO3
 

Product DG(kJ/mol)  of mineral species Mg HCO3 =-1048.347 
Reactants      DG(kJ/MOL)    multiplied by Valency       Total 
Mg            -454.8  *  1         = -454.8 
HCO3          -586.875  *  1       = -586.875 
PRODUCT =     -454.8  + -586.875 = -1041.675  - ( -1048.347  ) =   6.671997 
RTG3, RTG2= RTG4   -1041.675              -1048.347      6.671997 
LOG Ksp (equilibrium const.)=   6.671997  / 5.708 = -1.168885 
( -LOG of Ai values of previous Table for respective ions)
------------------------------------------------------------------
ION      CONC.     ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)
------------------------------------------------------------------
Mg    41.30000   0.00170   0.00340  -0.19723   0.63500   0.00108  -2.96656
HCO3 317.00000   0.00520   0.00260  -0.04946   0.89235   0.00464  -2.33346
------------------------------------------------------------------
LOG SI= -LOG Ai ION-1 + -LOG Ai Ion-2 - (LOG Ksp of  mineral)
-log Ai of Mg     + HCO3     +    - ( KSP) = LOG IAP 
   -2.96656        -2.33346
      X  1       X  1 
-2.966561    +    -2.333456  = -5.300017 
LOG IAP/ Ksp = -5.300017  - (-1.168885 )  = -4.131132  at  24 Deg.C
ION ACTIVITY PRODUCT (IAP) = -5.300017 
 
LOG IAP/ Ksp = -5.300017  - (-1.168885 )  = -4.131132  at  24 Deg.C
SI= -log(IAP/KT) = -5.300017              -1.168885     -4.131132

Saturation Index (-log) of Mg HCO3 =   -4.13113 at  24 Deg.C
 ---------------------------------------------------------
 Sl.No. PRM No.: 2     23   MINERAL SPECIES  = 16      Mg SO4

Product DG(kJ/mol)  of mineral species Mg SO4 =-1170.68 
Reactants      DG(kJ/MOL)    multiplied by Valency       Total 
Mg            -454.8  *  1         = -454.8 
SO4           -744.6265  *  1      = -744.6265 
PRODUCT =     -454.8  + -744.6265 = -1199.427  - ( -1170.68  ) =  -28.74646 
RTG3, RTG2= RTG4   -1199.427              -1170.68      -28.74646 
LOG Ksp (equilibrium const.)=  -28.74646  / 5.708 = -5.03617 
( -LOG of Ai values of previous Table for respective ions)
------------------------------------------------------------------
ION      CONC.     ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)
------------------------------------------------------------------
Mg    41.30000   0.00170   0.00340  -0.19723   0.63500   0.00108  -2.96656
SO4   19.40000   0.00020   0.00040  -0.20042   0.63035   0.00013  -3.89446
------------------------------------------------------------------
LOG SI= -LOG Ai ION-1 + -LOG Ai Ion-2 - (LOG Ksp of  mineral)
-log Ai of Mg     + SO4      +    - ( KSP) = LOG IAP 
   -2.96656        -3.89446
      X  1       X  1 
-2.966561    +    -3.894463  = -6.861024 
LOG IAP/ Ksp = -6.861024  - (-5.03617 )  = -1.824853  at  24 Deg.C
ION ACTIVITY PRODUCT (IAP) = -6.861024 
 
LOG IAP/ Ksp = -6.861024  - (-5.03617 )  = -1.824853  at  24 Deg.C
SI= -log(IAP/KT) = -6.861024              -5.03617      -1.824853 

Saturation Index (-log) of Mg SO4 =   -1.82485 at  24 Deg.C
 ---------------------------------------------------------
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 Sl.No. PRM No.: 2     24   MINERAL SPECIES  = 17      Na Cl
 
Product DG(kJ/mol)  of mineral species Na Cl =-384.04 
Reactants      DG(kJ/MOL)    multiplied by Valency       Total 
Na            -261.9  *  1         = -261.9 
Cl            -131.2  *  1         = -131.2 
PRODUCT =     -261.9  + -131.2 = -393.1  - ( -384.04  ) =  -9.059967 
RTG3, RTG2= RTG4   -393.1   -384.04       -9.059967 
 LOG Ksp (equilibrium const.)=  -9.059967  / 5.708 = -1.58724 
 ( -LOG of Ai values of previous Table for respective ions)
------------------------------------------------------------------
ION      CONC.     ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)
------------------------------------------------------------------
Na    55.80000   0.00243   0.00121  -0.05178   0.88761   0.00215  -2.66620
Cl   156.00000   0.00440   0.00220  -0.05266   0.88581   0.00390  -2.40876
------------------------------------------------------------------
LOG SI= -LOG Ai ION-1 + -LOG Ai Ion-2 - (LOG Ksp of  mineral)
-log Ai of Na     + Cl       +    - ( KSP) = LOG IAP 
   -2.66620        -2.40876
      X  1       X  1 
-2.666201    +    -2.408755  = -5.074956 
LOG IAP/ Ksp = -5.074956  - (-1.58724 )  = -3.487716  at  24 Deg.C
ION ACTIVITY PRODUCT (IAP) = -5.074956 
 LOG IAP/ Ksp = -5.074956  - (-1.58724 )  = -3.487716  at  24 Deg.C
SI= -log(IAP/KT) = -5.074956              -1.58724      -3.487716

  
Saturation Index (-log) of Na Cl =   -3.48772 at  24 Deg.C
 
---------------------------------------------------------
 Sl.No. PRM No.: 2     25   MINERAL SPECIES  = 18      Na HCO3
 
Product DG(kJ/mol)  of mineral species Na HCO3 =-851.86 
Reactants      DG(kJ/MOL)    multiplied by Valency       Total 
Na            -261.9  *  1         = -261.9 
HCO3          -586.8  *  1         = -586.8 
PRODUCT =     -261.9  + -586.8 = -848.7  - ( -851.86  ) =   3.160034 
RTG3, RTG2= RTG4   -848.7   -851.86        3.160034 
LOG Ksp (equilibrium const.)=   3.160034  / 5.708 = -.553615 
( -LOG of Ai values of previous Table for respective ions)
------------------------------------------------------------------
ION      CONC.     ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)
------------------------------------------------------------------
Na    55.80000   0.00243   0.00121  -0.05178   0.88761   0.00215  -2.66620
HCO3 317.00000   0.00520   0.00260  -0.04946   0.89235   0.00464  -2.33346
------------------------------------------------------------------
LOG SI= -LOG Ai ION-1 + -LOG Ai Ion-2 - (LOG Ksp of  mineral)
-log Ai of Na     + HCO3     +    - ( KSP) = LOG IAP 
   -2.66620        -2.33346
      X  1       X  1 
-2.666201    +    -2.333456  = -4.999657 
LOG IAP/ Ksp = -4.999657  - (-.553615 )  = -4.446042  at  24 Deg.C
ION ACTIVITY PRODUCT (IAP) = -4.999657 
 LOG IAP/ Ksp = -4.999657  - (-.553615 )  = -4.446042  at  24 Deg.C
SI= -log(IAP/KT) = -4.999657              -.553615      -4.446042 

Saturation Index (-log) of Na HCO3 =   -4.44604 at  24 Deg.C
 ---------------------------------------------------------
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 Sl.No. PRM No.: 2     26   MINERAL SPECIES  = 19      Na NO3
 
Product DG(kJ/mol)  of mineral species Na NO3 =-365.89 
Reactants      DG(kJ/MOL)    multiplied by Valency       Total 
Na            -261.9  *  1         = -261.9 
NO3           -111.3  *  1         = -111.3 
PRODUCT =     -261.9  + -111.3 = -373.2  - ( -365.89  ) =  -7.309998 
RTG3, RTG2= RTG4   -373.2   -365.89       -7.309998 
LOG Ksp (equilibrium const.)=  -7.309998  / 5.708 = -1.280658 
( -LOG of Ai values of previous Table for respective ions)
------------------------------------------------------------------
ION      CONC.     ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)
------------------------------------------------------------------
Na    55.80000   0.00243   0.00121  -0.05178   0.88761   0.00215  -2.66620
NO3    0.96000   0.00002   0.00001  -0.05357   0.88395   0.00001  -4.86285
------------------------------------------------------------------
LOG SI= -LOG Ai ION-1 + -LOG Ai Ion-2 - (LOG Ksp of  mineral)
 -log Ai of Na     + NO3      +    - ( KSP) = LOG IAP 
   -2.66620        -4.86285
      X  1       X  1 
-2.666201    +    -4.862851  = -7.529051 
LOG IAP/ Ksp = -7.529051  - (-1.280658 )  = -6.248393  at  24 Deg.C
ION ACTIVITY PRODUCT (IAP) = -7.529051 
 LOG IAP/ Ksp = -7.529051  - (-1.280658 )  = -6.248393  at  24 Deg.C
SI= -log(IAP/KT) = -7.529051              -1.280658     -6.248393

 
 Saturation Index (-log) of Na NO3 =   -6.24839 at  24 Deg.C
 --------------------------------------------------------
 Sl.No. PRM No.: 2     27   MINERAL SPECIES  = 20      Na2 CO3
 

Product DG(kJ/mol)  of mineral species Na2 CO3 =-1047.6 
Reactants      DG(kJ/MOL)    multiplied by Valency       Total 
Na            -261.9  *  2         = -523.8 
CO3           -527.9  *  1         = -527.9 
PRODUCT =     -523.8  + -527.9 = -1051.7  - ( -1047.6  ) =  -4.099976 
RTG3, RTG2= RTG4   -1051.7  -1047.6       -4.099976 
LOG Ksp (equilibrium const.)=  -4.099976  / 5.708 = -.7182859 
( -LOG of Ai values of previous Table for respective ions)
------------------------------------------------------------------
ION      CONC.     ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)
------------------------------------------------------------------
Na    55.80000   0.00243   0.00121  -0.05178   0.88761   0.00215  -2.66620
CO3    0.50000   0.00001   0.00002  -0.19786   0.63408   0.00001  -5.27616
------------------------------------------------------------------
LOG SI= -LOG Ai ION-1 + -LOG Ai Ion-2 - (LOG Ksp of  mineral)
-log Ai of Na     + CO3      +    - ( KSP) = LOG IAP 
   -2.66620        -5.27616
      X  2       X  1 
-5.332401    +    -5.276158  = -10.60856 
LOG IAP/ Ksp = -10.60856  - (-.7182859 )  = -9.890274  at  24 Deg.C
ION ACTIVITY PRODUCT (IAP) = -10.60856 
LOG IAP/ Ksp = -10.60856  - (-.7182859 )  = -9.890274  at  24 Deg.C
SI= -log(IAP/KT) = -10.60856              -.7182859     -9.890274 

Saturation Index (-log) of Na2 CO3 =   -9.89027 at  24 Deg.C
---------------------------------------------------------
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Sl.No. PRM No.: 2     28   MINERAL SPECIES  = 21      Na2 SO4
 

Product DG(kJ/mol)  of mineral species Na2 SO4 =-1266.4 
Reactants      DG(kJ/MOL)    multiplied by Valency       Total 
Na            -261.9  *  2         = -523.8 
SO4           -744.62  *  1        = -744.62 
PRODUCT =     -523.8  + -744.62 = -1268.42  - ( -1266.4  ) =  -2.019897 
RTG3, RTG2= RTG4   -1268.42               -1266.4       -2.019897 
LOG Ksp (equilibrium const.)=  -2.019897  / 5.708 = -.3538713 
( -LOG of Ai values of previous Table for respective ions)
------------------------------------------------------------------
ION      CONC.     ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)
------------------------------------------------------------------
Na    55.80000   0.00243   0.00121  -0.05178   0.88761   0.00215  -2.66620
SO4   19.40000   0.00020   0.00040  -0.20042   0.63035   0.00013  -3.89446
------------------------------------------------------------------
LOG SI= -LOG Ai ION-1 + -LOG Ai Ion-2 - (LOG Ksp of  mineral)
-log Ai of Na     + SO4      +    - ( KSP) = LOG IAP 
   -2.66620        -3.89446
      X  2       X  1 
-5.332401    +    -3.894463  = -9.226864 
LOG IAP/ Ksp = -9.226864  - (-.3538713 )  = -8.872993  at  24 Deg.C
ION ACTIVITY PRODUCT (IAP) = -9.226864 
LOG IAP/ Ksp = -9.226864  - (-.3538713 )  = -8.872993  at  24 Deg.C
SI= -log(IAP/KT) = -9.226864              -.3538713     -8.872993

Saturation Index (-log) of Na2 SO4 =   -8.87299 at  24 Deg.C
NOTE: Calculation of IAP/Ksp=Saturation Index . The signifi cances are:
  SI   >0 Mineral is supersaturated and can precipitate
  SI   =0 Mineral is in equilibrium with the solution
  SI   <0 Mineral is undersaturated and will dissolve, if present.
---------------------------------------------------------
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6.4  Role of Temperature on Solubility  
Computation of Saturation Index for two different Temperatures are carried out by this software. In 
addition to the actual water tempearture, SI calculations are done for 50 deg.C temperature of the 
water using Van’t Hoff Equation. The purpose  is  to determine the effect of Temperature on solubility 
of Mineral species.

CALCULATION OF IAP/Ksp=SATURATION INDEX:
  SI   >0 Mineral is supersaturated and can precipitate
  SI   =0 Mineral is in equilibrium with the solution
  SI   <0 Mineral is undersaturated and will dissolve, if present
---------------------------------------------------------
Ksp is Mineral Dissolution(solubility)  at Water Temp(T1) & 50  Deg. C  
temperatures(T2=50 Deg.C =  323  T in K) 
Computation of Ksp= solubility constants using Van’t Hoff Equation 
If Ksp 50 is higher means, it is more   soluble  at  higher  temperature
If Ksp 50 is lower  means, it is less   soluble  at  higher  temperature 

Ksp Mineral Dissolution at WTemp(T1) & 50  Deg. C  temperatures(T2) 
Computation of Ksp= solubility constants using Van’t Hoff Equation  
If Ksp 50 is higher means, it is more   soluble  at  higher  temperature
If Ksp 50 is lower  means, it is less   soluble  at  higher  temperature 
Ksp Mineral Dissolution at WTemp(T1) & 50  Deg. C  temperatures(T2)
WATER SAMPLE TEMPERATURE(T1)  IS= 297.15 K
---------------------------------------------------------
SPECIES     (ALL -LOG VALUES)    
---------------------------------------------------------
Sl.No. : 2    SPECIES  Ca Cl2

Ca            -542.832  *  1       = -542.832 
Cl            -167.15  *  2        = -334.3 
PRODUCT =     -542.832  + -334.3 = -877.132  - ( -877.13  ) =  -1.953125E-03 
RHG2=  -877.13 
RHG3=  -877.132 
NET RESULT RHG4 =  RHG2-RHG3  =   1.953125E-03 
DHT2 = RHG4 *1000 / 2.303 /  8.3143 /TK
DHT2 =  3.432691E-04 
Temperatures T1 & T2 are  297.15  K        323  K 
 DHT2, TQ1=1/T1 KELVIN,  TQ2 =1/T2 KELVIN 
 3.432691E-04                3.365304E-03                3.095975E-03 
LKT1 =   comes from previous section: 
LKT1=  -14.68888 
DHT2 * (TQ1 - TQ2) =  9.245222E-08 
LKT2 = LKT1 + DHT2 * (TQ1 - TQ2)   
   -14.6889   -14.6889     0.0003     0.0034     0.0031
LKT2( VARIABLE NAME SPRO2) = -14.68888 
 NSINDEX1 = RTG4 :  NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX1 =  6.971635 
NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX2 =  6.971635 
LLIAP, LKT2, NSINDEX1(NSINX11) , NSINDEX2(NSINX2)= 
-7.717243     -14.68888      6.971635      6.971635 
LLIAP, LKT2, NSINDEX1,NSINDEX2= 
-7.717243     -14.68888      6.971635      6.971635 
 SPECIES (ALL -LOG VALUES) Ca Cl2
    IAPT1        KSPT1       SIT1      IAP50      KSP50      SI50
  -7.717243 -14.688878   6.971635  -7.717243 -14.688878   6.971635
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Sl.No. : 2    SPECIES  Ca CO3-Aragonite
Ca            -542.832  *  1       = -542.832 
CO3           -677.14  *  1        = -677.14 
PRODUCT =     -542.832  + -677.14 = -1219.972  - ( -1207.13  ) =  -12.84192 
RHG2=  -1207.13 
RHG3=  -1219.972 
NET RESULT RHG4 =  RHG2-RHG3  =   12.84192 
DHT2 = RHG4 *1000 / 2.303 /  8.3143 /TK
DHT2 =  2.257016 
Temperatures T1 & T2 are  297.15  K        323  K 
DHT2, TQ1=1/T1 KELVIN,  TQ2 =1/T2 KELVIN 
 2.257016      3.365304E-03                3.095975E-03 
LKT1 =   comes from previous section: 
LKT1=  -8.118467 
DHT2 * (TQ1 - TQ2) =  6.078791E-04 
LKT2 = LKT1 + DHT2 * (TQ1 - TQ2)   
    -8.1179    -8.1185     2.2570     0.0034     0.0031
LKT2( VARIABLE NAME SPRO2) = -8.11786 
NSINDEX1 = RTG4 :  NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX1 = -5.742264E-02 
NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX2 = -5.803013E-02 
LLIAP, LKT2, NSINDEX1(NSINX11) , NSINDEX2(NSINX2)= 
-8.17589      -8.11786      -5.742264E-02               -5.803013E-02 
LLIAP, LKT2, NSINDEX1,NSINDEX2= 
-8.17589      -8.11786      -5.742264E-02               -5.803013E-02 
 Species (All -Log Values) Ca CO3-Aragonite
    IAPT1        KSPT1       SIT1      IAP50      KSP50      SI50
  -8.175890  -8.118467  -0.057423  -8.175890  -8.117860  -0.058030

Sl.No. : 2    SPECIES  Ca CO3-Calcite
Ca            -542.832  *  1       = -542.832 
CO3           -677.14  *  1        = -677.14 
PRODUCT =     -542.832  + -677.14 = -1219.972  - ( -1206.9  ) =  -13.0719 
RHG2=  -1206.9 
RHG3=  -1219.972 
NET RESULT RHG4 =  RHG2-RHG3  =   13.0719 
DHT2 = RHG4 *1000 / 2.303 /  8.3143 /TK
DHT2 =  2.297436 
Temperatures T1 & T2 are  297.15  K        323  K 
  DHT2, TQ1=1/T1 KELVIN,  TQ2 =1/T2 KELVIN 
 2.297436      3.365304E-03                3.095975E-03 
LKT1 =   comes from previous section: 
LKT1=  -8.294151 
DHT2 * (TQ1 - TQ2) =  6.187654E-04 
LKT2 = LKT1 + DHT2 * (TQ1 - TQ2)   
    -8.2935    -8.2942     2.2974     0.0034     0.0031
LKT2( VARIABLE NAME SPRO2) = -8.293532 
 NSINDEX1 = RTG4 :  NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX1 =  .1182613 
NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX2 =  .1176424 
LLIAP, LKT2, NSINDEX1(NSINX11) , NSINDEX2(NSINX2)= 
-8.17589      -8.293532      .1182613      .1176424 
LLIAP, LKT2, NSINDEX1,NSINDEX2= 
-8.17589      -8.293532      .1182613      .1176424 
Species (All -Log Values) Ca CO3-Calcite
    IAPT1        KSPT1       SIT1      IAP50      KSP50      SI50
  -8.175890  -8.294151   0.118261  -8.175890  -8.293532   0.117642
---------------------------------------------------------
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Sl.No. : 2    SPECIES  Ca(NO3)2
Ca            -542.832  *  1       = -542.832 
NO3           -206.85  *  2        = -413.7 
PRODUCT =     -542.832  + -413.7 = -956.532  - ( -938.39  ) =  -18.14197 
RHG2=  -938.39 
RHG3=  -956.532 
NET RESULT RHG4 =  RHG2-RHG3  =   18.14197 
DHT2 = RHG4 *1000 / 2.303 /  8.3143 /TK
DHT2 =  3.188519 
Temperatures T1 & T2 are  297.15  K        323  K 
DHT2, TQ1=1/T1 KELVIN,  TQ2 =1/T2 KELVIN 
 3.188519      3.365304E-03                3.095975E-03 
LKT1 =   comes from previous section: 
LKT1=  -5.770154 
DHT2 * (TQ1 - TQ2) =  8.587598E-04 
LKT2 = LKT1 + DHT2 * (TQ1 - TQ2)   
    -5.7693    -5.7702     3.1885     0.0034     0.0031
LKT2( VARIABLE NAME SPRO2) = -5.769295 
NSINDEX1 = RTG4 :  NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX1 = -6.855279 
NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX2 = -6.856138 
LLIAP, LKT2, NSINDEX1(NSINX11) , NSINDEX2(NSINX2)= 
-12.62543     -5.769295     -6.855279     -6.856138 
LLIAP, LKT2, NSINDEX1,NSINDEX2= 
-12.62543     -5.769295     -6.855279     -6.856138 
SPECIES (ALL -LOG VALUES) Ca(NO3)2
    IAPT1        KSPT1       SIT1      IAP50      KSP50      SI50
 -12.625433  -5.770154  -6.855279 -12.625433  -5.769295  -6.856138

Sl.No. : 2    SPECIES  Ca Mg (CO3)2 -Dolomite
Ca            -542.832  *  1       = -542.832 
Mg            -466.85  *  1        = -466.85 
CO3           -677.14  *  2        = -1354.28 
PRODUCT =     -542.832  + -466.85  + -1354.28 = -2363.962  - ( -2372.86  ) =   
8.898193 
RHG2=  -2372.86 
RHG3=  -2363.962 
NET RESULT RHG4 =  RHG2-RHG3  =  -8.898193 
DHT2 = RHG4 *1000 / 2.303 /  8.3143 /TK
DHT2 = -1.563891 
Temperatures T1 & T2 are  297.15  K        323  K 
DHT2, TQ1=1/T1 KELVIN,  TQ2 =1/T2 KELVIN 
-1.563891      3.365304E-03                3.095975E-03 
LKT1 =   comes from previous section: 
LKT1=  -17.40824 
DHT2 * (TQ1 - TQ2) = -4.212008E-04 
LKT2 = LKT1 + DHT2 * (TQ1 - TQ2)   
   -17.4087   -17.4082    -1.5639     0.0034     0.0031
LKT2( VARIABLE NAME SPRO2) = -17.40866 
 NSINDEX1 = RTG4 :  NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX1 =  .9896259 
NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX2 =  .9900475 
LLIAP, LKT2, NSINDEX1(NSINX11) , NSINDEX2(NSINX2)= 
-16.41861     -17.40866      .9896259      .9900475 
LLIAP, LKT2, NSINDEX1,NSINDEX2= 
-16.41861     -17.40866      .9896259      .9900475 
 SPECIES (ALL -LOG VALUES) Ca Mg (CO3)2 -Dolomite
    IAPT1        KSPT1       SIT1      IAP50      KSP50      SI50
 -16.418610 -17.408236   0.989626 -16.418610 -17.408657   0.990047
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Sl.No. : 2    SPECIES  Ca Mg3 (CO3)4-Huntite
Ca            -542.832  *  1       = -542.832 
Mg            -466.85  *  3        = -1400.55 
CO3           -677.14  *  4        = -2708.56 
PRODUCT =     -542.832  + -1400.55  + -2708.56 = -4651.942  - ( -4675  ) =   
23.05811 
RHG2=  -4675 
RHG3=  -4651.942 
NET RESULT RHG4 =  RHG2-RHG3  =  -23.05811 
DHT2 = RHG4 *1000 / 2.303 /  8.3143 /TK
DHT2 = -4.052549 
Temperatures T1 & T2 are  297.15  K        323  K 
 DHT2, TQ1=1/T1 KELVIN,  TQ2 =1/T2 KELVIN 
-4.052549      3.365304E-03                3.095975E-03 
LKT1 =   comes from previous section: 
LKT1=  -30.37703 
DHT2 * (TQ1 - TQ2) = -1.091468E-03 
LKT2 = LKT1 + DHT2 * (TQ1 - TQ2)   
   -30.3781   -30.3770    -4.0525     0.0034     0.0031
LKT2( VARIABLE NAME SPRO2) = -30.37812 
NSINDEX1 = RTG4 :  NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX1 = -2.527018 
NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX2 = -2.525927 
LLIAP, LKT2, NSINDEX1(NSINX11) , NSINDEX2(NSINX2)= 
-32.90405     -30.37812     -2.527018     -2.525927 
LLIAP, LKT2, NSINDEX1,NSINDEX2= 
-32.90405     -30.37812     -2.527018     -2.525927 
SPECIES (ALL -LOG VALUES) Ca Mg3 (CO3)4-Huntite
    IAPT1        KSPT1       SIT1      IAP50      KSP50      SI50
 -32.904049 -30.377031  -2.527018 -32.904049 -30.378122  -2.525927

Sl.No. : 2    SPECIES  Ca SO4-Anhydrite
Ca            -542.832  *  1       = -542.832 
SO4           -909.27  *  1        = -909.27 
PRODUCT =     -542.832  + -909.27 = -1452.102  - ( -1434.11  ) =  -17.99207 
RHG2=  -1434.11 
RHG3=  -1452.102 
NET RESULT RHG4 =  RHG2-RHG3  =   17.99207 
DHT2 = RHG4 *1000 / 2.303 /  8.3143 /TK
DHT2 =  3.162173 
Temperatures T1 & T2 are  297.15  K        323  K 
DHT2, TQ1=1/T1 KELVIN,  TQ2 =1/T2 KELVIN 
 3.162173      3.365304E-03                3.095975E-03 
LKT1 =   comes from previous section: 
LKT1=  -4.239676 
DHT2 * (TQ1 - TQ2) =  8.516641E-04 
LKT2 = LKT1 + DHT2 * (TQ1 - TQ2)   
    -4.2388    -4.2397     3.1622     0.0034     0.0031
LKT2( VARIABLE NAME SPRO2) = -4.238825 
 NSINDEX1 = RTG4 :  NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX1 = -2.554519 
NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX2 = -2.55537 
LLIAP, LKT2, NSINDEX1(NSINX11) , NSINDEX2(NSINX2)= 
-6.794195     -4.238825     -2.554519     -2.55537 
LLIAP, LKT2, NSINDEX1,NSINDEX2= 
-6.794195     -4.238825     -2.554519     -2.55537 
SPECIES (ALL -LOG VALUES) Ca SO4-Anhydrite
    IAPT1        KSPT1       SIT1      IAP50      KSP50      SI50
  -6.794195  -4.239676  -2.554519  -6.794195  -4.238825  -2.555370
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Sl.No. : 2    SPECIES  K Cl
K             -252.14  *  1        = -252.14 
Cl            -167.15  *  1        = -167.15 
PRODUCT =     -252.14  + -167.15 = -419.29  - ( -435.88  ) =   16.59003 
RHG2=  -435.88 
RHG3=  -419.29 
NET RESULT RHG4 =  RHG2-RHG3  =  -16.59003 
DHT2 = RHG4 *1000 / 2.303 /  8.3143 /TK
DHT2 = -2.91576 
Temperatures T1 & T2 are  297.15  K        323  K 
  DHT2, TQ1=1/T1 KELVIN,  TQ2 =1/T2 KELVIN 
-2.91576       3.365304E-03                3.095975E-03 
LKT1 =   comes from previous section: 
LKT1=  -1.044152 
DHT2 * (TQ1 - TQ2) = -7.852978E-04 
LKT2 = LKT1 + DHT2 * (TQ1 - TQ2)   
    -1.0449    -1.0442    -2.9158     0.0034     0.0031
LKT2( VARIABLE NAME SPRO2) = -1.044938 
 NSINDEX1 = RTG4 :  NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX1 = -5.531591 
NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX2 = -5.530806 
LLIAP, LKT2, NSINDEX1(NSINX11) , NSINDEX2(NSINX2)= 
-6.575743     -1.044938     -5.531591     -5.530806 
LLIAP, LKT2, NSINDEX1,NSINDEX2= 
-6.575743     -1.044938     -5.531591     -5.530806 
SPECIES (ALL -LOG VALUES) K Cl
    IAPT1        KSPT1       SIT1      IAP50      KSP50      SI50
  -6.575743  -1.044152  -5.531591  -6.575743  -1.044938  -5.530806

Sl.No. : 2    SPECIES  K NO3
K             -252.14  *  1        = -252.14 
NO3           -206.85  *  1        = -206.85 
PRODUCT =     -252.14  + -206.85 = -458.99  - ( -492.7  ) =   33.71002 
RHG2=  -492.7 
RHG3=  -458.99 
NET RESULT RHG4 =  RHG2-RHG3  =  -33.71002 
DHT2 = RHG4 *1000 / 2.303 /  8.3143 /TK
DHT2 = -5.924664 
Temperatures T1 & T2 are  297.15  K        323  K 
  DHT2, TQ1=1/T1 KELVIN,  TQ2 =1/T2 KELVIN 
-5.924664      3.365304E-03                3.095975E-03 
LKT1 =   comes from previous section: 
LKT1=  -.1103723 
DHT2 * (TQ1 - TQ2) = -1.595682E-03 
LKT2 = LKT1 + DHT2 * (TQ1 - TQ2)   
    -0.1120    -0.1104    -5.9247     0.0034     0.0031
LKT2( VARIABLE NAME SPRO2) = -.111968 
 NSINDEX1 = RTG4 :  NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX1 = -8.919466 
NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX2 = -8.917871 
LLIAP, LKT2, NSINDEX1(NSINX11) , NSINDEX2(NSINX2)= 
-9.029839     -.111968      -8.919466     -8.917871 
LLIAP, LKT2, NSINDEX1,NSINDEX2= 
-9.029839     -.111968      -8.919466     -8.917871 
SPECIES (ALL -LOG VALUES) K NO3
    IAPT1        KSPT1       SIT1      IAP50      KSP50      SI50
  -9.029839  -0.110372  -8.919466  -9.029839  -0.111968  -8.917871
---------------------------------------------------------
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Sl.No. : 2    SPECIES  K2 CO3
K             -252.14  *  2        = -504.28 
CO3           -677.14  *  1        = -677.14 
PRODUCT =     -504.28  + -677.14 = -1181.42  - ( -1150  ) =  -31.42004 
RHG2=  -1150 
RHG3=  -1181.42 
NET RESULT RHG4 =  RHG2-RHG3  =   31.42004 
DHT2 = RHG4 *1000 / 2.303 /  8.3143 /TK
DHT2 =  5.522191 
Temperatures T1 & T2 are  297.15  K        323  K 
  DHT2, TQ1=1/T1 KELVIN,  TQ2 =1/T2 KELVIN 
 5.522191      3.365304E-03                3.095975E-03 
LKT1 =   comes from previous section: 
LKT1=  -4.726268E-03 
DHT2 * (TQ1 - TQ2) =  1.487285E-03 
LKT2 = LKT1 + DHT2 * (TQ1 - TQ2)   
    -0.0032    -0.0047     5.5222     0.0034     0.0031
LKT2( VARIABLE NAME SPRO2) = -3.238984E-03 
NSINDEX1 = RTG4 :  NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX1 = -13.60541 
NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX2 = -13.6069 
LLIAP, LKT2, NSINDEX1(NSINX11) , NSINDEX2(NSINX2)= 
-13.61013     -3.238984E-03               -13.60541     -13.6069 
LLIAP, LKT2, NSINDEX1,NSINDEX2= 
-13.61013     -3.238984E-03               -13.60541     -13.6069 
 SPECIES (ALL -LOG VALUES) K2 CO3
    IAPT1        KSPT1       SIT1      IAP50      KSP50      SI50
 -13.610134  -0.004726 -13.605408 -13.610134  -0.003239 -13.606895
---------------------------------------------------------

Sl.No. : 2    SPECIES  K HCO3
K             -252.14  *  1        = -252.14 
HCO3          -691.99  *  1        = -691.99 
PRODUCT =     -252.14  + -691.99 = -944.13  - ( -954.33  ) =   10.20001 
RHG2=  -954.33 
RHG3=  -944.13 
NET RESULT RHG4 =  RHG2-RHG3  =  -10.20001 
DHT2 = RHG4 *1000 / 2.303 /  8.3143 /TK
DHT2 = -1.792691 
Temperatures T1 & T2 are  297.15  K        323  K 
  DHT2, TQ1=1/T1 KELVIN,  TQ2 =1/T2 KELVIN 
-1.792691      3.365304E-03                3.095975E-03 
LKT1 =   comes from previous section: 
LKT1=  -2.365273E-02 
DHT2 * (TQ1 - TQ2) = -4.828231E-04 
LKT2 = LKT1 + DHT2 * (TQ1 - TQ2)   
    -0.0241    -0.0237    -1.7927     0.0034     0.0031
LKT2( VARIABLE NAME SPRO2) = -2.413555E-02 
 NSINDEX1 = RTG4 :  NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX1 = -6.476792 
NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX2 = -6.476309 
LLIAP, LKT2, NSINDEX1(NSINX11) , NSINDEX2(NSINX2)= 
-6.500444     -2.413555E-02               -6.476792     -6.476309 
LLIAP, LKT2, NSINDEX1,NSINDEX2= 
-6.500444     -2.413555E-02               -6.476792     -6.476309 
SPECIES (ALL -LOG VALUES) K HCO3
    IAPT1        KSPT1       SIT1      IAP50      KSP50      SI50
  -6.500444  -0.023653  -6.476792  -6.500444  -0.024136  -6.476309
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Sl.No. : 2    SPECIES  Mg CO3-Magnesite
Mg            -466.85  *  1        = -466.85 
CO3           -677.14  *  1        = -677.14 
PRODUCT =     -466.85  + -677.14 = -1143.99  - ( -1095.79  ) =  -48.19995 
RHG2=  -1095.79 
RHG3=  -1143.99 
NET RESULT RHG4 =  RHG2-RHG3  =   48.19995 
DHT2 = RHG4 *1000 / 2.303 /  8.3143 /TK
DHT2 =  8.471323 
Temperatures T1 & T2 are  297.15  K        323  K 
DHT2, TQ1=1/T1 KELVIN,  TQ2 =1/T2 KELVIN 
 8.471323      3.365304E-03                3.095975E-03 
LKT1 =   comes from previous section: 
LKT1=  -5.150659 
DHT2 * (TQ1 - TQ2) =  2.281571E-03 
LKT2 = LKT1 + DHT2 * (TQ1 - TQ2)   
    -5.1484    -5.1507     8.4713     0.0034     0.0031
LKT2( VARIABLE NAME SPRO2) = -5.148377 
 NSINDEX1 = RTG4 :  NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX1 = -3.092061 
NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX2 = -3.094342 
LLIAP, LKT2, NSINDEX1(NSINX11) , NSINDEX2(NSINX2)= 
-8.24272      -5.148377     -3.092061     -3.094342 
LLIAP, LKT2, NSINDEX1,NSINDEX2= 
-8.24272      -5.148377     -3.092061     -3.094342 
SPECIES (ALL -LOG VALUES) Mg CO3-Magnesite
    IAPT1        KSPT1       SIT1      IAP50      KSP50      SI50
  -8.242720  -5.150659  -3.092061  -8.242720  -5.148377  -3.094342

Sl.No. : 2    SPECIES  Mg(NO3)2

Mg            -466.85  *  1        = -466.85 
NO3           -207.36  *  2        = -414.72 
PRODUCT =     -466.85  + -414.72 = -881.57  - ( -790.65  ) =  -90.91998 
RHG2=  -790.65 
RHG3=  -881.57 
NET RESULT RHG4 =  RHG2-RHG3  =   90.91998 
DHT2 = RHG4 *1000 / 2.303 /  8.3143 /TK
DHT2 =  15.97953 
Temperatures T1 & T2 are  297.15  K        323  K 
 DHT2, TQ1=1/T1 KELVIN,  TQ2 =1/T2 KELVIN 
 15.97953      3.365304E-03                3.095975E-03 
LKT1 =   comes from previous section: 
LKT1=  -15.39594 
DHT2 * (TQ1 - TQ2) =  4.303746E-03 
LKT2 = LKT1 + DHT2 * (TQ1 - TQ2)   
   -15.3916   -15.3959    15.9795     0.0034     0.0031
LKT2( VARIABLE NAME SPRO2) = -15.39163 
 NSINDEX1 = RTG4 :  NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX1 =  2.703673 
NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX2 =  2.699369 
LLIAP, LKT2, NSINDEX1(NSINX11) , NSINDEX2(NSINX2)= 
-12.69226     -15.39163      2.703673      2.699369 
LLIAP, LKT2, NSINDEX1,NSINDEX2= 
-12.69226     -15.39163      2.703673      2.699369 
SPECIES (ALL -LOG VALUES) Mg(NO3)2
    IAPT1        KSPT1       SIT1      IAP50      KSP50      SI50
 -12.692263 -15.395936   2.703673 -12.692263 -15.391632   2.699369
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Sl.No. : 2    SPECIES  Mg Cl2
Mg            -466.85  *  1        = -466.85 
Cl            -167.15  *  2        = -334.3 
PRODUCT =     -466.85  + -334.3 = -801.15  - ( -801.6  ) =   .4499512 
RHG2=  -801.6 
RHG3=  -801.15 
NET RESULT RHG4 =  RHG2-RHG3  =  -.4499512 
DHT2 = RHG4 *1000 / 2.303 /  8.3143 /TK
DHT2 = -7.908061E-02 
Temperatures T1 & T2 are  297.15  K        323  K 
  DHT2, TQ1=1/T1 KELVIN,  TQ2 =1/T2 KELVIN 
-7.908061E-02                3.365304E-03                3.095975E-03 
LKT1 =   comes from previous section: 
LKT1=  -1.751499E-02 
DHT2 * (TQ1 - TQ2) = -2.129868E-05 
LKT2 = LKT1 + DHT2 * (TQ1 - TQ2)   
    -0.0175    -0.0175    -0.0791     0.0034     0.0031
LKT2( VARIABLE NAME SPRO2) = -1.753629E-02 
NSINDEX1 = RTG4 :  NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX1 = -7.766557 
NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX2 = -7.766536 
LLIAP, LKT2, NSINDEX1(NSINX11) , NSINDEX2(NSINX2)= 
-7.784072     -1.753629E-02               -7.766557     -7.766536 
LLIAP, LKT2, NSINDEX1,NSINDEX2= 
-7.784072     -1.753629E-02               -7.766557     -7.766536 
SPECIES (ALL -LOG VALUES) Mg Cl2
    IAPT1        KSPT1       SIT1      IAP50      KSP50      SI50
  -7.784072  -0.017515  -7.766557  -7.784072  -0.017536  -7.766536

Sl.No. : 2    SPECIES  Mg HCO3
Mg            -466.85  *  1        = -466.85 
HCO3          -691.99  *  1        = -691.99 
PRODUCT =     -466.85  + -691.99 = -1158.84  - ( -1232  ) =   73.16003 
RHG2=  -1232 
RHG3=  -1158.84 
NET RESULT RHG4 =  RHG2-RHG3  =  -73.16003 
DHT2 = RHG4 *1000 / 2.303 /  8.3143 /TK
DHT2 = -12.85815 
Temperatures T1 & T2 are  297.15  K        323  K 
  DHT2, TQ1=1/T1 KELVIN,  TQ2 =1/T2 KELVIN 
-12.85815      3.365304E-03                3.095975E-03 
LKT1 =   comes from previous section: 
LKT1=  -1.168885 
DHT2 * (TQ1 - TQ2) = -3.463069E-03 
LKT2 = LKT1 + DHT2 * (TQ1 - TQ2)   
    -1.1723    -1.1689   -12.8582     0.0034     0.0031
LKT2( VARIABLE NAME SPRO2) = -1.172348 
NSINDEX1 = RTG4 :  NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX1 = -4.131132 
NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX2 = -4.127669 
LLIAP, LKT2, NSINDEX1(NSINX11) , NSINDEX2(NSINX2)= 
-5.300017     -1.172348     -4.131132     -4.127669 
LLIAP, LKT2, NSINDEX1,NSINDEX2= 
-5.300017     -1.172348     -4.131132     -4.127669 
 SPECIES (ALL -LOG VALUES) Mg HCO3
    IAPT1        KSPT1       SIT1      IAP50      KSP50      SI50
  -5.300017  -1.168885  -4.131132  -5.300017  -1.172348  -4.127669
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Sl.No. : 2    SPECIES  Mg SO4
Mg            -466.85  *  1        = -466.85 
SO4           -909.27  *  1        = -909.27 
PRODUCT =     -466.85  + -909.27 = -1376.12  - ( -1284.1  ) =  -92.02002 
RHG2=  -1284.1 
RHG3=  -1376.12 
NET RESULT RHG4 =  RHG2-RHG3  =   92.02002 
DHT2 = RHG4 *1000 / 2.303 /  8.3143 /TK
DHT2 =  16.17286 
Temperatures T1 & T2 are  297.15  K        323  K 
 
 DHT2, TQ1=1/T1 KELVIN,  TQ2 =1/T2 KELVIN 
 16.17286      3.365304E-03                3.095975E-03 
LKT1 =   comes from previous section: 
LKT1=  -5.03617 
DHT2 * (TQ1 - TQ2) =  4.355817E-03 
LKT2 = LKT1 + DHT2 * (TQ1 - TQ2)   
    -5.0318    -5.0362    16.1729     0.0034     0.0031
LKT2( VARIABLE NAME SPRO2) = -5.031815 
 
NSINDEX1 = RTG4 :  NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX1 = -1.824853 
NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX2 = -1.829209 
LLIAP, LKT2, NSINDEX1(NSINX11) , NSINDEX2(NSINX2)= 
-6.861024     -5.031815     -1.824853     -1.829209 
LLIAP, LKT2, NSINDEX1,NSINDEX2= 
-6.861024     -5.031815     -1.824853     -1.829209 
SPECIES (ALL -LOG VALUES) Mg SO4
    IAPT1        KSPT1       SIT1      IAP50      KSP50      SI50
  -6.861024  -5.036170  -1.824853  -6.861024  -5.031815  -1.829209

Sl.No. : 2    SPECIES  Na Cl
Na            -240.34  *  1        = -240.34 
Cl            -167.15  *  1        = -167.15 
PRODUCT =     -240.34  + -167.15 = -407.49  - ( -410.95  ) =   3.460022 
RHG2=  -410.95 
RHG3=  -407.49 
NET RESULT RHG4 =  RHG2-RHG3  =  -3.460022 
DHT2 = RHG4 *1000 / 2.303 /  8.3143 /TK
DHT2 = -.6081119 
Temperatures T1 & T2 are  297.15  K        323  K 
  DHT2, TQ1=1/T1 KELVIN,  TQ2 =1/T2 KELVIN 
-.6081119      3.365304E-03                3.095975E-03 
LKT1 =   comes from previous section: 
LKT1=  -1.58724 
DHT2 * (TQ1 - TQ2) = -1.63782E-04 
LKT2 = LKT1 + DHT2 * (TQ1 - TQ2)   
    -1.5874    -1.5872    -0.6081     0.0034     0.0031
LKT2( VARIABLE NAME SPRO2) = -1.587404 
 NSINDEX1 = RTG4 :  NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX1 = -3.487716 
NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX2 = -3.487552 
LLIAP, LKT2, NSINDEX1(NSINX11) , NSINDEX2(NSINX2)= 
-5.074956     -1.587404     -3.487716     -3.487552 
LLIAP, LKT2, NSINDEX1,NSINDEX2= 
-5.074956     -1.587404     -3.487716     -3.487552 
SPECIES (ALL -LOG VALUES) Na Cl
    IAPT1        KSPT1       SIT1      IAP50      KSP50      SI50
  -5.074956  -1.587240  -3.487716  -5.074956  -1.587404  -3.487552
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Sl.No. : 2    SPECIES  Na HCO3
Na            -240.34  *  1        = -240.34 
HCO3          -691.99  *  1        = -691.99 
PRODUCT =     -240.34  + -691.99 = -932.33  - ( -947.67  ) =   15.34003 
RHG2=  -947.67 
RHG3=  -932.33 
NET RESULT RHG4 =  RHG2-RHG3  =  -15.34003 
DHT2 = RHG4 *1000 / 2.303 /  8.3143 /TK
DHT2 = -2.696068 
Temperatures T1 & T2 are  297.15  K        323  K 
 
 DHT2, TQ1=1/T1 KELVIN,  TQ2 =1/T2 KELVIN 
-2.696068      3.365304E-03                3.095975E-03 
LKT1 =   comes from previous section: 
LKT1=  -.553615 
DHT2 * (TQ1 - TQ2) = -7.261284E-04 
LKT2 = LKT1 + DHT2 * (TQ1 - TQ2)   
    -0.5543    -0.5536    -2.6961     0.0034     0.0031
LKT2( VARIABLE NAME SPRO2) = -.5543411 
NSINDEX1 = RTG4 :  NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX1 = -4.446042 
NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX2 = -4.445315 
LLIAP, LKT2, NSINDEX1(NSINX11) , NSINDEX2(NSINX2)= 
-4.999657     -.5543411     -4.446042     -4.445315 
LLIAP, LKT2, NSINDEX1,NSINDEX2= 
-4.999657     -.5543411     -4.446042     -4.445315 
SPECIES (ALL -LOG VALUES) Na HCO3
    IAPT1        KSPT1       SIT1      IAP50      KSP50      SI50
  -4.999657  -0.553615  -4.446042  -4.999657  -0.554341  -4.445315

Sl.No. : 2    SPECIES  Na NO3
Na            -240.34  *  1        = -240.34 
NO3           -206.85  *  1        = -206.85 
PRODUCT =     -240.34  + -206.85 = -447.19  - ( -466.68  ) =   19.48999 
RHG2=  -466.68 
RHG3=  -447.19 
NET RESULT RHG4 =  RHG2-RHG3  =  -19.48999 
DHT2 = RHG4 *1000 / 2.303 /  8.3143 /TK
DHT2 = -3.425439 
Temperatures T1 & T2 are  297.15  K        323  K 
  DHT2, TQ1=1/T1 KELVIN,  TQ2 =1/T2 KELVIN 
-3.425439      3.365304E-03                3.095975E-03 
LKT1 =   comes from previous section: 
LKT1=  -1.280658 
DHT2 * (TQ1 - TQ2) = -9.225691E-04 
LKT2 = LKT1 + DHT2 * (TQ1 - TQ2)   
    -1.2816    -1.2807    -3.4254     0.0034     0.0031
LKT2( VARIABLE NAME SPRO2) = -1.281581 
 NSINDEX1 = RTG4 :  NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX1 = -6.248393 
NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX2 = -6.24747 
LLIAP, LKT2, NSINDEX1(NSINX11) , NSINDEX2(NSINX2)= 
-7.529051     -1.281581     -6.248393     -6.24747 
LLIAP, LKT2, NSINDEX1,NSINDEX2= 
-7.529051     -1.281581     -6.248393     -6.24747 
SPECIES (ALL -LOG VALUES) Na NO3
    IAPT1        KSPT1       SIT1      IAP50      KSP50      SI50
  -7.529051  -1.280658  -6.248393  -7.529051  -1.281581  -6.247470
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Sl.No. : 2    SPECIES  Na2 CO3
Na            -240.34  *  2        = -480.68 
CO3           -677.14  *  1        = -677.14 
PRODUCT =     -480.68  + -677.14 = -1157.82  - ( -1130.94  ) =  -26.88013 
RHG2=  -1130.94 
RHG3=  -1157.82 
NET RESULT RHG4 =  RHG2-RHG3  =   26.88013 
DHT2 = RHG4 *1000 / 2.303 /  8.3143 /TK
DHT2 =  4.724284 
Temperatures T1 & T2 are  297.15  K        323  K 
  DHT2, TQ1=1/T1 KELVIN,  TQ2 =1/T2 KELVIN 
 4.724284      3.365304E-03                3.095975E-03 
LKT1 =   comes from previous section: 
LKT1=  -.7182859 
DHT2 * (TQ1 - TQ2) =  1.272385E-03 
LKT2 = LKT1 + DHT2 * (TQ1 - TQ2)   
    -0.7170    -0.7183     4.7243     0.0034     0.0031
LKT2( VARIABLE NAME SPRO2) = -.7170135 
 NSINDEX1 = RTG4 :  NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX1 = -9.890274 
NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX2 = -9.891546 
LLIAP, LKT2, NSINDEX1(NSINX11) , NSINDEX2(NSINX2)= 
-10.60856     -.7170135     -9.890274     -9.891546 
LLIAP, LKT2, NSINDEX1,NSINDEX2= 
-10.60856     -.7170135     -9.890274     -9.891546 
SPECIES (ALL -LOG VALUES) Na2 CO3
    IAPT1        KSPT1       SIT1      IAP50      KSP50      SI50
 -10.608560  -0.718286  -9.890274 -10.608560  -0.717013  -9.891546

Sl.No. : 2    SPECIES  Na2 SO4
Na            -240.34  *  2        = -480.68 
SO4           -909.27  *  1        = -909.27 
PRODUCT =     -480.68  + -909.27 = -1389.95  - ( -1384.48  ) =  -5.469971 
RHG2=  -1384.48 
RHG3=  -1389.95 
NET RESULT RHG4 =  RHG2-RHG3  =   5.469971 
DHT2 = RHG4 *1000 / 2.303 /  8.3143 /TK
DHT2 =  .961368 
Temperatures T1 & T2 are  297.15  K        323  K 
  DHT2, TQ1=1/T1 KELVIN,  TQ2 =1/T2 KELVIN 
 .961368       3.365304E-03                3.095975E-03 
LKT1 =   comes from previous section: 
LKT1=  -.3538713 
DHT2 * (TQ1 - TQ2) =  2.58924E-04 
LKT2 = LKT1 + DHT2 * (TQ1 - TQ2)   
    -0.3536    -0.3539     0.9614     0.0034     0.0031
LKT2( VARIABLE NAME SPRO2) = -.3536124 
 NSINDEX1 = RTG4 :  NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX1 = -8.872993 
NSINDEX2 = LLIAP( ) - (LKT2)
NSINDEX2 = -8.873252 
LLIAP, LKT2, NSINDEX1(NSINX11) , NSINDEX2(NSINX2)= 
-9.226864     -.3536124     -8.872993     -8.873252 
LLIAP, LKT2, NSINDEX1,NSINDEX2= 
-9.226864     -.3536124     -8.872993     -8.873252 
SPECIES (ALL -LOG VALUES) Na2 SO4
    IAPT1        KSPT1       SIT1      IAP50      KSP50      SI50
  -9.226864  -0.353871  -8.872993  -9.226864  -0.353612  -8.873252

 



. . . 48

Table.  Impact of Temperature on solubility  of mineral species
(RESULTANT VALUES ARE IN LOG)
WATER SAMPLE TEMPERATURE(T1)  IS= 297.15 K
------------------------------------------------------------------
Species                        Ksp-T1    Ksp-50    NSINX1    NSINDEX2
------------------------------------------------------------------
 29 Ca Cl2                   -14.68888 -14.68888   6.97164   6.97164
 30 Ca CO3-Aragonite          -8.11847  -8.11786  -0.05742  -0.05803
 31 Ca CO3-Calcite            -8.29415  -8.29353   0.11826   0.11764
 32 Ca(NO3)2                  -5.77015  -5.76929  -6.85528  -6.85614
 33 Ca Mg (CO3)2 -Dolom      -17.40824 -17.40866   0.98963   0.99005
 34 Ca Mg3 (CO3)4-Huntite    -30.37703 -30.37812  -2.52702  -2.52593
 35 Ca SO4-Anhydrite          -4.23968  -4.23882  -2.55452  -2.55537
 36 K Cl                      -1.04415  -1.04494  -5.53159  -5.53081
 37 K NO3                     -0.11037  -0.11197  -8.91947  -8.91787
 38 K2 CO3                    -0.00473  -0.00324 -13.60541 -13.60690
 39 K HCO3                    -0.02365  -0.02414  -6.47679  -6.47631
 40 Mg CO3-Magnesite          -5.15066  -5.14838  -3.09206  -3.09434
 41 Mg(NO3)2                 -15.39594 -15.39163   2.70367   2.69937
 42 Mg Cl2                    -0.01751  -0.01754  -7.76656  -7.76654
 43 Mg HCO3                   -1.16889  -1.17235  -4.13113  -4.12767
 44 Mg SO4                    -5.03617  -5.03181  -1.82485  -1.82921
 45 Na Cl                     -1.58724  -1.58740  -3.48772  -3.48755
 46 Na HCO3                   -0.55361  -0.55434  -4.44604  -4.44532
 47 Na NO3                    -1.28066  -1.28158  -6.24839  -6.24747
 48 Na2 CO3                   -0.71829  -0.71701  -9.89027  -9.89155
 49 Na2 SO4                   -0.35387  -0.35361  -8.87299  -8.87325
 ---------------------------------------------------------------------

6.5  Water Quality Parameters set -A
The quality of water changes  due to over dosage of fertilizers, mixing of municipal or industrial  
effl uents or the rocks through which the groundwater travels. Rock-water interaction is one of the 
major mechanisms which controls the chemistry of groundwater in hardrock terrain, as observed by 
Balasubramanian (1986).

6.5.1  Corrosivity Ratio Calculation 
When groundwater is distributed through either iron  pipes or concrete pipes, the characteristics like 
corrosion  and encrustation are to be assessed in detail in order to  protect the water supply systems. 
Corrosion is basically an electrolytic process which severely attacks and corrodes away the metal 
surfaces. The rate at which corrosion  proceeds depends upon a variety of chemical equilibrium  
reactions as well as upon certain physical factors like the  temperature, pressure and velocity of fl ow.   
It has also been reported by Raman (1983),  that the absence of carbonate minerals increase the 
concentration of chloride and sulphate which in turn  increases the corrosion rate. Most of the corrosion 
problems are associated with salinity and encrustation problems are associated with alkalinity. The 
corrosivity ratio proposed  by Ryzner (1944) has been used by Badrinath et. al., (1984)  to evaluate 
the corrosive tendencies of Sabarmathi river  waters, Gujarat, India. Water having a ratio less than 1 
is safe and noncorrosive  (Rengarajan and Balasubranhanian, 1990).

CLPPM, SO4PPM,CO3PPM,HCO3PPM,TOP,BOT, CR
 156           19.4          .5            317           4.798533      6.35          
.7556745 
Sl.No. & PMR.No. = 2     50    Corrosivity Ratio =    0.75567
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6.5.2 Base Exchange Index Calculations 

EPM(3) + EPM(4) + EPM(2),EMP(7) - 1.0716 * EPM(7)=BEX  
 2.427163      7.672241E-02                3.398478      4.400192     -4.715246      
1.187118 
Sl.No. & PMR.No. = 2     51    Base Exchange Index  =  1.187118 
 

6.5.3  Residual Sodium Carbonate Calculation
The concentration of bicarbonate and carbonate ions in water  infl uences the suitability of water for 
irrigation purposes . One of the empirical approaches is based on the assumption that all Ca

2+ 
and 

Mg
2+ 

precipitate as carbonate mineral species. Considering this,   the concept of residual sodium 
carbonate (RSC) for the assessment of high carbonate waters, is evolved. The water with high RSC 
has a high pH and land irrigated with such water becomes infertile owing to deposition of sodium 
carbonate compounds. 
EPM(5)   +   EPM(6)   =   R1:  (EPM(1) + EPM(2))   =R2   
 5.195018      1.666445E-02                5.211682      3.992016      3.398478      
7.390493 
R1 -      R2    = RSC  :   (R2   -    R1)   *  50  =    NCH
 5.211682      7.390493     -2.178811      7.390493      5.211682      108.9406      
108.9406 
Sl.No. & PMR.No. = 2     52    Residual Sodium Carbonate (meq/l)   = -2.178811 

RSC V/s PH =-2.178811        7.8 
IF RSC> 2.5 there will be salt development, reduction of water/ airfl ow in soil and perme-
ability

6.5.4. Total Hardness 
The term “hardness” simply describes a characteristic of water that represents the total concentration 
of calcium and magnesium ions.   As the water fl ows, it erodes and dissolves the soil and rocks, picking 
up calcium and magnesium slats of the bicarbonates, carbonates, chlorides, hydroxides, nitrates, 
silicates and sulphates. These dissolved salts make the water “hard”.     Hardness is an important  
water-quality parameter  commonly used to characterize the suitability of water  for public-supply 
and domestic use. Hardness usually is characterized on the basis of the following four classes (Hem, 
1985,p. 158-159). 

----------------------------------------------------------------------
HARDNESS  (mg/L)      HARDNESS CLASS 
----------------------------------------------------------------------
0-60     Soft  
61-120    Moderately hard  
121-180    Hard  
more than 180   Very hard  
----------------------------------------------------------------------
The calcium hardness of water is a measurement of dissolved minerals in water, principally calcium 
and to a lesser extent magnesium. The term “hardness” originally referred to water’s ability to prevent 
soap from sudsing. Water that resisted sudsing became known as hard water, and water that promoted 
sudsing became known as soft water.  By far the two most common salts – and the ones normally 
present in the  highest concentrations – are calcium and magnesium.
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Hard water is unsuitable for both domestic and irrigation  use and it is a measure of the Ca2+ and 
Mg2+  content expressed in equivalent of calcium carbonate.  Hardness of water (temporary and 
permanent)  in water is mainly due to the precipitation of Ca2+  and Mg2+ salts like carbonates, 
sulphates and chlorides.  The total hardness (TH) in mg/L is determined  by the following formula 
(Todd, 1980): 
   TH (mg/L) = 2.497 Ca2+ + 4.115Mg2+

TOTH = CAEQ + MGEQ: CH = HCO3EQ
 200           170.156       370.156       259.94        259.94 
IF ALK(HCO3-CH)> TOTH(CA+MG), THEN ALL HARDNESS IS CARB.HARDNESS(MEANS NCH=0)
IF ALK(HCO3-CH)< TOTH(CA+MG), THEN ALK IS DUE TO  CARB.HARDNESS+NCH (MEANS NCH IS PRESENT 
)

TOTH(TOTAL HARDNESS=CA+MG)           =  370.156 
Alkalinity =Carbonate  Hardness  = CH        =  259.94 
TOTH, CAEQ, MGEQ, CH, HCO3EQ values below
 370.156       200           170.156       259.94        259.94 
Sl.No. & PMR.No. = 2     53    Total Hardness   (mg/l) =  370.156 
Sl.No. & PMR.No. = 2     53     Carbonate Hardness (mg/l) =  259.94 
PPM(1), CAH = PPM(1) * 2.5  for Calcium Hardness as CACO3  =  80     200 

6.5.5. Non-carbonate Hardness Calculation
PPM(5) ,  PPM(5) * 1.22 = TOTHCO3 
 317           386.74        386.74 
TOTHCO3 = PPM(5) * 1.22 for Total Alkalinity mg/l as CACO3    = 386.74 
Total H - Carb H = Non Carbonate  H 1      =  370.156    259.94        110.216 
Sl.No. & PMR.No. = 2     54    Non-carbonate Hardness(mg/L)   NCH, NCH1  =  108.9406               
110.216 

 6.5.6.  Permeability Index(Doneen) Calculation
The soil permeability is normally affected by long term use of irrigation water. Sodium, calcium, 
magnesium and bicarbonate content of the soil infl uence this more. Doneen evolved a criterion 
for assessing the suitability of water for irrigation based on the permeability index. It is called as 
Permeability Index(of Doneen).  Waters  are classifi ed into three classes as class I, Class II and Class 
III.  Class I and Class II waters are categorized as good for irrigation with 75% or more maximum 
permeability. Class III water are unsuitable with 25% of maximum permeability.   It is calculated 
using the following equation(using epm values):

 Permeability Index (PPI)= (Na +HCO3 )/(Ca + Mg + Na)* 100

EPM(3) + EPM(4)=CBC 2.427163               7.672241E-02                2.503886 
CBC + SQR(EPM(5))) / (R2 + CBC) * 100= PPI 
 2.503886      5.195018      2.279258      7.390493      2.503886      989.4379 
Sl.No. & PMR.No. = 2     55    Permeability Index (PPI)= (Na +HCO3 )/(Ca + Mg + Na)* 100= 
48.34203 
Good quality water and suitable for irrigation
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 6.5.7 Calculating the Pollution Index( POLIN )of Stuyfzand
(see input values are from table above)
POLIN = (1.33 * ABS(PH - 7) + LOG(10 * (SO4EPM + NO3EPM))) / 1.7
(1.33 * ABS(PH - 7) , SO4EPM,  NO3EPM, LOG(10 * (SO4EPM + NO3EPM), LOG(10 * (SO4EPM 
+ NO3EPM))  / 1.7
 1.064         .4039075      1.548265E-02                1.433631      .8433126 
Sl.No. & PMR.No. = 2     56    Pollution Index (Stuyfzand)    =  1.469195 

 6.5.8 Chloroalkaline Index by Two equations (Indices of Base Exchange ):
Groundwater changes its quality from the point of its entry into the aquifer  zone  to point of discharge. 
For a better understanding a thorough knowledge of its  chemical composition during its movement 
in the ground is essential. Schoeller  (1965 & 67) proposed two indices which throw light on this 
phenomena. There  are some substances in the ground which can absorb and exchange their Cations 
with the cations present in water. Clay minerals such as Kaolinite, illite,  exchange in low capacity 
because the ions are held at the edges. Whereas in the case of montmorillonite and vermiculite, 
substitution can take place within the  mesh and the exchange capacity is high.
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Chloroalkaline Index-1 & 2 
Formula  CLA1 = (EPM(7) - EPM(3)) / EPM(7)
 .448396       4.400192      2.427163      4.400192 
Formula  CLA2 = (EPM(7) - EPM(3)) / (EPM(9) + EPM(6) + EPM(5) + EPM(8))
 .3503824      4.400192      2.427163      .4039075      1.666445E-02                5.195018      1.548265E-02 
Sl.No. & PMR.No. = 2     57    Chloroalkaline Index-1   =    0.44840
Sl.No. & PMR.No. = 2     57    Chloroalkaline Index-2    =    0.35038

6.5.9    Sodium Adsorption Ratio (RICHARDS-1954)
SAR is an important water quality parameter for the determination of suitability of  water for irrigation 
purposes. It  is  also responsible for the sodium hazard.  The waters were classifi ed in relation to 
irrigation based in the ranges of SAR values.    Sodium adsorption ratio is a measure of the amount 
of sodium (Na) relative to calcium (Ca) and magnesium (Mg) in the water extract. It is the ratio of 
the Na   concentration divided by the square root of one-half of the Ca + Mg concentration.  Sodium 
Adsorption Ratio is calculated using the following formula:

Where the concentrations are in meq/L.
Sodium Adsorption Ratio = NAEPM / SQR((CAEPM + MGEPM) / 2)

NAEPM ,SQR((CAEPM + MGEPM) / 2,    SAR

 2.427163      1.922302      2.643253 

Sl.No. & PMR.No. = 2     58    Sodium Adsorption Ratio=    1.26263

 ===============================================================================

6.6   Water Quality Parameters set -B 
Classifi cation of hydrochemical facies, identifi cation of signifi cant environment of groundwater and 
the mechanisms controlling the groundwater chemistry are normally attempted in all groundwater 
resources evaluation projects and environmental quality assessments. Several Classifi cation schemes 
and criteria are available for this purpose and most of them require either a voluminous calculation or 
extensive graphical plotting work. By considering the concepts of earlier graphical representations of 
water quality data, especially the schemes like Piper, Handa  and Johnson, a simple diagram has been 
proposed in this work. This diagram considers and represents the water mixing facies representation 
from the diamond fi eld of piper, hardness class of Hand and the signifi cant environment of water 
quality given by Johnson.

6.6.1   Mechanisms controlling Water Chemistry
The Gibbs diagram is widely used to establish the relationship of water composition and aquifer  
lithological characteristics, including the mechanism controlling the water chemistry (Gibbs, 1970). 
Three distinct  zones, in this diagram,  such as precipitation dominance, evaporation   dominance and 
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rock–water interaction dominance areas are demarcated.    These  are  semi-logarithmic variation 
diagrams are drawn with values of  TDS against the ratios (Na++K+)/Na++K++Ca+2) and TDS 
against Cl-/(Cl- + HCO3-) for both cations and anions groups. These plots provide very good genetic 
information about the   origin  of surface and groundwater. The major natural mechanisms controlling 
surface and groundwater chemistry are detected as (i) atmospheric precipitation dominance, (ii) rock-
water interaction and  weathering dominance and  (iii) evaporation and fractional crystallization 
dominance.  High TDS goes to the fi rst category. Hence, the origin is initially fi xed as MECH$ = 
“Evaporation “.    Then, it is checked  moving down to fi nd out the next, using TDS as its criteria.  

P is ppm data.  Gibbs plot uses, two divider   lines  to separate mechanisms. They are straight lines 
having slopes and intercepts on a semi-logarithmic scale, with TDS on the  log scale- Y axis.

Sl.No. & PMR.No. = 2     59    GIBB’S  Mechanisms controlling Water Chemistry:Rock Interaction

6.6.2  Handa’s Classifi cation
Handa (1964 a, 1966) proposed a new scheme of classifi cation by modifying the Hill-Piper diagram. 
He has combined the trilinear plot of Piper and the USSL diagram (1954). It is suitable for identifying 
the groundwater hardness, salinity and sodium hazard simultaneously.    He has combined the trilinear 
plot  and the U.S Salinity Research Lab diagram with some modifi cations.   Instead of Sodium 
Adsorption Ratio (SAR), the sodium concentration is plotted against salinity. Hence, waters could 
be classifi ed  into Al, AZ A3 (Permanent hardness) or Bi, B2 and B3 (Temporary   hardness) classes 
(based on hardness and other ionic relations), Cl, C2, C3 C4 and C5 classes (based on salinity) and 
SI, S2 and S3 classes   (based on sodium hazard). 
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They are as follows:
A. Hardness   - Permanent (A1 , A2  and A3)
       - Temporary (B 1 , B2 and B3)
B. Salinity   - Cl, C2, C3, C4 and C5
C. Sodium Hazard  - S1  S 2 and S3

Sl.No., PMR.No.= 2     60    Handa’s Classifi cation :
SS1,SS3,PERNAK FOR S1,S3= 92.08449         84.86158      25.30611 
Sodium Hazard=S1
Hardness  =                             A1       Permanent
Salinity(from TSC) = 9.894393   C3 Moderate
Sodium % =     25.30611                 S1  Low
____________________________________________________________

6.6.3  Schoeller’s Water Type
Schoeller (op-cit.) pointed out the fi rst and foremost  waters are those in which
rCO3 > rSO4 ................. Type I
as the total concentration increase the above relation to
rSO4 > rCl .................. Type II
still at highest concentration, the water may change to
rCl > rSO4 > rCO3 .......Type III
and in the fi nal stages
rCl > rSO4 > rCO3 and      rNa > rMg > rCa.........Type IV
where r represents the epni concentration of ions.
Sl.No. & PMR.No. = 2     61    
                    Schoeller’s Water Type (r=epm)
 TYPE  III  Since   rCL > rSO4 > rCO3
____________________________________________________________
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6.6.4  Piper’s Hydrochemical Facies
The concept of hydrochemical facies has been attempted by many hydrochemists   including Morgan 
and Winner (1962), Back and Hanshaw et. al.,  (1965), Back (1966), Davies and Dewiest (1970) 
and Walton (1970). The term “Hydrochemical Facies” was used by Chebotarev (Op. cit.) to indicate 
concentration of dissolved solids. He has divided the salinity into low salinity  fades, transitional 
salinity facies and high salinity facies.  

Sl.No. & PMR.No. = 2     62    
                    Piper’s Hydrochemical Facies:
Cations  = Ca+Mg, Na+K                  Anions = HCO3+CO3, Cl+SO4
                    Signifi cant Environment of Water: 
Balasubramanian proposed a reconstructed Diamond fi eld of Piper, as shown below:
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Using this diagram, the signifi cant environment of water’s condition is determined. 
For this sample, the following is the result:
Static And Disco-Ordinated Regimes

6.6.5 Stuyfzand’s Classifi cation
Stuyfzand (1986. 89. 90) proposed a hydrochemical classifi cation system  with many advantages 
particularly for coastal area. This has been successfully used to interpret the hydrogeological zones 
of groundwater in Tuticorin coastal  aquifers by Balasubramanian et. al. (1991).  The determination 
of a water type implies the successive determination of main type, subtype and classes of a water 
sample. With 8 main types. 11 types, 27 subtypes (so far) and 3 classes, the  theoretical maximum 
number of water types amounts to 7128. But many water types do not exist in nature and only a few 
hundred have been identifi ed so far. The main type is determined by chloride content. This is further 
divided into types based on the alkalinity. Subtypes are decided on the basis of proportional share of 
main constituents with reference to the sum of cations and anions. Subtypes are further classifi ed into 
classes based on the sum of cations and the sum of anions.  

Stuyfzand’s classifi cation is  adopted  to determine the following parameters:  
i)   Salinity classes based on chloride
ii)  Alkalinity classes based on Ca Mg , HCO3, 003 and
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iii)Signifi cant environment
The classifi cation based on chloride concentration is as follows:
---------------------------------------------------------------------------
Main type    Code     Cl mg/L
Very oligohaline   C     <5
Oligohaline    g     5 - 30
Fresh     F     30 - 150
Fresh-brackish    f     150 - 300
Brackish    B     300 - 103

Brackish-salt    b     103 - 104

Salt     S     104 - 2x104

Hypersaline    H     > 2x104

------------------------------------------------------------
Sl.No. & PMR.No. = 2     63    
                    Stuyfzand’s Classifi cation:
 Water Type (Based on Cl) =                       f-Fresh-brackish
Sub-Type(Based on Alk) =                         Alk-Moderately Low
Water Type & Sub Type are : f-Fresh-brackish            Alk-Moderately Low
Sl.No. & PMR.No. = 2     64    Stuyfzand’s Classifi cation of Facies=Ca    HCO3
Sl.No. & PMR.No. = 2     64    Signifi cant Environment of Water : (+) Na+Mg Surplus Indicates 
Freshwater Intrusion-Anytime Anywhere 
----------------------------------------------------------------

6.6.6  U.S.  Salinity Laboratory Classifi cation of  waters:
A classifi cation system to evaluate the suitability  of water for irrigation use was developed by the 
U.S.  Salinity Laboratory Staff (1954). The classifi cation system is based on two characteristics, the 
salinity hazard  and sodium (alkali) hazard of the water. Salinity hazard is divided into four classes 
using the specifi c conductance of the water. The characteristics of the  salinity-hazard classes and 
specifi c-conductance  ranges are as follows:

-------------------------------------------------------------------------------------------------------------------------
Salinity-  Specifi c   conductance  Characteristics
hazard class  (μS/cm)1    
--------------------------------------------------------------------------------------------------------------------------
Low  0-250  Low-salinity water can be used  for irrigation on    
            most soil with  minimal likelihood that soil 
   salinity  will develop.
Medium  251-750   Medium-salinity water can be used for irrigation   
            if a moderate amount of drainage occurs.
High  751-2,250   High-salinity water is not suitable for use on soil    
   with restricted  drainage. Even with 
   adequate  drainage, special management for
       salinity control may be required.
Very high  More than 2,250  Very high-salinity water is not  suitable for 
   irrigation  under normal  conditions.
-------------------------------------------------------------------------------------------------------------------------- 
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The sodium hazard  is divided into four classes soil,  using the sodium-adsorption ratio (SAR). The 
SAR is a dimensionless ratio that is calculated to indicate the  tendency of sodium to replace calcium 
and magnesium in soils. The replacement of calcium and magnesium  with sodium can damage the 
soil structure and reduce  the permeability of the soil to water infi ltration  (Hem, 1985). However, 
the SAR should be used in conjunction with information about the soil characteristics and irrigation 
practices in the area being examined.  

SAR values can then be compared to characteristics of the four sodium-hazard classes as follows: 
----------------------------------------------------------------------------------------------------
SAR of water     -      Quality     Suitability
-----------------------------------------------------------------------------------------------------
<10               Low sodic   water-can be used for irrigation 
10.1 – 18.0        Medium sodic   water-present an appreciable sodium hazard + 
   high  cation-exchange capacity.
18.1 – 26.0        High sodic   water-may produce harmful levels of 
   exchangeable  sodium in most soil
> 26               Very high sodic water  unsatisfactory for irrigation purposes.
--------------------------------------------------------------------------------------------------
Sl.No. & PMR.No. = 1  65  
Richards (1954) classifi ed the concentration of  soluble salts  in irrigation water (salinity hazard) into 
four classes on the basis of electrical conductivity,  EC and SAR (sodium hazard).    The different 
classes   of salinity hazard include ,the following:

low,    C1    (EC < 250 μS/cm);  
medium,   C2    (EC 250–750 μS/cm);
high,    C3    (EC 750 -2250 μS/cm); and 
very high,   C4    (EC > 2250 μS/cm). 
------------------------------------------------------------------------------------------------------------
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Th e sodium hazard classes include: 
low,    S1    (SAR <  10); 
medium,   S2    (SAR 10 -18); 
high,    S3    (SAR 18–26);
and very high,   S4    (SAR > 26).
------------------------------------------------------------------------------------------------------------
Sl.No. & PMR.No. = 2     65    
                    USSL Classifi cation: 
EC=        1053.07                      SAR= 1.262633 
Salinity =C3  Sodium hazard = S1
--------------------------------------------------------------

6.6.7  Alkalinity
The alkalinity of a natural water is generally due to the presence of bicarbonates formed in reactions in 
the soils through which the water percolates. It is a measure of the capacity of the water to neutralise 
acids and it refl ects its so-called buffer capacity (its inherent resistance to pH change). A poorly-
buffered water will have a low or very low alkalinity and will be susceptible to pH reduction by, 
for example, “acid rain.” At times, however, river alkalinity values of up to 400 mg/l CaCO3 may 
be found; they are without signifi cance in the context of the quality of   the water( Parameters of 
Water Quality, Interpretation and Standards, Published by the Environmental Protection Agency, 
Ireland,2011). Alkalinity in natural waters may also be attributable to carbonates   and hydroxides. 
Alkalinity is involved in the consequential effects of eutrophication [over-enrichment] of   waters.

Alkalinity is  the  capacity of solutes in  an aqueous system to neutralize acid.  Alkalinity applies to 
the   acid neutralizing capacity of   solutes in a water sample,  reported in equivalents per liter (or milli 
equivalents or  micro equivalents).    Carbonate alkalinity represents the acid-neutralizing capacity  of 
carbonate solutes (HCO3 –+ 2mCO3 2–, where m is moles), reported either in equivalents per liter (or 
milliequivalents  or  micro-equivalents) or in milligrams per liter as a carbonate  species.   In many  
aqueous systems, alkalinity is controlled by carbonate chemistry  and most commonly is attributable 
to bicarbonate  (HCO–) and less frequently to carbonate (CO3 2–).

Sl.No. & PMR.No. = 2     66    Alkalinity = HCO3PPM +CO3PPM  / 50045, ALKA  = 
     317       .5            317 

6.6.8 Calcium Hardness
Calcium  ALK mol/L     =     0.0020
Sl.No. & PMR.No. = 2     67    Calcium Hardness( CALH ) = CAPPM * 50.045 / 20.04 =  199.7804 

6.6.9  Magnesium Hardness
Magnesium content of water is considered to be  one of the most important   criteria in determining 
the quality of water for irrigation. Ions of  calcium and magnesium maintain a state of equilibrium 
in most waters. More magnesium in water will adversely affect the crop yields as the soils become 
more alkaline.    Sources of Magnesium in the groundwater is mainly derived from the process of 
ion exchange of minerals in rocks and soils by water.  Magnesium Hardness is computed using the 
formula:

Sl.No. & PMR.No. = 2     68    Magnesium Hardness (MGH) = MGPPM * 50.045 / 12.15 = 170.1118 
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Total Hardness  
World Health Organization (2010)  provided the guidelines of hardness usage. Water hardness is the 
traditional measure of the capacity of water to react with soap. Hard water requires more soap to produce a 
lather. Hard water often  produces a noticeable deposit of precipitate.

Water containing calcium carbonate at concentrations below 60 mg/l is generally considered as soft; 60–120 
mg/l, moderately hard; 120–180 mg/l, hard; and more than 180 mg/l, very hard (McGowan, 2000).  Although 
hardness is caused by cations, it may also be discussed in terms of   carbonate  (temporary) and non-carbonate 
(permanent) hardness. Calcium  concentrations up to and exceeding 100 mg/l are common in natural 
sources of water, particularly groundwater. Magnesium is present in natural groundwater usually at  lower 
concentrations (from negligible to about 50 mg/l and rarely above 100 mg/l), so   calcium-based hardness 
usually predominates (National Research Council, 1977). 

Total Hardness  = 369.8922 

6.6.10 Permanent Hardness
Sl.No. & PMR.No. = 2     69    Permanent Hardness (TOTH)  = CALH + MGH  = 369.33 

6.7 Calcium Carbonate Saturation Indices   
Solubility of an Electrolyte(  SOLUBILITY OF CaCO3):

The solubility of an electrolyte, such as calcium carbonate, may be expressed by a solubility product. The 
solubility product is identical with the ionic product (if concentrations are expressed as moles per 
liter) when the solution is in equilibrium with the solid salt and, therefore, saturated. The value of 
the solubility product depends upon temperature, the concentration of other ions (salinity), and the 
hydrostatic pressure. If, under a given set of conditions, the ionic product is less than the solubility 
product, the solution is undersaturated; if the ionic product is greater the solution is supersaturated, 
and if suitable nuclei are present, precipitation will proceed until the ionic product equals the solubility 
product.     

Calcium carbonate is a mineral species  with the formula CaCO3. It is a common substance found 
in many rocks in the form of  the minerals calcite and aragonite (most notably as limestone, which 
is a type of sedimentary rock consisting mainly of calcite) and is the main component of pearls 
and the shells of marine organisms, snails, and eggs. The ion concentration product is affected by 
temperature, pressure, salinity, solution and precipitation of carbonates, and changes in the partial 
pressure of carbon dioxide.   The tendency of a water to cause calcium precipitation can be predicted 
although there is no proven practical method to evaluate how serious the problem will be, since it 
depends upon many factors. A fi rst approximation of the calcium precipitation can be made using the 
saturation index of Langelier which simply says that upon reaching the calcium saturation point in 
the presence of bicarbonate, lime (CaCO3) will precipitate from the solution. The saturation index is 
defi ned as the actual pH of the water (pHa) minus the theoretical pH (pHc) that the water could have 
if in equilibrium with CaCO3.

Saturation Index = pHa - pHc
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Positive values of the index (pHa > pHc) indicate a tendency for CaCO3 to precipitate from the water 
whereas negative values indicate that the water will dissolve CaCO3.  CaCO3  Saturation Index is 
calculated  using a good number of simple methods.  Seven such methods are used, in this software. The 
following are the details of these methods:

Calculating CaCO3  Saturation Index (Si) In 7 Methods

6.7.1 CaCO3 SI By Method-A    Caa-Cac/Caa 

CaCO3 Saturation Index  by  Equilibrium Calcium Method (Caa-Cac/Caa ))- Method-1 in Program

The Equation used for computing Cac- Calcium calculated  ( Cac) is as follows:
Cac = 10^2* F2 * 40.08 * 10 ^ 3 / (ML(5) * rH * rCA); in which variable TOP is for divident 
and BOT is used as a divisor).  ML(5) is analysed HCO3 in mmols/L.  RH and RCA are activities 
of HCO3 and Calcium ions. The Activities  of these two ions, originally termed as ,  rHCO3 and   
rCA , are  derived from the standard graph of  Hem(1961,1970) and Properties of Groundwater by 
Georg Mathess and John.C. Harvey, A Wiley-Interscience Publ., Newyork(1982), (Graph on Ionic 
Strength Versus Activity Coeffi cients of various ions).    The Author has converted the graphical 
curves into polynomial equations, in order to use them directly. The Coeffi cients of the polynomial     
and computational steps adopted are shown below with a sample data:

Sample Data:

Conc/

Ion 

      Ca       Mg       Na        K       HCO3      CO3       Cl       NO3    SO4

ppm  80.00    41.30    55.80     3.00   317.00     0.50   156.00     0.96    19.40
mol/l 0.00200    0.00170    0.00243    0.00008    0.00520    0.00001    0.00440    0.00002    0.00020    

Computational Steps Adopted:

Coef icients For rHCO3 For  rCa Computational Steps:
a 0.5399508   8.484292E-02 For a Water Sample’s Total Ionic Strength ( ISS )=    0.0138673 

 The  calculated  rHCO3 (RH)  and rCa (RCA)  values are:
rHCO3=   0 .8847254   ;      rCa=  0 .6168227 
HPLUS = 10 ^ (-PH)  =      1.584893E-08 
F2 = 10^2* HPLUS      ;  mol/L of HCO3 is ML(5) here:
F2, ML(5), Interpolated rHCO3, rCA are as follows: 
    0.000000(very Low)  ;   0.005195  ;  0.884725 ;   0.616823
Cac = (10^2* F2 * 40.08 * 10 ^ 3) / (ML(5) * RH * RCA) 
TOP,  BOT,  CAC  =     0.0635  ;     0.0028    ;  22.4064
Caa-  analysed ( ppm) , Cac-  Calculated in ppm are   =       
80.0000  ;    22.4064

b -.1243334 -8.354048E-02
c -7.752454E-03 2.505801E-02
d 2.367353E-03 7.745833E-03
e 4.477692E-04 1.172078E-03
f -3.728097E-05 -9.501622E-05
g -1.388233E-05 -4.951132E-05
h -8.311549E-07 -3.706292E-06

Using polynomial Coef icients to Compute rHCO3  and rCa

LOG INSTR(IONIC STRGTH)= -4.278207 
TERM 1 = .5399508  + 
TERM  2   -.1243334 *  SS ^  1 =  .5319241  =  1.071875 
TERM  3   -7.752454E-03 *  SS ^  2 = -.1418936  =  .9299812 
TERM  4    2.367353E-03 *  SS ^  3 = -.1853739  =  .7446074 
TERM  5    4.477692E-04 *  SS ^  4 =  .1500036  =  .8946109 
TERM  6   -3.728097E-05 *  SS ^  5 =  5.343137E-02  =  .9480423 
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TERM  7   -1.388233E-05 *  SS ^  6 = -8.512033E-02  =  .862922 
TERM  8   -8.311549E-07 *  SS ^  7 =  2.180292E-02  =  .8847249 
Y1 IS RHCO3 =  .8847249 
USING COEFFICIENTS TO COMPUTE rCa
TERM 1 = 8.484292E-02  + 
TERM  2   -8.354048E-02 *  SS ^  1 =  .3574035  =  .4422464 
TERM  3    2.505801E-02 *  SS ^  2 =  .4586382  =  .9008846 
TERM  4    7.745833E-03 *  SS ^  3 = -.6065319  =  .2943528 
TERM  5    1.172078E-03 *  SS ^  4 =  .3926484  =  .6870011 
TERM  6   -9.501622E-05 *  SS ^  5 =  .136178  =  .8231791 
TERM  7   -4.951132E-05 *  SS ^  6 = -.3035816  =  .5195975 
TERM  8   -3.706292E-06 *  SS ^  7 =  9.722376E-02  =  .6168212 
Y2 IS   RCA    =  .6168212 
HPLUS = 10 ^ (-PH)       =  1.584893E-08 
FC2 = 10^2* HPLUS
FC2,        ML(5),    Interpolated rHCO3,     rCA are
    0.000000    0.005195    0.884725    0.616821
Cac2 = 10^2* FC2 * 40.08 * 10 ^ 3 / (ML(5) * rH * rCA) 
TOP2,  BOT,  CAMOLE     =        0.0000       0.0028       0.0006
Computed Ca by this Method= 22.40644 
LKW = 14.9412 
LK1 = 6.634234 
LKCO2= 1.090627 
KCLPCO2 = -PH + LAI(5) - (LKCO2 + LK1)
PH, LAI-5,LKCO2,LK1=-7.8    -2.333456     -1.090627     -6.634234 
LPCO2=-17.85832 
LPKHCO3 = 10.34206 
LPKCACO3 = 8.325394 
LPKH2CO3 = 6.372123 
COEFFICIENTS USED FOR MCA1 ; PH IS USED HERE
TERM 1 =-26.56252  + 
TERM  2    5.58675 *  PH ^  1 =  43.57665  =  17.01413 
TERM  3    .3166104 *  PH ^  2 =  19.26258  =  36.27671 
TERM  4   -.118858 *  PH ^  3 = -56.40431  = -20.1276 
TERM  5    5.100613E-03 *  PH ^  4 =  18.87995  = -1.247646 
TERM  6    1.065116E-04 *  PH ^  5 =  3.075176  =  1.82753 
TERM  7    2.78242E-05 *  PH ^  6 =  6.266  =  8.09353 
TERM  8   -3.37917E-06 *  PH ^  7 = -5.935705  =  2.157824 
TERM  9    7.517909E-08 *  PH ^  8 =  1.03004  =  3.187864 
MCA 1     =  3.187864 
COEFFICIENTS USED FOR MCA 2 ; PH IS USED HERE
TERM 1 = 55.34957  + 
TERM  2   -14.20803 *  PH ^  1 = -110.8226  = -55.47306 
TERM  3   -.3565841 *  PH ^  2 = -21.69458  = -77.16764 
TERM  4    .2800498 *  PH ^  3 =  132.8982  =  55.73056 
TERM  5   -2.894523E-04 *  PH ^  4 = -1.071409  =  54.65915 
TERM  6   -2.783143E-03 *  PH ^  5 = -80.3542  = -25.69505 
TERM  7    1.325424E-04 *  PH ^  6 =  29.8485  =  4.153448 
TERM  8    0 *  PH ^  7 =  0  =  4.153448 
TERM  9    0 *  PH ^  8 =  0  =  4.153448 
MCA 2     =  4.153448 
Ca  IN CLOSED SYSTEM(COMPUTED ) =   59.890450
Sl.No. & PMR.No. = 2         70 
Ca CO3  S.I by Method A  CAIND   =       0.25136939
 Cac in Open System =    6.482970
Caa, CaC in Closed System  =       80.0000      59.8904
------------------------------------------------------------------
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 6.7.2 CaCO3 Saturation Index by Method -B
 DPH = PH - PHC 
The Equation used for computing CaCO3 Saturation Index (SI) is as  follows:
SI= pH-pHc, where     pHc  = A1 +  A2 + 1.9 .
Here in this formula, 
a)      A1=-LOG(ML(1)) / 2.303 
b)      A2 = -LOG(ML(5)) / 2.303 
c)      ML(5) is mol/L of HCO3 and 
d)      ML(1) is Ca in mol/L.
Example: 
Conc/
Ion 

      Ca       Mg       Na        K       
HCO3   

   CO3       Cl       NO3    SO4

ppm or 

mg/L 

80.00    41.30    55.80     3.00   317.00     0.50   156.00     0.96    19.40

mol/l 0.00200    0.00170    0.00243    0.00008    0.00520    0.00001    0.00440    0.00002    0.00020    

The steps adopted to compute the SI are are follows for the given values:
ML(1),          A1 = -LOG(ML(1)) / 2.303      are         =     0.0020   ;      2.6994
ML(5),          A2 = -LOG(ML(5)) / 2.303       are        =     5.195018E-03  ;      2.284001 
pH observed, pH calculated  & Difference in pH  are =     7.8000 ;    6.8834  ;     0.9166
CaCO3 Saturation Index by Method -2 =  0.9166 

PHC =A1 + A2 + 1.9 
Where A1=-LOG(ML(1)) / 2.303   &   A2 = -LOG(ML(5)) / 2.303

ML(1), -LOG(ML(1)) / 2.303    =              0.0020     2.6994
ML(1),      A1 = -LOG(ML(1)) / 2.303      =                0.0020   2.6994
DATA ML(5),      -LOG(ML(5)) / 2.303      = 5.195018E-03               2.284001 
A2 = -LOG(ML(5)) / 2.303       =               2.2840
PHC =A1 + A2 + 1.9
 2.699351 + 2.284001 + 1.9 =  6.883353 
DPH = PH - PHC
pH, pHC & DPH = PH - PHC =       7.8000   6.8834   0.9166
Sl.No. & PMR.No. = 2     71     CaCO3 SI by Method-B =   .9166474 
------------------------------------------------------------------

 6.7.3 CaCO3 Saturation Index by Method-C  
The Langelier Saturation Index formula, used in this method , is as follows:
npHs=pK2-pKs+ p[Ca++]+ p[HCO3-]+ 5*pfm1
Where 
Pfm1= A* [ (( SQR(Ionic Str,) /(1+ SQR(Ionic Str.))-0.3*Ionic Str.]
(In  short,  pfm1  = DBA * (Top1 / Bot1) - 0.3 * (ISS)----)
The following Tables 1 through 4, are to be used for computations are various steps in this method.
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Table - 1.  Parameter DBA used in Extended Debye-  Huckel Equation at  1atm.p(Adapted from 
Truessdell and Jones, 1974; Ball and Nordstorm, 1991)     

Temp. Deg.C DBA Term Coeffi cients 
0 0.4883 a 0.4883034
5 0.4921 b 6.915223E-04
10 0.4960 c 1.98649E-05
15 0.5000 d -1.859608E-06
20 0.5042 e 7.855822E-08
25 0.5085 f -7.053712E-10
30 0.5130 g -4.052089E-11
35 0.5175 h 1.143742E-12
40 0.5221 i -8.682397E-15
45 0.5271
50 0.5319 RMS ERROR=    0.0000218
Used in activity coeffi cients  calculation :
Act Coeft (log yi) = (-A * zi^2*sqr(Ionic strength))/( 1+ B * a0 * sqr( Ionic Strength))

TABLE   2.      Precalculated pKw for varying Temperature (used in Sat.Index calculations)
 Temperature in Deg. C pKw Term Coeffi cients 
5 14.73 a 14.93541
10 14.53 b -4.146114E-02
15 14.34 c 2.614025E-05
20 14.16 d 8.544962E-06
25 13.99 e -1.804608E-07
30 13.83 f 1.249242E-09
35 13.68  
40 13.53  
45 13.39  
50 13.26  
60 13.02 RMS ERROR=    0.0011810

TABLE   3.     pK2 - Equilibrium Constants as a function of Temperature.
Temp.Deg C pK2 Term Coeffi cients 
5 10.55 a 10.61774
10 10.49 b  -1.385433E-02
15 10.43 c  8.922697E-05
20 10.38 d   3.523618E-07
25 10.33 e  -3.204302E-09 
30 10.29
35 10.25  
40 10.22  
45 10.2  
50 10.17
60 10.14
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70 10.13
80 10.13
90 10.14 RMS ERROR=    0.0021044
Used in   pHs=pK2-pKs+ p[Ca++]+ p[HCO3-]+ 5*pfm 

(Alternative Curve Coefft.s:  10.61764 ,-1.373399E-02 , 6.934308E-05 , 1.471409E-06 ,-3.052589E-08 , 
2.98635E-10 ,-1.197794E-12 )

TABLE-4.  pKsc - Equilibrium Constants for varying  Temperatures(pKsc for Calcite  used in SI 
method-3). 

Temp. Deg. C pKsc
(c-for Calcite) 

Polynom.
Term

Coeft. Value

5 8.39 a 8.372766 
10 8.41 b 3.560092E-03 
15 8.43 c -1.663445E-05 
20 8.45 d 2.728973E-06 
25 8.48 e -5.043273E-08 
30 8.51 f 5.578551E-10 
35 8.54 g -3.457112E-12 
40 8.58 h 8.867898E-15 
45 8.62   
50 8.66   
60 8.76
70 8.87
80 8.99
90 9.12 RMS ERROR=    0.0013262
Used in   pHs= pK2  -pKsc + p[Ca++] + p[HCO3-]+ 5*pfm 

Sample Solution: 

HCO3 ppm 317
AKT = HCO3 ppm / 50000   0 .00634
ISS is ionic Strenth. 1.386734E-02              
DBA is Const. Derived from pre-calculated values shown in Table -1.  0.5076284
Top1 = SQR(ISS) .1177597
Bot1 = (1 + SQR(ISS)) 1.11776
pfm1 = DBA * (Top1 / Bot1) - 0.3 * (ISS) 0.0493
pKw = Constant derived from Table-2, for the temperature of the sample.   14.0236
pK2  = Constant derived from Table-3, for the temperature of the sample. 10.3404   
pH 7.8000     
P1 = 10 ^ (pfm1 - PH) 1.775497E-08
P2 = 10 ^ (PH + pfm1 - pKw) 6.694554E-07
P3 = 1 + 0.5 * 10 ^ (PH - pK2) 1.001441
P4 = P1 - P2 -6.517004E-07
[HCO3] = AKT + P4 / P3 6.339349E-03
HCO3N = -(LOG(HCO3)) / 2.303 2.197559
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Ca mg/L 80
CAMOL = CAPPM / 40000 0 .002
CAN = -(LOG(CAMOL)) / 2.303 2.698484
pKsc= is s Const derived from Table-4, for the given temperature of the 
sample(for Calcite).

8.473442

The fi nal equation is:  npHs = pK2 - pKsc + CAN + HCO3N + 5 * (pfm1) npHs=  7.0096
CaCO3 Saturation Index (NSI) by Method-3 =  “;    NSI = PH - npHs (7.8- 7.00964)= 0.7903605
IF NSI > 0  Water is supersaturated + Tends to precipitate scale of CaCO3 

IF NSI = 0  Water is in equilibrium(Saturated) with CaCO3 + No dissolution OR Precipitation 
IF NSI < 0  “Water is undersaturated + tends to dissolve solid CaCO3
What is new?
Since the table values given are only for certain levels of temperature, they can be used only for 
understanding. For samples having different temperatures, extrapolation is necessary. The original 
data were converted into polynominals and the coeffi cients used in the program are shown along 
with the respective table values.

SI=pH-pHs
 pHs = pK2 - pKsc + Ca + HCO3  + 5 * (pfm)

pfm = DBA * (T1 / B1) - 0.3 * (ISS)
COEFFICIENTS USED FOR DBA USING TEMP  24 
TERM 1 = .4883034  + 
TERM  2    6.915223E-04 *  TC ^  1 =  1.659654E-02  =  .5048999 
TERM  3    1.98649E-05 *  TC ^  2 =  1.144218E-02  =  .5163421 
TERM  4   -1.859608E-06 *  TC ^  3 = -2.570722E-02  =  .4906349 
TERM  5    7.855822E-08 *  TC ^  4 =  2.606373E-02  =  .5166986 
TERM  6   -7.053712E-10 *  TC ^  5 = -5.616606E-03  =  .511082 
TERM  7   -4.052089E-11 *  TC ^  6 = -7.743662E-03  =  .5033383 
TERM  8    1.143742E-12 *  TC ^  7 =  5.24574E-03  =  .5085841 
TERM  9   -8.682397E-15 *  TC ^  8 = -9.557176E-04  =  .5076284 
TERM  10    0 *  TC ^  9 =  0  =  .5076284 
DBA     =  .5076284 
ISS,    T1 = SQR(ISS)     =  .0138675      .1177604 
B1 = (1 + SQR(ISS))  =                  1.11776 
PFM1 = DBA * (T1 / B1) - 0.3 * (ISS)     =   4.932036E-02 
DBA, T1,  B1,   PFM1   =
       0.5076       0.1178       1.1178       0.0493
HCO3PPM,  AKT = HCO3PPM / 50000    =   317               .00634 
COEFFICIENTS USED FOR PKW ; TEMP IS USED HERE  24 
TERM 1 = 14.93541  + 
TERM  2   -4.146114E-02 *  TC ^  1 = -.9950674  =  13.94034 
TERM  3    2.614025E-05 *  TC ^  2 =  1.505678E-02  =  13.9554 
TERM  4    8.544962E-06 *  TC ^  3 =  .1181256  =  14.07352 
TERM  5   -1.804608E-07 *  TC ^  4 = -5.987256E-02  =  14.01365 
TERM  6    1.249242E-09 *  TC ^  5 =  9.947245E-03  =  14.0236 
TERM  7    0 *  TC ^  6 =  0  =  14.0236 
TERM  8    0 *  TC ^  7 =  0  =  14.0236 
TERM  9    0 *  TC ^  8 =  0  =  14.0236 
TERM  10    0 *  TC ^  9 =  0  =  14.0236 
PKW = 14.0236 
 
COEFFICIENTS USED FOR PK2; TEMP IS USED HERE   24 
TERM 1 = 10.61774  + 
TERM  2   -1.385433E-02 *  TC ^  1 = -.3325039  =  10.28524 
TERM  3    8.922697E-05 *  TC ^  2 =  5.139473E-02  =  10.33663 
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TERM  4    3.523618E-07 *  TC ^  3 =  4.871049E-03  =  10.3415 
TERM  5   -3.204302E-09 *  TC ^  4 = -1.06311E-03  =  10.34044 
TERM  6    0 *  TC ^  5 =  0  =  10.34044 
TERM  7    0 *  TC ^  6 =  0  =  10.34044 
TERM  8    0 *  TC ^  7 =  0  =  10.34044 
TERM  9    0 *  TC ^  8 =  0  =  10.34044 
TERM  10    0 *  TC ^  9 =  0  =  10.34044 
 PK2 = 10.34044 
AKT,    PKW,     PK2,    PH,      PFM1=
      0.0063     14.0236     10.3404      7.8000      0.0493
P1 = 10 ^ (PFM1 - PH)  =                          1.775498E-08 
P2 = 10 ^ (PH + PFM1 - PKW)  =  6.694557E-07 
P3 = 1 + 0.5 * 10 ^ (PH - PK2)    =               1.001441 
P4 = P1 - P2=-6.517008E-07 
HCO3 = AKT + P4 / P3     =     6.339349E-03 
AKT,   pKW, pK2 = .00634     14.0236       10.34044 
P1,      P2,      P3,       P4,        HCO3  =  
 1.775498E-08                6.694557E-07                1.001441     -6.517008E-07                
6.339349E-03 
HCO3N = -(LOG(HCO3)) / 2.303         =   2.197559 
CAMOL = CAPPM / 40000=
                     80      .002 
CAMOL, CAN = -(LOG(CAMOL)) / 2.303   =   .002            2.698484 
COEFFICIENTS USED FOR PKS CALCITE ; TEMP USED  24 
TERM 1 = 8.372766  + 
TERM  2    3.560092E-03 *  TC ^  1 =  8.544221E-02  =  8.458208 
TERM  3   -1.663445E-05 *  TC ^  2 = -9.581444E-03  =  8.448627 
TERM  4    2.728973E-06 *  TC ^  3 =  3.772532E-02  =  8.486352 
TERM  5   -5.043273E-08 *  TC ^  4 = -1.673237E-02  =  8.46962 
TERM  6    5.578551E-10 *  TC ^  5 =  4.441991E-03  =  8.474062 
TERM  7   -3.457112E-12 *  TC ^  6 = -6.606644E-04  =  8.473401 
TERM  8    8.867898E-15 *  TC ^  7 =  4.067236E-05  =  8.473442 
TERM  9    0 *  TC ^  8 =  0  =  8.473442 
TERM  10    0 *  TC ^  9 =  0  =  8.473442 
 PKSC = 8.473442 
NPHS = PK2 - PKSC + CAN + HCO3N + 5 * (PFM1)
pK2,   pKSC,  CaN,  HCO3N,  pfm1,   NpHs 
 10.34044      8.473442      2.698484      2.197559      4.932036E-02                
7.009641 
pH,NpHs, NSI = pH - NpHS= 7.8              7.009641      .7903595 
Sl.No. & PMR.No. = 2     72     CaCO3 SI by Method-C=   .7903595 
 
 Saturation Index NSI=PH-PHSN= .7903595 
Water is supersaturated + Tends to precipitate scale of CaCO3
----------------------------------------------------------------

6.7.4    CaCO3 SI by Method-D  Langelier SI Calculation
SI= pH-pHc ; pHc = (9.3 + A + B) - (C + D )
The LSI is probably the most widely used indicator of cooling water scale potential. It is purely an equilibrium 
index and deals only with the thermodynamic driving force for calcium carbonate scale formation and growth. 
It provides no indication of how much scale or calcium carbonate will actually precipitate to bring water to 
equilibrium.   It simply indicates the driving force for scale formation and growth in terms of pH as a master 
variable. In order to calculate the LSI, it is necessary to know the alkalinity (mg/l as CaCO3), the calcium 
hardness (mg/l Ca2+ as CaCO3), the total dissolved solids (mg/l TDS), the actual pH, and the temperature of 
the water (oC). If TDS is unknown, but conductivity is, one can estimate mg/L TDS using a conversion table 
such as the one presented here. LSI is defi ned as:
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LSI = pH - pHs
Where:

pH is the measured pH of water 
pHs is the pH at saturation in calcite or calcium carbonate and is defi ned as:

pHs = (9.3 + A + B) - (C + D)
Where:

A = (Log10 [TDS] - 1) / 10
B = -13.12 x Log10 (oC + 273) + 34.55
C = Log10 [Ca2+ as CaCO3] - 0.4
D = Log10 [alkalinity as CaCO3]

The following Sample data is used for this evaluation:

Ion  Conc. In mg/L Multiplication 
Factor

Ion as CaCO3

Ca     80.0000 2.5000 200.0000
Mg     41.3000 4.1200 170.1560
Na       55.8000 2.1800 121.6440
K          3.0000 1.2800 3.8400
HCO3   317.0000 0.8200 259.9400
CO3       0.5000 1.6700 0.8350
Cl           156.0000 1.4100 219.9600
NO3      0.9600 1.4100 20.1760
SO4       19.4000           1.0400 0.7776

Solution Steps adopted are as follows:
Ca in ppm 80
TDS in mg/L 673.960022
Ca   as CaCO3 (CAH) i.e.   Ca in ppm  * 2.5 200
HCO3ppm 317     
TOTHCO3 317
A5 = (LOG(TDS)/2.303 - 1) / 10 0.182812
LOG(TOTHCO3)      5.758902
TM(II) deg.C 24
TN = TM(GP, II) + 273 297  
LOG(TN)/2.303  2.473771
B5 = -13.12 * LOG(TN) / 2.303 + 34.55 2.094131
Ca ppm 40.3462         
LOG CAH/2.303 2.300616
C5  using  CAH  = LOG(CAH) / 2.303 - 0.4 1.900615
 D5 = LOG(TOTHCO3)/2.303             2.500609
pHs(pHsNEW) = (9.3 + A5 + B5) - (C5 + D5) 7.175719
pH  7.800000
Saturation Index(SDX)  = PH - PHCNEW =     .6051311 
SDX If   Positive Index Means Tendency to Create CaCO3 Scales.
SDX  If  Negative Index Means No Tendency to Create  Scales but Corrosive.
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PPM(1), Ca  as CaCO3    =                80              200 
HCO3PPM, Total Alkalinity as CACO3  =  
                     317     317 
TDS  =   673.964905
A5 = (LOG(TDS)/2.303 - 1) / 10   =      0.182813
TM(II), TN, LOG(TN)/2.303     =    
 24            297           2.472311 
B5 = -13.12 * (LOG(TN)/2.303 + 34.55 =        2.113280
E(1),CAH,EW1   40.34624      200           0 
CAEQ, LOG(CAEQ), LOG(CAEW)/2.303 ,LOG(CAEW)/2.303-0.40    =
 200           5.298317      2.300616      1.900615 
C5 IN CAH WAY, LOG CAH/2.303,LOG CAH/2.303-0.40 =        200           2.300616      
1.900615 
C5 CAEQ  WAY= 1.900615 
FORMULA C5 BY CAH WAY= LOG(CAH) / 2.303 - 0.4
C51=      1.900615
C52=      1.900615
TOTHCO3, LOG(TOTHCO3)   =     317          5.758902 
D5 = LOG(TOTHCO3)/2.303  =        2.500609
__________________________________________________________
Equation pHs(PHCNEW) = (9.3 + A5 + B5) - (C5 + D5)
A5,B5,C51,D5 , PHNEW1 ARE =
    0.182813    2.113280    1.900615    2.500609    7.194869
A5,B5,C52,D5 , PHNEW2 ARE =
    0.182813    2.113280    1.900615    2.500609    7.194869
PH, PHCNEW1  =       7.800000    7.194869
Sl.No. & PMR.No. = 2     73     CaCO3 SI by Method-D      =      .6051311 
Langelier SI    =        0.605131
Positive Index Means Tendency to Create CaCO3 Scales
Negative Index Means No Tendency to Create  Scales but Corrosive

6.7.5   Langelier SI with ref. to Increasing Temperature
In this method, the role of temperature is signifi cant. If the temperature of the water increases, the 
values of SDX will change. This method helps to simulate the SDX, for a range of temperatures and 
to know that at what levels of temperature, the water behaves differently. The following table shows 
the output of the section dealing with this simulation:
------------------------------------------------------------------
Langelier SI with ref. to Increasing Temperature
------------------------------------------------------------------------
TEMP.C           A         B         C          D      PHS        LSI
-----------------------------------------------------------------
   10.0000    0.1828    2.3884    1.9006    2.5006    7.4699    0.3301
   15.0000    0.1828    2.2886    1.9006    2.5006    7.3702    0.4298
   20.0000    0.1828    2.1905    1.9006    2.5006    7.2721    0.5279
   25.0000    0.1828    2.0941    1.9006    2.5006    7.1757    0.6243
   30.0000    0.1828    1.9993    1.9006    2.5006    7.0809    0.7191
   35.0000    0.1828    1.9061    1.9006    2.5006    6.9877    0.8123
   40.0000    0.1828    1.8144    1.9006    2.5006    6.8959    0.9041
   45.0000    0.1828    1.7241    1.9006    2.5006    6.8057    0.9943
   50.0000    0.1828    1.6352    1.9006    2.5006    6.7168    1.0832
   55.0000    0.1828    1.5477    1.9006    2.5006    6.6293    1.1707
   60.0000    0.1828    1.4615    1.9006    2.5006    6.5431    1.2569
   65.0000    0.1828    1.3766    1.9006    2.5006    6.4582    1.3418
   70.0000    0.1828    1.2929    1.9006    2.5006    6.3745    1.4255
   75.0000    0.1828    1.2105    1.9006    2.5006    6.2921    1.5079
   80.0000    0.1828    1.1292    1.9006    2.5006    6.2108    1.5892
   85.0000    0.1828    1.0491    1.9006    2.5006    6.1307    1.6693
   90.0000    0.1828    0.9701    1.9006    2.5006    6.0517    1.7483
   95.0000    0.1828    0.8921    1.9006    2.5006    5.9737    1.8263
  100.0000    0.1828    0.8153    1.9006    2.5006    5.8968    1.9032
------------------------------------------------------------------
Positive Index Means Tendency to Create CaCO3 Scales
Negative Index Means No Tendency to Create  Scales but Corrosive
 --------------------------------------------------------------------------------
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 6.7.6 CaCO3 Saturation Index by Method -E           
SI=pH-pHc;  pHc = (pK2 - pKs) + log pCa  + log pHCO3 + 5 * pfm

Saturation Index by the following  formula 
In this method, the formula pHc = (PK2 - PKS) + log NCAT + log PHCO3 + 5 * PFM has been used. 
The value of Constant AA is derived from the table.

AA       0.509698
MU is Ionic Strength. 0.013867    
SQR(MU)        0.117760
PFM = AA * ((SQR(MU) / (1 + SQR(MU)) - 0.3 * MU))   0.051670
5 * PFM   0.258349     
PKW  is derived from the table values computed using coef icients    14.023599
PK2  is derived from the table values computed using coef icients 10.340438

PKS for CALCITE  is derived from the table values computed using 
coef icients 

8.473442

PKS for ARAGONITE is derived from the table values computed using 
coef icients    

8.339557

PKS for VERTITE  is derived from the table values computed using 
coeffi cients    

7.912859

ALKTY = (HCO3PPM + CO3PPM) / 50000
ALKALINITY COMPONENT  is taken  as  BHCO3 in mol/L  ie.  ML(4)        0.000077
Calcium      80 ppm
MCAT = CAPPM / 40000           .002
NCAT = -LOG(MCAT) / 2.303         2.698484
HCO3PPM + CO3PPM / 50000 AS ALKTY  0.00635
ALKTY 0.0063500    
PH 7.8 
PFM 0.0516699  
PKW    13.9904404   
PK2  10.3314028
PHCO3 = ((ALKTY + 10 ^ (PFM - PH) - 10 ^ (PH - PFM - PKW))) / (1 + 0.5 
* 10 ^ (PH - PK2))
PHCO3 6.34012E-03
PHCO3= -LOG OF PHCO3 /2.303  2.197507
PHC = (PK2 - PKS) + log NCAT + log PHCO3 + 5 * PFM, PHC 7.020861

pH observed, pH calculated &  difference  7.800000 - 7.020861 
= 0.779139

CaCO3 Saturation Index by Method -5    =   0.779139
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COEFFICIENTS USED FOR COMPUTING AA USING TEMP  24 
TERM 1 = .4900683  + 
TERM  2    8.045787E-04 *  TC ^  1 =  1.930989E-02  =  .5093782 
TERM  3   -3.75469E-06 *  TC ^  2 = -2.162701E-03  =  .5072155 
TERM  4    2.423452E-07 *  TC ^  3 =  3.35018E-03  =  .5105657 
TERM  5   -2.912302E-09 *  TC ^  4 = -9.662319E-04  =  .5095994 
TERM  6    1.242426E-11 *  TC ^  5 =  9.892971E-05  =  .5096984 
TERM  7    0 *  TC ^  6 =  0  =  .5096984 
TERM  8    0 *  TC ^  7 =  0  =  .5096984 
TERM  9    0 *  TC ^  8 =  0  =  .5096984 
TERM  10    0 *  TC ^  9 =  0  =  .5096984 
AA     =        0.509698
MU,  SQR(MU)  =      0.013868    0.117760
  
PFM = AA * ((SQR(MU) / (1 + SQR(MU)) - 0.3 * MU))= 
   0.051578
  
COEFFICIENTS USED FOR COMPUTING PKW USING TEMP  24 
TERM 1 = 14.93541  + 
TERM  2   -4.146114E-02 *  TC ^  1 = -.9950674  =  13.94034 
TERM  3    2.614025E-05 *  TC ^  2 =  1.505678E-02  =  13.9554 
TERM  4    8.544962E-06 *  TC ^  3 =  .1181256  =  14.07352 
TERM  5   -1.804608E-07 *  TC ^  4 = -5.987256E-02  =  14.01365 
TERM  6    1.249242E-09 *  TC ^  5 =  9.947245E-03  =  14.0236 
TERM  7    0 *  TC ^  6 =  0  =  14.0236 
TERM  8    0 *  TC ^  7 =  0  =  14.0236 
TERM  9    0 *  TC ^  8 =  0  =  14.0236 
TERM  10    0 *  TC ^  9 =  0  =  14.0236 
pKw     =      14.023599
COEFFICIENTS USED FOR PK2; TEMP IS USED HERE   24 
TERM 1 = 10.61774  + 
TERM  2   -1.385433E-02 *  TC ^  1 = -.3325039  =  10.28524 
TERM  3    8.922697E-05 *  TC ^  2 =  5.139473E-02  =  10.33663 
TERM  4    3.523618E-07 *  TC ^  3 =  4.871049E-03  =  10.3415 
TERM  5   -3.204302E-09 *  TC ^  4 = -1.06311E-03  =  10.34044 
TERM  6    0 *  TC ^  5 =  0  =  10.34044 
TERM  7    0 *  TC ^  6 =  0  =  10.34044 
TERM  8    0 *  TC ^  7 =  0  =  10.34044 
TERM  9    0 *  TC ^  8 =  0  =  10.34044 
TERM  10    0 *  TC ^  9 =  0  =  10.34044 
 PK2 = 10.34044 
  
pK2     =      10.340438
COEFFICIENTS FOR pKs-CALCITE USING TEMP  24 
TERM 1 = 8.372766  + 
TERM  2    3.560092E-03 *  TC ^  1 =  8.544221E-02  =  8.458208 
TERM  3   -1.663445E-05 *  TC ^  2 = -9.581444E-03  =  8.448627 
TERM  4    2.728973E-06 *  TC ^  3 =  3.772532E-02  =  8.486352 
TERM  5   -5.043273E-08 *  TC ^  4 = -1.673237E-02  =  8.46962 
TERM  6    5.578551E-10 *  TC ^  5 =  4.441991E-03  =  8.474062 
TERM  7   -3.457112E-12 *  TC ^  6 = -6.606644E-04  =  8.473401 
TERM  8    8.867898E-15 *  TC ^  7 =  4.067236E-05  =  8.473442 
TERM  9    0 *  TC ^  8 =  0  =  8.473442 
TERM  10    0 *  TC ^  9 =  0  =  8.473442 
pKs CALCITE      =   8.473442
  
COEFFICIENTS FOR pKs-ARAGONITE USING TEMP  24 
TERM 1 = 8.221589  + 
TERM  2    3.123502E-03 *  TC ^  1 =  7.496405E-02  =  8.296554 
TERM  3    6.380791E-05 *  TC ^  2 =  3.675336E-02  =  8.333307 
TERM  4    0 *  TC ^  3 =  0  =  8.333307 
TERM  5    0 *  TC ^  4 =  0  =  8.333307 
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TERM  6    0 *  TC ^  5 =  0  =  8.333307 
TERM  7    0 *  TC ^  6 =  0  =  8.333307 
TERM  8    0 *  TC ^  7 =  0  =  8.333307 
TERM  9    0 *  TC ^  8 =  0  =  8.333307 
TERM  10    0 *  TC ^  9 =  0  =  8.333307 
pKs ARAGONITE =   8.333307
  
COEFFICIENTS FOR pKs-VERTITE USING TEMP  24 
TERM 1 = 7.741511  + 
TERM  2    5.391156E-03 *  TC ^  1 =  .1293877  =  7.870899 
TERM  3    5.85111E-05 *  TC ^  2 =  .0337024  =  7.904601 
TERM  4    0 *  TC ^  3 =  0  =  7.904601 
TERM  5    0 *  TC ^  4 =  0  =  7.904601 
TERM  6    0 *  TC ^  5 =  0  =  7.904601 
TERM  7    0 *  TC ^  6 =  0  =  7.904601 
TERM  8    0 *  TC ^  7 =  0  =  7.904601 
TERM  9    0 *  TC ^  8 =  0  =  7.904601 
TERM  10    0 *  TC ^  9 =  0  =  7.904601 
pKs VERTITE   =   7.904601

Alkalinity Component 
BHCO3 IS ML(4) AS IT IS =                            0.000077
BC =   E(1)    =      80 
HCO3PPM + CO3PPM / 50000 AS ALKTY    =      .00635 
PHCO3 = ((ALKTY + 10 ^ (PFM - PH) - 10 ^ (PH - PFM - PKW))) / (1 + 0.5 * 10 ^ (PH - PK2))
ALKTY, pH, pfm, pKw, pK2 = .00635          7.8           5.157821E-02                
14.0236       10.34044 
PHCO3= 6.340353E-03 
PHCO3= -LOG OF PHCO3 /2.303  =      2.19749 
PHCO3, -LOG(PHCO3)/2.303     =      6.340353E-03         2.19749 
____________________________________________________________
 
Calcium Hardness Component 
CAPPM,  MCAT = CAPPM / 40000     =      80               .002 
NCAT = -LOG(MCAT) / 2.303        =      2.698484 
MCAT, NCAT           =       .002          2.698484 
PCAT = NCAT: BC = PCAT
Compute pHs  
 
Analytical Solution For pHs
Solution equation used is pHs= pK2-pKS+ NCat + pHCO3 + 5*pfm 

pKs  = 8.473442 
PHCO3 = 2.19749 
Computing pHc 
pHc = (pK2 - pKs) + log NCAT + log PHCO3 + 5 * PFM, pHc
pK2 , pKs, log NCAT , log PHCO3  
   10.340438    8.473442    2.698484    2.197490
5 * PFM, pHc
                                                     0.257891    7.020861
  
pH observed, pH calculated &  difference =
    7.800000    7.020861    0.779139
Sl.No. & PMR.No. = 2     74      CaCO3 SI by Method -E    =     .779139 
Saturation Index by Method 5 (SATIN) = PH - PHC=    0.779139
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6.7.7 CaCO3 Saturation Index  by Method-F  STIFF DAVIS
Stiff & Davis Stability Index (S&DSI)  

The Stiff-Davis index attempts to overcome the shortcomings of the Langelier Index with respect to high total 
dissolved solids’ waters and the impact of “common ion” effects on the driving force for scale formation. 
Like the Langelier Saturation Index, the Stiff-Davis index has its basis in the concept of saturation level. 
The solubility product used to predict the pH of saturation (pHs) for a water is empirically modifi ed in the 
Stiff-Davis index. Stiff-Davis indices will predict that a water is less scale forming than the LSI calculated 
for the same water chemistry and conditions. The deviation between the indices increases with ionic strength. 
Interpretation of the index is by the same scale as for the Langelier Saturation index.   (Stiff, Jr., H.A., Davis, 
L.E., A Method For Predicting The Tendency of Oil Field Water to Deposit Calcium Carbonate, Pet. Trans. 
AIME 195;213 (1952)).   For high-salinity brackish waters with TDS > 10,000 mg/L in the concentrate 
stream and for seawaters, the Stiff & Davis Stability Index (S&DSI) is used to express the scaling 
potential for calcium carbonate.

SI= pH-K-pCA-pALK. 
SI=Postive Means Scale Forming, Negative Means Corrosive
This method uses  the following calcium carbonate saturation index formula :
SI= pH-K-pCA-pALK. 
It is  restructured  as     PHC =    A1 +     A2 +     1.9
The steps are as follows:
ISS= ionic strength 1.386734E-02
ML(1) -Ca in mol/L 0.0020     
A1 = -LOG(ML(1)) / 2.303  (pCal)=           2.6994
ML(5) - HCO3 in mol/L 5.195018E-03          
A2 = -LOG(ML(5)) / 2.303  ( pALK)     2.2840
ISS, 1.386734E-02      
Temp. C  = 25
KNEW=  3.29 + 0.025 * ISS + (-.025 * TC) 2.690347
 pH  7.8     
SD LSI pH - A1 - A2 - KNEW    
PHC =     A1 +     A2 +     1.9 7.0209
STIFF DAVIS  LSI  .1263008

Positive Means Scale Forming,   Negative Means Corrosive.
ML(1), -LOG(ML(1)) / 2.303=     0.0020     2.6994
ML(1), A1 = -LOG(ML(1)) / 2.303  =           0.0020   2.6994
DATA ML(5), -LOG(ML(5)) / 2.303  =        5.195018E-03   2.284001 
A2 = -LOG(ML(5)) / 2.303 =       2.2840
PHC =    A1 +     A2 +     1.9 =             2.6994   2.2840   7.0209
ISS, TC  = .0138675          24 
KNEW      = 3.29 + 0.025 * ISS + (-.025 * TC)   =  2.690347 
 LSI1 = PH - A1 - A2 - KNEW
 PH, KNEW, PCA,PALK     =      7.8         2.690347      2.699351      2.284001 
STIFF DAVIS  LSI1 .1263008 
STIFF DAVIS INDEX   =     0.1263
Sl.No. & PMR.No. = 2     75     CaCO3 SI by Method-F  STIFF DAVIS    =     .1263008 
------------------------------------------------------------------
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6.7.8 Role of Temperature on  STIFF DAVIS Saturation Index 

Temperature Versus Saturation Index-(STIFF DAVIS):

In this method, the role of temperature is signifi cant. If the temperature of the water increases, the 
values of Stiff Davis LSI  ( SD LSI) will change. This method helps to simulate the SDX, for a range 
of temperatures and to know that at what levels of temperature, the water behaves differently. The 
value of variable KNEW controls the whole simulation, in addition to the other factors. The following 
table shows the output of the section dealing with this simulation( for every 5 degrees change):

FOR TL = 10 TO 100 STEP 5
            KNEW1 = 3.29 + 0.025 * ISS + (-.025 * TL)
                 LSI2 = PH1(GP, II) - A1 - A2 - KNEW1
 PRINT #2, USING “#####.####”; TL, PH, KNEW1, ISS, A1, A2, LSI2
NEXT TL
--------------------------------------------------------------------
 TEMP.C        PH         KNEW     ISS     pCA       pALK         SI    
--------------------------------------------------------------------
   10.0000    7.8000    3.0403    0.0139    2.6994    2.2840   -0.2237
   15.0000    7.8000    2.9153    0.0139    2.6994    2.2840   -0.0987
   20.0000    7.8000    2.7903    0.0139    2.6994    2.2840    0.0263
   25.0000    7.8000    2.6653    0.0139    2.6994    2.2840    0.1513
   30.0000    7.8000    2.5403    0.0139    2.6994    2.2840    0.2763
   35.0000    7.8000    2.4153    0.0139    2.6994    2.2840    0.4013
   40.0000    7.8000    2.2903    0.0139    2.6994    2.2840    0.5263
   45.0000    7.8000    2.1653    0.0139    2.6994    2.2840    0.6513
   50.0000    7.8000    2.0403    0.0139    2.6994    2.2840    0.7763
   55.0000    7.8000    1.9153    0.0139    2.6994    2.2840    0.9013
   60.0000    7.8000    1.7903    0.0139    2.6994    2.2840    1.0263
   65.0000    7.8000    1.6653    0.0139    2.6994    2.2840    1.1513
   70.0000    7.8000    1.5403    0.0139    2.6994    2.2840    1.2763
   75.0000    7.8000    1.4153    0.0139    2.6994    2.2840    1.4013
   80.0000    7.8000    1.2903    0.0139    2.6994    2.2840    1.5263
   85.0000    7.8000    1.1653    0.0139    2.6994    2.2840    1.6513
   90.0000    7.8000    1.0403    0.0139    2.6994    2.2840    1.7763
   95.0000    7.8000    0.9153    0.0139    2.6994    2.2840    1.9013
  100.0000    7.8000    0.7903    0.0139    2.6994    2.2840    2.0263
------------------------------------------------------------------
Positive Means Scale Forming, Negative Means Corrosive

6.7.9 CaCO3 SI by Method - G 
SI = pH + TEMP FACTOR + CALCIUM FACTOR + ALK FACTOR - 12.1

The factors used to calculate the saturation indices are made available in various tables. The 
tables contain limited number of temperature values. Hence, the polynomial curves were 
evaluated to compute the factors using the respective coef icients. 
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TABLE  values of Temperature  Factor   
Temp. in Deg F T e m p .

Factor(TF)
Term Coeffi cients 

32 0.0 a  -.6998189
37 0.1 b  3.380609E-02
46 0.2 c -5.164886E-04
53 0.3 d  4.615456E-06
60 0.4 e  1.218475E-08
66 0.5 f -1.257944E-10
76 0.6 g -5.781961E-12
84 0.7 h  6.214391E-14
94 0.8 i -1.671496E-16
105 0.90

RMS ERROR=    0.0094929
Used in Langelier Saturation Index calculation equation:

SI= pH + Temp.Factor+ Calcium Hardness Factor+ Total Alkalinity Factor- TDS Factor

TC=0.0155*T in deg C.

TABLE  values of  Calcium Hardness Factor      
Ca in ppm   Calcium Hardness factor Term Coeffi cients 
5 0.3 a 0.319569 
25 1 b 2.394315E-02 
50 1.3 c -1.37049E-04 
75 1.5 d 3.617741E-07 
100 1.6 e -4.121129E-10 
125 1.7 f 1.657262E-13 
150 1.8  

200 1.90  

250 2.00  

300 2.1  

400 2.2

800 2.5
1000 2.6 RMS ERROR=    0.0802321
Used in Langelier Saturation Index calculation equation:
SI= pH + Temp.Factor+ Calcium Hardness Factor+ Total Alkalinity Factor- TDS Factor
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TABLE values of  Total Alkalinity Factor      
Total Alkalinity  in ppm    Total Alkalinity Factor Term Coeffi cients 
5 0.7 a 0.7198806 
25 1.4 b 2.392839E-02 
50 1.7 c -1.369068E-04 
75 1.9 d 3.613016E-07 
100 2.0 e -4.115086E-10 
125 2.1 f 1.654668E-13 
150 2.2  
200 2.3  

250 2.4  
300 2.5  
400 2.6

800 2.9
1000 3.0 RMS ERROR=    0.0802083
Used in Langelier Saturation Index calculation equation:

SI= pH + Temp.Factor+ Calcium Hardness Factor+ Total Alkalinity Factor- TDS 
Factor

The solution steps are as follows:
Temp. C  = 25
TEMP FACTOR ( TF): 2.018635
CALCIUM FACTOR (CF): .8201302 
ALKALINITY FACTOR (AF): 1.220163
Saturation Index  =  PH + TF + CF + AF - 12.1=SI
   7.8000   2.0186   0.8201   1.2202  -0.2411
Saturation Index  =  PH + TF + CF + AF - 12.1 -.2411

COEFFICIENTS FOR TEMP FACTOR 
TERM 1 = 2.600701  + 
TERM  2   -.0247821 *  TC ^  1 = -.5947704  =  2.005931 
TERM  3   -1.396579E-04 *  TC ^  2 = -8.044295E-02  =  1.925488 
TERM  4    1.078521E-05 *  TC ^  3 =  .1490947  =  2.074583 
TERM  5   -1.856697E-07 *  TC ^  4 = -6.160075E-02  =  2.012982 
TERM  6   -2.961075E-10 *  TC ^  5 = -2.357793E-03  =  2.010624 
TERM  7    5.400633E-11 *  TC ^  6 =  1.032077E-02  =  2.020945 
TERM  8   -4.372955E-13 *  TC ^  7 = -2.005643E-03  =  2.018939 
TERM  9   -3.821116E-15 *  TC ^  8 = -4.206105E-04  =  2.018519 
TERM  10    4.39812E-17 *  TC ^  9 =  1.161899E-04  =  2.018635 
TEMP FACTOR    =    2.018635 
 COEFFICIENTS FOR CALCIUM FACTOR 
TERM 1 = .319569  + 
TERM  2    2.394315E-02 *  TC ^  1 =  .5746356  =  .8942046 
TERM  3   -1.37049E-04 *  TC ^  2 = -7.894023E-02  =  .8152644 
TERM  4    3.617741E-07 *  TC ^  3 =  5.001165E-03  =  .8202656 
TERM  5   -4.121129E-10 *  TC ^  4 = -1.367292E-04  =  .8201289 
TERM  6    1.657262E-13 *  TC ^  5 =  1.319615E-06  =  .8201302 
TERM  7    0 *  TC ^  6 =  0  =  .8201302 
TERM  8    0 *  TC ^  7 =  0  =  .8201302 
TERM  9    0 *  TC ^  8 =  0  =  .8201302 
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TERM  10    0 *  TC ^  9 =  0  =  .8201302 
CALCIUM FACTOR   =      .8201302 
 
COEFFICIENTS FOR ALKALINITY FACTOR  
TERM 1 = .7198806  + 
TERM  2    2.392839E-02 *  TC ^  1 =  .5742814  =  1.294162 
TERM  3   -1.369068E-04 *  TC ^  2 = -7.885832E-02  =  1.215304 
TERM  4    3.613016E-07 *  TC ^  3 =  4.994633E-03  =  1.220298 
TERM  5   -4.115086E-10 *  TC ^  4 = -1.365287E-04  =  1.220162 
TERM  6    1.654668E-13 *  TC ^  5 =  1.31755E-06  =  1.220163 
TERM  7    0 *  TC ^  6 =  0  =  1.220163 
TERM  8    0 *  TC ^  7 =  0  =  1.220163 
TERM  9    0 *  TC ^  8 =  0  =  1.220163 
TERM  10    0 *  TC ^  9 =  0  =  1.220163 
 ALKALINITY FACTOR  =    1.220163 
Saturation Index  =  PH + TF + CF + AF - 12.1=SI
   7.8000   2.0186   0.8201   1.2202  -0.2411
Sl.No. & PMR.No. = 2     76     CaCO3 SI by Method -  G  = -.2410719 
  
 -------------------------------------------------------------------

6.8  Water Quality Parameters set -C

6.8.1 Solubility of CO2 in Water 

LPCO2 = 7.9 + LAI(5) - PH1(GP, II)
LOG PCO2   =       -2.233456
Sl.No. & PMR.No. = 2     77    Solubility of CO2 =   -2.2335

6.8.2  Calculating the Acid Neutralizing Capacity(ANC):
Acid deposition (e.g., nitrate and sulfate) resulting from air pollution can have serious effects on  both 
terrestrial and aquatic ecosystems. The  ANC is defi ned as the ability of the water samples   to resist 
changes in its pH against H2SO4. It is expressed in milligrams of CaCO3 per liter of seawater.  The 
acid neutralizing capacity (ANC) is a measure of the ability of water samples to resist changes in pH.   
An USEPA Report on the Environment (https://www.epa.gov/roe/ )   while highlighting the Acidity 
in Lakes and Streams gives the following points of signifi cances of ANC:

1.  The susceptibility of a surface water body (e.g., a lake or stream) to acidifi cation depends on 
the  ability of the water and soils to neutralize the acid deposition it receives. The best measure 
of this  ability is known as acid neutralizing capacity (ANC), which characterizes the ability of 
a water body  to neutralize inputs of acidity.

2.  Every surface water has a measurable ANC, which depends largely on  the surrounding 
watershed’s physical characteristics such as geology, soils, hydrology, and size.

3. The  ANC of a surface water refl ects the relative proportions of positive (cation) and negative (anion)  
ions entering the water from sources such as the atmosphere, soil, and the bedrock surrounding and  
underlying the water body.

4. The higher the ANC, the more acid deposition a surface water body can  neutralize, making it less 
susceptible to acidifi cation and ecological impacts. As ANC decreases and  approaches zero, the ability 
of the environment to neutralize acidity from air pollution decreases.

5. Surface water with a high ANC, greater than 200 microequivalents per liter (μeq/L) is  often 
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insensitive to acidifi cation; surface water with an ANC less than 50 μeq/L is considered  highly 
sensitive to acidifi cation (is often seasonally acidic); and surface water with an ANC less than  
0 μeq/L is considered chronically acidic, meaning the watershed no longer has the capacity to  
neutralize further acid deposition and impacts to aquatic life are likely (U.S. EPA, 1988, 2003).  

6. ANC can be negative when anions exceed non-proton cations (i.e., when there are free protons 
[H+  ions] in solution) and aquatic life is often absent.

7. ANC is often used in models to calculate acidifi cation levels from acid rain pollution in different 
geographical areas, and as a basis for calculating critical loads for forest soils and surface 
waters.   The relation between pH and ANC in natural waters depends on three conditions: 
Carbon dioxide, organic acids and aluminium solubility.  The decomposition of organic material 
releases carbon dioxide and thus increases the amount of dissolved carbon dioxide. An increase 
in carbon dioxide decreases pH but has no effect on ANC. 

 Acid Neutralising Capacity (ANC) has been widely adopted as a standard  measure of surface 
water acidity, notably as a chemical indicator of biological  status for Critical Loads assessment.

------------------------------------------------------------
            PPM    CON.F  MOLS/KG   VALENCY     I
------------------------------------------------------------
Ca      109.0000   40.08 0.0027196  2.00   0.0054391
Mg       24.0000   24.31 0.0009872  2.00   0.0019743
Na      117.0000   22.99 0.0050892  1.00   0.0025446
K         7.0000   39.10 0.0001790  1.00   0.0000895
HCO3    183.0000   61.02 0.0029990  1.00   0.0014995
CO3       0.0010   60.01 0.0000000  2.00   0.0000000
Cl      171.0000   35.45 0.0048233  1.00   0.0024116
NO3       0.0010   62.00 0.0000000  1.00   0.0000000
SO4     238.0000   96.06 0.0024776  2.00   0.0049552
Ba        0.0010  137.34 0.0000000  2.00   0.0000000
PO4       0.0020   94.97 0.0000000  3.00   0.0000001
F         0.0030   19.00 0.0000002  1.00   0.0000001
Fe2       0.0040   55.85 0.0000001  2.00   0.0000001
-----------------------------------------------------------
The 2 equations used for computing ANC are :

1.   ANC=2*MI(1)+2*MI(2)+MI(3)+MI(4)-2*MI(9)-MI(8)-MI(7)-MI(12)

2.   ANC2 = 2 * CAEPM + 2 * MGEPM + NAEPM + KEPM - 2 * SO4EPM - NO3EPM - CLEPM - FLUEPM

For equation-1, all values are in Molal forms and for equation-2, all values are in meq/L 
forms.
 2*MI(Ca)= 5.439122E-03                
 2*MI(Mg)= 1.974334E-03                
 MI(Na)= 5.089214E-03                
 MI(K)= 1.79019E-04   
 2*MI(SO4)= 4.955154E-03                
 MI(NO3)= 1.612776E-08                
 MI(Cl)= 4.823287E-03                
 MI(F)= 1.57908E-07 
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---------------------------------------------------------------
ION        PPM        EQ.WT        EPM     GRAM FORM.WT   MOLES/L)
-----------------------------------------------------------------
Ca      109.0000     20.0400      5.4391     40.0800      0.0027
Mg       24.0000     12.1525      1.9749     24.3120      0.0010
Na      117.0000     22.9898      5.0892     22.9898      0.0051
K         7.0000     39.1020      0.1790     39.1020      0.0002
HCO3    183.0000     61.0200      2.9990     61.0200      0.0030
CO3       0.0010     30.0040      0.0000     60.0100      0.0000
Cl      171.0000     35.4530      4.8233     35.4530      0.0048
NO3       0.0010     62.0049      0.0000     62.0049      0.0000
SO4     238.0000     48.0308      4.9552     96.0616      0.0025
Ba        0.0010     68.6000      0.0000    137.3400      0.0000
PO4       0.0020     31.6571      0.0001     94.9714      0.0000
F         0.0030     18.9984      0.0002     18.9984      0.0000
Fe2       0.0040     27.9235      0.0001     55.8470      0.0000
SiO2      0.0050     60.0848      0.0001     60.0848      0.0000
-----------------------------------------------------------------
FOR COMPUTING ANC2:   THE VALUES USED ARE
2 * CAEPM + 2 =12.87824      
MGEPM + NAEPM + KEPM - 2 = 5.243134      
SO4EPM = 4.955154      
NO3EPM = 1.612776E-05                
CLEPM  = 4.823287      
FLUEPM = 1.57908E-04 

ANC2 =  5.362511
Sl.No. & PMR.No. = 1     78    Acid Neutralising Capacity  =
 2.903073E-03 (MOLES/L)                    
 5.362511      MEQ/L)

6.8.3 Sodium Adsorption Ratio 
The Sodium adsorption ratio (SAR) is an irrigation water quality parameter used in the management 
of sodium-affected soils. It is an indicator of the suitability of water for use in agricultural irrigation, 
as determined from the concentrations of the main alkaline and earth alkaline cations present in the 
water. It is also a standard diagnostic parameter for the sodicity hazard of a soil, as determined from 
analysis of pore water extracted from the soil.  

Sl.No. & PMR.No. = 1     79    
Sodium Adsorption Ratio(SAR) =  2.643253 

6.8.4 Permeability Index of Doneen
The long term use of irrigation water will certainly affect  the permeability of soils.   This kind of  
situation depends on various factors like total dissolved solids, sodium, calcium, magnesium and 
bicarbonate concentrations of the water. Doneen classifi ed irrigation waters into three classes based 
on the Permeability Index (PI). All the ions are represented in meq/l. The equation to determine PI 
(PPI here)  is as follows:

PPI = (EPM(3) + SQR(EPM(5))) / (R2 + EPM(3)) * 100
Salinity and Sodium Hazard Evaluation- USSL DIAGRAM
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Sl.No. & PMR.No. = 2     79    Sodium Adsorption Ratio(SAR) =  1.262633 
Signifi cance of SAR:
 
Permeability Index of Doneen   

PPI = (EPM(3) + SQR(EPM(5))) / (R2 + EPM(3)) * 100
Sl.No.   2    Permeability Index of Doneen =  47.93834 

6.8.5  Salinity Rating of Water 
Sl.No. & PMR.No. = 2  80    Salinity Rating= Moderate
Hazard from Salinity of Irrigation water
Sl.No. & PMR.No. = 2     81    Irrigation water Q=Medium -aff ect plants
Medium -aff ect plants

6.8.6  Chloride Classi ication CL PPM  156 
Sl.No. & PMR.No. = 2     82    Chloride Classifi cation   = Moderately Sensitive Plants Show Injury

6.8.7 Residual Sodium Carbonate -RSC
Residual Sodium Carbonate (RSC) is computed  to determine the harmful eff ect of carbonate and bicarbonate 
mineral species on the quality of water for irrigational and other purposes. It ic calculated using the following 
expression:
RSC = CO3 +   HCO3  -(   Ca +  Mg ) 
Sl.No. & PMR.No. =  2     83    Residual Sodium Carbonate  = -2.178811 
Signifi cant Eff ect = Low 
Impact of Residual Sodium Carbonate   = Low 

6.8.8 Kelly’s Ratio Calculation
Sl.No. & PMR.No. = 2     84    Kelly’s Ratio=    0.32842

6.8.9  Magnesium Adsorption Ratio 
Sl.No. & PMR.No. = 2     85    Magnesium Adsorption Ratio   =  45.98445 

6.8.10  Potential Salinity of Water
PSAL = CLEPM + 0.5 * SO4EPM
Sl.No. & PMR.No. = 2     86    Potential Salinity   =  4.602146 

6.8.11  Exchangeable Sodium Percentage M. Siosemarde et.al 2010
Exchangeable Sodium  is a very important parameter in water and soils. It refl ects one of the main environ-
mental impacts of  irrigation, ie., the sodization of the soils.    Soil exchangeable sodium percentage (ESP) 
and sodium adsorption ratio (SAR) are commonly used to assess soil sodicity.   High levels of exchangeable 
sodium   are associated with the destruction of soil colloids with the consequent decline in the soil’s physical 
characteristics. Th is increase in the proportion of exchangeable  sodium in the exchange complex like water 
and soils is mainly associated with fertilizer application during irrigation.   Th e ESP   is a  familiar ion-ex-
change parameter. 

EXCHANGEABLE SODIUM PERCENTAGE  
ESP1 = (-0.0126 + 0.01475 * SAR)
ESP2 = (1 + (-0.0126 + 0.01475 * SAR))
ESP = 100 * (ESP1 / ESP2)
Sl.No. & PMR.No. = 1     87    Exchangeable Sodium Percentage  =  2.509346

6.8.11  Sodicity hazard Impact
Sl.No. & PMR.No. = 2     88    Sodicity hazard Impact

Sl.No. & PMR.No. = 2     88    Sodicity hazard Impact  None to slight



81. . . 

Salinity based on E.C&  USDA system: 1053.07

Residual Sodium Carbonate (RSC)-RSC of water  suitablility-2.178811 

Good quality water

Soluble Sodium Percentage

Wilcox has proposed a classifi cation for rating irrigation waters on the basis of Soluble Sodium Percentage 
(SSP). Th e SSP is  determined  using formula: 
SSP = NAEPM / (CAEPM + MGEPM + NAEPM + KEPM) * 100=  40.12861 
Where;
 the concentrations of ions are expressed in meq/l. The values of SSP <50 indicate good quality of water, and 
higher values (i.e., >50) show that the water is not suitable to be used  for irrigation.
SSP = NAEPM / (CAEPM + MGEPM + NAEPM + KEPM) * 100=  24.53073 

Sl.No. & PMR.No. = 2     89    Soluble Sodium Percentage & its impact= 24.53073 

SSP <6 Non-sodic ; Sodic 6-10;   Moderately  Sodic 10-15

Strongly Sodic  15-25 ;   Very strongly Sodic > 25

Water is of Good Quality -Suitable for Irrigation

6.8.12 Aggressiveness Index Calculation
The Aggressive Index (AI), originally developed for monitoring water in asbestos pipe, is sometimes 
substituted for the Langelier Index as an indicator of the corrosivity of water. The AI is derived from 
the actual pH, calcium hardness, and total alkalinity. (Use procedures contained in this handbook). 
Where it is applicable, it is simpler and more convenient than the LI. Because the AI does not include 
the effects of temperature or dissolved solids, it is less accurate as an analytical tool than the LI.

Aggressiveness Index(AI)= pH+C+D

Value C is obtained from the following  table, by  taking the reading  corresponding to the calcium 
hardness (in mg/L CaCO3) of the sample. Value D is obtained from the second  table, by  taking the 
reading  corresponding to the measured value for total alkalinity (in mg/L CaCO3) of the sample.

An AI of 12 or above indicates nonaggressive (not corrosive) water. AI values below 10 indicate 
extremely aggressive (corrosive) conditions. Values of 10–11.9 suggest that the water is moderately 
aggressive.  
Note: 
AI > 12 Water is non-aggressive
 AI = 10-11.9 Water is moderately aggressive 
AI < 10 Water is very aggressive
Aggressiveness Index-ToTalk  in mg/L versus C values 
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Total Alkalinity  in mg/L C TERM COEFFICIENTS 
10 1 a 1.000755
20 1.3 b 1.598941E-02
30 1.48 c -7.045516E-05
40 1.60 d 1.56591E-07
50 1.7 e -1.725156E-10
60 1.78 f 8.722079E-14
70 1.84 g -1.481989E-17
80 1.90  
100 2.00
200 2.30
300 2.48

400 2.60
500 2.70
600 2.78
700 2.84
800 2.90

900 2.95
1000 3.00 RMS ERROR=    0.0526693
Aggressiveness Index(AI)= pH+C+D

Aggressiveness Index- Calcium Hardness mg/l versus Values for D
Calcium Hardness 
mg/L

D Term Coef icients 

10 0.60 a 0.6008041
20 0.9 b 1.598675E-02
30 1.08 c -7.041963E-05
40 1.20 d 1.564245E-07
50 1.3 e -1.721733E-10
60 1.38 f 8.690245E-14
70 1.44 g -1.471017E-17   
80 1.50  
100 1.60
200 1.90
300 2.08
400 2.20
500 2.30
600 2.38
700 2.44
800 2.50
900 2.55
1000 2.60 RMS ERROR=    0.0526908
Aggressiveness Index(AI)= pH+C+D

These coeffi cients are useful for computing C & D.
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But the simplest way is to use this logic:
1)  Factor C is the logarithm (base 10) of the calcium hardness expressed in mg/L 
2)  Factor D is the logarithm (base 10) of the total alkalinity expressed in mg/L
AX = TOTHCO3: HX = CAH  =    317           317           200           200 
AGIN = PH + LOG(AX * HX) / 2.303 =
 7.8           4.801224      12.60122 
Sl.No. & PMR.No. = 2     90    Aggressiveness Index = 12.60122 
Non-Aggressive Non-Corrosive Water
6.8.13 Ryznar Stability Index
The Ryznar stability index (RSI) attempts to correlate an empirical database of scale thickness 
observed in municipal water systems to the water chemistry. Like the LSI, the RSI has its basis in the 
concept of saturation level. Ryznar attempted to quantify the relationship between calcium carbonate 
saturation state and scale formation. The Ryznar index is calculated using the following expression:

RSI = 2(pHs) - pH
Where:

• pH is the measured water pH
• pHs is the pH at saturation in calcite or calcium carbonate

Th e empirical correlation of the Ryznar stability index gives the following signifi cances:
• RSI << 6 the scale tendency increases as the index decreases
• RSI >> 7 the calcium carbonate formation probably does not lead to a protective corrosion inhibitor 

fi lm
• RSI >> 8 mild steel corrosion becomes an increasing problem.

RSI = 2 * PHCNEW1 - PH: BP(GP, II, 3) = RSI
PHCNEW1, PH, 2*PHC,  RSI = 2 * PHCNEW1 - PH  =
   7.19487   7.80000  14.38974   6.58974
Sl.No. & PMR.No. = 2     91    
Ryznar Stability Index  & IMPACT  =   6.589738 
RSI<10 So, Water is Stable and Non-Corrosive
Signifi cance of Ryznar Stability Index=LITTLE SCALE FORMING

6.8.14  Puckorius Index & Signifi cance  
The Puckorious Index  is computed to quantify the relationship between saturation state and scale 
formation by incorporating an estimate of buffering capacity of the water into the index.   Water 
high in calcium, but low in alkalinity and buffering capacity can have a high calcite saturation level. 
The high calcium level increases the ion activity product.  Even minuscule decreases in carbonate 
concentration in the water would drastically decrease the ion activity product due to the small quantity 
present prior to the initiation of precipitation.   The PSI index is calculated in a manner similar to 
the Ryznar stability index. Puckorius uses an equilibrium pH rather than the actual system pH to 
account for the buffering effects:

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 [CO3
2-] + [OH-]
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Sl.No. & PMR.No. = 2     92    Puckorius Index & Signifi cance  
Puckorius Index Calculation
PHEQ = 1.465 * LOG(TOTHCO3) / 2.303 + 4.54=    8.203392 
TOTHCO3, LOG(TOTHCO3)/2.303 =  317         2.500609 
Puckorius Index( PKORIS) = 2 * PHCNEW1-PHEQ   =PKORIS =  6.186346 
Signifi cance of Puckorius Index is   WATER IS IN OPTIMAL RANGE
Sl.No. & PMR.No. =  2     92    Puckorius Index & Signifi cance   =  6.186346        

6.8.15  Larson-Skold Index
The Larson-Skold index describes the corrosivity of water towards mild steel. The index is based 
upon evaluation of in-situ corrosion of mild steel lines transporting Great Lakes waters. The index is 
the ratio of equivalents per million (epm) of sulfate (SO4

2-) and chloride (Cl-) to the epm of alkalinity 
in the form bicarbonate plus carbonate:

Larson-Skold index(LSK) = (epm Cl- + epm SO4
2-)/(epm HCO3

- + epm CO3
2-)

The Larson-Skold index has been correlated to observed corrosion rates and  the action of waters on 
materials.   The index has proved to be  an  useful tool in predicting the aggressiveness of once through 
cooling waters.  It is a good  indicator of aggressiveness in reviewing the applicability of corrosion 
inhibition treatment programs that rely on the natural alkalinity and fi lm forming capabilities of a 
cooling water. The Larson-Skold index has the following signifi cances:

• LSK Index << 0.8 chlorides and sulfate probably will not interfere with natural fi lm formation
• LSK Index 0.8  to  1.2 chlorides and sulfates may interfere with natural fi lm formation. Higher than 

desired corrosion rates might be anticipated
• LSK Index >> 1.2 the tendency towards high corrosion rates of a local type should be expected as the 

index increases
(T.E., Larson and R. V. Skold, Laboratory Studies Relating Mineral Quality of Water to Corrosion of 
Steel and Cast Iron, 1958 Illinois State Water Survey, Champaign, IL pp. [43 - 46]: ill. ISWS C-71)
Sl.No. & PMR.No. = 2     93    Larson Skold Index & Signifi cance 
SKT1 = (EPM(7) + EPM(9)); SKT2 = (EPM(5) + EPM(6))
 SKT =    .9217943 
Sl.No. & PMR.No. = 2     93    Larson Skold Index  =      0.92179
Mid metal Corrosion tendency

6.8.16  Oxidation Capacity of Water
The oxidation capacity of water is calculated using the following formula:
OXCAP = 5 * ML(8) / 62 + 7 * ML(9) / 96.06
where ML-8 is molal conc of NO3
and ML-9 is the molal conc of  SO4
OXCAP = 5 * ML(8) / 62 + 7 * ML(9) / 96.06
For the same data shown above, the result is given below:
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OXCAP = 5 * ML(8) / 62 + 7 * ML(9) / 96.06
Sl.No. & PMR.No. = 2     94    Oxidation Capacity of Water(me/L)  =      0.01597

6.8.17  Von Wirdum Ion Ratio
The most widely used combination of parameters in Dutch ecohydrology is  van Wirdum’s IR-EC 
diagram, where IR is the so-called ‘ionic ratio’, which is defi ned as:   [Ca]/([Cal + [C1]) (equivalent-
based) (van Wirdum, 1980, 1981). It is applied both in comparing water samples with specifi ed 
reference samples (e.g. van Wirdum, 1981; Kemmers, 1986b; Grootjans et al., 1988) and in the 
temporal analysis of groundwater composition (e.g. van Wirdum, 1982). For the former purpose, 
van Wirdum (1979) introduced the  scheme, since widely adopted, of a transition from atmocline 
(rainwater-like)  to lithocline groundwater (resembling long-residence deep groundwater).

The scientifi c background on this “Van Wirdum diagram” is available through Geert van Wirdums 
PhD-thesis (Van Wirdum, 1990), which can be acquired by internet (http:// www.scribd.com /
doc/51589352/  Vegetation-and-hydrology-of-fl oating-rich-fens). Figure 1 is an example of a ‘Van 
Wirdum-diagram’.  These diagrams are regularly used by scientifi c institutes, universities, and 
ecohydrological consultants.    The Van  Wirdum ratio is a useful parameter for the identifi cation 
of groundwater discharge and recharge sites. The Van Wirdum Ionic Ratio (VWIR) indicates  the 
residence time of the groundwater   as well as the hydrochemical conditions related to vegetation 
distribution and development. The VWIR is very popular for discriminating between atmocline 
(precipitation-like) and lithocline (long-residence groundwater-like) water types.  

In the hydraulic cycle, water consecutively passes through the atmosphere, the lithosphère, and the 
ocean. During its stay in these spheres, its chemical properties are changed; it is, as it were, fed by 
these spheres. It has proved possible to recognize the changed chemical water compositions at several 
places in ground and surface waters, where water becomes mixed at   different stages in the hydraulic 
cycle. Reference compositions of  atmotrophic, lithotrophic, and thalassotrophic water have been 
determined for water, changed by a stay in the atmosphere, lithosphère, and ocean, respectively. 
The terms rain- or meteoric-water, ground-water, and  sea-water are reserved for water found in the 
respective compartments of the hydraulic cycle.   Van Wirdum ionic ratio is  IR = (1/2 Ca) / ((1/2 Ca) 
+ (Cl)) (molar concentrations).  This ratio is plotted against Electrical conductivity in x-axis as shown 
below:

The atmocline, thalassocline and lithocline waters are classifi ed into different zones in this diagram. 
The following   Van Wirdum diagrams of three locations show the variations in the origin of water. 
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The y-axis represents the ionic ratio (IR) in percentages and the x-axis (log scale) represents the 
electric conductivity (mS/m). The three corners of the Van Wirdum diagrams are indicated by At 
(rainwater-atmocline zone), Li (groundwater reference samples-lithocline zone ) and Th (sea  water, 
standardized data- thalassocline zone). The Diagram was given by  Peter Van Bodegom(2004).  

Van Wirdum diagrams plotted using the  water chemistry data of Tambraparni  river basin and 
Bharathapuzha river basin(two seasons combined) , as plotted by WATCHIT, are shown below(in 
reduced scale).

  

The waters of atmocline(rare in these plots), thalassocline and lithocline waters are evident in these 
two basins.
VWIR= 100*(0.5*Ca epm/(0.5* Ca epm + Cl epm)
where (ML refers to Molal conc.)
ML 1 is  Ca , ML-7 is Chloride 
Instead of ML, epm conc can also be used. The program computes both.
For the same data shown above, the result is given below:
Van Wirdum eqn 1 VWIR1= 100*(0.5*Ca epm/(0.5* Ca epm + Cl epm)
Van Wirdum eqn 2 VWIR2=100*ML(1)/(ML(1)+ML(7)) MOLAL CONC
FOR VWIR2 = 100* ML 1,  ML 1+ 7= .1996008                .0063962 
VWIR1 = 100 * (0.5 * WP(GP, II, 7, 1) / (0.5 * WP(GP, II, 7, 1) + WP(GP, II, 7, 7)))
100 * (0.5 * WP(GP, II, 7, 1) , (0.5 * WP(GP, II, 7, 1) , WP(GP, II, 7, 7)))
199.6008      1.996008      4.400192 
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VWIR1 = 31.20615 
VWIR2 = 31.20615 
Sl.No. & PMR.No. = 2     95    Von Wirdum Ion Ratio 1=   31.20615 

6.9  Water Quality Parameters set -D
6.9.1  Lime Dose Calculations
 CARBH = TALK = 0.835 
AHCO3 = TALK * (61 / 50) * (1 / 1000) * (1 / 61)
AHCO3 = .0000167 
T1 = 14.8435 - 3404.71 / 293 - 0.032786 * 293
BK1 = 10 ^ T1
T1=-6.382968 
BK1= 4.140298E-07 
T2 = 6.498 - 2909.39 / 293 - 0.02379 * (293)
BK2 = 10 ^ T2
T2=-10.40213 
BK2= 3.961602E-11 
 LL1 = 1 * 10 ^ (-7) / BK1 + 1 + BK2 / 1 * 10 ^ (-7)
ALPHA1 = 1 / LL1 = .8054587 
DCT = AHCO3 / ALPHA1= 2.073353E-05 
AHCO3= .0000167 
EHCO3 = DCT - AHCO3 = 4.033527E-06 
FHCO3 = EHCO3 * 1000 * 100 = .4033527 
NHCO3 = EHCO3 * 62 * 1000= .2500787 
MGCARBH= 237 
TOTH, HCO3PPM,MGNCH = 370.156              317           53.15601 
FHCO3,CARBH,MGCARBH,MGNCH
 .4033527      .835          237           53.15601 
  LDOS = FHCO3 + CAPPM + 2 * (MGCARBH) + MGNCH: NLDOS = LDOS * (37 / 50)
SL.NO.  PARAMETER NO 2       96 
Lime dose requirement for this water(For softening)  :
Lime to be added as  Ca(OH)2 = 449.5939  mg/L as CaCO3

6.9.2  Soda Ash dose requirement 
Sl.No.& PMR.No. for SODA ASH =  2          97 
Soda Ash dose requirement for this water(softening)  :
Soda ash to be added (Na2 CO3)  = 500.4208  mg/L as Na2 CO3

6.9.3  Salt Index Calculation
SALTINDEX = (NAPPM - 24.5) - (CAEQ) * 4.85
NAPPM , CAEQ = 55.8          200 
SL.NO.  PMR.NO. SALTINDEX=  2     98    -938.7 
NEGATIVE SALTINDEX MEANS GOOD QUALITY WATER

6.9.4   Sodium Dominance Index Calculation
SODINDEX = NAEPM / (NAEPM + CAEPM + MGEPM) * 100
NAEPM , NAEPM ,  CAEPM,  MGEPM
2.427163      2.427163      3.992016      3.398478 
Sl.No. PMR.No.& SODIUM DOMINANCE INDEX= 2     99     24.72243 
NMCA = CAPPM - 0.0213 * CLPPM
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6.9.5  Non-Marine Ion Calculations
 SL. NO. PMR.NO.  NON-MARINE Ca (ppm)= 2     100     76.6772 
NMMG = MGPPM - 0.0668* CLPPM
 SL. NO. PMR.NO.  NON-MARINE Mg (ppm)= 2     101     30.8792 
NMNA = NAPPM - 0.5563 * CLPPM
 SL. NO. PMR.NO.  NON-MARINE Na (ppm)=  2     102    -77.67828 
NMSO4 = SO4PPM - 0.14006 * CLPPM
SL. NO. PMR.NO.  NON-MARINE SO4 (ppm)=  2     103    -2.44936 
NMK = KPPM - 0.0206 * CLPPM
SL. NO. PMR.NO.  NON-MARINE K (ppm)=  2     103    -.2136 

6.9.6  Adjusted Sodium Adsorption Ratio
The two most common waterquality factors infl uencing infi ltration rate are the salinityof the water and 
its sodium content relative to calcium and magnesium content. The concentration of sodium relative to  calcium 
and magnesium is the sodium adsorption ratio (El-Morsy et al. (1991) found that the SAR of irrigation water 
signifi cantly affects the water-transmission properties of the soil. They  concluded that the electric conductivity 
of irrigation water (EC),  signifi cantly affects the infi ltration rate of the soils( Abdulwahed M Aboukarima et. 
al  2018). 

Estimation and real-time reporting of SAR is desirable for management of irrigation systems. In natural waters 
of many areas, SAR is positively correlated with the dissolved-solids concentration; that is, SAR increases 
as dissolved-solids concentration increases. Factors that result in changes in dissolved-solids concentrations 
also infl uence the relative proportions of calcium, magnesium, and sodium. During periods of surface runoff 
of rainfall or snowmelt, the water has limited contact time with rock and soil materials. Consequently, runoff 
provides relatively dilute water to streams, which decreases dissolved-solids concentrations in the streamfl ow. 
As surface runoff is depleted and streamfl ow decreases, ground water contributes an increasingly greater 
proportion of water to streamfl ow. 

Ground water is commonly higher in dissolved-solids concentration relative to surface runoff as a result of 
long contact time with rock and soil materials. Therefore, dissolved-solids concentrations typically increase 
as streamfl ow decreases. Where ground water has high sodium concentrations relative to calcium and 
magnesium, SAR increases concurrently with increases in dissolved-solids concentrations(Cannon et. al , 
UGGS Report 2007).   The SAR in surface water can be related to SC because both parameters are a function 
of the concentrations of major ions in water.  

Methods of determining adjSAR:

This program computes the adjSAR in two popular methods.   

The routinely used  SAR in water samples was determined using equation shown below. 

SAR= Na / SQR((Ca+Mg)/2),  where   Na+, Ca2+, and Mg2+ are sodium, calcium, and magnesium 
concentrations n milliequivalents per liter (Hem, 1985).

Method-1
The adjusted Sodium Adsorption Ratio (adj SAR) can also be calculated from the procedure given in Ayers 
and Westcot (1976): 
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adj SAR = SAR [1 + (8.4 - pHc)]  

The procedure is based on Nakayama(1982). The fi rst step is to calculate the pHc using Conc. of HCO3+co3 
in meq/L from the table.

PROCEDURE FOR CALCULATION OF pHc 
pHc = (pK2 - pKc) + pCa + p(Alk)

pK2 - pKc is obtained from the concentration of Ca + Mg 
+ Na in me/l
pCa is obtained from the Ca in me/l
p(Alk) is obtained from the concentration of CO3 + 
HCO3 in me/l

FOR A SAMPLE THE OLD SAR = 5.64

Concentration
(me/l), p(Alk)

Concentration
(me/l), pK2 –pKc

Concentration
(me/l), pCa

0.05, 4.3
0.10, 4.0
0.15, 3.8
0.20, 3.7
0.25, 3.6
0.30, 3.5
0.40, 3.4
0.50, 3.3
0.75, 3.1
1.00, 3.0
1.25, 2.9
1.50, 2.8
2.00, 2.7
2.50, 2.6
3.00, 2.5
4.00, 2.4
5.00, 2.3
6.00, 2.2
8.00, 2.1
10.00, 2.0
12.50, 1.9
15.00, 1.8
20.00, 1.7
30.00, 1.5
50.00, 1.3
80.00, 1.1

0.05, 2.0
0.10, 2.0
0.15, 2.0
0.20, 2.0
0.25, 2.0
0.30, 2.0
0.40, 2.0
0.50, 2.1
0.75, 2.1
1.00, 2.1
1.25, 2.1
1.50, 2.1
2.00, 2.2
2.50, 2.2
3.00, 2.2
4.00, 2.2
5.00, 2.2
6.00, 2.2
8.00, 2.3
10.00, 2.3
12.50, 2.3
15.00, 2.3
20.00, 2.4
30.00, 2.4
50.00, 2.5
80.00, 2.5

0.05, 4.6
0.10, 4.3
0.15, 4.1
0.20, 4.0
0.25, 3.9
0.30, 3.8
0.40, 3.7
0.50, 3.6
0.75, 3.4
1.00, 3.3
1.25, 3.2
1.50, 3.1
2.00, 3.0
2.50, 2.9
3.00, 2.8
4.00, 2.7
5.00, 2.6
6.00, 2.5
8.00, 2.4
10.00, 2.3
12.50, 2.2
15.00, 2.1
20.00, 2.0
30.00, 1.8
50.00, 1.6
80.00, 1.4

For example:   
where pHc = (pk2 - pkc) + p (Ca + Mg) + p (Alk)
  (pk2 - pkc = 2.3
  p (Ca + Mg) = 2.3
  p (Alk) = 2.4
 TOTAL  pHc = 7.4

Adj SAR = 5.64 [1 + (8.4 - 7.40] = 11.3

Th e value obtained by this method should be further adjusted by an 0.5 factor to evaluate more correctly the 
eff ects of HCO3 on calcium precipitation (adj SAR × 0.5).

Th e methodology adopted here, uses polynomial coeffi  cients of these table values. 
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Sample Data:

SL.NO. PRM NO.  13  4  Unit Conversions 
---------------------------------------------------------------
ION        PPM        EQ.WT        EPM     GRAM FORM.WT   MOLES/L)
 --------------------------------------------------------------
Ca      205.0000     20.0400     10.2295     40.0800      0.0051
Mg      655.0000     12.1525     53.8984     24.3120      0.0269
Na     5450.0000     22.9898    237.0617     22.9898      0.2371
K       195.0000     39.1020      4.9870     39.1020      0.0050
HCO3     76.0000     61.0200      1.2455     61.0200      0.0012
CO3       0.1000     30.0040      0.0033     60.0100      0.0000
Cl     9750.0000     35.4530    275.0120     35.4530      0.2750
NO3       0.2000     62.0049      0.0032     62.0049      0.0000
SO4    1370.0000     48.0308     28.5234     96.0616      0.0143
Ba        2.0000     68.6000      0.0292    137.3400      0.0000
PO4       0.0010     31.6571      0.0000     94.9714      0.0000
F         0.0010     18.9984      0.0001     18.9984      0.0000
Fe2       0.0010     27.9235      0.0000     55.8470      0.0000
SiO2      0.0010     60.0848      0.0000     60.0848      0.0000
----------------------------------------------------------------
epm values:
PG1(CA+MG+NA)= 301.1896       
PG2(CA+MG)= 64.12791      
PG3(HCO3+CO3) =  1.248826 

Coeffi  cients for PP1 using PG3=  HCO3EPM + CO3EPM  =  1.248826 

Th e table values are  divided into 3 zones. From 0.05 to 1.00, from 1.0 to 11.0 and 11.0 to 80.  Polynomial co-
effi  cients were calculated for direct computations.  PG3 is the concentration in meq/L which is used as X for 
regression equation. If the matching is not perfect in one zone, it is ignored. 

Using this PG3 value, which is the conc.meq/L of  HCO3EPM + CO3EPM  =  1.248826

The fi rst segment of data is considered, fi rst ( from 0.05 to 1.0 )
TERM 1 = 4.744201  + 
TERM  2   -10.7043 *  PG3 ^  1 = -13.36781  = -8.623609 
TERM  3    39.08652 *  PG3 ^  2 =  60.95804  =  52.33443 
TERM  4   -63.93881 *  PG3 ^  3 = -124.529  = -72.19456 
TERM  5    4.600691 *  PG3 ^  4 =  11.19002  = -61.00454 
TERM  6    54.50956 *  PG3 ^  5 =  165.5704  =  104.5658 
TERM  7    76.14319 *  PG3 ^  6 =  288.8304  =  393.3962 
TERM  8   -117.6282 *  PG3 ^  7 = -557.2183  = -163.822 
TERM  9   -83.29958 *  PG3 ^  8 = -492.7864  = -656.6083 
TERM  10    99.48675 *  PG3 ^  9 =  734.9928  =  78.38445 
PP1 =  78.38445   ( abnormal value( pg3 does not belong to 0.05 to 1.0 in table), hence 
it is to be ignored).
 
Now, the second section of the table is considered. The coeffi cients for PP2 using PG3 =  
1.248826, is considered. In this case, the PG3 is between   1.00  and  11.0.  This calcu-
lation should be considered for  pAlk:

TERM 1 = 3.378472  + 
TERM  2   -.4615889 *  PG3 ^  1 = -.5764443  =  2.802028 
TERM  3    5.127431E-02 *  PG3 ^  2 =  7.996571E-02  =  2.881993 
TERM  4    6.885533E-03 *  PG3 ^  3 =  1.341046E-02  =  2.895404 
TERM  5   -1.194031E-03 *  PG3 ^  4 = -2.90418E-03  =  2.8925 
TERM  6   -2.867852E-04 *  PG3 ^  5 = -8.710972E-04  =  2.891629 
TERM  7    6.136333E-05 *  PG3 ^  6 =  2.327667E-04  =  2.891861 
TERM  8   -2.952002E-06 *  PG3 ^  7 = -1.398397E-05  =  2.891847 
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TERM  9    0 *  PG3 ^  8 =  0  =  2.891847 
TERM  10    0 *  PG3 ^  9 =  0  =  2.891847 
PP2 =  2.891847   (i.e., PALK)

COEFFICIENTS FOR PP3 USING PG3 =  1.248826 
This portion is the last portion of the table. PG3 does not belong to this section. the 
value of pp3 will be ignored, after this. 
TERM 1 = 2.556215  + 
TERM  2   -7.865169E-02 *  PG3 ^  1 = -9.822229E-02  =  2.457993 
TERM  3    2.481991E-03 *  PG3 ^  2 =  3.870831E-03  =  2.461864 
TERM  4   -3.213797E-05 *  PG3 ^  3 = -6.25928E-05  =  2.461801 
TERM  5   -3.860307E-07 *  PG3 ^  4 = -9.389226E-07  =  2.4618 
TERM  6    1.079252E-08 *  PG3 ^  5 =  3.27818E-08  =  2.4618 
TERM  7    9.481388E-12 *  PG3 ^  6 =  3.596531E-11  =  2.4618 
TERM  8   -7.931135E-13 *  PG3 ^  7 = -3.757069E-12  =  2.4618 
TERM  9    0 *  PG3 ^  8 =  0  =  2.4618 
TERM  10    0 *  PG3 ^  9 =  0  =  2.4618 

FROM STANDARD TABLE VALUES (COMPUTED USING COEFFICIENTS):
PP3 =  2.4618 
NPALK=  2.891847 
PCA = NPALK + 0.3
PCA =  3.191847 
TABLE VALUES FROM COMPUTATIONS ARE
     PK2PKC= 2.1 
     PCA   = 3.191847 
     NPALK = 2.891847 
  
TOTAL SARPHC = PK2PKC + PCA + NPALK=  8.183694 
OLD SAR = 41.86516 
FIRST METHOD BY NAKAYAMA-1982 
ADJSAR AS PER CALCULATION=  50.92085 
ADJSAR BY FIRST  METHOD =  50.92085 
WHAT WOULD BE THE VALUE IF IT IS REDUCED TO 50%
RADJSAR = SAR * (1 + 8.4 - SARPHC) * 0.5 =
REDUCED TO 50% OF ADJSAR= 25.46043
( Note : as mentioned earlier, the adjSAR is reduced to 50%by  using 0.5 as multiplier since  the method gives 
an over-estimate of adjSAR by two times).
SARPHC >8.4 Indicates a tendency to dissolve lime from the soil through which the water moves-

Method-2:
Th e adjusted Sodium Adsorption Ratio (adj SAR) can be calculated using the following formula:
adj RNa= Na/ SQR( (Cax + Mg)/2)
where 

 
adj RNa - Sodium hazard. Th is is the most accurate estimate of sodium hazard. It can  be as much as 50% 
lower than other sodium hazard estimated as such as SAR. In some  cases adj RNa is refered to as the adj SAR.
•  Ca meq/L - milliequivalents per liter of calcium in the water source
•  Mg meq/L - milliequivalents per liter of magnesium
•  HCO3 meq/L - milliequivalents per liter of bicarbonate
•  Na meq/L - milliequivalents of sodium
•  HCO3/Ca - ratio of bicarbonate meq/L to calcium meq/L
•  Cax meq/L - Calcium in the irrigation water modifi ed due to salinity of the applied water (ECw), 
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its HCO3/Ca ratio and the estimated partial pressure of CO2 in the  surface of the soil (PCO2 = 0.0007 atmo-
spheres)
•  ECw dS/m - irrigation water electrical conductivity.
For fi nding out Cax , the following table values are used. 

Calcium concentration (cax) expected to remain in near-surface soil-water following irrigation with water 
of given HCo3/Ca ratio and ECw.

Salinity of applied water (ECw)  converted to mmhos/cm
Ratio of 

HCO3/Ca 100 200 300 500 700 1000 1500 2000 3000 4000 6000 8000

.05 13.20 13.61 13.92 14.40 14.79 15.26 15.91 16.43 17.28 17.97 19.07 19.94

.10 8.31 8.57 8.77 9.07 9.31 9.62 10.02 10.35 10.89 11.32 12.01 12.56

.15 6.34 6.54 6.69 6.92 7.11 7.34 7.65 7.90 8.31 8.64 9.17 9.58

.20 5.24 5.40 5.52 5.71 5.87 6.06 6.31 6.52 6.86 7.13 7.57 7.91

.25 4.51 4.65 4.76 4.92 5.06 5.22 5.44 5.62 5.91 6.15 6.52 6.82

.30 4.00 4.12 4.21 4.36 4.48 4.62 4.82 4.98 5.24 5.44 5.77 6.04

.35 3.61 3.72 3.80 3.94 4.04 4.17 4.35 4.49 4.72 4.91 5.21 5.45

.40 3.30 3.40 3.48 3.60 3.70 3.82 3.98 4.11 4.32 4.49 4.77 4.98

.45 3.05 3.14 3.22 3.33 3.42 3.53 3.68 3.80 4.00 4.15 4.41 4.61

.50 2.84 2.93 3.00 3.10 3.19 3.29 3.43 3.54 3.72 3.87 4.11 4.30

.75 2.17 2.24 2.29 2.37 2.43 2.51 2.62 2.70 2.84 2.95 3.14 3.28
1.00 1.79 1.85 1.89 1.96 2.01 2.09 2.16 2.23 2.35 2.44 2.59 2.71
1.25 1.54 1.59 1.63 1.68 1.73 1.78 1.86 1.92 2.02 2.10 2.23 2.33
1.50 1.37 1.41 1.44 1.49 1.53 1.58 1.65 1.70 1.79 1.86 1.97 2.07
1.75 1.23 1.27 1.30 1.35 1.38 1.43 1.49 1.54 1.62 1.68 1.78 1.86
2.00 1.13 1.16 1.19 1.23 1.26 1.31 1.36 1.40 1.48 1.54 1.63 1.70
2.25 1.04 1.08 1.10 1.14 1.17 1.21 1.26 1.30 1.37 1.42 1.51 1.58
2.50 0.97 1.00 1.02 1.06 1.09 1.12 1.17 1.21 1.27 1.32 1.40 1.47
3.00 0.85 0.89 0.91 0.94 0.96 1.00 1.04 1.07 1.13 1.17 1.24 1.30
3.50 0.78 0.80 0.82 0.85 0.87 0.90 0.94 0.97 1.02 1.06 1.12 1.17
4.00 0.71 0.73 0.75 0.78 0.80 0.82 0.86 0.88 0.93 0.97 1.03 1.07
4.50 0.66 0.68 0.69 0.72 0.74 0.76 0.79 0.82 0.86 0.90 0.95 0.99
5.00 0.61 0.63 0.65 0.67 0.69 0.71 0.74 0.76 0.80 0.83 0.88 0.93
7.00 0.49 0.50 0.52 0.53 0.55 0.57 0.59 0.61 0.64 0.67 0.71 0.74

10.00 0.39 0.40 0.41 0.42 0.43 0.45 0.47 0.48 0.51 0.53 0.56 0.58
20.00 0.24 0.25 0.26 0.26 0.27 0.28 0.29 0.30 0.32 0.33 0.35 0.37
30.00 0.18 0.19 0.20 0.20 0.21 0.21 0.22 0.23 0.24 0.25 0.27 0.28

ADJ SAR BY SECOND METHOD SUAREZ-1981  
 HCRATIO, ECSAR, SSR(CAX)  .1217546         29174.22      13 
SUM HCO3+CO3= 1.248826 
EPM-NA, EPM-MG, CAX VALUES ARE
 237.0617      53.89837      13 
SL.NO.  PMR.NO., SAR, ADJ SAR = 13         104 
   41.86516   40.98912
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6.9.6  Dissolved Inorganic Carbon(DIC in ppm)
pH and the distribution of DIC species  For most natural waters, it is the production of CO2 from the 
degradation of plant debris in soils that  contributes much of the DIC. In unsaturated and aerobic soils, 
CO2 accumulates in the gas phase, sustaining  high CO2 partial pressures and high DIC in soil water. 
The sequence of reactions begins with the    dissolution and hydration of CO2 in water to produce 
carbonic acid:

CO2+H2O carbon (undefi ned) dioxide ⇔ H2CO3 ⇔ H+ carbon (undefi ned) acid +HCO3 
−2  H + 

bicarbonate+CO3
2−carbonate

Carbonic acid is a weak acid, and readily dissociates to form bicarbionate, which again dissociates 
to form carbonate.    The concentration of DIC in groundwater mainly responds to a gas phase 
control on the uptake of CO2 from soils or the atmosphere and a mineralogical control through rock 
weathering and precipitation of secondary carbonate minerals. ( Chapter 2 Geochemical Reactions, 
Environmental Geochemistry and Isotopes,  )

The concentration of DIC in groundwater mainly responds to a gas phase control on the uptake of CO2  
from soils or the atmosphere and a mineralogical control through rock weathering and precipitation 
of secondary carbonate minerals. The relative distribution of DIC species is controlled by pH and the 
carbonic  acid dissociation reactions.
DIC = mH2CO3 +  mHCO3 +  mCO3
       ******************************************

For Example,  the DIC concentration can be calculated (Text book Example) as:

ppm HCO3= 122 Notation 

Gramformula  wt= 61
so, mHCO3= 122/ (61* 1000)= 0.002 = 10^ -2.7 
log Y= -0.5 zi^2 * SQR(0.05)
r HCO3  = 0.89   
r CO3  = 0.63
aHCO3  = mHCO3 = γHCO3  = 0.002 = 0.89 = 0.00178 V2
aH+ = 10–pH = 10–7.00 V3
For CO3:
PK2= aCO3* aH+ / aHCO3  = LOG 10^ -10.33 V1
aCO3=P K2*aHCO3/ aH+  = V1 * V2 / V3 = 10 ^ -6.08 = 8.34  = 10–7 V4
mCO3 = aCO3/  r CO3 – = 8.34  = 10 –7 / 0.63 = 1.32  = 10 –6 mol/kg V5
For H2CO3:
 PK1= aHCO3 * aH+ / aH2CO3  = 10 – 6.35

aH2CO3= aHCO3 * aH+ /P K1= 0.00178 * 10^ -7/10 – 6.35  = 10–3.40 =0.00040
γH2CO3=1 
mH2CO3 = aH2CO3 / γH2CO3 = 0.00040 / 1 = 0.00040 mol/kg
For PCO2:  
KCO2= aH2CO3 /PCO2  =10 ^ -1.47  
PCO2=  0.00040 / 10 ^ -1.47= 1.18= 10 –2 = 10 –1.93    
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DIC = mH2CO3 + mHCO3 + mCO3
= 0.00040 + 0.0020 + 1.30 * 10^ – 6

= 0.00240 mol/kg
= 28.8 ppm Conc.C 

Example-2: Calculation steps adopted in WATCHIT soft ware are as follows:
DISSOLVED INORGANIC CARBON(ppm)
PK2 = LOG(10 ^ -10.33) / 2.303
YHCO3= ACTIVITY OF HCO3
MI5 = MI(HCO3): MHCO3 = MI5
AHCO3 = MHCO3 * YHCO3
AH = 10 ^ (-PH)
PRINT   “PK2, AHCO3, AH =”; PK2, AHCO3, AH
ACO3 = 10 ^ PK2 * AHCO3 / AH
PRINT   “ACO3  =”; ACO3
MCO31 = ACO3 / YCO3
MM1 = MCO31
PRINT   “MCO31=”; MCO31
PK1 = LOG(10 ^ -6.35) / 2.303
AH2CO3 = AHCO3 * AH / 10 ^ PK1
PRINT   “AHCO3, AH,PK1, AH2CO3=”; AHCO3, AH, PK1, AH2CO3
YH2CO3 = 1
MH2CO3 = AH2CO3 / YH2CO3
PRINT   “AH2CO3, YH2CO3, MH2CO3=”; AH2CO3, YH2CO3, MH2CO3
KCO2 = 10 ^ -1.47
PRINT   “AH2CO3=”; AH2CO3
PRINT   “KCO2=”; KCO2
PCO2 = AH2CO3 / KCO2
PRINT   “PCO2=”; PCO2
PRINT   “MH2CO3,MHCO3,MCO31=”; MH2CO3, MHCO3, MCO31
DIC1 = MH2CO3 + MI5 + MM1
PRINT   “DIC1=”; DIC1,
DIC2 = DIC1 * 61.1 * 100 * 2
PRINT   “DIC2=”; DIC2

PK2=-10.32814 
MHCO3, YHCO3= 2.999017E-03  -5.623293E-02 
AHCO3 =-1.686435E-04 
PK2, AHCO3, AH =-10.32814   -1.686435E-04                1.584893E-08 
ACO3  =-4.998394E-07 
MCO31= 2.222183E-06 
AHCO3, AH,PK1, AH2CO3=-1.686435E-04        1.584893E-08               -6.348856     
-5.967954E-06 
AH2CO3, YH2CO3, MH2CO3=-5.967954E-06       1            -5.967954E-06 
AH2CO3=-5.967954E-06 
KCO2= 3.388442E-02 
PCO2=-1.761268E-04 
MH2CO3,MHCO3,MCO31=-5.967954E-06           2.999017E-03                2.222183E-06 
DIC1 = MH2CO3 + MI5 + MM1 
DIC2 = DIC1 * 61.1 * 100 * 2
DIC1= 2.995271E-03          DIC2= 36.60221 
SL.NO.  PMR.NO.  DISSOLVED INORGANIC CARBON(ppm) =  1     105     36.60221

6.9.7 Non-Sea Salt Values of Ions in Water
Concentrations of non-sea salt sulphate  (nss-SO4 2−) and non-sea salt calcium (nss-Ca 2+) are  
calculated by using  the following equations.   The concentration unit used here  is  meq/L: 

The concentrations of  SO4 2−,  Ca 2+, and  Na +  are  the concentration of ions present  in rainwater. 
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Concentrations of non sea-salt sulfate (nss-SO4 2−) and non-sea salt calcium (nss-Ca 2+) are the 
difference between concentration of SO4 2− and Ca 2+ in rainwater and concentration of SO4 2− and 
Ca2+  in sea water.    

The computation of non-sea-salt (NSS) concentration of ion Xi  has been attempted using the 
following equations:

NSSCA=CAEPM-NAEPM*0.0431   
NSSMG=MGEPM-NAEPM*0.226 
NSSK=KEPM-NAEPM*0.0208    
NSSHCO3=HCO3EPM-NAEPM*0.0052 
NSSCL=CLEPM-NAEPM*1.172  
NSSSO4=SO4EPM-NAEPM*0.1203

NSSCA = NSSCA * 20.04
NSSMG = NSSMG * 12.15
NSSK = NSSK * 39.1
NSSHCO3 = NSSHCO3 * 61.02
NSSCL = NSSCL * 35.43
NSSSO4 = NSSSO4 * 48.03

SL.NO.  PMR.NO.  NON-SEA SALT  IONS IN WATER IN PPM = 1   106 

   NSS-CA         NSS-MG     NSS-K       NSS-HCO3        NSS-CL     NSS-SO4 
  104.604324   10.020592    2.860687    181.385178     -40.435219    208.590530
-----------------------------------------------------------------------------------

6.9.8  Seawater Intrusion detection, if coastal groundwater
SL.NO.  PMR.NO.  Seawater Intrusion detection, if coastal groundwater 
SWRATIO= CLPPM/(CO3PPM+HCO3PPM)   
CL           CO3         HCO3  ( PPM)    & SW INT RATIO
 171           .001          183                            .9344211 
SL.NO.  PMR.NO.  Seawater Intrusion Ratio :       1             107           .9344211 
----------------------------------------------------------------------------
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CHAPTER - 7  MASTER TABLES

7.0   Introduction
The following are the master tables created by this software:

7.1  Physico-Chemical Properties of water
Master Table. 1.   Physico-Chemical Properties of water
____________________________________________________________
Sl.No.   Station Name             TDS(ppm)       EC(mmhos/Cm)   pH        T(Deg.C)
____________________________________________________________
   1     RIOGRANDE                    849.02        1326.59      7.80     25.00
   2     PANPOLI-GW                   673.96        1053.07      7.80     24.00
   3     VALASAI-GW                   706.60        1104.07      8.30     25.00
   4     TIRUCHENCOAST               2000.00        3125.00      7.80     21.00
   5     TUTICORINCOAST              4800.00        7500.00      7.70     21.00
   6     BOGALURCOAST                8000.00       12500.00      7.47     21.00
   7     DALAVOYLAKE-S1               997.11        1557.98      8.35     20.00
   8     LAKEWATER1                   574.62         897.84      8.20     21.00
   9     LAKE-HARSVATTEN              763.32        1192.69      4.50     22.00
  10     KABINIRIVER                   41.33          64.58      7.70     20.00
  11     GANGABHAGIRIVER              195.77         305.89      7.22     19.35
____________________________________________________________

7.2  Major Ion Concentrations of Water Expressed in ppm
Area & Cluster Names    :   SAMPLE DATA FOR WATCHIT     Group-1
Master Table. 2.    Major Ion Concentrations of Water Expressed in ppm
____________________________________________________________
Sl.No       Ca       Mg        Na     K      HCO3   CO3      Cl     NO3     SO4
____________________________________________________________
 1       109.00     24.00    117.00   7.00  183.00  0.00    171.00    0.00  238.00 
 2        80.00     41.30     55.80   3.00  317.00  0.50    156.00    0.96   19.40 
 3        36.00     40.10    140.00   5.00   91.50 30.00    238.00   93.00   33.00 
 4        44.00     58.00    432.00   8.00  506.00  0.01    411.00  120.00  211.00 
 5        48.00     92.00    925.00  31.00  427.00  0.01    432.00    5.00 1526.00 
 6        88.00    185.00   1440.00   9.00  525.00  0.01   2233.00   51.00  490.00 
 7        77.00     67.00    120.00   6.00  490.00 10.00    174.00   28.00   25.00 
 8        54.00     23.00     87.00   6.60  134.00  1.00     67.00    1.00  201.00 
 9        29.00     58.00    240.00  11.00   50.00  0.30    243.00   30.00  102.00 
 10        5.33      1.55      3.66   0.66   20.73  0.00      4.66    0.00    3.33 
 11       11.21      6.21      8.31   2.53  152.31  0.00      4.77    0.00   10.33 
____________________________________________________________

7.3  Major Ion Concentrations of Water Expressed in meq/L
Area & Cluster Names    :   SAMPLE DATA FOR WATCHIT     Group-1
Master Table. 3.    Major Ion Concentrations of Water Expressed in meq/L
____________________________________________________________
Sl.No       Ca       Mg        Na     K      HCO3   CO3      Cl      NO3      SO4
____________________________________________________________
 1         5.44      1.97      5.09   0.18    3.00  0.00      4.82    0.00    4.96 
 2         3.99      3.40      2.43   0.08    5.20  0.02      4.40    0.02    0.40 
 3         1.80      3.30      6.09   0.13    1.50  1.00      6.71    1.50    0.69 
 4         2.20      4.77     18.79   0.20    8.29  0.00     11.59    1.94    4.39 
 5         2.40      7.57     40.24   0.79    7.00  0.00     12.19    0.08   31.77 
 6         4.39     15.22     62.64   0.23    8.60  0.00     62.98    0.82   10.20 
 7         3.84      5.51      5.22   0.15    8.03  0.33      4.91    0.45    0.52 
 8         2.69      1.89      3.78   0.17    2.20  0.03      1.89    0.02    4.18 
 9         1.45      4.77     10.44   0.28    0.82  0.01      6.85    0.48    2.12 
 10        0.27      0.13      0.16   0.02    0.34  0.00      0.13    0.00    0.07 
 11        0.56      0.51      0.36   0.06    2.50  0.00      0.13    0.00    0.22 
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7.4 Cation-Anion Concentrations of Water Expressed in Percentage

Area & Cluster Names    :   SAMPLE DATA FOR WATCHIT     Group-1
Master Table. 4.    Cation-Anion Concentrations of Water Expressed in Percentage
____________________________________________________________
Sl.No    Ca       Mg        Na     K      HCO3   CO3    Cl     NO3    SO4
____________________________________________________________
 1       42.89    15.57    40.13   1.41   23.47  0.00  37.75   0.00  38.78 
 2       40.35    34.35    24.53   0.78   51.79  0.17  43.86   0.15   4.03 
 3       15.88    29.17    53.83   1.13   13.15  8.77  58.89  13.16   6.03 
 4        8.46    18.38    72.37   0.79   31.63  0.00  44.22   7.38  16.76 
 5        4.70    14.85    78.90   1.55   13.71  0.00  23.88   0.16  62.25 
 6        5.32    18.46    75.94   0.28   10.41  0.00  76.24   1.00  12.35 
 7       26.09    37.43    35.44   1.04   56.36  2.34  34.45   3.17   3.65 
 8       31.55    22.16    44.31   1.98   26.39  0.40  22.71   0.19  50.30 
 9        8.54    28.17    61.62   1.66    7.96  0.10  66.60   4.70  20.63 
 10      46.69    22.39    27.95   2.96   62.81  0.01  24.30   0.00  12.82 
 11      37.38    34.15    24.15   4.32   87.64  0.00   4.72   0.00   7.55 
____________________________________________________________

7.5 Total Ions and Ionic Strength of water
Area & Cluster Names    :   SAMPLE DATA FOR WATCHIT     Group-1
Master Table. 5.   Total Ions and Ionic Strength of water
____________________________________________________________
Sl.No.        TOT-CATIONS    TOT-ANIONS     MONOVALENT   DIVALENT      IONIC 
              meq/L          meq/L          moles/L      moles/L       STRENGTH    
____________________________________________________________
   1          12.68227      12.77780        0.00655        0.01237      0.01891
   2           9.89439      10.03135        0.00606        0.00781      0.01387
   3          11.31368      11.39951        0.00797        0.00678      0.01475
   4          25.96384      26.21415        0.02041        0.01136      0.03177
   5          50.99373      51.03522        0.03015        0.04174      0.07188
   6          82.48109      82.61354        0.06764        0.02981      0.09745
   7          14.72879      14.24682        0.00938        0.01021      0.01959
   8           8.54032       8.32039        0.00403        0.00881      0.01283
   9          16.94060      10.29146        0.00944        0.00835      0.01779
  10           0.56965       0.54085        0.00032        0.00046      0.00079
  11           1.49657       2.84807        0.00153        0.00129      0.00282
____________________________________________________________

7. 6.   CaCO3 Saturation Indices of Water
Area & Cluster Names    :   SAMPLE DATA FOR WATCHIT     Group-1
Master Table. 6.   CaCO3 Saturation Indices of Water
____________________________________________________________
Sl.No.   Saturation    Lang.SI-E   Von Wat&Rgrs  Lang.SI-C  Lang.SI-D   STIFF DAVIS
-        index-G       (1936)       B(1964)      Eqn-LSI1   Eqn-LSI     Eqn-LSI-F
____________________________________________________________
   1        -0.2269      0.6524      0.8124      0.6682      0.5100      0.0469
   2        -0.2411      0.7791      0.9166      0.7904      0.6051      0.1263
   3         0.2731      0.5209      0.5304      0.4116      0.2360     -0.2350
   4        -0.2845      0.5764      0.8601      0.6020      0.4435     -0.0057
   5        -0.3845      0.3186      0.7242      0.3743      0.2696     -0.1426
   6        -0.6145      0.3940      0.8471      0.4688      0.3703     -0.0203
   7         0.2506      1.4113      1.6392      1.4203      1.2334      0.7487
   8         0.1155      0.6017      0.7721      0.6104      0.4097     -0.0932
   9        -3.5699     -3.8023     -3.6259     -3.7906     -3.9813     -4.4664
  10        -0.3994     -1.5516     -1.5437     -1.5504     -1.8113     -2.4338
  11        -0.8892     -0.9087     -0.8350     -0.9060     -1.1827     -1.7413
____________________________________________________________
 



. . . 98

7.7  Saturation Indices log ((IAP/KT)) of various Mineral Species  
Area & Cluster Names    :   SAMPLE DATA FOR WATCHIT     Group-1
Master Table. 7.   Saturation Indices log ((IAP/KT)) of various Mineral Species  in Water
___________________________________________________________
Sl.No.  ANHYDRITE    CALCITE    HALITE   MAGNESITE    SYLVITE  MAG.CHLORIDE
____________________________________________________________
   1     -1.3873    -2.5008    -3.1416    -6.0802    -5.1393    -7.9649
   2     -2.5545     0.1183    -3.4877    -3.0921    -5.5316    -7.7666
   3     -2.6817     1.5384    -2.9079    -1.3378    -5.1294    -7.4210
   4     -1.9344    -1.9942    -2.2217    -4.7945    -4.7292    -6.8973
   5     -1.2328    -2.1477    -1.9255    -4.7805    -4.1771    -6.8040
   6     -1.5448    -1.9644    -1.0442    -4.5545    -4.0259    -5.1377
   7     -2.5195     1.3448    -3.1238    -1.6379    -5.1995    -7.5062
   8     -1.6952     0.2631    -3.6579    -3.0309    -5.5522    -8.7435
   9     -2.3167    -0.5858    -2.6733    -3.2073    -4.7867    -7.2663
  10     -4.2033    -3.4662    -6.1180    -6.9286    -7.6356   -12.0196
  11     -3.4774    -3.2314    -5.7747    -6.4135    -7.0650   -11.4634
___________________________________________________________
  log SI   >0 Mineral is supersaturated and can precipitate
  log SI   =0 Mineral is in equilibrium with the solution
  log SI   <0 Mineral is undersaturated and will dissolve, if present
7.8  Saturation Indices (log(IAP/KT)) of Various Species  in Water
Area & Cluster Names    :   SAMPLE DATA FOR WATCHIT     Group-1
Master Table. 8.   Saturation Indices (log(IAP/KT)) of Various Species  in Water
____________________________________________________________
Sl.No.   Ca(NO3)2  MgHCO3    NaHCO3    KHCO3     MgSO4    DOLOMITE 
____________________________________________________________
   1   -12.7283   -4.6391   -4.3773   -6.3619   -1.0267   -4.6176
   2    -6.8553   -4.1311   -4.4460   -6.4768   -1.8249    0.9896
   3    -3.2390   -4.6902   -4.5890   -6.7974   -1.6179    4.1640
   4    -3.0462   -3.8749   -3.3945   -5.8889   -0.7947   -2.8253
   5    -5.9271   -3.8644   -3.1882   -5.4267    0.0744   -2.9648
   6    -3.7150   -3.5195   -2.9277   -5.8963   -0.1949   -2.5554
   7    -3.9888   -3.7673   -3.9394   -6.0020   -1.5622    3.6703
   8    -6.9789   -4.7502   -4.6233   -6.5045   -1.0493    1.1957
   9    -4.3400   -4.8111   -4.6253   -6.7256   -0.9982    0.1703
  10   -13.7690   -6.5614   -6.7391   -8.2436   -3.7258   -6.4314
  11   -12.9117   -5.1475   -5.5394   -6.8166   -2.7195   -5.6815
____________________________________________________________
 LOG(SI)  >0 Mineral is supersaturated and can precipitate
 LOG(SI)  =0 Mineral is in equilibrium with the solution
 LOG(SI)  <0 Mineral is undersaturated and will dissolve, if present

7.9 Saturation Indices (log(IAP/KT)) of some Species  in Water 
Area & Cluster Names    :   SAMPLE DATA FOR WATCHIT     Group-1
Master Table. 9.   Saturation Indices (log(IAP/KT)) of Various Species  in Water
____________________________________________________________
Sl.No.   Ca CL2  ARAGONITE  MG(NO3)2  HUNTITE    KNO3      K2CO3
____________________________________________________________
   1     7.1424   -2.6765   -3.5384  -14.1105  -11.5490  -15.6106
   2     6.9716   -0.0574    2.7037   -2.5270   -8.9195  -13.6054
   3     6.9831    1.3627    6.6540    4.1558   -6.7149  -11.3924
   4     7.4309   -2.1699    6.9228   -9.7469   -6.4422  -14.5724
   5     7.3566   -2.3234    4.2094   -9.8583   -7.2933  -13.5473
   6     8.9804   -2.1400    6.4642   -8.9970   -6.8480  -14.6853
   7     7.0043    1.1691    5.7978    3.0620   -7.1705  -11.7474
   8     6.0784    0.0875    2.4963   -2.1987   -8.5553  -12.6085
   9     6.8831   -0.7615    5.8077   -3.5769   -6.8727  -12.7311
  10     2.9708   -3.6418   -4.4622  -17.6212  -12.4799  -17.3970
  11     3.2466   -3.4071   -3.3246  -15.8410  -11.6186  -16.2968
____________________________________________________________
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  log SI   >0 Mineral is supersaturated and can precipitate
  log SI   =0 Mineral is in equilibrium with the solution
  log SI   <0 Mineral is undersaturated and will dissolve, if present
7.10 Saturation Indices (log(IAP/KT)) of Various Species
Area & Cluster Names    :   SAMPLE DATA FOR WATCHIT     Group-1
Master Table. 10.   Saturation Indices (log(IAP/KT)) of Various Species  in Water
____________________________________________________________
Sl.No.   NaNO3     Na2CO3     Na2 SO4      
____________________________________________________________
   1    -8.9241  -11.9878   -7.1842
   2    -6.2484   -9.8903   -8.8730
   3    -3.8662   -7.3220   -7.8520
   4    -3.3074   -9.9299   -6.1800
   5    -4.4146   -9.4168   -4.8118
   6    -3.2391   -9.0947   -4.9850
   7    -4.4676   -7.9687   -8.1429
   8    -6.0338   -9.1925   -7.4608
   9    -4.1321   -8.8770   -6.9178
  10   -10.3351  -14.7345  -11.7815
  11    -9.7011  -14.0888  -10.6448
____________________________________________________________
 log SI   >0 Mineral is supersaturated and can precipitate
  log SI   =0 Mineral is in equilibrium with the solution
  log SI   <0 Mineral is undersaturated and will dissolve, if present

7.11 Industrial Water Quality Parameters
Area & Cluster Names    :   SAMPLE DATA FOR WATCHIT     Group-1
Master Table. 11.   Industrial Water Quality Parameters
____________________________________________________________
Sl.No.    RHYZNER’S   AGGRESSIV.  POLLUTION  PUCKORIUS  LARSON-SKD  KELLY’S
-          S-INDEX     INDEX       INDEX      S-INDEX    INDEX       RATIO
____________________________________________________________
   1          6.78      12.50       2.92       6.73       3.26       0.69
   2          6.59      12.60       1.47       6.19       0.92       0.33
   3          7.83      12.21       2.83       8.72       2.96       1.19
   4          6.91      12.54       3.07       6.21       1.93       2.70
   5          7.16      12.41       3.94       6.47       6.28       4.04
   6          6.73      12.53       3.13       5.68       8.51       3.19
   7          5.88      13.32       2.39       5.75       0.65       0.56
   8          7.38      12.46       3.14       7.93       2.72       0.82
   9         12.46       8.06       3.87       9.93      10.82       1.68
  10         11.32      10.14       0.33      12.55       0.59       0.40
  11          9.59      10.85       0.62       9.07       0.14       0.34
____________________________________________________________

 RSI   4.0 to 5.0, the water is strongly encrusting
        5.0 to 6.0, it is slightly encrusting
        6.0 to 7.0, it is slightly encrusting or corrosive
        7.0 to 7.5, it is signifi cantly corrosive
        7.5 to 9.0  it is strongly corrosive
        if the value is 9.0 or higher, the water is unbearably corrosive
  Puckorius Scaling Index (PSI)
 PSI   less than 4.5, the water has tendency to encrusting;
      4.5 to 6.5, the water is located within an optimal range
      where no corrosion may occur; and if it has a value greater than 6.5 
      there is driving force to corrosion
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 Larson Skold Index (LI)
 If LI is less than 0.8, the water does not have corrosive character
 if it is 0.8 to 1.2, the water is corrosive
 when it is greater than 1.2, the water presents a high corrosive character
 Kelly’s Ratio:
 A Kelly’s ratio of more than one indicates excessive sodium in water
  water with a Kelly’s ratio less than one are suitable for irrigation
  while those with a ratio more than one are unsuitable for irrigation
Water Pollution Index:
0 TO 2 Unpolluted, 2-6 Slightly Polluted, 6-20 Moderately Polluted
 > 20 Polluted 
Aggressiveness Index(AI):
AI of 12 or above indicates nonaggressive (not corrosive) water
AI values below 10 indicate extremely aggressive (corrosive) conditions
Values of 10 to 11.9 suggest that the water is moderately aggressive

7.12 Irrigation Water Quality Parameters
Area & Cluster Names    :   SAMPLE DATA FOR WATCHIT     Group-1
Master Table. 12.   Irrigation Water Quality Parameters
____________________________________________________________
Sl.No.   PERMEABL   SALINTIY  SALINITY   NA-HAZARD  NA-HAZARD  SODIUM ADS
-         INDEX      USSL      HANDA’S    USSL       HANDA’S    RATIO
____________________________________________________________
   1     54.5537        C3        C3          S1        S1      2.64
   2     47.9383        C3        C3          S1        S1      1.26
   3     65.3883        C3        C3          S1        S1      3.81
   4     84.1275        C3        C5          S3        S3     10.07
   5     85.4179        C5        C5          S4        S3     18.02
   6     79.7191        C5        C5          S4        S3     20.00
   7     55.2542        C3        C3          S1        S1      2.41
   8     62.9059        C2        C3          S1        S1      2.50
   9     68.0982        C3        C3          S2        S1      5.92
  10    134.2573        C1        C1          S1        S1      0.36
  11    135.5838        C2        C1          S1        S1      0.49
____________________________________________________________

Permeability Index(PI):
PI <60 per cent – good quality water and suitable for irrigation
PI >60 per cent – poor quality water and unsuitable for irrigation
 ----------------------------------------------------------------------------
SAR of water      -      suitability
<10                             Low sodic water-can be used for irrigation 
10.1 – 18.0                 Medium sodic water-present an appreciable sodium hazard + high cation-exchange capacity.
18.1 – 26.0                 High sodic water-may produce harmful levels of exchangeable sodium in most soil
> 26                          Very high sodic water-unsatisfactory for irrigation purposes.
 -----------------------------------------------------------------------------
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7.13 Sodium Related Water Quality Parameters
Area & Cluster Names    :   SAMPLE DATA FOR WATCHIT     Group-1
Master Table. 13.   Sodium Related Water Quality Parameters
____________________________________________________________
Sl.No.   SOLUBLE        RES.SOD   EXCH.SOD    CORROSV.       POT.TIAL
         NA %           CARB.     %           RATIO          SALINITY
____________________________________________________________
   1     40.13            -4.41      2.51       2.67           7.30
   2     24.53            -2.18      0.58       0.76           4.60
   3     53.83            -2.60      4.09       3.04           7.06
   4     72.37             1.32     11.70       1.58          13.79
   5     78.90            -2.97     19.81       5.15          28.07
   6     75.94           -11.01     21.60       6.96          68.09
   7     35.44            -0.99      2.19       0.54           5.17
   8     44.31            -2.36      2.31       2.25           3.98
   9     61.62            -5.39      6.79       8.92           7.92
  10     27.95            -0.05     -0.72       0.48           0.17
  11     24.15             1.43     -0.52       0.11           0.24
____________________________________________________________

 IF RSC> 2.5 there will be salt development, reduction of airfl ow in soil and permeability
A negative RSC indicates that sodium buildup is unlikely
since suffi cient calcium and magnesium are in excess 
of what can be precipitated as carbonates.
A positive RSC indicates that sodium buildup in the soil is possible.
 Potential Salinity:Soil type suitable
1 and 3 meq/L    fi ne, medium and coarse textured soils
3 and 15 me/L    safely used in medium and coarse textured soils
15 and 20 me/L   safely used only in coarse textured soils
Soluble Sodium Percentage (SSP)- Suitability:
< 60 per cent   good quality and suitable for irrigation
> 60 per cent   poor quality water and unsuitable for irrigation
 Corrosivity Ratio:
 < 1 is  safe for transport of water in any type of pipes
 >1 corrosive and not to be transported through metal pipes
7.14 Water Types and Hydrochemcial Facies
Area & Cluster Names    :   SAMPLE DATA FOR WATCHIT     Group-1
Master Table. 14.   Water Types and Hydrochemical Facies
____________________________________________________________
Sl.No.   SCHO.LR.  PIPER’S        PIPER’S                  STYFZND. 
         W-TYPE    C-FACIES       A-FACIES                 FACIES
____________________________________________________________
   1       II       Ca+Mg, Na+K    Cl+SO4, HCO3+CO3        f-Fresh-brackish
   2      III       Ca+Mg, Na+K    HCO3+CO3, Cl+SO4        f-Fresh-brackish
   3        I       Na+K, Ca+Mg    Cl+SO4, HCO3+CO3        f-Fresh-brackish
   4       IV       Na+K, Ca+Mg    Cl+SO4, HCO3+CO3        B-Brackish 
   5       II       Na+K, Ca+Mg    Cl+SO4                  B-Brackish 
   6       IV       Na+K, Ca+Mg    Cl+SO4                  b-Brackish-salt
   7      III       Ca+Mg, Na+K    HCO3+CO3, Cl+SO4        f-Fresh-brackish
   8       II       Ca+Mg, Na+K    Cl+SO4, HCO3+CO3        F-Fresh 
   9       IV       Na+K, Ca+Mg    Cl+SO4                  f-Fresh-brackish
  10      III       Ca+Mg, Na+K    HCO3+CO3, Cl+SO4        G-V.OLIGOHALINE 
  11       II       Ca+Mg, Na+K    HCO3+CO3                G-V.OLIGOHALINE 
____________________________________________________________
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 7.15 Hardness Related Water Quality Parameters
Area & Cluster Names    :   SAMPLE DATA FOR WATCHIT     Group-1
Master Table. 15.   Hardness Related Water Quality Parameters
____________________________________________________________
Sl.No.       CALCIUM    MAGNES.    TOTAL      NON-CARB.    HANDA’S
             HARDN.S    HARDN.S    HARDN.S    HARDN.S      HARDNESS
____________________________________________________________
   1          272.20      98.85     371.06   221.32        A2
   2          199.78     170.11     369.89   110.22        A1
   3           89.90     165.17     255.07   180.18        A3
   4          109.88     238.90     348.78   -65.96        B3
   5          119.87     378.94     498.81   148.90        A3
   6          219.76     762.00     981.76   551.70        A3
   7          192.29     275.97     468.26    66.74        A1
   8          134.85      94.74     229.59   119.88        A2
   9           72.42     238.90     311.32   270.46        A3
  10           13.31       6.38      19.69     2.71        A1
  11           27.99      25.58      53.57   -71.28        B1
____________________________________________________________

 7.16 Oxidation Capacity & Van Wirdum Index of Water
Area & Cluster Names    :   SAMPLE DATA FOR WATCHIT     Group-1
Master Table. 16.   Oxidation Capacity & Van Wirdum Index of Water
____________________________________________________________
Sl.No.           OXIDATION    VAN WIRDUM    BASE EXCH.  
-                 CAPACITY     ION RATIO     INDEX 
____________________________________________________________
   1               0.18055     36.05482         2.07450
   2               0.01597     31.20615         1.18712
   3               0.14599     11.80090         2.32349
   4               0.31614      8.65052        11.34536
   5               1.16411      8.94887        35.54089
   6               0.43804      3.36851        10.59534
   7               0.05538     28.13208         5.62711
   8               0.15378     41.62035         3.82055
   9               0.11639      9.54845         8.14851
  10               0.00253     50.29165         0.16277
  11               0.00784     67.51980         0.79300
____________________________________________________________

 7.17 Non-Sea Salt Values of Ions in Water
Area & Cluster Names    :   SAMPLE DATA FOR WATCHIT     Group-1
Master Table. 17.  NON-SEA SALT VALUES OF IONS IN WATER(mg/L)
____________________________________________________________
 
SL.NO.     NSS-CA     NSS-MG      NSS-K     NSS-HCO3   NSS-CL     NSS-SO4 
____________________________________________________________
 
   1      104.6043    10.0206     2.8607   181.3852   -40.4352   208.5905 
   2       77.9036    34.6268     1.0259   316.2298    55.1134     5.3755 
   3       30.7402    23.3702     0.0471    89.5677   -15.0211    -2.1866 
   4       27.7698     6.3900    -7.2827   500.0376  -369.5410   102.4222 
   5       13.2479   -18.5009    -1.7241   414.2332 -1239.0066  1293.4950 
   6       33.8994    12.9684   -41.9415   505.1252  -369.3631   128.0777 
   7       72.4916    52.6534     1.7546   488.3438   -42.8557    -5.1599 
   8       50.7314    12.6040     3.5220   132.7992   -90.1820   179.1310 
   9       19.9832    29.3225     2.5093    46.6875  -190.6434    41.6793 
  10        5.1925     1.1125     0.5305    20.6795    -1.9537     2.4101 
  11       10.8978     5.2162     2.2359   152.1953   -10.2425     8.2413 
____________________________________________________________
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7.18 Additional Water chemistry Related Parameters 
Area & Cluster Names    :   SAMPLE DATA FOR WATCHIT     Group-1
Master Table. 18.  Additional Water chemistry Related Parameters-Set 1
____________________________________________________________
 
SL.NO.     LIME DOSE    SODA ASH   SALT       SODIUM       S A R     DISSOLVED
           TREATMNT     TREATMENT  INDEX      DOMINDEX    ADJUSTED   INORG.CARBON
____________________________________________________________ 
   1          329.5818   614.4097 -1229.1250    40.7032     4.9530    36.6022
   2          449.5939   500.4208  -938.7000    24.7224     2.9597    63.4190
   3          247.8357   347.2569  -321.0000    54.4410     6.5526    18.3565
   4          600.1164   303.6596  -126.0000    72.9484    26.0778   101.1623
   5          649.7556   677.3462   318.5000    80.1484    47.8374    85.2123
   6         1050.2140  1591.6318   348.5000    76.1529    51.4865   104.3660
   7          658.3092   528.5574  -838.1250    35.8120     6.2434    98.3311
   8          229.8194   359.6702  -592.2500    45.2043     4.0380    26.8671
   9          246.1995   599.1357  -136.1250    62.6646     9.5071   -28.5867
  10           25.9827    23.5797   -85.4662    28.8035     0.0599     4.1514
  11          144.0861   -14.4606  -152.1113    25.2446     0.8481    30.4076
  ____________________________________________________________
 
Area & Cluster Names    :   SAMPLE DATA FOR WATCHIT     Group-1
Master Table. 19.  Non-Marine (NM) ionic species in Water
____________________________________________________________
 
SL.NO.       NM-CA        NM-MG      NM-NA       NM-SO4       NM-K
____________________________________________________________
 
   1          105.3577    12.5772   -29.3127   214.0497     3.4774
   2           76.6772    30.8792   -77.6783    -2.4494    -0.2136
   3           30.9306    24.2016   -63.6399    -0.3343     0.0972
   4           35.2457    30.5452    80.3361   153.4353    -0.4666
   5           38.7984    63.1424   555.3679  1465.4941    22.1008
   6           40.4371    35.8356  -470.6218   177.2460   -36.9998
   7           73.2938    55.3768   -28.8796     0.6296     2.4156
   8           52.5729    18.5244    29.6728   191.6160     5.2198
   9           23.8241    41.7676    32.0819    67.9654     5.9942
  10            5.2307     1.2387    -0.3272     2.6773     0.5640
  11           11.1084     5.8914     4.2286     9.6619     2.4317
____________________________________________________________
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CHAPTER - 8 CORRELATION ANALYSIS

8.0 Introduction
WATCHIT provides symmetrical correlation marices fro a variety of a combinations of input and 
computed parameters.  Two of  them are given as master tables in MAT fi le.  

8.1 Symmetrical Correlation Matrix of Major ions in ppm
Area & Cluster Names    :   SAMPLE DATA FOR WATCHIT     Group-1
Master Table. 20.  Symmetrical Correlation Matrix of Major ions in ppm
____________________________________________________________
 
         Ca     Mg    Na      K     HCO3   CO3     Cl    NO3    SO4
 
Ca      1.00   1.00   0.36   0.94   0.99   0.54   0.67  -0.19   0.92  
Mg      1.00   1.00   0.36   0.94   0.99   0.54   0.67  -0.19   0.92  
Na      0.36   0.36   1.00   0.44   0.30   0.09   0.51  -0.09   0.39  
K       0.94   0.94   0.44   1.00   0.94   0.44   0.70  -0.07   0.93  
HCO3    0.99   0.99   0.30   0.94   1.00   0.58   0.64  -0.19   0.90  
CO3     0.54   0.54   0.09   0.44   0.58   1.00   0.37  -0.16   0.20  
Cl      0.67   0.67   0.51   0.70   0.64   0.37   1.00  -0.17   0.56  
NO3    -0.19  -0.19  -0.09  -0.07  -0.19  -0.16  -0.17   1.00  -0.11  
SO4     0.92   0.92   0.39   0.93   0.90   0.20   0.56  -0.11   1.00  
____________________________________________________________

8.2 Symmetrical Correlation Matrix of Major ions in moles
Area & Cluster Names    :   SAMPLE DATA FOR WATCHIT     Group-1
Master Table. 20(b).  Symmetrical Correlation Matrix of Major ions in moles
____________________________________________________________
          Ca      Mg      Na      K      HCO3    CO3      Cl     NO3     SO4
Ca       1.00    0.44    0.30    0.09    0.51   -0.09    0.39   -0.06    0.13  
Mg       0.44    1.00    0.94    0.44    0.70   -0.07    0.93    0.30    0.48  
Na       0.30    0.94    1.00    0.58    0.64   -0.19    0.90    0.25    0.67  
K        0.09    0.44    0.58    1.00    0.37   -0.16    0.20   -0.04    0.95  
HCO3     0.51    0.70    0.64    0.37    1.00   -0.17    0.56    0.33    0.42  
CO3     -0.09   -0.07   -0.19   -0.16   -0.17    1.00   -0.11    0.48   -0.23  
Cl       0.39    0.93    0.90    0.20    0.56   -0.11    1.00    0.29    0.31  
NO3     -0.06    0.30    0.25   -0.04    0.33    0.48    0.29    1.00   -0.11  
SO4      0.13    0.48    0.67    0.95    0.42   -0.23    0.31   -0.11    1.00  
-------------------------------------------------------------------------------
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CHAPTER - 9 TABULATED STATISTICS

9.0  Introdutciton
WATCHIT  Statistical calucations expected to provide all kinds of information for proper interpretation. 

The TAB fi le contains all the datasets used for statistical analyses.  

Every set of data (say ppm, epm, ionic strength, ionic ratios in ppm or epm) are subjected to statistical 
treatment. It provides  their inter-relationships through a symmetrical correlation matrices.

Note:  There is one issue of concern in these ionic ratios. If any of the ionic concentrations like CO3, 
K, NO3, or SO4 are very   low or zero, then when they become a variable of denominator (dividing 
value), the ratio becomes very high and unnatural. 

This may lead to serious positioning  problems in the graphs, showing some plots really looking 
existing as a high range value. 

Some of the sample output details are shown below. Due to space limitation here, not all the tables are 
furnished. The user may look into the table numbers for referencing inside the output fi les.
Area & Cluster Names, Sample number : SAMPLE DATA FOR WATCHIT    Group-1        11 
TABLE NO.  1 
CORRELATION AMONG IONS IN PPM      
    NO OF SAMPLES= 11           NO OF VARIABLES= 9 
   109.00    24.00   117.00     7.00   183.00     0.00   171.00     0.00   238.00 
    80.00    41.30    55.80     3.00   317.00     0.50   156.00     0.96    19.40 
    36.00    40.10   140.00     5.00    91.50    30.00   238.00    93.00    33.00 
    44.00    58.00   432.00     8.00   506.00     0.01   411.00   120.00   211.00 
    48.00    92.00   925.00    31.00   427.00     0.01   432.00     5.00  1526.00 
    88.00   185.00  1440.00     9.00   525.00     0.01  2233.00    51.00   490.00 
    77.00    67.00   120.00     6.00   490.00    10.00   174.00    28.00    25.00 
    54.00    23.00    87.00     6.60   134.00     1.00    67.00     1.00   201.00 
    29.00    58.00   240.00    11.00    50.00     0.30   243.00    30.00   102.00 
     5.33     1.55     3.66     0.66    20.73     0.00     4.66     0.00     3.33 
    11.21     6.21     8.31     2.53   152.31     0.00     4.77     0.00    10.33 
____________________________________________________________

Ca       Mg        Na        K         HCO3      CO3       Cl        NO3       SO4
MAX VALUE        
    109.0    185.0   1440.0     31.0    525.0     30.0   2233.0    120.0   1526.0 
MINIMUM VALUE    
      5.3      1.5      3.7      0.7     20.7      0.0      4.7      0.0      3.3 
AVERAGE  VALUE   :
      9.4     16.7    130.6      2.8     45.8      2.7    202.6     10.9    138.4 
MEAN = 52.86728             SD= 32.6445 
MEAN = 54.19637             SD= 51.04504 
MEAN = 324.4336             SD= 455.42 
MEAN = 8.162727             SD= 8.145337 
MEAN = 263.3218             SD= 194.3713 
MEAN = 3.803  SD= 9.177415 
MEAN = 375.8573             SD= 631.8194 
MEAN = 29.90582             SD= 41.86046 
MEAN = 259.9146             SD= 444.9543 
SYMMETRICAL CORRELATION MATRIX
CALCULATED CORRELATION COEFFICIENTS  BETWEEN COLUMNS I AND J
    1    1.00  0.44  0.30  0.09  0.51 -0.09  0.39 -0.06  0.13 
    2    0.44  1.00  0.94  0.44  0.70 -0.07  0.93  0.30  0.48 
    3    0.30  0.94  1.00  0.58  0.64 -0.19  0.90  0.25  0.67 
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    4    0.09  0.44  0.58  1.00  0.37 -0.16  0.20 -0.04  0.95 
    5    0.51  0.70  0.64  0.37  1.00 -0.17  0.56  0.33  0.42 
    6   -0.09 -0.07 -0.19 -0.16 -0.17  1.00 -0.11  0.48 -0.23 
    7    0.39  0.93  0.90  0.20  0.56 -0.11  1.00  0.29  0.31 
    8   -0.06  0.30  0.25 -0.04  0.33  0.48  0.29  1.00 -0.11 
    9    0.13  0.48  0.67  0.95  0.42 -0.23  0.31 -0.11  1.00 
 --------------------------------------------------------------------- 
Area & Cluster Names: SAMPLE DATA FOR WATCHIT           Group-1
AREA : SAMPLE DATA FOR WATCHIT
CORRELATION AMONG IONS IN EPM
TABLE NO. 2 
NO OF SAMPLES= 11               NO OF VARIABLES= 9 
    5.44    1.97    5.09    0.18    3.00    0.00    4.82    0.00    4.96 
    3.99    3.40    2.43    0.08    5.20    0.02    4.40    0.02    0.40 
    1.80    3.30    6.09    0.13    1.50    1.00    6.71    1.50    0.69 
    2.20    4.77   18.79    0.20    8.29    0.00   11.59    1.94    4.39 
    2.40    7.57   40.24    0.79    7.00    0.00   12.19    0.08   31.77 
    4.39   15.22   62.64    0.23    8.60    0.00   62.98    0.82   10.20 
    3.84    5.51    5.22    0.15    8.03    0.33    4.91    0.45    0.52 
    2.69    1.89    3.78    0.17    2.20    0.03    1.89    0.02    4.18 
    1.45    4.77   10.44    0.28    0.82    0.01    6.85    0.48    2.12 
    0.27    0.13    0.16    0.02    0.34    0.00    0.13    0.00    0.07 
    0.56    0.51    0.36    0.06    2.50    0.00    0.13    0.00    0.22 
____________________________________________________________
Ca       Mg        Na        K         HCO3      CO3       Cl        NO3       SO4
MAX VALUE        
      5.4     15.2     62.6      0.8      8.6      1.0     63.0      1.9     31.8 
MINIMUM VALUE    
      0.3      0.1      0.2      0.0      0.3      0.0      0.1      0.0      0.1 
AVERAGE  VALUE   :
      0.5      1.4      5.7      0.1      0.8      0.1      5.7      0.2      2.9 
MEAN = 2.638087             SD= 1.628968 
MEAN = 4.459688             SD= 4.200374 
MEAN = 14.11207             SD= 19.80966 
MEAN = .2087547             SD= .20831 
MEAN = 4.315337             SD= 3.18537 
MEAN = .1267498             SD= .305873 
MEAN = 10.60156             SD= 17.82132 
MEAN = .4823138             SD= .6751153 
MEAN = 5.411414             SD= 9.263936 
SYMMETRICAL CORRELATION MATRIX
 
CALCULATED CORRELATION COEFFICIENTS  BETWEEN COLUMNS I AND J
    1    1.00  0.44  0.30  0.09  0.51 -0.09  0.39 -0.06  0.13 
    2    0.44  1.00  0.94  0.44  0.70 -0.07  0.93  0.30  0.48 
    3    0.30  0.94  1.00  0.58  0.64 -0.19  0.90  0.25  0.67 
    4    0.09  0.44  0.58  1.00  0.37 -0.16  0.20 -0.04  0.95 
    5    0.51  0.70  0.64  0.37  1.00 -0.17  0.56  0.33  0.42 
    6   -0.09 -0.07 -0.19 -0.16 -0.17  1.00 -0.11  0.48 -0.23 
    7    0.39  0.93  0.90  0.20  0.56 -0.11  1.00  0.29  0.31 
    8   -0.06  0.30  0.25 -0.04  0.33  0.48  0.29  1.00 -0.11 
    9    0.13  0.48  0.67  0.95  0.42 -0.23  0.31 -0.11  1.00 
 -----------------------------------------------------------------------
Area & Cluster Names  : SAMPLE DATA FOR WATCHIT         Group-1
TABLE NO. 3 
 CORRELATION AMONG TDS, EC ,RSI, SSP, CR, SAR, RSC, NCH,  ESP    
NO OF SAMPLES= 11           NO OF VARIABLES= 9 
____________________________________________________________
TDS      EC        RSI       SSP       CR        SAR       RSC       NCH       ESP
MAX VALUE        
   8000.0  12500.0     12.5     78.9      8.9     20.0      1.4    551.7     21.6 
MINIMUM VALUE    
     41.3     64.6      5.9     24.2      0.1      0.4    -11.0    -71.3     -0.7 
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AVERAGE  VALUE   :
    723.5   1130.5      0.6      5.0      0.8      1.8      1.1     56.6      2.0 
MEAN = 1781.975             SD= 2444.006 
MEAN = 2784.336             SD= 3818.759 
MEAN = 8.057772             SD= 2.128452 
MEAN = 49.0162              SD= 20.71888 
MEAN = 2.951302             SD= 2.893461 
MEAN = 6.136233             SD= 6.947752 
MEAN =-2.65569              SD= 3.504673 
MEAN = 139.5333             SD= 175.3249 
MEAN = 6.39547              SD= 7.914359 
   SYMMETRICAL CORRELATION MATRIX
 CALCULATED CORRELATION COEFFICIENTS  BETWEEN COLUMNS I AND J
    1    1.00  1.00 -0.35  0.74  0.56  0.95 -0.71  0.70  0.93 
    2    1.00  1.00 -0.35  0.74  0.56  0.95 -0.71  0.70  0.93 
    3   -0.35 -0.35  1.00 -0.14  0.28 -0.27  0.10 -0.11 -0.26 
    4    0.74  0.74 -0.14  1.00  0.72  0.89 -0.48  0.49  0.92 
    5    0.56  0.56  0.28  0.72  1.00  0.64 -0.78  0.77  0.65 
    6    0.95  0.95 -0.27  0.89  0.64  1.00 -0.60  0.58  1.00 
    7   -0.71 -0.71  0.10 -0.48 -0.78 -0.60  1.00 -1.00 -0.58 
    8    0.70  0.70 -0.11  0.49  0.77  0.58 -1.00  1.00  0.57 
    9    0.93  0.93 -0.26  0.92  0.65  1.00 -0.58  0.57  1.00 
 
------------------------------------------------------------------
 CORRELATION ANALYSIS AMONG TDS, EC, PPM VALUES
AREA  : SAMPLE DATA FOR WATCHIT           DATE OF PROCESSING=03-03-2019
____________________________________________________________

Area & Cluster Names, Sample number : SAMPLE DATA FOR WATCHIT         
Group-1        11 
TABLE NO.   4 
 Correlation among TDS, EC and all ionic concentrations in ppm
NO OF SAMPLES= 11           NO OF VARIABLES= 11 
  849.02 1326.59  109.00   24.00  117.00    7.00  183.00    0.00  171.00    0.00  238.00 
  673.96 1053.07   80.00   41.30   55.80    3.00  317.00    0.50  156.00    0.96   19.40 
  706.60 1104.07   36.00   40.10  140.00    5.00   91.50   30.00  238.00   93.00   33.00 
 2000.00 3125.00   44.00   58.00  432.00    8.00  506.00    0.01  411.00  120.00  211.00 
 4800.00 7500.00   48.00   92.00  925.00   31.00  427.00    0.01  432.00    5.00 1526.00 
 8000.0012500.00   88.00  185.00 1440.00    9.00  525.00    0.01 2233.00   51.00  490.00 
  997.11 1557.98   77.00   67.00  120.00    6.00  490.00   10.00  174.00   28.00   25.00 
  574.62  897.84   54.00   23.00   87.00    6.60  134.00    1.00   67.00    1.00  201.00 
  763.32 1192.69   29.00   58.00  240.00   11.00   50.00    0.30  243.00   30.00  102.00 
   41.33   64.58    5.33    1.55    3.66    0.66   20.73    0.00    4.66    0.00    3.33 
  195.77  305.89   11.21    6.21    8.31    2.53  152.31    0.00    4.77    0.00   10.33 
____________________________________________________________
TDS     EC  Ca      Mg        Na        K         HCO3      CO3       Cl        NO3       SO4
MAX VALUE        
   8000.0  12500.0    109.0    185.0   1440.0     31.0    525.0     30.0   2233.0    120.0   1526.0 
MINIMUM VALUE    
     41.3     64.6      5.3      1.5      3.7      0.7     20.7      0.0      4.7      0.0      3.3 
AVERAGE  VALUE   :
    723.5   1130.5      9.4     16.7    130.6      2.8     45.8      2.7    202.6     10.9    138.4 
MEAN = 1781.975             SD= 2444.006 
MEAN = 2784.336             SD= 3818.759 
MEAN = 52.86728             SD= 32.6445 
MEAN = 54.19637             SD= 51.04504 
MEAN = 324.4336             SD= 455.42 
MEAN = 8.162727             SD= 8.145337 
MEAN = 263.3218             SD= 194.3713 
MEAN = 3.803  SD= 9.177415 
MEAN = 375.8573             SD= 631.8194 
MEAN = 29.90582             SD= 41.86046 
MEAN = 259.9146             SD= 444.9543 

SYMMETRICAL CORRELATION MATRIX
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CALCULATED CORRELATION COEFFICIENTS  BETWEEN COLUMNS I AND J
    1    1.00  1.00  0.36  0.94  0.99  0.54  0.67 -0.19  0.92  0.20  0.65 
    2    1.00  1.00  0.36  0.94  0.99  0.54  0.67 -0.19  0.92  0.20  0.65 
    3    0.36  0.36  1.00  0.44  0.30  0.09  0.51 -0.09  0.39 -0.06  0.13 
    4    0.94  0.94  0.44  1.00  0.94  0.44  0.70 -0.07  0.93  0.30  0.48 
    5    0.99  0.99  0.30  0.94  1.00  0.58  0.64 -0.19  0.90  0.25  0.67 
    6    0.54  0.54  0.09  0.44  0.58  1.00  0.37 -0.16  0.20 -0.04  0.95 
    7    0.67  0.67  0.51  0.70  0.64  0.37  1.00 -0.17  0.56  0.33  0.42 
    8   -0.19 -0.19 -0.09 -0.07 -0.19 -0.16 -0.17  1.00 -0.11  0.48 -0.23 
    9    0.92  0.92  0.39  0.93  0.90  0.20  0.56 -0.11  1.00  0.29  0.31 
   10    0.20  0.20 -0.06  0.30  0.25 -0.04  0.33  0.48  0.29  1.00 -0.11 
   11    0.65  0.65  0.13  0.48  0.67  0.95  0.42 -0.23  0.31 -0.11  1.00 
 --------------------------------------------------------------
   PART 3 PROCESSING  ‘PRINTING OF ALL TABLES IN FILE #3 
 PART NEW - Computing Ionic Ratios- OVERALL RATIOS 
SAMPLE DATA FOR WATCHIT     Group-1        11  Ionic Ratios(epm)
Table  No. =   33    Area   Table  No.   Cluster   Samples  SAMPLE DATA FOR WATCHIT        
1            Group-1        11 
____________________________________________________________
STATION                 Ca/Mg     Mg/Ca     Ca/Na     Na/Ca     Mg/Na     Na/Mg
UNITS                   meq/L     meq/L     meq/L     meq/L     meq/L     meq/L
____________________________________________________________
RIOGRANDE                2.75      0.36      1.07      0.94      0.39      2.58 
PANPOLI-GW               1.17      0.85      1.64      0.61      1.40      0.71 
VALASAI-GW               0.54      1.84      0.29      3.39      0.54      1.85 
TIRUCHENCOAST            0.46      2.17      0.12      8.56      0.25      3.94 
TUTICORINCOAST           0.32      3.16      0.06     16.80      0.19      5.31 
BOGALURCOAST             0.29      3.47      0.07     14.26      0.24      4.11 
DALAVOYLAKE-S1           0.70      1.43      0.74      1.36      1.06      0.95 
LAKEWATER1               1.42      0.70      0.71      1.40      0.50      2.00 
LAKE-HARSVATTEN          0.30      3.30      0.14      7.21      0.46      2.19 
KABINIRIVER              2.09      0.48      1.67      0.60      0.80      1.25 
GANGABHAGIRIVER          1.09      0.91      1.55      0.65      1.41      0.71 
___________________________________________________________
Ionic Ratios(epm)
MAX VALUE        
      2.8      3.5      1.7     16.8      1.4      5.3 
MINIMUM VALUE    
      0.3      0.4      0.1      0.6      0.2      0.7 
AVERAGE  VALUE   :
      0.2      0.3      0.1      1.5      0.1      0.4 
MEAN = 1.012898             SD= .8075944 
MEAN = 1.698256             SD= 1.171883 
MEAN = .7327206             SD= .6561133 
MEAN = 5.070534             SD= 5.877479 
MEAN = .6585181             SD= .4481971 
MEAN = 2.326569             SD= 1.530659 
SYMMETRICAL CORRELATION MATRIX
CALCULATED CORRELATION COEFFICIENTS  BETWEEN COLUMNS I AND J
    1    1.00 -0.84  0.70 -0.65  0.20 -0.38 
    2   -0.84  1.00 -0.84  0.89 -0.56  0.69 
    3    0.70 -0.84  1.00 -0.77  0.80 -0.76 
    4   -0.65  0.89 -0.77  1.00 -0.69  0.91 
    5    0.20 -0.56  0.80 -0.69  1.00 -0.85 
    6   -0.38  0.69 -0.76  0.91 -0.85  1.00 
 ____________________________________________________________
Ionic Ratios(epm) Table  No. =   34   Area   Table  No.   Cluster   Samples  SAMPLE DATA 
FOR WATCHIT        2            Group-1        11 
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____________________________________________________________
STATION                 K/Mg      Mg/K      Ca/K      K/Ca      Na/K      K/Na
UNITS                   meq/L     meq/L     meq/L     meq/L     meq/L     meq/L
____________________________________________________________
RIOGRANDE                0.09     11.03     30.38      0.03     28.43      0.04 
PANPOLI-GW               0.02     44.30     52.03      0.02     31.64      0.03 
VALASAI-GW               0.04     25.81     14.05      0.07     47.62      0.02 
TIRUCHENCOAST            0.04     23.33     10.73      0.09     91.85      0.01 
TUTICORINCOAST           0.10      9.55      3.02      0.33     50.75      0.02 
BOGALURCOAST             0.02     66.14     19.08      0.05    272.13      0.00 
DALAVOYLAKE-S1           0.03     35.93     25.04      0.04     34.02      0.03 
LAKEWATER1               0.09     11.21     15.96      0.06     22.42      0.04 
LAKE-HARSVATTEN          0.06     16.97      5.14      0.19     37.11      0.03 
KABINIRIVER              0.13      7.56     15.76      0.06      9.43      0.11 
GANGABHAGIRIVER          0.13      7.90      8.65      0.12      5.59      0.18 
____________________________________________________________
 Ionic Ratios(epm)
MAX VALUE        
      0.1     66.1     52.0      0.3    272.1      0.2 
MINIMUM VALUE    
      0.0      7.6      3.0      0.0      5.6      0.0 
AVERAGE  VALUE   :
      0.0      5.3      4.5      0.0     24.2      0.0 
MEAN = 6.814512E-02         SD= 4.234087E-02 
MEAN = 23.61018             SD= 18.57878 
MEAN = 18.16784             SD= 13.84447 
MEAN = 9.781902E-02         SD= 9.108689E-02 
MEAN = 57.36212             SD= 74.90528 
MEAN = .0461838             SD= 5.157263E-02 
SYMMETRICAL CORRELATION MATRIX
 CALCULATED CORRELATION COEFFICIENTS  BETWEEN COLUMNS I AND J
    1    1.00 -0.85 -0.42  0.35 -0.55  0.72 
    2   -0.85  1.00  0.46 -0.40  0.78 -0.50 
    3   -0.42  0.46  1.00 -0.68 -0.03 -0.16 
    4    0.35 -0.40 -0.68  1.00 -0.09 -0.04 
    5   -0.55  0.78 -0.03 -0.09  1.00 -0.47 
    6    0.72 -0.50 -0.16 -0.04 -0.47  1.00 
 ____________________________________________________________
Ionic Ratios(epm) :  This type of, tabulated, symmetrical correlation matrices  are pro-
vided for the following sets of data: 
Tab.No.= 34 Ionic Ratios(epm)     K/Mg     Mg/K     Ca/K     K/Ca     Na/K     K/Na
Tab.No.= 35 Ionic Ratios(epm)     Ca/HCO3     Ca/CO3     Ca/Cl     Ca/NO3     Ca/SO4     
Mg/HCO3
Tab.No.= 36 Ionic Ratios(epm)     Mg/CO3     Mg/Cl     Mg/NO3     Mg/SO4     Na/HCO3     
Na/CO3
Tab.No.= 37 Ionic Ratios(epm)     Na/NO3     Na/SO4     Na/Cl     HCO3/Ca     HCO3/Mg     
HCO3/Na
Tab.No.= 38 Ionic Ratios(epm)     Cl/Ca     Cl/Mg     Cl/Na     Cl/K     SO4/Ca     NO3/
Ca
Tab.No.= 39 Ionic Ratios(epm)     HCO3/K     CO3/Ca     SO4/Cl     NO3/Mg     HCO3/CO3     
HCO3/Cl
Tab.No.= 40 Ionic Ratios(epm)     HCO3/NO3     HCO3/SO4     Cl/HOC3     Cl/CO3     Cl/NO3     
Cl/SO4
Tab.No.= 41 Ionic Ratios(epm)     NO3/Na     NO3/K     NO3/HCO3     NO3/CO3     NO3/Cl     
NO3/SO4
Tab.No.= 42 Ionic Ratios(epm)     SO4/Mg     SO4/Na     SO4/K     SO4/HCO3     SO4/CO3     
SO4/NO3
Tab.No.= 43 Ionic Ratios(epm)      
Ca+Na/Cl     Cl+SO4/Ca     HCO3+CO3/SO4     Ca+Mg/Cl     HCO3+CO3/Cl      Ca+Mg/SO4
Tab.No.= 44 Ionic Ratios(epm)     
Ca+Mg/Na+K     Na+K/Ca+Mg     Ca+Mg/HCO3+CO3     HCO3+CO3/Ca+Mg     Na+K/HCO3+CO3     
Na+K/Cl+SO4
Tab.No.= 45 Ionic Ratios(epm)     
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Na+K/Cl+NO3     Ca+Mg/Cl+SO4     Cl+SO4/Ca+Mg     Cl+SO4/Na+K     Na+Cl/ HCO3+SO4     
Na+Cl/ Ca+SO4
Tab.No.= 46 Ionic Ratios(epm)     
HCO3+CO3/Na+K     HCO3+SO4/ Ca+Mg     HCO3+CO3/Cl+SO4     HCO3+SO4/Na+K     
Ca+Mg/HCO3+Cl     Ca+Mg/ HCO3+SO4
Tab.No.= 47 Ionic Ratios(epm)     
Ca+HCO3+CO3/Ca+SO4     Mg+HCO3+CO3/Mg+SO4     Ca+Mg+Na/Cl+SO4     Ca+Mg+Na/HCO3+C03     
Ca+Na+K/Cl+SO4     Ca+Na+K/HCO3+CO3
Tab.No.= 48 Ionic Ratios(epm)  Ca/Mg     Mg/Ca     Ca/Na     Na/Ca     Mg/Na     Na/Mg
Tab.No.= 49 Ionic Ratios(epm)  K/Mg     Mg/K     Ca/K     K/Ca     Na/K     K/Na
Tab.No.= 50 Ionic Ratios(epm) Ca/HCO3     Ca/CO3     Ca/Cl     Ca/NO3     Ca/SO4     Mg/
HCO3
Tab.No.= 51 Ionic Ratios(epm)    Mg/CO3     Mg/Cl     Mg/NO3     Mg/SO4     Na/HCO3     
Na/CO3
Tab.No.= 52 Ionic Ratios(epm)     
Na/NO3     Na/SO4     Na/Cl     HCO3/Ca     HCO3/Mg     HCO3/Na
Tab.No.= 53 Ionic Ratios(epm)     Cl/Ca     Cl/Mg     Cl/Na     Cl/K     SO4/Ca     NO3/
Ca
Tab.No.= 54 Ionic Ratios(epm)     HCO3/K     CO3/Ca     SO4/Cl     NO3/Mg     HCO3/CO3     
HCO3/Cl
Tab.No.= 55 Ionic Ratios(epm)     
HCO3/NO3     HCO3/SO4     Cl/HOC3     Cl/CO3     Cl/NO3     Cl/SO4
Tab.No.= 56 Ionic Ratios(epm)    
 NO3/Na     NO3/K     NO3/HCO3     NO3/CO3     NO3/Cl     NO3/SO4
Tab.No.= 57 Ionic Ratios(epm)     
SO4/Mg     SO4/Na     SO4/K     SO4/HCO3     SO4/CO3     SO4/NO3
Tab.No.= 58 Ionic Ratios(epm)      
Ca+Na/Cl     Cl+SO4/Ca     HCO3+CO3/SO4     Ca+Mg/Cl     HCO3+CO3/Cl      Ca+Mg/SO4
Tab.No.= 59 Ionic Ratios(epm)    
 Ca+Mg/Na+K     Na+K/Ca+Mg     Ca+Mg/HCO3+CO3     HCO3+CO3/Ca+Mg     
Na+K/HCO3+CO3     Na+K/Cl+SO4
Tab.No.= 60 Ionic Ratios(epm)     
Na+K/Cl+NO3     Ca+Mg/Cl+SO4     Cl+SO4/Ca+Mg     Cl+SO4/Na+K     Na+Cl/ HCO3+SO4     
Na+Cl/ Ca+SO4
Tab.No.= 61 Ionic Ratios(epm)     
HCO3+CO3/Na+K     HCO3+SO4/ Ca+Mg     HCO3+CO3/Cl+SO4     HCO3+SO4/Na+K     
Ca+Mg/HCO3+Cl     Ca+Mg/ HCO3+SO4
Tab.No.= 62 Ionic Ratios(epm)     
Ca+HCO3+CO3/Ca+SO4     Mg+HCO3+CO3/Mg+SO4     Ca+Mg+Na/Cl+SO4     
Ca+Mg+Na/HCO3+C03     Ca+Na+K/Cl+SO4     Ca+Na+K/HCO3+CO3
-----------------------------------------------------------------------------------------
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CHAPTER - 10 SCATTER PLOTS
10.0    List of Graphs 

WATCHIT provides almost 271   ASCII  text based Scatter Plots of  hydrochemical data.
Most of them are much useful to have the fi rst hand information about the relationships of ionic concentrations 
and their ratios. 

Instructions to get the ASCII text graphs in Ms Word:
The method of Converting ASCII text graph content fi le is as follows:
1. Open the GRA-- fi le in Ms Word(right click on GRA fi le and open with Ms Word). 
A dialogue box appears. It will prompt to select proper encoding format  for conversion.
2. Select  the third option - other encoding  and click on Turkish(Windows) .
3. Select all  
4. Select Font type Courier New
5.  Select font size : 10
6. Make the content fonts Bold.
7. Goto top Menu- Page Layout , Margins, select Narrow. This narrow margin may be required for some data 
which range from 0.0001 to 65000 along x-axis.

Note: Each graph is placed on a separate page(The fi rst graph will be on page 2 of GRA fi le).
Scatter Plots(S Plot) are created for about 271 combinations by WATCHIT. The following list shows the 
combinations. Though the plots are ASCII text-based displays, they give fi rst hand information about  the 
nature of  relationships   among the variables.  User may opt to prepare graphs of their choice after seeing these 
graphs, using Graphical Plot software, later.
List of Scatter Plots by WATCHIT:
S Plot= 1  Group-1  EC in mmhos/cm  in X -Axis and Ca   in ppm in Y -Axis 
S Plot= 2  Group-1  EC in mmhos/cm  in X -Axis and Mg   in ppm in Y -Axis 
S Plot= 3  Group-1  EC in mmhos/cm  in X -Axis and Na   in ppm in Y -Axis 
S Plot= 4  Group-1  EC in mmhos/cm  in X -Axis and K    in ppm in Y -Axis 
S Plot= 5  Group-1  EC in mmhos/cm  in X -Axis and HCO3 in ppm in Y -Axis 
S Plot= 6  Group-1  EC in mmhos/cm  in X -Axis and CO3  in ppm in Y -Axis 
S Plot= 7  Group-1  EC in mmhos/cm  in X -Axis and Cl   in ppm in Y -Axis 
S Plot= 8  Group-1  EC in mmhos/cm  in X -Axis and NO3  in ppm in Y -Axis 
S Plot= 9  Group-1  EC in mmhos/cm  in X -Axis and SO4  in ppm in Y -Axis 
S Plot= 10  Group-1  EC in mmhos/cm  in X -Axis and Ca   in epm in Y -Axis 
S Plot= 11  Group-1  EC in mmhos/cm  in X -Axis and Mg   in epm in Y -Axis 
S Plot= 12  Group-1  EC in mmhos/cm  in X -Axis and Na   in epm in Y -Axis 
S Plot= 13  Group-1  EC in mmhos/cm  in X -Axis and K    in epm in Y -Axis 
S Plot= 14  Group-1  EC in mmhos/cm  in X -Axis and HCO3 in epm in Y -Axis 
S Plot= 15  Group-1  EC in mmhos/cm  in X -Axis and CO3  in epm in Y -Axis 
S Plot= 16  Group-1  EC in mmhos/cm  in X -Axis and Cl   in epm in Y -Axis 
S Plot= 17  Group-1  EC in mmhos/cm  in X -Axis and NO3  in epm in Y -Axis 
S Plot= 18  Group-1  EC in mmhos/cm  in X -Axis and SO4  in epm in Y -Axis 
S Plot= 19  Group-1 TDS (PPM)  in X -Axis and Ca   in ppm in Y -Axis 
S Plot= 20  Group-1 TDS (PPM)  in X -Axis and Mg   in ppm in Y -Axis 
S Plot= 21  Group-1 TDS (PPM)  in X -Axis and Na   in ppm in Y -Axis 
S Plot= 22  Group-1 TDS (PPM)  in X -Axis and K    in ppm in Y -Axis 
S Plot= 23  Group-1 TDS (PPM)  in X -Axis and HCO3 in ppm in Y -Axis 
S Plot= 24  Group-1 TDS (PPM)  in X -Axis and CO3  in ppm in Y -Axis 
S Plot= 25  Group-1 TDS (PPM)  in X -Axis and Cl   in ppm in Y -Axis 
S Plot= 26  Group-1 TDS (PPM)  in X -Axis and NO3  in ppm in Y -Axis 
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S Plot= 27  Group-1 TDS (PPM)  in X -Axis and SO4  in ppm in Y -Axis 
S Plot= 28  Group-1 EC in mmhos/Cm  in X -Axis and  TDS (ppm)   in Y -Axis 
S Plot= 29  Group-1  Ca-ppm in X -Axis &  Mg-ppm in Y -Axis 
S Plot= 30  Group-1  Ca-ppm in X -Axis and  Mg-ppm in Y -Axis 
S Plot= 31  Group-1  Mg-ppm in X -Axis &  Na-ppm in Y -Axis 
S Plot= 32  Group-1  Mg-ppm in X -Axis and  Na-ppm in Y -Axis 
S Plot= 33  Group-1  Ca-ppm in X -Axis &  Na-ppm in Y -Axis 
S Plot= 34  Group-1  Ca-ppm in X -Axis and  Na-ppm in Y -Axis 
S Plot= 35  Group-1  Ca-ppm in X -Axis &  HCO3-ppm in Y -Axis 
S Plot= 36  Group-1  Ca-ppm in X -Axis and  HCO3-ppm in Y -Axis 
S Plot= 37  Group-1  Ca-ppm in X -Axis &  Cl-ppm in Y -Axis 
S Plot= 38  Group-1  Ca-ppm in X -Axis and  Cl-ppm in Y -Axis 
S Plot= 39  Group-1  Ca-ppm in X -Axis &  SO4-ppm in Y -Axis 
S Plot= 40  Group-1  Ca-ppm in X -Axis and  SO4-ppm in Y -Axis 
S Plot= 41  Group-1  Mg-ppm in X -Axis &  HCO3-ppm in Y -Axis 
S Plot= 42  Group-1  Mg-ppm in X -Axis and  HCO3-ppm in Y -Axis 
S Plot= 43  Group-1  Mg-ppm in X -Axis &  Cl-ppm  in Y -Axis 
S Plot= 44  Group-1  Mg-ppm in X -Axis and  Cl-ppm  in Y -Axis 
S Plot= 45  Group-1  Mg -ppm in X -Axis &  SO4 -ppm in Y -Axis 
S Plot= 46  Group-1  Mg -ppm in X -Axis and  SO4 -ppm in Y -Axis 
S Plot= 47  Group-1  Na -ppm in X -Axis &  HCO3 -ppm in Y -Axis 
S Plot= 48  Group-1  Na -ppm in X -Axis and  HCO3 -ppm in Y -Axis 
S Plot= 49  Group-1  Na -ppm in X -Axis &  Cl -ppm in Y -Axis 
S Plot= 50  Group-1  Na -ppm in X -Axis and  Cl -ppm in Y -Axis 
S Plot= 51  Group-1  Na - ppm in X -Axis &  SO4-ppm  in Y -Axis 
S Plot= 52  Group-1  Ca -epm  in X -Axis &  Mg-epm in Y -Axis 
S Plot= 53  Group-1  Ca -epm  in X -Axis and  Mg-epm in Y -Axis 
S Plot= 54  Group-1  Mg-epm in X -Axis &  Na-epm in Y -Axis 
S Plot= 55  Group-1  Mg-epm in X -Axis and  Na-epm in Y -Axis 
S Plot= 56  Group-1  Ca-epm in X -Axis &  Na-epm in Y -Axis 
S Plot= 57  Group-1  Ca-epm in X -Axis and  Na-epm in Y -Axis 
S Plot= 58  Group-1  Ca-epm in X -Axis &  HCO3-epm in Y -Axis 
S Plot= 59  Group-1  Ca-epm in X -Axis and  HCO3-epm in Y -Axis 
S Plot= 60  Group-1  Ca-epm in X -Axis &  Cl-epm in Y -Axis 
S Plot= 61  Group-1  Ca-epm in X -Axis and  Cl-epm in Y -Axis 
S Plot= 62  Group-1  Ca-epm in X -Axis &  SO4-epm in Y -Axis 
S Plot= 63  Group-1  Ca-epm in X -Axis and  SO4-epm in Y -Axis 
S Plot= 64  Group-1  Mg-epm in X -Axis &  HCO3-epm in Y -Axis 
S Plot= 65  Group-1  Mg-epm in X -Axis and  HCO3-epm in Y -Axis 
S Plot= 66  Group-1  Mg-epm in X -Axis &  Cl-epm  in Y -Axis 
S Plot= 67  Group-1  Mg-epm in X -Axis and  Cl-epm  in Y -Axis 
S Plot= 68  Group-1  Mg-epm in X -Axis &  SO4-epm  in Y -Axis 
S Plot= 69  Group-1  Mg-epm in X -Axis and  SO4-epm  in Y -Axis 
S Plot= 70  Group-1  Na-epm in X -Axis &  HCO3-epm in Y -Axis 
S Plot= 71  Group-1  Na-epm in X -Axis and  HCO3-epm in Y -Axis 
S Plot= 72  Group-1  Na-epm in X -Axis &  Cl-epm in Y -Axis 
S Plot= 73  Group-1  Na-epm in X -Axis and  Cl-epm in Y -Axis 
S Plot= 74  Group-1  Na-epm in X -Axis &  SO4-epm in Y -Axis 
S Plot= 75  Group-1  Na-epm in X -Axis and  SO4-epm in Y -Axis 
S Plot= 76  Group-1  TDS-ppm in X -Axis &  Ca-ppm in Y -Axis 
S Plot= 77  Group-1  TDS-ppm in X -Axis and  Ca-ppm in Y -Axis 
S Plot= 78  Group-1  TDS-ppm in X -Axis &  Mg-ppm in Y -Axis 
S Plot= 79  Group-1  TDS-ppm in X -Axis and  Mg-ppm in Y -Axis 
S Plot= 80  Group-1  TDS-ppm in X -Axis &  Na-ppm in Y -Axis 
S Plot= 81  Group-1  TDS-ppm in X -Axis and  Na-ppm in Y -Axis 
S Plot= 82  Group-1  TDS-ppm in X -Axis &  K -ppm in Y -Axis 
S Plot= 83  Group-1  TDS-ppm in X -Axis and  K -ppm in Y -Axis 
S Plot= 84  Group-1  TDS-ppm in X -Axis &  HCO3-ppm in Y -Axis 
S Plot= 85  Group-1  TDS-ppm in X -Axis and  HCO3-ppm in Y -Axis 
S Plot= 86  Group-1  TDS-ppm in X -Axis &  CL-ppm in Y -Axis 
S Plot= 87  Group-1  TDS-ppm in X -Axis and  CL-ppm in Y -Axis 
S Plot= 88  Group-1  TDS-ppm in X -Axis &  NO3-ppm in Y -Axis 
S Plot= 89  Group-1  TDS-ppm in X -Axis and  NO3-ppm in Y -Axis 
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S Plot= 90  Group-1  TDS-ppm in X -Axis &  SO4-ppm in Y -Axis 
S Plot= 91  Group-1  TDS-ppm in X -Axis and  SO4-ppm in Y -Axis 
S Plot= 92  Group-1 IONIC STRENGTH in X -Axis &  yCa in Y -Axis 
S Plot= 93   Group-1  IONIC STRENGTH  in X -Axis and  yCa in Y -Axis 
S Plot= 94  Group-1  IONIC STRENGTH in X -Axis &  yMg in Y -Axis 
S Plot= 95   Group-1   IONIC STRENGTH  in X -Axis and  yMg in Y -Axis 
S Plot= 96  Group-1  IONIC STRENGTH in X -Axis &  yNa in Y -Axis 
S Plot= 97   Group-1   IONIC STRENGTH  in X -Axis and  yNa in Y -Axis 
S Plot= 98  Group-1  IONIC STRENGTH in X -Axis &  yK  in Y -Axis 
S Plot= 99   Group-1   IONIC STRENGTH  in X -Axis and  yK  in Y -Axis 
S Plot= 100  Group-1  IONIC STRENGTH in X -Axis &  yHCO3 in Y -Axis 
S Plot= 101   Group-1   IONIC STRENGTH  in X -Axis and  yHCO3 in Y -Axis 
S Plot= 102  Group-1  IONIC STRENGTH in X -Axis &  yCO3 in Y -Axis 
S Plot= 103   Group-1   IONIC STRENGTH  in X -Axis and  yCO3 in Y -Axis 
S Plot= 104  Group-1  IONIC STRENGTH in X -Axis &  yCL in Y -Axis 
S Plot= 105   Group-1   IONIC STRENGTH  in X -Axis and  yCL in Y -Axis 
S Plot= 106  Group-1  IONIC STRENGTH in X -Axis &  yNO3 in Y -Axis 
S Plot= 107   Group-1   IONIC STRENGTH  in X -Axis and  yNO3 in Y -Axis 
S Plot= 108  Group-1  IONIC STRENGTH in X -Axis &  ySO4 in Y -Axis 
S Plot= 109   Group-1   IONIC STRENGTH  in X -Axis and  ySO4 in Y -Axis 
S Plot= 110  Group-1 Ca/Mg in X -Axis and Mg/Ca in Y -Axis 
S Plot= 111  Group-1 Ca/Mg in X -Axis and Ca/Na in Y -Axis 
S Plot= 112  Group-1 Ca/Mg in X -Axis and Na/Ca in Y -Axis 
S Plot= 113  Group-1 Ca/Mg in X -Axis and Mg/Na in Y -Axis 
S Plot= 114  Group-1 Ca/Mg in X -Axis and Na/Mg in Y -Axis 
S Plot= 115  Group-1 Mg/Ca in X -Axis and Ca/Na in Y -Axis 
S Plot= 116  Group-1 Mg/Ca in X -Axis and Na/Ca in Y -Axis 
S Plot= 117  Group-1 Mg/Ca in X -Axis and Mg/Na in Y -Axis 
S Plot= 118  Group-1 Mg/Ca in X -Axis and Na/Mg in Y -Axis 
S Plot= 119  Group-1 Ca/Na in X -Axis and Na/Ca in Y -Axis 
S Plot= 120  Group-1 Ca/Na in X -Axis and Mg/Na in Y -Axis 
S Plot= 121  Group-1 Ca/Na in X -Axis and Na/Mg in Y -Axis 
S Plot= 122  Group-1 Na/Ca in X -Axis and Mg/Na in Y -Axis 
S Plot= 123  Group-1 Na/Ca in X -Axis and Na/Mg in Y -Axis 
S Plot= 124  Group-1 Mg/Na in X -Axis and Na/Mg in Y -Axis 
S Plot= 125  Group-1 K/Mg in X -Axis and Mg/K in Y -Axis 
S Plot= 126  Group-1 K/Mg in X -Axis and Ca/K in Y -Axis 
S Plot= 127  Group-1 K/Mg in X -Axis and K/Ca in Y -Axis 
S Plot= 128  Group-1 K/Mg in X -Axis and Na/K in Y -Axis 
S Plot= 129  Group-1 K/Mg in X -Axis and K/Na in Y -Axis 
S Plot= 130  Group-1 Mg/K in X -Axis and Ca/K in Y -Axis 
S Plot= 131  Group-1 Mg/K in X -Axis and K/Ca in Y -Axis 
S Plot= 132  Group-1 Mg/K in X -Axis and Na/K in Y -Axis 
S Plot= 133  Group-1 Mg/K in X -Axis and K/Na in Y -Axis 
S Plot= 134  Group-1 Ca/K in X -Axis and K/Ca in Y -Axis 
S Plot= 135  Group-1 Ca/K in X -Axis and Na/K in Y -Axis 
S Plot= 136  Group-1 Ca/K in X -Axis and K/Na in Y -Axis 
S Plot= 137  Group-1 K/Ca in X -Axis and Na/K in Y -Axis 
S Plot= 138  Group-1 K/Ca in X -Axis and K/Na in Y -Axis 
S Plot= 139  Group-1 Na/K in X -Axis and K/Na in Y -Axis 
S Plot= 140  Group-1 Ca/HCO3 in X -Axis and Ca/Cl in Y -Axis 
S Plot= 141  Group-1 Ca/HCO3 in X -Axis and Ca/SO4 in Y -Axis 
S Plot= 142  Group-1 Ca/HCO3 in X -Axis and Mg/HCO3 in Y -Axis 
S Plot= 143  Group-1 Ca/Cl in X -Axis and Ca/SO4 in Y -Axis 
S Plot= 144  Group-1 Ca/Cl in X -Axis and Mg/HCO3 in Y -Axis 
S Plot= 145  Group-1 Ca/SO4 in X -Axis and Mg/HCO3 in Y -Axis 
S Plot= 146  Group-1 Mg/Cl in X -Axis and Mg/SO4 in Y -Axis 
S Plot= 147  Group-1 Mg/Cl in X -Axis and Na/HCO3 in Y -Axis 
S Plot= 148  Group-1 Mg/SO4 in X -Axis and Na/HCO3 in Y -Axis 
S Plot= 149  Group-1 Na/SO4 in X -Axis and Na/Cl in Y -Axis 
S Plot= 150  Group-1 Na/SO4 in X -Axis and HCO3/Ca in Y -Axis 
S Plot= 151  Group-1 Na/SO4 in X -Axis and HCO3/Mg in Y -Axis 
S Plot= 152  Group-1 Na/SO4 in X -Axis and HCO3/Na in Y -Axis 
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S Plot= 153  Group-1 Na/Cl in X -Axis and HCO3/Ca in Y -Axis 
S Plot= 154  Group-1 Na/Cl in X -Axis and HCO3/Mg in Y -Axis 
S Plot= 155  Group-1 Na/Cl in X -Axis and HCO3/Na in Y -Axis 
S Plot= 156  Group-1 HCO3/Ca in X -Axis and HCO3/Mg in Y -Axis 
S Plot= 157  Group-1 HCO3/Ca in X -Axis and HCO3/Na in Y -Axis 
S Plot= 158  Group-1 HCO3/Mg in X -Axis and HCO3/Na in Y -Axis 
S Plot= 159  Group-1 Cl/Ca in X -Axis and Cl/Mg in Y -Axis 
S Plot= 160  Group-1 Cl/Ca in X -Axis and Cl/Na in Y -Axis 
S Plot= 161  Group-1 Cl/Ca in X -Axis and SO4/Ca in Y -Axis 
S Plot= 162  Group-1 Cl/Ca in X -Axis and NO3/Ca in Y -Axis 
S Plot= 163  Group-1 Cl/Mg in X -Axis and Cl/Na in Y -Axis 
S Plot= 164  Group-1 Cl/Mg in X -Axis and SO4/Ca in Y -Axis 
S Plot= 165  Group-1 Cl/Mg in X -Axis and NO3/Ca in Y -Axis 
S Plot= 166  Group-1 Cl/Na in X -Axis and SO4/Ca in Y -Axis 
S Plot= 167  Group-1 Cl/Na in X -Axis and NO3/Ca in Y -Axis 
S Plot= 168  Group-1 SO4/Ca in X -Axis and NO3/Ca in Y -Axis 
S Plot= 169  Group-1 CO3/Ca in X -Axis and SO4/Cl in Y -Axis 
S Plot= 170  Group-1 CO3/Ca in X -Axis and NO3/Mg in Y -Axis 
S Plot= 171  Group-1 CO3/Ca in X -Axis and HCO3/Cl in Y -Axis 
S Plot= 172  Group-1 SO4/Cl in X -Axis and NO3/Mg in Y -Axis 
S Plot= 173  Group-1 SO4/Cl in X -Axis and HCO3/Cl in Y -Axis 
S Plot= 174  Group-1 NO3/Mg in X -Axis and HCO3/Cl in Y -Axis 
S Plot= 175  Group-1 HCO3/SO4 in X -Axis and Cl/HOC3 in Y -Axis 
S Plot= 176  Group-1 HCO3/SO4 in X -Axis and Cl/SO4 in Y -Axis 
S Plot= 177  Group-1 Cl/HOC3 in X -Axis and Cl/SO4 in Y -Axis 
S Plot= 178  Group-1 NO3/Na in X -Axis and NO3/K in Y -Axis 
S Plot= 179  Group-1 NO3/Na in X -Axis and NO3/HCO3 in Y -Axis 
S Plot= 180  Group-1 NO3/Na in X -Axis and NO3/Cl in Y -Axis 
S Plot= 181  Group-1 NO3/Na in X -Axis and NO3/SO4 in Y -Axis 
S Plot= 182  Group-1 NO3/K in X -Axis and NO3/HCO3 in Y -Axis 
S Plot= 183  Group-1 NO3/K in X -Axis and NO3/Cl in Y -Axis 
S Plot= 184  Group-1 NO3/K in X -Axis and NO3/SO4 in Y -Axis 
S Plot= 185  Group-1 NO3/HCO3 in X -Axis and NO3/Cl in Y -Axis 
S Plot= 186  Group-1 NO3/HCO3 in X -Axis and NO3/SO4 in Y -Axis 
S Plot= 187  Group-1 NO3/Cl in X -Axis and NO3/SO4 in Y -Axis 
S Plot= 188  Group-1 SO4/Mg in X -Axis and SO4/Na in Y -Axis 
S Plot= 189  Group-1 SO4/Mg in X -Axis and SO4/K in Y -Axis 
S Plot= 190  Group-1 SO4/Mg in X -Axis and SO4/HCO3 in Y -Axis 
S Plot= 191  Group-1 SO4/Na in X -Axis and SO4/K in Y -Axis 
S Plot= 192  Group-1 SO4/Na in X -Axis and SO4/HCO3 in Y -Axis 
S Plot= 193  Group-1 SO4/K in X -Axis and SO4/HCO3 in Y -Axis 
S Plot= 194  Group-1  Ca+Na/Cl in X -Axis and Cl+SO4/Ca in Y -Axis 
S Plot= 195  Group-1  Ca+Na/Cl in X -Axis and HCO3+CO3/SO4 in Y -Axis 
S Plot= 196  Group-1  Ca+Na/Cl in X -Axis and Ca+Mg/Cl in Y -Axis 
S Plot= 197  Group-1  Ca+Na/Cl in X -Axis and HCO3+CO3/Cl in Y -Axis 
S Plot= 198  Group-1  Ca+Na/Cl in X -Axis and  Ca+Mg/SO4 in Y -Axis 
S Plot= 199  Group-1 Cl+SO4/Ca in X -Axis and HCO3+CO3/SO4 in Y -Axis 
S Plot= 200  Group-1 Cl+SO4/Ca in X -Axis and Ca+Mg/Cl in Y -Axis 
S Plot= 201  Group-1 Cl+SO4/Ca in X -Axis and HCO3+CO3/Cl in Y -Axis 
S Plot= 202  Group-1 Cl+SO4/Ca in X -Axis and  Ca+Mg/SO4 in Y -Axis 
S Plot= 203  Group-1 HCO3+CO3/SO4 in X -Axis and Ca+Mg/Cl in Y -Axis 
S Plot= 204  Group-1 HCO3+CO3/SO4 in X -Axis and HCO3+CO3/Cl in Y -Axis 
S Plot= 205  Group-1 HCO3+CO3/SO4 in X -Axis and  Ca+Mg/SO4 in Y -Axis 
S Plot= 206  Group-1 Ca+Mg/Cl in X -Axis and HCO3+CO3/Cl in Y -Axis 
S Plot= 207  Group-1 Ca+Mg/Cl in X -Axis and  Ca+Mg/SO4 in Y -Axis 
S Plot= 208  Group-1 HCO3+CO3/Cl in X -Axis and  Ca+Mg/SO4 in Y -Axis 
S Plot= 209  Group-1 Ca+Mg/Na+K in X -Axis and Na+K/Ca+Mg in Y -Axis 
S Plot= 210  Group-1 Ca+Mg/Na+K in X -Axis and Ca+Mg/HCO3+CO3 in Y -Axis 
S Plot= 211  Group-1 Ca+Mg/Na+K in X -Axis and HCO3+CO3/Ca+Mg in Y -Axis 
S Plot= 212  Group-1 Ca+Mg/Na+K in X -Axis and Na+K/HCO3+CO3 in Y -Axis 
S Plot= 213  Group-1 Ca+Mg/Na+K in X -Axis and Na+K/Cl+SO4 in Y -Axis 
S Plot= 214  Group-1 Na+K/Ca+Mg in X -Axis and Ca+Mg/HCO3+CO3 in Y -Axis 
S Plot= 215  Group-1 Na+K/Ca+Mg in X -Axis and HCO3+CO3/Ca+Mg in Y -Axis 
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S Plot= 216  Group-1 Na+K/Ca+Mg in X -Axis and Na+K/HCO3+CO3 in Y -Axis 
S Plot= 217  Group-1 Na+K/Ca+Mg in X -Axis and Na+K/Cl+SO4 in Y -Axis 
S Plot= 218  Group-1 Ca+Mg/HCO3+CO3 in X -Axis and HCO3+CO3/Ca+Mg in Y -Axis 
S Plot= 219  Group-1 Ca+Mg/HCO3+CO3 in X -Axis and Na+K/HCO3+CO3 in Y -Axis 
S Plot= 220  Group-1 Ca+Mg/HCO3+CO3 in X -Axis and Na+K/Cl+SO4 in Y -Axis 
S Plot= 221  Group-1 HCO3+CO3/Ca+Mg in X -Axis and Na+K/HCO3+CO3 in Y -Axis 
S Plot= 222  Group-1 HCO3+CO3/Ca+Mg in X -Axis and Na+K/Cl+SO4 in Y -Axis 
S Plot= 223  Group-1 Na+K/HCO3+CO3 in X -Axis and Na+K/Cl+SO4 in Y -Axis 
S Plot= 224  Group-1 Na+K/Cl+NO3 in X -Axis and Ca+Mg/Cl+SO4 in Y -Axis 
S Plot= 225  Group-1 Na+K/Cl+NO3 in X -Axis and Cl+SO4/Ca+Mg in Y -Axis 
S Plot= 226  Group-1 Na+K/Cl+NO3 in X -Axis and Cl+SO4/Na+K in Y -Axis 
S Plot= 227  Group-1 Na+K/Cl+NO3 in X -Axis and Na+Cl/ HCO3+SO4 in Y -Axis 
S Plot= 228  Group-1 Na+K/Cl+NO3 in X -Axis and Na+Cl/ Ca+SO4 in Y -Axis 
S Plot= 229  Group-1 Ca+Mg/Cl+SO4 in X -Axis and Cl+SO4/Ca+Mg in Y -Axis 
S Plot= 230  Group-1 Ca+Mg/Cl+SO4 in X -Axis and Cl+SO4/Na+K in Y -Axis 
S Plot= 231  Group-1 Ca+Mg/Cl+SO4 in X -Axis and Na+Cl/ HCO3+SO4 in Y -Axis 
S Plot= 232  Group-1 Ca+Mg/Cl+SO4 in X -Axis and Na+Cl/ Ca+SO4 in Y -Axis 
S Plot= 233  Group-1 Cl+SO4/Ca+Mg in X -Axis and Cl+SO4/Na+K in Y -Axis 
S Plot= 234  Group-1 Cl+SO4/Ca+Mg in X -Axis and Na+Cl/ HCO3+SO4 in Y -Axis 
S Plot= 235  Group-1 Cl+SO4/Ca+Mg in X -Axis and Na+Cl/ Ca+SO4 in Y -Axis 
S Plot= 236  Group-1 Cl+SO4/Na+K in X -Axis and Na+Cl/ HCO3+SO4 in Y -Axis 
S Plot= 237  Group-1 Cl+SO4/Na+K in X -Axis and Na+Cl/ Ca+SO4 in Y -Axis 
S Plot= 238  Group-1 Na+Cl/ HCO3+SO4 in X -Axis and Na+Cl/ Ca+SO4 in Y -Axis 
S Plot= 239  Group-1 HCO3+CO3/Na+K in X -Axis and HCO3+SO4/ Ca+Mg in Y -Axis 
S Plot= 240  Group-1 HCO3+CO3/Na+K in X -Axis and HCO3+CO3/Cl+SO4 in Y -Axis 
S Plot= 241  Group-1 HCO3+CO3/Na+K in X -Axis and HCO3+SO4/Na+K in Y -Axis 
S Plot= 242  Group-1 HCO3+CO3/Na+K in X -Axis and Ca+Mg/HCO3+Cl in Y -Axis 
S Plot= 243  Group-1 HCO3+CO3/Na+K in X -Axis and Ca+Mg/ HCO3+SO4 in Y -Axis 
S Plot= 244  Group-1 HCO3+SO4/ Ca+Mg in X -Axis and HCO3+CO3/Cl+SO4 in Y -Axis 
S Plot= 245  Group-1 HCO3+SO4/ Ca+Mg in X -Axis and HCO3+SO4/Na+K in Y -Axis 
S Plot= 246  Group-1 HCO3+SO4/ Ca+Mg in X -Axis and Ca+Mg/HCO3+Cl in Y -Axis 
S Plot= 247  Group-1 HCO3+SO4/ Ca+Mg in X -Axis and Ca+Mg/ HCO3+SO4 in Y -Axis 
S Plot= 248  Group-1 HCO3+CO3/Cl+SO4 in X -Axis and HCO3+SO4/Na+K in Y -Axis 
S Plot= 249  Group-1 HCO3+CO3/Cl+SO4 in X -Axis and Ca+Mg/HCO3+Cl in Y -Axis 
S Plot= 250  Group-1 HCO3+CO3/Cl+SO4 in X -Axis and Ca+Mg/ HCO3+SO4 in Y -Axis 
S Plot= 251  Group-1 HCO3+SO4/Na+K in X -Axis and Ca+Mg/HCO3+Cl in Y -Axis 
S Plot= 252  Group-1 HCO3+SO4/Na+K in X -Axis and Ca+Mg/ HCO3+SO4 in Y -Axis 
S Plot= 253  Group-1 Ca+Mg/HCO3+Cl in X -Axis and Ca+Mg/ HCO3+SO4 in Y -Axis 
S Plot= 254  Group-1 Ca+HCO3+CO3/Ca+SO4 in X -Axis and Mg+HCO3+CO3/Mg+SO4 in Y -Axis 
S Plot= 255  Group-1 Ca+HCO3+CO3/Ca+SO4 in X -Axis and Ca+Mg+Na/Cl+SO4 in Y -Axis 
S Plot= 256  Group-1 Ca+HCO3+CO3/Ca+SO4 in X -Axis and Ca+Mg+Na/HCO3+C03 in Y -Axis 
S Plot= 257  Group-1 Ca+HCO3+CO3/Ca+SO4 in X -Axis and Ca+Na+K/Cl+SO4 in Y -Axis 
S Plot= 258  Group-1 Ca+HCO3+CO3/Ca+SO4 in X -Axis and Ca+Na+K/HCO3+CO3 in Y -Axis 
S Plot= 259  Group-1 Mg+HCO3+CO3/Mg+SO4 in X -Axis and Ca+Mg+Na/Cl+SO4 in Y -Axis 
S Plot= 260  Group-1 Mg+HCO3+CO3/Mg+SO4 in X -Axis and Ca+Mg+Na/HCO3+C03 in Y -Axis 
S Plot= 261  Group-1 Mg+HCO3+CO3/Mg+SO4 in X -Axis and Ca+Na+K/Cl+SO4 in Y -Axis 
S Plot= 262  Group-1 Mg+HCO3+CO3/Mg+SO4 in X -Axis and Ca+Na+K/HCO3+CO3 in Y -Axis 
S Plot= 263  Group-1 Ca+Mg+Na/Cl+SO4 in X -Axis and Ca+Mg+Na/HCO3+C03 in Y -Axis 
S Plot= 264  Group-1 Ca+Mg+Na/Cl+SO4 in X -Axis and Ca+Na+K/Cl+SO4 in Y -Axis 
S Plot= 265  Group-1 Ca+Mg+Na/Cl+SO4 in X -Axis and Ca+Na+K/HCO3+CO3 in Y -Axis 
S Plot= 266  Group-1 Ca+Mg+Na/HCO3+C03 in X -Axis and Ca+Na+K/Cl+SO4 in Y -Axis 
S Plot= 267  Group-1 Ca+Mg+Na/HCO3+C03 in X -Axis and Ca+Na+K/HCO3+CO3 in Y -Axis 
S Plot= 268  Group-1 Ca+Na+K/Cl+SO4 in X -Axis and Ca+Na+K/HCO3+CO3 in Y -Axis 
S Plot= 269  Group-1 Ca+Mg epm in X -Axis and HCO3 in epm in Y -Axis 
S Plot= 270  Group-1 EC in mmhos/cm in X -Axis and Van Wirdum Ionic Ratio in Y -Axis 

S Plot= 271  Group-1GIBB’S PLOT TDS ppm versus ratio of Na+K/(Na+K+Ca)
The methods adopted in WATCHIT are as follows:
1. There  are two types of plots  created as 
 a) with X and Y axes logarithmic
 b)  both as linear axes.
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In LOG-LOG graphs, the axis minimum and  maximum will shift its boundaries according to the 
range of values.  In Linear graph, x and y starts from 0 and end with the X-maximum and Y-maximum.

Some of the sample graphs are shown below:

The following are the S plots of   case     a     and     b.

                
The graphs of three river basins and one graph from the data shown in Illustration 4 are shown below:
The selected graphs are , EC versus Ca in ppm distribution. Figures were reduced to accommodate the space 
on page.
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The graphs of three river basins and one graph from the data shown in Illustration 4 are shown below:

The selected graphs are , EC versus Ca in ppm distribution. Figures were reduced to accommodate 
the space on page.

. 
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CHAPTER - 11 NUMERICAL APPROACHES 

11.0    Methodology
The steps adopted in computing various parameters are explained in this section. These are fully 
recorded in the RWK ( rough work fi le). The reliability of all estimates have been checked with 
various water chemistry data available in published literature. Every sample will have these details 
in the same fi le.  
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CHAPTER - 12 APPLICATIONS

12.0    Potential Applications of  WATCHIT

WATCHIT is a program useful to all researchers working with water chemistry data. If all data are 
available, there are chances to publish more than a dozen research papers,  out of  the results given 
by WATCHIT.  

It is an all-in-one type of software.  It is only 2680 KB. 

For a 423 water sample input data fi le, the processing gives off, RES fi le results of 4653 pages in Ms 
Word, and the RWK fi le may of the order of 11426 pages in MsWord. 

1. In a water resources department of any Govt.Organisation, WATCHIT can be used to interpret 
all the results every month, routinely.  It saves time and  gives the results meticulously. 

2.  The results are easy to understand. If any doubt arises to know why such results are coming, the 
user may look into the RWK (Rough Work) fi le, the respective sample number and parameter 
number to know the situation. This provision is not available in any of the software used in 
water chemistry data interpretations.

3.  One may vary the input data and fi nd out the sensitivity of ionic concentrations is changing the 
results of a parameter, very easily. 

4.  One may change to Temperature value(s) of the input record(s), at the end of every line and   
see the changes that are coming out of various parameters,  related to input temperature. 

5.  There are options to use the results for water softening and water treatment applications using 
WATCHIT.  The lime dosage calculations and soda ash applications may help swimming pool 
and other water treatment systems too.

6.  There are  a few water quality indices that are computed by WATCHIT. These indices help to 
detect  the boiler water characteristics  in industries.

7.  WATCHIT has been tested with surface water, snowmelt water, lake water, groundwater of 
various locations in India and other nations, coastal zone water, and sea water sample data. It 
works well. It helps to do compartive analysis. 

8.  Sometimes, it also works well with incomplete data by telling that there is NO ion Balance in 
this sample. Despite that issue, computations will continue without stopping at that moment. 

9.   The ionic ratios are generated for about 160  combinations ( both epm and ppm). These are 
very good indicators of what the researcher intends to fi nd out to obtain the signifi cance of the 
samples or environment from which these samples are derived. 

10.   WATCHIT does all graphical plot- based  interpretations internally, like Handa’s, Piper’s, 
USSL, etc. without resorting for human error, in interpretation, which comes rarely.

11.  WATCHIT has been developed with unique set of  parametric coeffi cients which were computed 
from hundreds of table values  of constants which are sparsely distributed.  These are inbuilt 
into the system of code.  Such things are mostly related to Saturation Index calculations.  This 
section of output is a good research tool for more scientifi c works and comparative analysis. 
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12.  Every Graduate student can execute WATCHIT with just three sample data and study the 
whole RWK fi le to understand the  calculation procedures of some areas (104 areas) of Aquatic 
chemistry OR Hydrochemistry.

13.  Every teacher who is  interested to give lab exercises to his/her students,  may use WATCHIT 
to get all the solution to their class room exercises.

14.  There are good number of  opportunities available with WATCHIT,  to carry out advanced 
applications. New water quality parameters may be formulated,  once a thorough understanding 
of results are done about the kind of input values and kind of output values , of more than 104 
parameters.  It is found that more and new polynomial coeffi cients are evolved to determine 
certain new parameters and also some existing parameters, to avoid cumbersome calculations. 

15.  Every graphical relationship  shows the  intercept, slope and correlation coeffi cient.  Attempts 
can be made to make use of this result in a different way for interpreting the results.

16.   Symmetrical correlation matrices are generated for about 70 sets of data from a minimum of 6 
variables to a maximum of 13 variables. All inter-correlation results can be used for variety of 
interpretations(TAB fi le). 

17.  When two different season water sample data are given in WCHEM.DAT as input, the results 
are generated fi rst for fi rst season and then the second season.  All tables, graphs and statistical 
matrices are given season-wise separately. This helps to compare the graphical plot of same 
set of variables with reference to season-1 and season-2(side by side). For two seasons 270 x 
2 sets of graphs  will be made available by WATCHIT.  The same set of two- season data can 
be combined into a single  set and the resultant distribution may be seen with the old ones, 
also. In any case ,  no input or output data is lost, because, all results are stored with fi le names 
containing time and date of processing, suffi xed. 

 Even with one minute difference, the output fi le names will be different.  all output fi les notepad 
based text fi les only. They do not occupy much space in computers. 

18.  Climate change is severely  impacting on the temperature of various earths systems, including 
water bodies. This program can also help fi nding the effect of raising temperature in surface 
water bodies and their changes in terms of saturation indices.  

19.  The same sample chemistry with an addition of pollutants in some ionic concentrations and 
entered as a second sample in the list of input data will provide the effects of that addition,  in 
all 108 parameters of water quality. This helps to simulate the impact of pollutant concentrates 
on water and the environment.

20.  Impact of coastal areas, Non-sea salt concentrations and  non-marine chemical constituents 
in water, are yet another dimension  of research in water chemistry.  The role of atmospheric 
components on the surface water chemistry, could be analysed by using  WATCHIT. 
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12.1  Limitations of WATCHIT
The software was tested with several thousands of water sample analysis data, and found to be working 
very clearly, by running group-wise, several hundred times.  Bit by bit the computations have been 
verifi ed with published input data and the results were thoroughly checked , before release. 
Printing of some numerical values   in results are put under open format. the system can display in a 
format like “1.00E-01”, for example.  
This software will do the processing work for a minimum of  3 samples and upto a maximum of  450 
sample data in each group ( season/ district ).  Four seasons data can be given at a time. 
1.  When some concentrations are zero, it is necessary to check the input. 
2.  Some wrong entries OR missing sequence in the input data sequence may end up showing 

errors, like Log of negative number, and display of illegal function call due to that. 
3.  Number of samples  mentioned , initially, should tally with the number of records of data 

entered.
4.  Screen Resolution of the computer Display sometimes may affect the graphical plot resolution. 

One need to check when erroneous plots are seen in Ms Word fi le after   import.  
5.  Executable object code (WATCHIT.EXE) is prone to be attacked by Virus. There is a need to 

keep the object code i.e., exe fi le safely as Backup.  
6.  Only 20 thermodynamic datasets are used for 20 mineral species, considering the nature of 

data used by workers. Trace elements are not included and hence, metallic mineral species are 
excluded in calculations. 
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CHAPTER - 13 CONCLUSION
The present version of WATCHIT has its own objectives, application potential and limitations. There 
are a lot of methods and techniques available for water quality interpretations. The users are allowed 
to provide suggestions for the second version of  WATCHIT after  its intended use.  The program is 
simple to use. The output are very wide and large.  If it is to be converted into any other programming 
languages, the mathematical/ logarithmic functions of that language compiler need to be cautiously 
understood and used.  Success in the assessment of groundwater quality variation depends on the 
scientifi c evaluation of the available water samples. Geochemical studies often involve synthesis and 
interpretation of a group or a set of analytical data. The objectives of interpretation may be to aid in 
the classifi cation and also in assessing the suitability for utilitarian purposes. Sometimes these studies 
are also useful in delineating the water mixing and contaminated path ways and saline zones in any 
environment.

 References

1 Vishwanathiah, M.N. and Sastri, J.C.V.,  (1974),  Hydrogeochemistry of the Precambrian graywackes and 
chlorite schists of certain areas of Mysore State, Proc. Sem. Vol.  Water well drilling in hard rock areas of 
India, Bangalore, 1973, pp. 155-169.

2 Sastri, J.C.V., (1975), Hydrogeochemistry of the rocks of the basement complex of   Karnataka State, J. My-
sore University, Sce. B, 26, pp. 20- 33.

3 Sastri, J.C.V., (1975),  Hydreochemistry of charnockites of Karnataka State, Studies in  Precambrians (ed. 
C.’Naganna), Banagalore University Press, pp. 243-249.

4 Viswanathiah, M.N. and Sastri, J.C.V.,(1977), Hydrogeochemistry of Kaladgi and Badami quartz arenites 
from Gokak, Hukkeri and Saundatti taluks of Karnataka, Ind. Mineralogist,  v 18, pp. 116-121.

5 Sharma, S.N.N., (1982), Hydrogeological investigation inVarada basin -A sub-tributory to Krishna river, Kar-
nataka, Unpublished Ph.D. Thesis, Univ. of Mysore, 125 p.

6 Prasad, N.N.B. (1984). Hydrogeological studies in the Bhadra River Basin, Karnataka unpublished Ph.D., 
Thesis, University of Mysore, 323p.

7 Balasubramanian .A., J.C.V.Sastri, and K.K.Sharma , (1985),  Geoelectrical and Hydrogeochemical Evalua-
tion of coastal Aquifers of  Tambraparni River basin. (Tamil Nadu), Geophys. Res. Bull. 23(4), pp.203209.

8 Balsubramanian. A. , (1986),Hycrogeological investigations of Tambraparni River Basin, Tamil Nadu. Unpub-
lished Ph.D. Thesis, University of Mysore, 349p. 

9 A.Balasubramanian and J.C.V.Sastri, (1987),Studies on the quality of Groundwater of Tambraparni River 
Basin, Tamil Nadu    India, Journal Assn. Exploration Geophysics, Vol. VIII(1), pp. 4151

10 Balasubramanian .A., R.Thirugnana Sambandam, R.Chellasamy and J.C.V.Sastri ,  (1989), Digital Modelling 
of the Hydrogeochemical facies of Groundwater in Tamil Nadu, India; Oxford  IBH Vol. I , Int. Ground water 
- NGRI, Hyderabad,  pp. 761768.

11 R.Rengarajan and     A.Balasubramanian, (1990), Corrosion and scale formation characteristics of Groundwa-
ter in and around    Nangavalli, Salem District, Tamil Nadu , Jl of Applied     Hydrology, vol.3 (2), pp 1522.

12 Sathyamoorthy, S., (1991), Integrated groundwater studies in and around Tiruchirapalli,   Tamil Nadu, Unpub. 
Ph.D. Thesis, Bharathidarsan University, Tirichy, 258 p.

13 Balasubramanian . A., R. ThirugnanaSambandam, R. Chellasamy and  V. Radhakrishnan, (1991),Hydrogeo-
chemical studies in the coastal aquifers of Tuticorin, Tamil Nadu.  Proc. Vol.Sem.on Water, Govt. of Kerala, 
Trivandrum,  pp. 309317  

14 Balasubramanian .A, and J.C.V. Sastri, (1991),  Groundwater Resources of Tambraparni River Basin, Tamil 
Nadu,  “Inland Water   Resources: India”,  Ed. M.K.Durga Prasad & S.Pitchaiah, Discovery Pub. House, pp. 
385395 



. . . 126

15 R.Chellasamy and A. Balasubramanian,  (1991),Hydrogeological studies in the Vaigai River Basin, Tamil  
Nadu.  “Inland Water Resources: India”, Ed. M.K.Durga Prasad &   S.Pitchaiah, Discovery Pub. House,  pp. 
402409 

16 V. Radhakrishnan, R. Thirugnana Sambandam, R. Chellasamy and A. Balasubramanian,   (1991),Groundwater 
Potential Zones in the Coastal Aquifers of  Tuticorin, Tamil  Nadu, India. “Inland Water Resources: India”, 
Ed, M. K. Durga Prasad & S.Pitchaiah, Discovery Pub. House,  pp.396401 

17 Thirugnana Sambandam, R., Balasubramanian, A., Chellasamy, R., and Radhakrishnan., V.,  (1991),Integrated 
Approach to the Exploration of freshwater zones in the Coastal Aquifers of Tuticorin, Tamil Nadu,  Environ-
mental Management: Geo  Water and Engineering Aspects, Balkema  Press, Rotterdam, pp.     509514

18 Balasubramanian. A.,   S.Subramanian, and J.C.V. Sastri, 1991,HYCHBASIC computer program for Hydro-
geochemical studies,  Proc. Vol. National Sem. on Water,  March, Govt. of Kerala, Trivandrum. 10p. 

19 Balasubramanian, A. ,  (1992), Simulation of saltwater encroachment in coastal  aquifers - Experimental and 
numerical analysis. Report of Research Carried out under DST-BOYSCAST Fellowship, Dept of Civil and 
Systems Engineering,  James Cook University of Northern Queensland, Australia, 84p.  

20 S.Sathyamoorthy, N.Dhakshinamoorthy and A. Balasubramanian, (1993), Hydrogeochemical studies of Tiruchirapalli 
aquifers of Tamil Nadu, Bhujal News, Vol. 8( 3&4), pp. 1013. 

21 Shankar,k., M.S.Jegadeesan, A.Balasubramanian,  (1993),Hydrogeological studies in the Kannyakuamri Dis-
trict, Tamil  Nadu,  On Groundwater Devlept., Govt. of Kerala, Trivandrum, pp. 1221

22 Subramanian, S., K. Sujatha, A. Balasubramanian, R. Thirugnanasambandam, (1993), Hydrogeology along 
Tuticorin Coast, Groundwater Develpt., Publ.by Govt. of      Kerala,  Trivandrum, pp. 2634

23 Venkateswaran,S., Jegatheesan, M.S., and Balasubramanian, A.,. (1993), Hydrogeochemical studies of Cum-
bam Valley, Madurai District, Tamil Nadu, Jl. of Applied Hydrology, Vol. VI( 14), pp.5768

24 Sankar, K., Jegatheesan, M.S. and Balasubramanian, A., 1993. Hydrogeological  studies in the Kanyakumari 
District, Tamil Nadu, Proc. Vol. Reg. Sem. Groundwater Devel. Problems Fn Southern Kerala, CWRDM, pp. 
12-21. 

25 Subramanian, S., A.Balasubramanian, (1994),Hydrogeochemical studies of Tiruchendur Coast, Tamil Nadu,  
Envrionmental Aspects of Groundwater,  Vol. Regional Workshop ,  Kurukshetra, pp.III 2632

26 Subramanian, S ,  (1994), Hydrogeological studies in the coastal aquifers of Tiruchendur, Tamil Nadu, Unpub-
lished Ph.D Thesis, Manonmaniam Sundaranar University, Tamil Nadu, (V.O.C.College, Tuticorin Research 
Centre), 308p

27 Sakthimurugan, S.,  (1994), Hydrogeological studies and simulation of contaminant  migration in and around 
Dindigul, Anna District, Tamil Nadu,Unpublished Ph.D Thesis, Manonmaniam Sundaranar University, Tamil 
Nadu, (V.O.C.College, Tuticorin Research Centre), 214p.

28 Lawrence, J.F., A. Balasubramanian,  (1994) ,Groundwater conditions and disposition of saltfreshwater inter-
face in the Rameshwaram Island, Tamil Nadu, Vol. Regional Workshop on Envrionmental Aspects of Ground-
water, Kurukshetra, pp.III 2125

29 Sanil, S. R., A. Balasubramanian, (1994), Potential zones for groundwater development in the Tam-
braparni Basin, Tamil     Nadu,India, Vol. Regional Workshop on     Envrionmental Aspects of Groundwater, 
Kurukshetra,pp.II 7984

30 Lawrence J.F , (1995), Digital Evaluation of Groundwater Resources In Ramanathapuram District, Tamil 
Nadu, Unpublished Ph.D Thesis , Manonmaniam Sundaranar University, Tamil Nadu, (V.O.C.College, Tutico-
rin Research Centre),  291p.

31 Venkataraman, P.,  (1996),Integrated groundwater resource Evaluation in the upper Amaravathi River Basin, 
Tamil Nadu, Unpublished Ph.D Thesis, Manonmaniam Sundaranar University, Tamil Nadu, (V.O.C.College, 
Tuticorin Research Centre), 325p.   

32 Balasubramaniam, A., Sanil, S.R., Subramanian, S., Lawrence, J.F., (1996), A simple diagram for geo envi-
ronmental water quality classifi cation, South India Regional symposium on Water Treatment for domestic and 
Industrial sector, CWRDM, March 14, Kozhikode, India.

33 Sanil, S.R,   A.Balasubramanian, (1996), A new diagram for hydrogeochemical facies Classifi cation, Vol. on Ground-
water, CWRDM, Calicut, Kerala  

34 Chellasamy. R. 1996,Hydrogeological studies in the  Vaigai river basin,  Tamil nadu, Unpublished Ph.D The-
sis , Manonmaniam Sundaranar University, Tamil Nadu, (V.O.C.College, Tuticorin Research Centre),  260p.



127. . . 

35 Elangovan, K., (1997), Hydrogeochemistry Of Groundwater Forming Heavy Scales In Water Supply System 
Of Salem District, Tamil Nadu. Unpublished Ph.D  Thesis, University of Mysore, Mysore, 334p.

36 Sanil,  S.R,(1998),Modelling Stream-aquifer Interactions along Tambraparni River, Tamil Nadu, India, Un-
published Ph.D Thesis, University of Mysore, Mysore, India,212p.  

37 Ramanathan, AL., Mani, R., Manokaran, K., Kesavan, S. and Kathiresan, RM., (1998), Study on the ground-
water Hydrogeochemistry from Cuddalore to Puduchatiram, East coast of India. Indian J Marine Sciences, 
v.27, pp.167 – 172.

38 Mohammed Aslam, M.A, (1999),Remote Sensing and Hydrogeophysical Studies of Palaeochannels in Cauv-
ery River Basin, India, Unpublished Ph.D Thesis, University of Mysore, India, 329p.

39 Manoharan,  A.N, (1999),Remote Sensing and Geophysical Studies of Sargur Lineament, South India, Unpub-
lished Ph.D Thesis, University of Mysore, India, 310p.

40 Elangovan, K., Balasubramanian, A., Thirugnana Sambandan, R., Rengaragan, R., Satish, PN. and Janardhan, 
AS, (1999), Geochemical Modelling Of Crystalline Aquifers Of Salem District, Tamil Nadu. Indian J Geo-
chem, v.14: pp.1 – 17.

41 Harinarayan, P (2000), Geophysical, geochemical and hydrogeological studies of Keralapura watersheds, 
Cauvery Basin, Karnataka, India, Unpublished Ph.D.Thesis, University of Mysore, Mysore, 282p.

42 Yamuna , S.M. and A. Balasubramanian, ( 2000) , Water Quality Variations In The Lakes Of Mysore District, 
Karnataka ,   SECTION-6 Limnology, Watershed Hydrology and Monitoring, Lake 2000. Indian Inst. of Sci-
ence, Bangalore, paper available Online in IISC Lake portal 

43 Vaithiyanathan,K, Gowthaman, B, Prabhakar,J and Lawrence, J.F, (2001) Modeling of Ramanathapuram 
coastal aquifer, Tamil Nadu using GIS, Proc. Int. Workshop on Ecohydrology, UNESCO – IHP Series ISBN – 
81 – 85589 – 06 – 2, pp 237 – 240.

44 Mahadeswara , H.S.,(2002),Hydrogeological Study of Harve Watershed in Chamarajnagara District, Karnata-
ka, India, Using GIS and Remote sensing Techniques, Unpublished Ph.D Thesis, University of Mysore, India 
, 158p.

45 Lawrence.J.F and Gowtham.B, (2002), Saline Water Intrusion – An Environmental Hazard – A Case Study 
along Ramanathapuram Coast, Tamil Nadu, Indian Journal of Environmental Protection, July 2002, Vol. 22, 
No. 7, ISSN: 0253-7141.pp. 768- 771.

46 Satish Kumar, G,  (2003), Hydrogeology around Holenarsipura Schist Belt, Karnataka, India, Unpublished 
Ph.D Thesis, University of Mysore, India, 100p. 

47 Malini  S., N. Nagaiah, L. Paramesh , P. Venkataramaiah & A.  Balasubramanian,  Groundwater Quality 
Around Mysore,  Karnataka, India,International Journal of Environmental  Studies, (2003), Taylor & Francis 
Gp., 60:1, pp. 87-98

48 Dharmesh,  M.P., (2004), Block wise Groundwater Assessment of  Nagamangala Taluk, Mandya District, Kar-
nataka, India, Using GIS and Remote sensing Techniques, Unpublished Ph.D Thesis, University of Mysore, 
India 177p.

49 Syed Abdul Sajid, (2005),Hydrological investigation and Assessment of Groundwater Depletion in Udigala 
watershed of Chamrajnagara District, Karnataka. India, Unpublished Ph.D Thesis, University of Mysore, 
India, 131p. 

50 Nagaraj ,M, D. Nagaraju D and Balasubramanian.A(2005), Groundwater quality of Mandya Taluk, Karnataka, 
India. J.Ecotoxicol.Environ.Monit.15 (2), 169-178.

51 Brijesh V.K, (2006), Hydrogeological Studies and Groundwater Modelling of Bharathapuzha Basin, Kerala, 
India, Unpublished Ph.D Thesis, University of Mysore, India, 246p.   

52 Oinam  Jayalakshmi  Devi, (2006),Study of Water Quality Parameters in Rural Areas of Karnataka, Unpub-
lished Ph.D Thesis, University of Mysore, Mysore, India 287p.

53 Mahesha & A. Balasubramanian(2006), Hydrochemical Characteristics of Water in Dalvoy Lake, Mysore City. 
In the Lake 2006-Symposium held on December 28-30, Indian Institute of Sciences (IISc), Bangalore, India, 
http://wgbis.ces.iisc.ernet.in/energy/lake2006/programme/

54 Nagaraju, M.,(2006), Groundwater Assessment in Mandya Taluk, Mandya District, Karnataka, India, Un-
published Ph.D Thesis, University of Mysore, India, Unpublished Ph.D Thesis, University of Mysore, India, 
130p.



. . . 128

55 Gopalakrishna,G.S., P.Harinarayanan, A.Balasubramanian,(2006), Groundwater Quality in Twin Micro-Water-
sheds near Keralapura, Hassan District, Karnataka, Jl. of Geol. Soci. India, vol.67,   pp. 802-808

56 Ravikumar, N., (2007), Hydrological Investigations of Gundlupet  Taluk, Chamarajanagara District, Karnata-
ka, India, Using Remote sensing and GIS Techniques, Unpublished Ph.D Thesis, University of Mysore, India 
120p.

57 Kadiravan,  K.S, (2008),Hydrogeological Study of Varaha Nadhi River Basin, Tamil Nadu, India, Unpub-
lished Ph.D Thesis, University of Mysore, India, 170p. 

58 Mahesha & A. Balasubramanian,(2008), Hydrogeochemical Studies of Dalvoy Lake Ecosystem of Mysore 
City, India. Proceedings of Taal, 2007: The 12th World Lake Conference, pp.337-341

59 Mahesha & A. Balasubramanian(2009), Hydrogeochemical Characteristics of Lake water from Mysore city. 
Journal of Ecotoxicology and Environmental Monitoring, 19(3) , pp. 211-217

60 Nagaraju, D and Papanna.C,  (2009), Hydrogeochemical Studies of Kabini River Basin, Karnataka, India. An 
international journal of Quartely scientifi c  Journal of Nature environment and pollution Technology, Vol.8 (1) 
page No.111-118.

61 Papanna, C and Nagaraju.D (2009) The Study of water quality of Kollegal taluk,Chamarajanagar District, Kar-
nataka, Journal of Myscience,University of Mysore ,IV(I),60-65.

62 Papanna, C., (2010), Hydrogeological    Studies    of    Kollegal Taluk, Chamarajanagara         District, Kar-
nataka, India, Using Remote Sensing and GIS Techniques, Unpublished Ph.D Thesis, University of Mysore, 
India,   124p.

63 Vijayakumar .S,  Studies       of       coastal       sediments, Hydrodynamics and Environmental aspects of  
Mulki estuary, west coast of India, Karnataka, Unpublished Ph.D Thesis, University of Mysore, India , 2010, 
147p.   

64 Mahesha, and A. Balasubramanian, (2010),  Analysis of Water Quality Index(WQI) in Dalvoy Lake, Mysore 
City, India, Nature, Environment and Pollution Technology, Vo.9.No. 4.,pp. 663-670 

65 Mahadevaswamy G, Nagaraju D and Papanna. C, (2010), Evaluation of groundwater potential in Nanjangud 
taluk of Mysore district, India. Asian journal of Environmental science, India, December-2010, vol-5(2), 
Pageno.83-88 

66 Ramin Sarikani, Artimes Ghassemi Dehnavi  and  Nagaraju, D (2010) , Environmental  geochemistry  of  lead  
and  its  impact  on groundwater pollution in East of Kurdistan, Iran. Asian journal of Environmental  Science  
Volume.5,  No.5  Page  no.120-125 

67 Seyed Morteza Moosavirad, Shankar M & Janardhana M.R,(2010), Geochemistry of coal washery effl uents in 
Zarand region, Kerman province, South-east of Iran. Asian Journ. Env.Sci. V.5 (2), PP. 144-148.

68 Janardhana M.R,(2010): Hydrogeochemistry of Kalyadi area in Hassan District of Karnataka State. Journ.Adv. 
In Sci.&Tech.,V.13 (1), pp.1-8. (ISSN No. 0971-9563).

69 Artimes Ghassemi Dehnavi,(2011),Environmental and Geochemical Studies  of Volcanic rocks and Groundwa-
ter in Bijar, Kurdistan, Iran, Using Remote sensing and GIS Techniques, Unpublished Ph.D Thesis, University 
of Mysore, India , 135p.

70 Ramin Sarikhan, (2011), Environmental Aspects of Toxic elements in  Groundwater      Around      Qorvch, 
Kurdistan Province, Northwest of Iran,  Unpublished Ph.D Thesis, University of Mysore, India, 135p.

71 Artimes Ghassemi Dehnavi, Ramin Sarikahni  and  D. Nagaraju,(2011) Impact of arsenic on environmental 
geochemistry in south east of Kurdistan, Iran. Journal of Nature environment and pollution Technology, Vol.10, 
No.3, page No. 473-480  

72 Artimes Ghassemi dehnavi,Ramin  Sarikhani ,and Nagaraju D(2011), Hydrogeochemical and rock water in-
teraction studies in East of Kurdistan-W of Iran. International journal of Environmental science and Research, 
Vol.1, No.1, 2011, pageNo.16-22, 2011.

73  Artimes Ghassemi dehnavi, Ramin  Sarikhani ,Gholamhossein and Nagaraju D,(2011), Geochemical and En-
vironment Impacts of Alteration Rocks on Groundwater, Zajkan, NW of Iran. American Journal of Scientifi c 
Research Vol. 26, (2011), pp. 134-138,

74 Mahadevaswamy,G, Nagaraju, D., Siddalingamurthy,S., Mohammad Subhan lone, Nagesh,P.C.,and Krishna 
Rao(2011), Groundwater quality  studies in Nanjangud taluk, Mysore District, Karnataka, India. International 
journal of Environmental sciences, Vol.1, No.7, page No.1582-159.



129. . . 

75 Nagaraju, D, Papanna, C, Mahadevaswamy, G,Lakshmikantha Raju H.T, Nagesh, P.C., and Krishna Rao, 
(2011), Hydrogeochemical evaluation of Kuderu Mir watershed of Kabini  river basin, Karnataka, India.  Nature 
environment and  Pollution Technology, Vol.10, No.1

76 Mahesha,  2012, Ecohydrological Modeling of Dalovy Lake in Mysore City, Karnataka, India, Unpublished 
Ph.D Thesis, University of Mysore, Mysore, India , 254p.

77 Mahadevaswamy ,G., 2012, Hydrological Investigations of Nanjangud  Taluk, Mysore District, Karnataka, 
India,  Unpublished Ph.D Thesis, University of Mysore, India 175p.

78 Lakshamma., Nagaraju,.D, Siddalingamurthy ,S, Mahadevaswamy , and Mohammad Subhan Lone,(2012),   
Groundwater   quality   studies   in   Gundal   watershed, Chamarajanagar District, Karnataka, India. Interna-
tional Journal of Earth Sciences and Engineering, Vol.5, No.04 (2), Page No.1078-1082, August.

79 Houshang Khairy, M.R. Janardhana and S. Khademy (2012): Hydrochemistry and quality of groundwater from 
two tier aquifer system in parts of AmolGhaemshahr plain, Mazandaran province, N. Iran. Journ. of Applied 
Geochemistry, V. 14 (2), pp. 194-216.

80 Houshang Khairy and M. R. Janardhana (2012): Hydrochemistry of the Groundwater fromCoastalAquifer 
inAmol-Ghaemshahr Region, Mazandaran Province, North Iran. Nature Env. and Pollu Tech, Vol. 11 No. 4 
pp. 631-638. 

81 Mohammad subhan lone ,   2013,Applications of Remote sensing and GIS for selecting Artifi cial recharge 
zones in H.D.Kote taluk,Mysore District,Karnataka,India, Unpublished Ph.D Thesis, University of Mysore, 
India, 177p.

82 Moosavirad, S. M., M. R. Janardhana and Houshang Khairy (2013): Impact of anthropogenic activities on 
the chemistry and quality of groundwater: a case study from a terrain near Zarand City, Kerman Province, SE 
Iran. Environ. Earth Sci, Springer-Verlag Berlin Heidelberg, ISSN 1866-6280 DOI 10.1007/s12665-012-2072-
6 

83 Houshang Khairy and M.R. Janardhana (2013): Hydrogeochemical features of groundwater of semi-confi ned 
coastal aquifer in Amol–Ghaemshahr plain, Mazandaran Province, Northern Iran. Environ Monit Assess 
Springer Science+Business Media Dordrecht, 185:9237–9264, DOI 10.1007/s10661- 013-3248-6 

84 Houshang Khairy and M.R. Janardhana (2013): Hydrogeochemistry and quality of groundwater of coastal 
unconfi ned aquifer in Amol–Ghaemshahr plain, Mazandaran Province, Northern Iran. Environ Earth Sci, 
Springer-Verlag Berlin Heidelberg, ISSN 1866-6280, DOI 10.1007/s12665-013-2868-z

85 Mahesha K& A. Balasubramanian, 2014,  Ecohydrological Modeling of Dalovy Lake in Mysore City, Karna-
taka, India, LAP Lambert Academic Publishing, Germany, 

86 Lakshmamma , 2014, Groundwater Recharge Assessment in Gundal watershed,Gundlupet taluk,Chamarajanagar 
District,Karnataka,India,Using Remote sensing and GIS, Unpublished Ph.D Thesis, University of Mysore, In-
dia, 325p.

87 Siddalingamurthy,S., Integrated Approach for Delineating Potential Zones in Chamarajanagar, District, Karna-
taka, India, using Remote Sensing and GIS, 2014, 197p.

88 Lathamani R, Janardhana M.R., and Suresha S (2014): Application of Water Quality Index method to assess 
groundwater quality in Mysore city, Karnataka, India. Int. Jour. Innov. Res. in Sci. Eng. & Tech. ISSN: 2347-
6710 (Print); ISSN: 2319-8753 (Online). V. 3(Spl. Issue 5): 501-508. 

89 Lathamani R., Janardhana M. R., Mahalingam B., Suresha S. (2014). Evaluation of Aquifer Vulnerability Us-
ing Drastic Model and GIS: A Case Study of Mysore City, Karnataka, India. Aquatic Procedia. ELSEVIER. 
ISSN: 2214- 241X. Volume 4, 2015; 1031–1038 

90 Senthilkumar, S., Balasubramanian, N., Gowtham, B., Lawrence, JF (2014) Geochemical signatures of 
groundwater in the coastal aquifers of Thiruvallur district, south India, Appl Water Sci, DOI 10.1007/s13201-
014-0242-2

91 Kouhsari.M,  D. Nagaraju  and A.Balasubramanian,   (2015), Hydrogeochemical Analysis of Groundwater of 
Priyapatna Taluk, South India. Karnataka,  Intl. Jl. of Sust.Sci. and Engg. , June-, Volume: 3 ( 6 ), 18p. 

92 Kouhsari, M, and Nagaraju ,D (2015). Groundwater quality and its suitability for drinking and Agriculture from 
the Vel river basin, Part of Pune District,Maharashtra,India,  An international quarterly Scientifi c Journal  of 
Nature environment and pollution technology V.14,No.1,1107-112.



. . . 130

93 Kouhsari,M, Nagaraju,D and Balasubramanian, A (2015). Hydrogeochemical    Analysis of groundwater of 
Periyapatna taluk, South India, Karnataka, International  Research journal of Sustainable Science and Engineer-
ing V.3,No.6,1-18.

94 Ramakrishna, Nagaraju, D, Balasubramanaian,A and Siddalingamurthy .S,(2015),Assessment of ground-
water quality for irrigation in the tattekere watershed,Periyapatna and Hunsur Taluks in Mysore District, 
Karnataka,India, International journal of current engineering and technology,vol.5,No.2,pp.942-948

95 Sumithra, Nagaraju,D, Siddalingamurthy, S and Balasubramanian,A (2015),    Geochemical studies of Ground-
water in Hebbahalla watershed, Mysore District, Karnataka, India., International journal of current engineering 
and technology,Vol.5,No.2,pp.918-930 

96 Annapoorna H and Janardhana M R. (2015). Assessment of groundwater quality for drinking purpose in 
rural areas surrounding a defunct copper mine. Aquatic Procedia. ELSEVIER. ISSN: 2241-241X Volume 4. 
685–692 

97 Annapoorna H and Janardhana M.R., (2015). Groundwater quality evaluation for irrigation suitability in 
Ingaldhal area of Chitradurga District, Karnataka, India. African Journal of Geoscience Research. ISSN: 2370-
6992. Vol. 3, No. 2: 25-30.

98 Senthilkumar.S, Gowtham. B, Lawrence.J.F and Venkatraman. A., 2015. Hydrogeochemical Modeling in 
Coastal parts of Thiruvallur district, Tamil Nadu using WaterQ4F, African Journal of Science and Research, 
3(1):10-14ISSN:2306- 5877.

99 Meisam Kouhsari, 2016,Integrated Hydrogeological studies of Periyapatna taluk,Mysore District,Karnataka,India,  
Unpublished Ph.D Thesis, University of Mysore, India, 195p.

100 Ramakrishna. R , 2016,Hydrogeological studies of Tattekere watershed, Mysore District,Karnataka,India,Using 
Remote sensing and GIS Techniques, Unpublished Ph.D Thesis, University of Mysore, India, 190p.

101 Sumithra.S,  2016,Groundwater Prospects in Hebbahalla Watershed, Mysore  District,Karnataka, India, Unpub-
lished Ph.D Thesis, University of Mysore, India, 253p.

102 Nagaraju D., Kouhsari M., Bhanupraksh H.M., Siddaraju K., Shivaswamy and Balasubramanian A. ,  Analysis 
and Evaluation of Groundwater Quality in Periyapatna Taluk, Karnataka State, South India,   International 
Journal of Advanced Earth Science and Engineering 2016, Volume 5, Issue 2, pp. 464-481

103 Nagaraju, D., Kouhsari M., Bhanupraksh H.M., Siddaraju K., Shivaswamy and Balasubramanian A. 2016, 
Analysis and Evaluation of Groundwater Quality in Periyapatna Taluk, Karnataka State, South India Interna-
tional Journal of Advanced Earth Science and Engineering, Volume 5, Issue 2, pp. 464-481.

104  Siddaraju,  K., D. Nagaraju, H. M. Bhanuprakash, H. M. Shivaswamy and A. Balasubramanian,   2017,  Hy-
drogeochemical Studies and Groundwater Quality Evaluation in Hanur Watershed, Kollegal Taluk, Chamara-
jnagar District, Karnataka State, South India,   Int. J. Adv. Res. 5(3), 1064-1075

105 Ramakrishna, D.Nagaraju, Siddaraju.K, Bhanuprakash.H.M, Shivawamy.H.M, and A.Balasubramanian, 2017, 
Assessment of Groundwater quality for irrigation in the Tattekere watershed, Periyapatna and Hunsur taluks in 
Mysore District, Karnataka, India. International Journal of Remote Sensing and Geoscience(IJRSG) 

106 Aagaard, P. and Helgeson, H.C. Thermodynamic and kinetic constraints on reaction rates among minerals and 
aqueous solutions. I. Theoretical considerations. Am. J. Sci. 1982. 282, 237-285.

107 Abdulwahed M Aboukarima, Mohammed A Al-Sulaiman and Mohamed SA El Marazky, Effect of sodium 
adsorption ratio and electric conductivity of the applied water on infi ltration in a sandy-loam soil,   Water SA 
Vol. 44 No. 1 January 2018, pp. 105-110.

108 Abdulwahed M Aboukarima, Mohammed A Al-Sulaiman and Mohamed SA El Marazky, Effect of sodium 
adsorption ratio and electric conductivity of the applied water on infi ltration in a sandy-loam soil,   Water SA 
Vol. 44 No. 1 , January 2018, pp. 105-110.

109 Ahmed, S. S., Mazumder, Q. H., Jahan, C. S., & Islam, A., Hydrogeochemistry and classifi cation of  ground-
water, Rajshahi city, Bangladesh. Jour. Geo. Soc. India, 60(4),  2002,  411-418.

110 Ahmed, S. S., Mazumder, Q. H., Jahan, C. S., & Islam, A., Hydrogeochemistry and classifi cation of  ground-
water, Rajshahi city, Bangladesh. Jour. Geo. Soc. India,. 60(4),  2002 , 411-418.

111 Aller, L., Lehar, J. H., Petty, & Benett, T., DRASTIC. A standardised system to Evaluate Groundwater  Pollu-
tion Potential using Hydrogeological settings. Jour. Geol. Soc. India, Special, 29,1987,  23-37.



131. . . 

112 Amiri M, Moghadasi J. The prediction of calcium carbonate and calcium sulfate scale formation in Iranian 
oilfi elds at different mixing ratios of injection water with formation water. Pet Sci Technol.,  2012, 30:223–36

113 Andréasson, J., S. Bergström, B. Carlsson, L.P. Graham and G. Lindström, Hydrological change: climate 
impact simulations for Sweden. Ambio, 2004,  33(4–5), 228–234.

114 Andrews. J.E., P. Brimblecombe, T.D. Jickells, P.S. Liss and B. Reid,  An Introduction   to Environmental 
Chemistry, Second Edition, Blackwell Science Ltd, 2004, 326p.

115 Angela Potasznik, Sławomir Szymczyk, Magnesium and calcium   Concentrations in the surface water  and 
bottom deposits of a river-lake  System, J. Elem. 2015, 20.1. 20(3):   pp. 677-692. DOI: 10.5601/jelem788

116 APHA. Standard Methods for Examination of Water and Waste water, 21st Edition, American Public  Health 
Association, Washington, D.C.  2005.

117 APHA. Standard methods for the examination of water and waste water (14th ed.). Washington D.C.:  Ameri-
can Public Health Association. (1998).

118 Appelo CAJ, Postma D Geochemistry, groundwater and  pollution. Balkema, Rotterdam. (1993)
119 Appelo CAJ, Postma D Geochemistry, groundwater and  pollution. Balkema, Rotterdam. (1993)
120 Archer, D.G. & Wang, P. The Dielectric Constant of Water and Debye–Huckel Limiting Slopes.Jour. Phys. 

Chem. Ref. Data, 19:371 (1990). 
121 ASTM. Standard Practice for Calculation and Adjustment of the Langelier Saturation Index for Reverse Os-

mosis. (1998).  3739-94. 
122 Atlas  E. and R. M. Pytkowicx,  Solubility behavior of apatites in seawater 

School of Oceanography, Oregon State University, Corvallis ,  97331), pp.290-300
123 Avila, A., C. Neal, and J. Terradas, Climate change implications for streamfl ow and streamwater chemistry in 

a Mediterranean catchment. Journal of Hydrology, 1996.177, 99–116.
124 AWWA (American Water Works Association). The  Rothberg Tamburini & Winsor Model for Corrosion Con-

trol and Process Chemistry, Version 3.0, AWWA. Denver, Colorado. 1996.
125 Ayers, R. S., & Bronson, R. L. Guidelines for Interpretation of Water quality for Agriculture, Univ. of  Califor-

nia, Extension Mimeographed, (1975). 13p.
126 Ayers, R.S and Westcot, D.W. Water Quality for  Agriculture: In FAO Irrigation and Drainage,  1985,  Paper 

29 
127 Ayers, R.S., and D.W. Westcot. Water quality for agriculture. FAO Handbook 29,  1994,  http://www.fao.org/

docrep/003/t0234e/t0234e00.htm (valid 6/9/2010)
128 Babcock, K.L. and Marion, G.M.: “Effect of Ion-pair Formation on the Solubility Product”, Soil Sci. Soc. 

Amer. Proc.  1972, 36, 689-91.
129 Back W . Origin of hydrochemical facies of ground water in the Atlantic Coastal plain. 21st Int Geol Cong, 

Copenhagen 1960, Rept pt.1, pp 87–95.
130 Back W .Hydrochemical facies and groundwater fl ow pattern in northern part of Atlantic Coastal Plain; 

US.1966
131 Back, W. Techniques for Mapping of Hydrochemical  Facies. US Geological Survey Professional .1961. Paper 

424-D
132 Bahadori, A & Zeidani, K 2012, ‘Predicting scale formation in wastewater disposal wells of crude-oil desalt-

ing plants’, Petroleum & Coal, vol. 54, no. 2, pp. 143-148.
133 Ball, J.W.; Jenne, E.A.; & Nordstrom, D.K.  WATEQ2—A Computerized Chemical Model for Trace and 

Major Element Speciation and Mineral Equilibria of Natural Waters. ACS Symposium Series 93 (E.A. Jenne, 
editor), 1979,  Amer. Chem. Soc., Washington . 

134 Ball, J.W.; Nordstrom, D.K.; & Zachmann, D.W. WATEQ4F—A Personal Computer FORTRAN Translation 
of the Geochemical Model WATEQ2 With Revised Data Base. USGS Open File Report .1987. 87-50.

135 Ball, James W., Jenne, Everett A., and Cantrell, Mark W. WATEQ3- A geochemical model with uranium 
added: U.S. Geological Survey Open-File Report. 1981. 81-1183, 81 p.



. . . 132

136 Ball, James W., Jenne, Everett A., and Nordstrom, Darrell Kirk,.WATEQ2- A computerized chemical model 
for trace and major element speciation and mineral equilibrium of natural waters, in Jenne, E. A., ed., Chemi-
cal modeling in aqueous systems: Washington, D.C., American Chemical Society  Symposium Series 93, 
1979.P. 815-836.

137 Ball, James W., Nordstrom, D. Kirk, and Zachmann, Dieter W., WATEQ4F--A personal computer FORTRAN 
translation of the geochemical model WATEQ2 with revised data base: U.S. Geol. Survey Open-File Report 
87-50, 1987, 108 p.

138 Barba, D., Brandani,V. and Di Giacomo, G.: “Solubility of Calcium Sulfate Dihydrate in the System Na2SO4 
-MgC12 -H20”, J. Chem. & Eng. Data .1984, 29, 42-5

139 Barnes, Ivan, and Clarke, F. E., Chemical properties of ground water and their encrustation effects on wells: 
U.S. Geological Survey  Professional Paper 498-D, 1969 , 58 p.

140 Bennett, A.C. and Adams, F.: “Solubility and Solubility Product of Gypsum in Soil Solutions and Other Aque-
ous Solutions”, Soil Sci. Amer. Soc. Proc. , 1972, 36, 288-91.

141 Bethke,C.M. Geochemical and Biogeochemical Reaction Modeling, Cambridge Press, 2008.pp 115-117. 
142 Block, J. and Waters, O.B.Jr.: “The CaSO4-Na2SO4-NaC1-H2 0 System at 25°to 100°C”, J. Chem. & Eng. 

Data .1968. 13(3), 336-44.
143 Blount, C.W.: “Barite Solubilities and Thermodynamic Quantities up to 300°C and 1400 Bars”, Amer. Miner-

alogist , 1977, 62, 942-57.
144 Blount, C.W.: “Synthesis of Barite, Celestite, Anglestite, Witherite, and Strontianite from Aqueous Solutions”, 

Amer. Mineralogist, 1974,  59,  1209- 19.
145 Blout, C.W. and Dickson, F.W.: “Gypsum-Anhydrite Equilibrium in Systems CaSO4 and CaSO4-NaCl-H 

2O,” Amer. Min, Vol. 58, pp. 1746,1973.
146 Bock, E.: “On the Solubility of Anhydrous Calcium Sulphate and of Gypsum in Concentrated Solutions of 

Sodium Chloride at 25°C, 30°C, 40°C, and  50°C”, Can. J. Chemistry. 1961. 39, 1746-51.
147 Bodine, M. W., Jr., and Jones, Blair F., THE SALT NORM: A quantitative chemical-mineralogical character-

ization of natural waters: U.S. Geological  Survey Water-Resources Investigations Report 86-4086, 1986.130 
p.

148 Booth, H.S. and Bidwell, R.M.: “Solubilities of Salts in Water at High Temperatures”, J. Amer. Chem. 
Soc.1950. 72(1), 2567-75.

149 Bower, C. A. Cation exchange equilibrium  in soils affected by sodium salts. Soil  Sci. 88: 1959. 32-35.
150 Bower, C. A. Cation exchange equilibrium  in soils affected by sodium salts. Soil  Sci. 88: 1959. 32-35.
151 Bryan G. Hopkins,  Donald A. Horneck,  Robert G. Stevens,   Jason W. Ellsworth,  Dan M. Sullivan,  Manag-

ing Irrigation Water Quality for crop production in the Pacifi c Northwest, PNW 597-E , August 2007, 29p.
152 C. Jiang, Solubility and solubility constant of barium sulfate in aqueous sodium sulfate solutions between 0 

and 80 ◦C, J. Solution Chem. 25. 1996. 105–111.    
153 Cadena, F.C.; Midkiff, W.S.; & O’connor, G.A. The Calcium Carbonate Ion-Pair as a Limit to  Hardness Re-

moval. Jour. AWWA, 66:9:524 ,Sept. 1974.
154 Camberato J ., Irrigation Water Quality: update from the 2001 Carolinas Golf Course Superintendents Asso-

ciation, Clemson University Turfgrass Program.    URL: http://www.scnla.com/  Irrigation_Water_Quality.pdf 
(Accessed 30 April 2017). 1–13.

155 Cameron FK, Seidell A . Solubility of gypsum in aqueous  solutions of certain electrolytes. J Phys 
Chem.1900-1901. 5:643–655.

156 Cameron, F.K.: “Solubilily of Gypsum in Aqueous Solutions of Sodium Chloride”, J. Phys. Chem. 1901. 5, 
556-76.

157 Cannon , M.R., David A. Nimick, Thomas E. Cleasby, Stacy M. Kinsey, and John H. Lambing, Measured 
and Estimated Sodium-Adsorption Ratios for Tongue River and its Tributaries, Montana and Wyoming, 
U.S. Department of the Interior,  U.S. Geological Survey, Reston, Virginia,  Scientifi c Investigations Report 
2007–5072, 2004–06, 45 p.



133. . . 

158 Cannon , M.R., David A. Nimick, Thomas E. Cleasby, Stacy M. Kinsey, and John H. Lambing, Measured 
and Estimated Sodium-Adsorption Ratios for Tongue River and its Tributaries, Montana and Wyoming, 
U.S. Department of the Interior,  U.S. Geological Survey, Reston, Virginia,  Scientifi c Investigations Report 
2007–5072,  2004–06,.45 p.

159 Carlberg, B.L and Mathews, R.R.: “Solubility of Calcium Sulfate in Brine,” paper No. 4353 presented at the 
SPE Oilfi eld Chemistry Symposium, May 24-25, 1973.

160 Chadha, D. K. A proposed new diagram for geochemical classifi cation of natural waters interpretation of 
chemical data, Hydrogeology Journal,   October 1999, Volume 7, Issue 5, pp 431–439

161 Chebotarev II . Metamorphism of natural waters on the crust of weathering. Geochim Cosmochim Acta,1955.  
8. 22–48, 137–170, 198–212.

162  Pytkowicz,  R. M., E. Atlas, and C. H. Culberson, Marine Chemistry in the Coastal Environment, School of 
Oceanography, Oregon State University, Corvallis, Ore. 97331,  DOI: 10.1021/bk-1975-0018.ch001, ACS 
Symposium Series, Vol. 18,  1975 , Chapter 1, pp 1–24

163 Chen T, Neville A, Yuan MD. Calcium carbonate scale formation - assessing the initial stages of precipitation 
and deposition. J. Petrol Sci. Eng. 2005.46:185-194.

164 Chilingar GV, Mourhatch R, Al-Qahtani GD. The fundamentals of corrosion and scaling for petroleum and 
environmental engineers. Houston, TX: Gulf Publishing Company; 2008.

165 Cole, J. J., N. F. Caraco, G. W. Kling, and T. K. Kratz. Carbon dioxide supersaturation in the surface waters of 
lakes. Science,1994. 265: 1568-1570.

166 Colin Whitfi eld, Julian Aherne, and Shaun Watmough,  Predicting the Partial Pressure of Carbon Dioxide in 
Boreal Lakes , Canadian Water Resources Journal , Vol. 34(4), 2009. pp. 415–426 

167 Collins, R. and Jenkins, A. The impact of agricultural  land use on stream chemistry in the middle hills of  the 
Himalayas, Nepal. J. Hydrol. 1996.185 : 71-86.

168 Collins, W.D. Graphical Representation of Water  Analysis. Ind. Eng. Chem. 15 . 1923. 394 
169 Cowan JC, Weintritt DJ. Water-formed scale deposits. Houston, TX: Gulf Publishing Company; 1976 (Book 

division).
170 D. M. Mohammad, S. I. Ibrahim, and E. A. Elamin, “Variability and Correlation between Exchangeable So-

dium Percentage and Sodium   Adsorption Ratio in Vertisols of Sudan,” Communications in Soil Science and 
Plant Analysis, November 2008,  Volume 39, pages 2827 – 2838, Issue 19 &20.   

171 Das R., S.N. Das, V.N. Misra,   Chemical composition of rainwater and dustfall at Bhubaneswar in the east 
coast of India,  Atmospheric Environment 39.2005.

PP.  5908–5916 
172 Davis, S. N. and DeWiest, R. J. Hydrogeology, Wiley, New York. 1966.
173 de Wit, M. and J. Stankiewicz, Changes in surface water supply across Africa with predicted climate change. 

Science Express, doi:10. 1126/ science. 1119929.  2006. http://www.scienceexpress.org.
174 Denis F. Healy, Douglas B. Chambers, Cynthia M. Rachol, and Richard S. Jodoin ,  Water Quality of the St. 

Clair River, Lake St. Clair, and Their U.S. Tributaries, 1946–2005,  Scientifi c Investigations Report 2007–
5172 , U.S. Department of the Interior,  U.S. Geological Survey,  Reston, Virginia: 2008, 104p.

175 Dhirendra Mohan Joshi
 
, Alok Kumar

  
and Namita Agrawal,   Assessment of The Irrigation Water Quality of 

River Ganga in Haridwar District, Water Quality Of River Ganga In Haridwar, Vol.2, No.2 (2009), 285-292
176 Domenico, D. A., & Schwartz, F. W. Physical and chemical Hydrogeology. NewYork: John Wiley and sons. 

1990. pp. 410-420.
177 Doneen L D . Water quality for agriculture; Department of Irrigation, University of California, Davis, 1964. 

48p.
178 Doneen LD . The infl uence of crop and soil on percolating water. In: Proc. of the biennial conference on 

ground water recharge ,1962.156-163.
179 Doneen, L. D. The infl uence of crop and soil on percolating water. Proc. 1961 Biennial conference on Ground-

water Recharge, 1962, pp.156-163.



. . . 134

180 Doneen, L. D. Water quality for Agriculture, Department of Irrigation,  University of Calfornia, Davis, 1964. 
48 pp.

181 Doneen, L.D. Notes on water quality in agriculture, Published as a water science and engineering paper  4001, 
Department of Water Science and Engineering, University of California. 1964.

182 Drever, J.I., The Geochemistry of Natural Waters: Prentice Hall, 1988, 437 p. 
183 Eaton, E. M. Signifi cance of carbonate in irrigation water. Soil Science, 1950.69, 123-133.
184 Edmunds WM  Hydrogeochemical investigations. In: Lloyd JW (ed) Case studies in groundwater resources 

evaluation.   Clarendon Press, Oxford, 1981. pp 87–112
185 Edmunds WM, Bath AH, Miles DL . Hydrochemical evolution of the East Midlands Triassic sandstone aqui-

fer, England. Geochim Cosmochim Acta 46: 1982,407–424
186 Edmunds WM, Cook JM, Darling WG, Kinniburgh DG, Miles DL, Bath AH, Morgan-Jones M, Andrews JN 

.Baseline geochemical conditions in the Chalk aquifer, Berkshire, U.K.:a basis for groundwater quality man-
agement. Appl Geochem, 1987, 2:251–274

187 Edmunds WM, Miles DL, Cook JM. A comparative study of sequential redox processes in three British aqui-
fers. IAHS Publ, 1984, 150 :55–70.

188 El-Morsy Ea, Malik M and Letey J. Interaction between water quality and polymer treatment on infi ltration 
rate and clay migration. Soil Technol.1991. 4 221–231. https://doi. org/10.1016/0933-3630(91)90003-6

189 Eriksson E . Alkalinity production in soil and rock: a useful concept for understanding acidifi cation of soil and 
fresh water. In: Norw Nat Comm for Hydrol (ed), Acidifi cation and Water Pathways, Proc Int Symp Bolkesjo 
Norway 4–8 May 1987, vol 1, pp 29–35

190 Etu-Efeotor J.O., Preliminary Hydro geochemical investigation of subsurface waters in parts of the Niger 
Delta, Jour. Min. Geol. 18, (1), 1981, 103-106.   

191 Ferguson, R.J., A Kinetic Model for Calcium Carbonate Scale, CORROSION/84,Paper No. 46, Houston, 
TX:NACE INTERNATIONAL.1984.

192 Ferguson, R.J., Computerized Ion Association Model Profi les Complete Range of Cooling System  Param-
eters, International Water Conference, 52nd Annual Meeting, Pittsburgh, PA, IWC-91-47.

193 Ferguson, R.J., Thirty Years of Ultra Low Dosage Scale Control , Corrosion/2003,Paper No. 063,b(Houston, 
TX:NACE INTERNATIONAL (2003).

194 Fetter, C. W. Applied hydrogeology, 1988.
195 Freeze RA, Cherry JA , Chemical evolution of natural groundwater. In: Freeze RA, Cherry JA Groundwater. 

Prentice- Hall, Englewood Cliffs, NJ,  1979  , pp 237–302
196 Freeze, R. A. and Cherry, J. A. Groundwater, Prentice Hall Inc.  Englewood Cliffs, New Jersey, 1979. 604 p.
197 Garrels, R. M., and C. L. Christ. Solutions. minerals and  equilibria, 1965.
198 Garrels, R.M. Genesis of some ground waters from  igneous rocks,

In: P.H. Abelson edited. Researches in geochemistry. Wiley, New York,1967, pp. 405-20
199 Gibbs R J .  Mechanisms controlling world’s water chemistry; Science. 1970. 170 1088–1090.
200 Gill, J.S., Anderson, C.D., Varsanik, R.G., Mechanism Of Scale Inhibition By Phosphonates, International 

Water Conference, 44th Annual Meeting, Pittsburgh, PA, IWC-83-4
201 Giménez  E.  and  I.  Morell,   Hydrogeochemical analysis of salinization processes in the coastal aquifer of 

Oropesa (Castellón, Spain), Environmental Geology ,January 1997, 29(1):118-131
202 Gounari Christina, Skordas Konstantinos , Gounaris Alexandros, Kosmidis Dimitrios, Karyoti Aikaterini,  

Seawater Intrusion and Nitrate Pollution in Coastal Aquifer of Almyros – Nea Anchialos Basin, Central 
Greece,  Wseas Transactions on Environment and Development, Volume 10, 2014,pp.211-222

203 Grégoire Seyrig , Wenqian Shan, Chemical Precipitation: Water Softening, College of Engineering, Michigan 
State University ,Spring 2007,15p.

204 Gunnarsson, I. and Arnórsson.S., Amorphous silica solubility and the thermodynamic properties of H4SiO4º 
in the range of 0º to 350ºC at Psat. Geochimica et Cosmochimica Acta, 2000. 64, (13), 2295-2307.

205 Gupta, S.K. and I.C. Gupta.,  Management of Saline Soils and Water. Oxford and IBH Publication Coy, New 
Delhi, India, 1987. pp: 399.



135. . . 

206 Hammett, K.M. Physical Processes, Salinity  Characteristics, and Potential Salinity Changes due  to Freshwa-
ter Withdrawals in the Tidal Myakka River, Florida. U.S. Geological Survey, Water-Resources Investigations 
Report. 1992. 90-4054.

207 Harned, H.S. & Owen, B.B. The Physical Chemistry of Electrolyte Solutions. Van Nostrand-Reinhold,  New 
York. 1958 (3rd ed,).

208 Harront W. R. A.,  G. R. Webster, And R. R. Cairns,   Relationship Between Exchangeable Sodium and So-
dium Adsorption Ratio in a Solonetzic Soil Association,  Can. J. Soil Sci. Aug. 1983,  63:pp. 461-467 

209 Hausler, R.H.: “Predicting and Controlling Scale from OilJield Brines”, Oil and Gas J. Sept.18, 1978, 146-54.
210 Helgeson, H.C. Thermodynamics of Hydrothermal Systems at Elevated Temperatures and Pressures, Ameri-

can Journal of Sciences, 1969. 267, 729 – 804.
211 Hem J.D., Study and interpretation of the chemical characteristics of natural waters. U.S.G.S. Water Supply 

Paper, 1989. 2254. 
212 Hem JD ., Study and interpretation of the chemical characteristics of natural waters. Geol Surv Water-Supply 

Paper 1970. 1473
213 Hem, J. D. Study and Interpretation of the Chemical characteristics of Natural Water. U.S. Geol. Surv. Water 

supply paper, 1985.2254, 264 p.
214 Hem, J.D., Study and interpretation of the chemical characteristics of natural water (3d ed.): U.S. Geological 

Survey Water-Supply Paper . 1985.2254, 264 p.
215 Hope, D., T. K. Kratz, and J. L. Riera. Relationship between P-CO2 and dissolved organic carbon in northern 

Wisconsin lakes. Journal of Environmental  Quality 1996. 25: 1442-1445.
216 Horton R.K., An Index Number Rating system for rating Water quality, J. Water pollution control federation 

37, 1965. 300-306.
217 ISI, Indian Standard Specifi cation for Drinking Water. IS: 10500. Indian Standard Institute, India. 1983. 
218 ISI. Indian standard specifi cation for drinking water. IS: 10500, Indian Standard Institution, 1991. pp.1-5.
219 Jankowski J, Jacobson G .,  Hydrochemical evolution of regional groundwaters to playa brines in Central 

Australia. J  Hydrol. 1989. 108:123–173
220 Jasrotia, A. S., & Singh, R., Hydrochemistry and groundwater quality around Devak and Rui watershed   of 

Jammu Region, Jammu and Kashmir. Jour. Geol. Soc. India, 69,  2007,  1042-1054.
221 Johnson, E. E. Groundwater and wells. Johnson Division, UDP Inc. St Paul MN. 1975.
222 Karanth, K. R. Groundwater Assessment Development and Management. New Delhi: Tata. 1987.
223 Kelley, W. P. Alkali soils-their formation properties and reclamation. New York: Reinold Publ. Corp.
224 Kelley, W.P., Brown, S.M. and Liebig, G.F. Jr. 1940. Chemical  Effects of Saline Irrigation Water on Soil. Soil 

Sci.1951. 49:95-107.
225 Kelly, W.P. (Eds). Permissible composition and concentration  of irrigated waters. Proceeding of the  ASCF 

66. 1940.
226 Kumar, M., Kumari, K., Ramanathan, A.L.and Saxena, R. A comparative evaluation of groundwater  suitabil-

ity for irrigation and drinking purposes in  two intensively cultivated districts of Punjab, India.  Environ. Geol. 
2007. 53 : 553-74.

227 Langelier WF. The analytic control of anti-corrosion water treatment. J. Am. Water Works Ass. 1936;28:1500-
1521.

228 Langelier, W. and Ludwig, H.: Graphical methods for   indicating the mineral character of natural waters. 
JWWA., v. 34, 1942, p. 335-352.

229 Langelier, W. F., The Analytical Control of Anticorrosion water Treatment, Journal of the American water 
works Association (AWWA) 28 (10) 1936, 1500-1521.

230 Langelier, W.F. Effect of Temperature on The pH of Natural Waters, JAWWA,  1946. Vol. 38:179, 
231 Langelier, W.F., Chemical Equilibrium in water. AMJ Water Works Association, 1946. 38: p. 169 -178. 
232 Langmuir, D., Aqueous Environmental Geochemistry: Prentice-Hall, 1997, 600 p. 
233  Larson T. E. and A. M. Buswell,  Calcium Carbonate Saturation Index and Alkalinity Interpretations, Circular 

No. 22,   State Water Survey Division , Urbana 1943,15p.



. . . 136

234 Larson, T.E. and Buswell, A.M. Calcium Carbonate Saturation Index and Alkalinity Interpretations. Journal of 
the American Water Works Association, 34, 1942,  1967-1979.

235 Larson, T.E.; Skold, R.V. Laboratory Studies Relating Mineral Quality of Water to Corrosion of Steel and Cast 
Iron; ISWS C-71; Illinois State Water Survey: Champaign, IL, USA. 1958. pp. 43–46.

236 Liu X, Jungang L, Qianya Z, Jinlai F, Yingli L, Jingxin S . The analysis and prediction of scale accumulation 
for water injection pipelines in the Daqing Oilfi eld. J Petrol Sci Eng  ,2009. 66:161–164.

237 M. Frenkel, and N. Alperovitch, “The effect of mineral weathering and soil solution concentration on ESR-
SAR relationships on arid and semiarid zone soils from Israel,” Soil Sci. 1984. 35, 367-372.

238 M. Rashidi, and M. Seilsepour, “Modeling of soil cation exchange capacity based on some soil physical and 
chemical properties,” ARPN J.   Agril. Biol. Sci., 2008. 3 (2): pp. 6-13

239 McGowan, W, Water processing: residential, commercial, light-industrial, 3rd ed. Lisle, IL, 2000, Water Qual-
ity Association.

240 Merrill, D.T. & Sanks, R.L. Corrosion Control by Deposition of CaCO3 Films: Part 1. A Practical  Approach 
for Plant Operators. Jour. AWWA, Nov. 1977. 69:11:592 

241 Metier, A.V. and Ostroff, A.G.: “The Proximate Calculation of the Solubilily of Gypsum in Natural Brines 
from 28°C to 70°C”, Envir. Sci. & Tech. 1967. 1(10) ,8 15-9.

242 Michael, A.M., Irrigation: Theory and Practice,  Vikas Publishing House Pvt. Ltd., New Delhi, 1990. 801p.
243 Millero F.J. The thermodynamics of the carbonate system in seawater. Geochim Cosmochim Acta 1979. 

43:1651–61.
244 Mishra, U. K. Hydrogeological Studies of Sirmour area, Rewa District, Madhya Pradesh.Unpubl. Ph.D.,   

Thesis, A. P. S. Univ. Rewa, M.P., 2010. 173p.
245 Moasheri A, Tabatabai Sm, Sarani N and Alai Y. Estimation spatial distribution of sodium adsorption ratio 

(SAR)in groundwater’s using ANN and geostatistics methods, the case of Birjand Plain, Iran. International 
Conference on Chemical, Ecology and Environmental Sciences (ICEES’2012), 17–18 March 2012,  Bangkok. 
123–129. 

246 Mohammadi AH, Richon D. Thermodynamic modeling of salt precipitation and gas hydrate inhibition effect 
of salt aqueous

solution. Ind Eng Chem Res. 2007. 46:5074–5079.
247 Møller N. The prediction of mineral solubilities in natural waters: a chemical equilibrium model for the Na-

Ca-Cl-SO4- H2O system, to high temperature and concentration. Geochim Cosmochim Acta. 1988. 52:821–
837.

248 Monnin C. The infl uence of pressure on the activity coeffi cients of the solutes and on the solubility of min-
erals in the system Na–Ca–Cl–SO4–H2O to 200 _C and 1 kbar and to high  NaCl concentration. Geochim 
Cosmochim Acta. 1990. 54:3265–3282

249 Monteith, D. T., J. L. Stoddard, C. D. Evans, H. A. De Wit, M. Forsius, T. Hogasen, A. Wilander, B. L. 
Skjelkvale, D. S. Jeffries, J. Vuorenmaa, W. Keller, J. Kopacek, and J. Vesely.  Dissolved  organic carbon 
trends resulting from changes in atmospheric deposition chemistry. Nature 450: 2007,  pp. 537-541.

250 Morel, F.M.M., and Herring, J.G., Principles and Applications of Aquatic Chemistry: Wiley Inter science, 
1993. 588 p. 

251 Musil, R.R., Nielsen, H.J., Computer Modeling Of Cooling Water Chemistry, International Water nConfer-
ence, 45th Annual Meeting, Pittsburgh, PA, IWC-84-104.

252 Nancollas G, Eralp A, Gill J. Calcium sulfate scale formation: a kinetic approach. Soc Pet Eng J 1978. 
18:133–8.

253 Nancollas GH, Sawada K. Formation of scales of calcium carbonate polymorphs: the infl uence of magnesium 
ion and inhibitors. J Pet Technol. 1982. 34:645–52. 

254 Nicolas Spycher1 and Randy Larkin, A Study on Chemical Interactions Between Waste Fluid,  Formation 
Water, and Host Rock During Deep Well Injection,  Lawrence Berkeley National Laboratory, 2004.  20p.  

255 Nordstrom, D.K. & Munoz, J.L. Geochemical Thermodynamics. Blackwell, Palo Alto, Calif. 1986. 
256 Nordstrom, D.K. et al. Comparison of Computerized Chemical Models for Equilibrium Calculations  in Aque-

ous Systems. ACS Symposium Series 93 (E.A. Jenne, editor). Amer. Chem. Soc., Washington.  1979.



137. . . 

257 Oddo J.E., M.B. Tomson, Why scale forms and how to predict it, SPE Prod. Oper.  9 . 1994. 47–54.
258 Oddo,J.E., Tomson, M.B.,Scale Control, Prediction and Treatment Or How Companies Evaluate  A Scaling 

Problem and What They Do Wrong, CORROSION/92, Paper No. 34, (Houston, TX:NACE  INTERNATION-
AL.1992).

259 Ostroff AG, Metler AV , Solubility of calcium sulfate dihydrate in the system NaCl–MgCl2–H2O from 28_ to 
70_ C. J Chem Eng Data ,  1966,  11:346–350.

260 P. A. Domenico, and F. W. Schwartz, “Physical and Chemical  Hydrogeology”. John Wiley & Sons, New 
York, 1990. 824pp

261 P. J. Stuyfzand, “Non-Point Source of Trace Element in Potable Groundwater in Netherland”. Proceedings of 
the 18th  International Water Supply Congress and Exhibition (IWSA), Copenhagen, 1991. 25-31, Water Sup-
ply 9. 

262 P. Wang, C.S. Oakes, K.S. Pitzer, Thermodynamics of aqueous mixtures of

magnesium chloride with sodium chloride from 298.15 to 573.15 K. New measurements of the enthalpies of 
mixing and of dilution, J. Chem. Eng. Data 42. 1997. 1101–1110.

263 P.S.Z. Rogers, K.S. Pitzer, High-temperature thermodynamic properties of aqueous  sodium sulfate solutions, 
J. Phys. Chem. 85, 1981. 2886–2895.

264 Pabalan RT, Pitzer KS. Thermodynamics of concentrated electrolyte mixtures and the prediction of mineral 
solubilities   to high temperatures for mixtures in the system Na–K–Mg–Cl–SO4–OH–H2O. Geochim Cosmo-
chim Acta,  1987. 51:2429–2443

265 Paliwal, K. V. And Gandhi, A. D.,  Effect of salinity, SAR, Ca:Mg ratio in irrigation  water and soil texture on 
the predictability of ESP. Soil Sci. 1976. I22:85-90.

266 Paliwal, K. V. Irrigation with Saline Water. LA.R.L Monograph, NO.02 (New Series), New Delhi, 1972. 198p.
267 Palmer CD, Cherry JA., Geochemical evolution of groundwaters in sequences of sedimentary rocks. J Hydrol. 

1985. 75 :27–65
268 Pandian, K., & Sankar, K. Hydrochemistry and groundwater quality in the Vaippar river basin, Tamil  Nadu. 

Jour. Geol.Soc. India, 2007.  69, 970-982.
269 Parkhurst, David L., Thorstenson, Donald C., and Plummer, L. Niel, (Revised edition - January 1985), PHRE-

EQE-A computer program for geochemical calculation: U.S. Geological Survey Water-Resources Investiga-
tions Report 80-96, NTIS Report PB. 1980. 81-167 801, 193 p.

270 Patrick A. Domenico , Franklin W. Schwartz , Physical and Chemical Hydrogeology Paperback – Internation-
al Edition,  John Wiley and Sons Ltd; International Ed edition., March 7, 1991.,  846 p.

271 Phutela R.C., K.S. Pitzer, P.P.S. Saluja, Thermodynamics of aqueous magnesium chloride, calcium chloride, 
and strontium chloride at elevated temperatures, J. Chem. Eng. Data 32. 1987. 76–80. 

272 Phutela RC, Pitzer KS, Saluja PPS .,Thermodynamics of aqueous magnesium chloride, calcium chloride, and 
strontium  chloride at elevated temperatures. J Chem Eng Data. 1987.  32:76–80

273 Phutela RC, Pitzer KS, Saluja PPS.  Thermodynamics of aqueous magnesium chloride, calcium chloride, and 
strontium  chloride at elevated temperatures. J Chem Eng Data.1987. 32:76–80

274 Piper A M ., A graphical procedure in the geochemical  interpretation of water analysis; Trans. Am. Geophys. 
1944.  Union 25,pp. 914–928.

275 Piper A M.,  A graphical procedure in the geochemical  interpretation of water analysis; Trans. Am. Geophys. 
1944.  Union 25,pp. 914–928.

276 Piper, A.M., A Graphic Procedure in the Geochemical Interpretation of water Analysis. Washington D.C, US 
Geol. Survey. ISBN ASIN: B0007H2Z36, 1953.  

277 Pitzer K., Thermodynamics of electrolytes V. effects of higher-order electrostatic terms. J Solut Chem. 1975. 
4:249–265.

278 Pitzer KS, Olsen J, Simonson JM, Roy RN, Gibbons JJ, Rowe L., Thermodynamics of aqueous magnesium 
and calcium bicarbonates and mixtures with chloride. J Chem Eng Data 30:14–17 .1985.

279 Pitzer KS, Peiper JC, Busey RH., Thermodynamic properties of aqueous sodium chloride solutions. J Phys 
Chem Ref Data 13:1–102. 1984.



. . . 138

280 Pitzer KS., Thermodynamics of electrolytes. I. Theoretical basis and general equations. J Phys Chem .1973.  
77:268–277

281 Plummer, L.N. and Busenberg, E.: “The Solubilities of Calcite, Aragonite and Vaterite in CO2-H2O Solutions 
Between 0 and 90ºC and an Evaluation of the Aqueous Model for the System CaCO3-CO2-H2O,” Geochi-
mica et Cosmochimica Acta, Vol. 1982. 46, pp. 1011-1040.

282 Plummer, N.L. & Busenberg, E. The Solubilities of Calcite, Aragonite, and Vaterite in CO2–H2O  Solutions 
Between 0 and 90o C and an Evaluation of the Aqueous Model for the System  CaCO3– CO2– H2O. Geo-
chim. et Cosmochim. Acta, 1982. 46:1011. 

283 Poonia, S. R. And Talibudeen, O., Sodium-calcium exchange equilibrium in salt affected and normal soils. J. 
Soil Sci. 1977. 28: 276-28’7.

284 Posnjak, E.: “Deposition of Calcium Sulfate from Sea Water”, Amer. J. Sd.  1940, 23, 559-68.
285 Posnjak, E.: “The System, CaSO4-H20”, Amer. J. Sci. 1938, 35A, 247-72.  
286 Power WH, Fabuss BM, Satterfi eld CN., Transient solubilities and phase changes of calcium sulfate in aque-

ous sodium chloride. J Chem Eng Data. 1966.  11:149–154.
287 Puckorius, P.R.; Loretitsch, G.R. Cooling water scale and scale indices: What they mean—How to use them 

effectively—How they can cut treatment costs, IWC 99–47. In Proceedings of the  International Water Con-
ference, Pittsburgh, PA, USA, 18 October 1999. pp. 378–387.

288 Puckorius, R.; Brooke, J.M. A new practical index for calcium carbonate scale prediction in cooling systems. 
Corrosion 1991.47, 280–284.

289 Raghunath, I.M.,  Ground water. 2nd Edn., Wiley Eastern Ltd., New Delhi, India. 1987. 
290 Raju K, Atkinson G.,  Thermodynamics of scale mineral solubilities. 1. Barium sulfate(s) in water and aque-

ous sodium  chloride. J Chem Eng Data 33:490–495
291 Raju KUG, Atkinson G , Thermodynamics of scale mineral solubilities. 2. Strontium sulfate(s) in aqueous 

sodium chloride. J Chem Eng Data. 1988. 34:361–364.
292 Raymond, P. A., N. F. Caraco, and J. J. Cole. CO2 concentration and atmospheric fl ux in the Hudson  River. 

Estuaries and Coasts 1997. 20: pp. 381-390.
293 Reed, M.H. and Spycher, N.F.,  Calculation of pH and mineral equilibria in   hydrothermal waters with appli-

cation to geothermometry and studies of boiling and dilution. Geochimica et Cosmochimica Acta, 1984. vol. 
48, p.1479-1492.

294 Reed, M.H., Calculation of multicomponent chemical equilibria and reaction processes in systems involving 
minerals, gases, and an aqueous phase. Geochimica et Cosmochimica Acta, 1982. Vol. 46, 513-528.

295 Richards L. A., Diagnosis and Improvement of Saline and Alkali Soils; Agric Handbook 60. USDA and IBH 
Publ. Coy Ltd., New Delhi, India, 1954 pp. 98–99.

296 Richards LA (USA Salinity Laboratory).,  Diagnosis and improvement of   saline and alkaline soils, US De-
partment of Agriculture hand book, 1954.  pp. 60.

297 Rimstidt, J.D. & Barnes, H.L. The Kinetics of Silica– Water Reactions. Geochim. et Cosmochim. 
Acta,1980.44:1683.

298 Robert J. Ferguson, Mineral Scale Prediction and Control at Extreme TDS ,  

French Creek Software, Inc. Kimberton, PA 19442-0684, Paper No. IWC-11-77   
299 Rogers PSZ, Pitzer KS., High-temperature thermodynamic properties of aqueous sodium sulfate solutions. J 

Phys Chem. 1981. 85:2886–2895.
300 • Roland Psenner and Jordi Catalan, Chemical composition of lakes in crystalline basins: a combina-

tion of atmospheric deposition, geologic background, biological activity and human action,  Limnol-
ogy Now, Ed. by R.Margalef, 1994, Elsevier Sci. Publ. pp.255-314.

301 Ronald J. Gibbs,   Mechanisms Controlling World Water Chemistry, Science. Vol. 170, Issue 3962,  04 Dec 
1970. pp. 1088-1090,  DOI: 10.1126/science.170.3962.1088

302 Rossum, J. R. , Merrill, D.T., An Evaluation of the Calcium Carbonate Saturation Indexes, .Journal of the 
American Water Works Association. 1983. 75: 95–100.

303 Ryznar W. A new index for determining amount of calcium carbonate scale formed by water. J. Am.  Water 
Works Ass. 1944.36:472-486.



139. . . 

304  S. N. Davis and R.J.A. Dewiest, Hydrology , New York: John Wiley and sons, 1966.
305 Salmon, R. C. Cation exchange reactions. J. Soil Sci. 1964. 15:273-283.
306 Sarada.P, P. Bhushanavathi,  Cl-/(CO3 2- + HCO3 -)-   Ratio to Evaluate Salt Water Intrusion: A Case Study of 

Gnanapuram Area of Visakhapatnam, AP, India, International Journal of Science and Research (IJSR) ISSN 
(Online): 2319-7064,PP.1311-1313

307 Sarin , M M, S Krishnaswami, J R Trivedi And K K Sharma ,Major ion chemistry of the Ganga source waters: 
Weathering in the high altitude Himalaya, Proc. Indian Acad. Sci. (Earth Planet. Sci.), Vol. 101, No. 1, March 
1992, pp, 89-98

308 Sarin , M.M., S Krishnaswami ,  Kadir Dilli,   Major ion chemistry of the Ganga-Brahmaputra river system: 
Weathering processes and fl uxes to the Bay of Bengal ,  Geochimica et Cosmochimica Acta , 53(5):997-1009,  
1989 ,  DOI: , 10.1016/0016-7037(89)90205-6

309 Sarin , M. M. &   S. Krishnaswami , Major ion chemistry of the Ganga–Brahmaputra river systems, India, 
Nature, volume 312, 1984, pp.538–541 

310 Sarin,  M.M. , S.Krishnaswami  , K, Dilli ,  B.L. K.Somayajulu,  W.S. Moore ,  Major ion chemistry of the Ganga-
Brahmaputra river system: Weathering processes and fl uxes to the Bay of Bengal, Geochimica et Cosmochi-
mica Acta,Volume 53, Issue 5, May 1989, Pages 997-1009

311 Satyanarayana E, Ratnakar D   and Muralidhar M,       Major Ion Chemistry of Groundwater and Surface 
Water in Parts of Mulugu-Venkatapur Mandal, Warangal District, Telangana State, India,  Hydrol Current Res 
2016. 7:3, 17p. 

312 Sawyer, C. N., & McCarty, P. L., Chemistry for sanitary engineers.(1967. (2nd ed.). New York:
313 Schecher, W.D. & Mcavoy, D.C. MINEQL+: A Chemical Equilibrium Computer Program for  Personal Com-

puters. Environmental Research Software, Hallowell, Maine .1994.
314 Schierholtz, O.J,  The Crystallisation of Calcium Sulfate Dihydrate,” Cd. J. Chem., Vol. 36, pp. 1057-63, 

1950.
315 Schock, M.R. Response of Lead Solubility to Dissolved Carbonate in Drinking Water. Jour. AWWA, Dec. 

1980. 72:12:695. 
316 Schock, M.R. Temperature and Ionic Strength Corrections to the Langelier Index (Revisited).  Jour. AWWA, 

Aug. 1984.76:8:72.
317 Schoeller H., Geochemie des eaux souterraines. Rev Inst Fr  Pet . 1955.10 :230–244
318 Schoeller H., Utility of the notion of the basic exchanges for the comparison of the water sources, Fr. Soc. 

Geo. Journal 5th Edition, 1953, 651-657.
319 Schoeller, H. Les eaux Souterranies, Massow and cie Paris, 1962. 642p.
320  Shittu, O.B., Olaitan, J.O. and Amusa, T.S, .Physico-Chemical and Bacteriological   Analyses of Water Used 

for Drinking and  Swimming Purposes in Abeokuta, Nigeria,   African Journal of Biomedical Research, 2008. 
Vol. 11. pp. 285 – 290.

321 Shreya Das and S K Nag, Deciphering groundwater quality for irrigation and domestic purposes – a case 
study in Suri I and II blocks,  Birbhum District, West Bengal, India,  J. Earth Syst. Sci.  Indian Academy of 
Sciences,  124, No. 5, July 2015, pp. 965–992.

322 Siebert, R.M. & Hostetler, P.B. The Stability of the Magnesium Bicarbonate Ion Pair From 10o  to 90oC. Amer. 
Jour. Sci., 1977. 277:697.

323 Siosemarde , M., F. Kave, E. Pazira, H. Sedghi and S. J. Ghaderi, Prediction of Soil Exchangeable Sodium 
Ratio Based on Soil Sodium Adsorption Ratio,  International Journal of Environmental, Chemical, Ecological, 
Geological and Geophysical Engineering Vol:4, No:10, 2010,  pp.454-456.

324 Snoeyink, V.L. & Jenkins, D. Water Chemistry. John Wiley & Sons, New York 1980.
325 Sobek, S., L. J. Tranvik, and J. J. Cole., Temperature  independence of carbon dioxide supersaturation in   

global lakes. Global Biogeochemical Cycles , 2005. 19: 1-10.
326 Spencer RJ, Møller N, Weare JH., The prediction of mineral solubilities in natural waters: a chemical equilib-

rium model for the Na–K–Ca–Mg–Cl–SO4–H2O system at temperatures below 25_C. Geochim Cosmochim 
Acta, 1990. 54:575–590.



. . . 140

327 Spycher, N.F. and Reed, M.H., Microcomputer-based modeling of speciation and water mineral-gas reactions 
using programs SOLVEQ and CHILLER. In Y.K. Kharaka & A.S. Maest (eds.) Water-Rock Interaction, A.A. 
Balkema Publishers, Rotterdam, 1992.1087-1090.

328 Steefel C.I., and Lasaga, A.C.,  A coupled model for transport of multiple chemical species and kinetic pre-
cipitation/dissolution reactions with application to reactive fl ow in  single phase hydrothermal systems. Am. J. 
Sci., 1994. 294, 529-592.

329 Stiff Jr, H.A. and Davis, L.E., A Method for predicting the Tendency of Oilfi eld Water to Deposit Calcium 
Carbonate. Petroleum Transactions, AIME, 1952. 195: p. 213-216. 

330 Stiff, H.A. Jr. 1951. The Interpretation of Chemical Water  Analysis by Means of Patterns. J. Petrol Tech. 
3:15-16.

331 Stiff, Jr. H. A. & Davis, L.E., A method for predicting the tendency of oilfi eld water to deposit calcium car-
bonate, pet. Trans-AIME, 1952. 195, 213-216.

332 Stiff, Jr., H.A., Davis, L.E.,  A Method For Predicting The Tendency of Oil Field Water to Deposit Calcium 
Carbonate, Pet. Trans. AIME . 1952, 195;213.

333 Stumm W, Morgan JJ., Aquatic chemistry: chemical equilibria and rates in natural waters, 1996. 3rd edn. 
Wiley, New York .

334 Stumm, W., and Morgan, J.J.,  Aquatic Chemistry: Wiley-Interscience, 1996, 1022 p.
335 Stumm, W., Morgan, J.J.  Aquatic Chemistry, John Wiley & Sons, Inc,, New York, 1996. pp 138 - 140. 
336 Stuyfzand PJ (in press) Fate of pollutants during artifi cial recharge and bank infi ltration in the Netherlands. In: 

Peters,  JH (ed) Proc 3rd Int Symp Artifi cial Recharge (TISAR),Amsterdam. Balkema, Rotterdam.
337 Stuyfzand PJ.,  Hydrochemical evidence of fresh and salt water intrusions in the coastal dunes aquifer system 

of the Western Netherlands. (Flemish) Natuurwetensch Tijdsch. 1989. 70:9–29.
338 Stuyfzand PJ.,  Hydrochemical facies analysis of coastal dunes and adjacent low lands: The Netherlands as 

an example. In Bakker TWM, Jungerius PD, Klijn JA (eds) Dunes, European coasts, Catena Supplement 18, 
Catena Verlag, Cremlingen- Destedt, Germany, 1990. pp 121–132.

339 Stuyfzand PJ.,  Hydrochemistry and hydrology of the coastal dune area of the Western Netherlands. PhD, Free 
University of Amsterdam, published by Kiwa Ltd, Research and Consultancy, Nieuwegein, The Netherlands, 
IBSN 90-74741-01-0, 1993. 366p

340 Stuyfzand PJ., Groundwater quality evolution in the upper aquifer of the coastal dune area of the western 
Netherlands. IAHS Publ  .1984. 150:87–98

341 Suarez, D. L., Relation between pHc and Sodium Adsorption Ratio (SAR) and an alternative method of esti-
mating SAR of soil or drainage waters. Soil Sci. Soc. Am J. 1981.45:469-475.

342 Sunil , K. Singh, M. M. Sarin, and Christian France-Lanord, Chemical erosion in the eastern Himalaya: Major 
ion composition of the Brahmaputra and 13 C of dissolved inorganic carbon, Geochimica et Cosmochimica 
Acta, Copyright © 2005 Elsevier Ltd , Vol. 69, No. 14, pp. 3573–3588. 

343 Tait, W.S. An Introduction to Electrochemical Corrosion Testing for Practicing Engineers and  Scientists; 
PairODocs Publications: Racine, WI, USA, 1994. pp. 43–77.

344 Tchobanoglous, G., Burton, F.L. and Stensel, H.D. (2003) Wastewater Engineering. Treatment and Reuse, 4th 
Edition, McGraw-Hill Companies, New York, NY, USA, 1505-1532.

345 Templeton CC. Solubility of barium sulfate in sodium chloride solutions from  258 to 95 8C. J Chem Eng 
Data 1960.5:514–6.

346 The Chemistry and Treatment of Swimming Pool and Spa Water,  Journal of the Swimming Pool and Spa 
Industry, 2004 ,Volume 5, Number 1, pages 39–56. 

347 Todd, D.K., Groundwater Hydrology. 3rd Edn., Wiley and Sons Inc., New York, U.S. 1995.
348 Tomson, M.B., Fu, G., Watson, M.A. and A.T. Kan, “Mechanisms of Mineral Scale Inhibition, Society of 

Petroleum Engineers, Oilfi eld Scale Symposium, Aberdeen, UK, 2002. 
349 Trussell, R.R.; Russell, L.L.; & Thomas, J.F. The Langelier Index. Proc.  AWWA WQTC, Kansas City, Mo. 

1977.
350 U.S. Salinity Laboratory Staff.  Diagnosis and Improvement of Saline and Alkali Soils. U.S. Deptt.  Agricul-

ture, Handbook,  1954.  160 p.



141. . . 

351 U.S.S.L. Diagnosis and Improvement of Saline and Alkali Soils. Department of Agriculture, U.S. 1954.Hand-
book 60.

352 Wang P, Oakes CS, Pitzer KS., Thermodynamics of aqueous mixtures of magnesium chloride with sodium 
chloride from 298.15 to 573.15 K. New measurements of the enthalpies of mixing and of dilution. J Chem 
Eng Data. 1997 . 42:1101–1110

353 Weiner, Eugene R., Applications of environmental aquatic chemistry : a practical guide,  CRC Press, Taylor & 
Francis Group,   6000 Broken Sound Parkway NW, Suite 300,   Boca Raton, FL 33487-2742,   2008.  442p. 

354 Weiss, R. F.  Carbon dioxide in water and seawater: The solubility of a non-ideal gas. Marine   Chemistry. 
1974.  2: 203-215.

355 Werner Stumm and James J. Morgan, Aquatic Chemistry, John Wiley & Sons, Inc,, New York, 1996.  pp.138 
- 140.

356 West R.C.,  Handbook of Chemistry and Physics ,  CRC Press, Cleveland, Ohio 1992. 76th ed.
357 WHO, Guide line for Drinking Water Quality. World Health Organization, Geneva, 2nd Edition (2) 2006. 281-

308.  
358 Wigley, R.M.L.WATSPEC: A Computer Program for Determining the Equilibrium Speciation of  Aqueous 

Solutions. British Geomorph. Res. Group Tech. Bull., 20.1977.
359 Wigley, T.M.L. Ion Pairing and Water Quality Measurements. Canadian Jour. Earth Sci., 1971. 8:468.
360 Wilcox LV., Classifi cation and use of irrigation waters. Washington: USA Department of Agriculture, 1995.  

pp. 19.
361 Wilcox, L.V., Classifi cation and use of irrigation waters.  U.S. Dept. Agric. Circular 969, Wash., U.S. Dept.  

Agric., DC, 19. 1955.
362 World Health Organisation (WHO). Guidelines for drinking water quality; Geneva, World Health Organisa-

tion. 2006. pp. 335.
363 World Health Organization , Hardness in Drinking-water, Background document for development of  WHO 

Guidelines for Drinking-water Quality,  WHO/HSE/ WSH/ 10.01/10/Rev/1,   2010, 19p.
364 Wu X, He W, Guan B, Wu Z., Solubility of calcium sulfate dihydrate in Ca–Mg–K chloride salt solution in the 

range of (348.15 to 371.15) K. J Chem Eng Data. 2010.  55:2100–2107.
365 Yuan M.,  Prediction of sulphate scaling tendency and investigation of barium and strontium sulphate solid 

solution scale formation. Heriot-Watt University, Edinburgh. 1989.
366 Dieke Postma, Carsten Boesen, Henning Kristiansen,  Flemming Larsen, Nitrate Reduction in an Unconfi ned 

Sandy Aquifer: Water Chemistry, Reduction Processes, and Geochemical Modeling,  Water Resources 
Research, August 1991,  27(8):2027-2045,DOI:  10.1029/91WR00989

367. Basavarajappa H.T, Manjunatha M.C,   Groundwater Quality Analysis in Precambrian Rocks of Chitradurga 
District, Karnataka, India using Geo-informatics Technique,  International Conference on Water Resources, 
Coastal and Ocean Engineering (ICWRCOE 2015),   Aquatic Procedia 4 ( 2015 ) , pp. 1354 – 1365 

368. Harish Kumara B K, S. Srikantaswamy, Raghunath.T and Vivek,  Seasonal water quality status in Tungabhadra 
River around TB dam, Karnataka. Asian Journal of Environmental Science, vol.5, No. 2, (2010), p.99 – 106.

369. Madhukar R. and Srikantaswamy S,  Impact of industrial effl uents on the water quality of Vrishabavathi river 
and Byramangala lake in Bidadi industrial area, Karnataka, India. International Journal of Geology, Earth & 
Environmental Sciences ISSN: 2277 2081. May-August, (2013) Vol.3 (2) pp.132- 141.

370. Mahadev J., Syed Akheel Ahmed, Srikantaswamy S and Satish S,   Water quality status of Kabini River in and 
around Nanjundeswara Temple in Nanjangud, Mysore. Asian Journal of Water, Environment and Pollution, Vol. 
8, No. 3 (2011), pp. 67-74.

371. Siamok Gholami and S.Srikantaswamy,  An Assessment of Water quality of SEFIDRUD River after removal of 
silt of SEFIDRUD Dam. International Journal of Applied Environmental Sciences (IJAES) Vol.3 No.3, (2008).



. . . 142

372. Siamok Gholami and S.Srikantaswamy,  Statistical Multivariate Analysis in the Assessment of River Water 
Quality in the Vicinity of KRS Dam, Karnataka, India, Natural Resources Research, (Springer publication), Vol. 
18, No. 3, 235-247, September 2009. 

373. Srikantaswamy S., Shakunthala Bai, Siamok Gholami and J. Mahadeva,  Assessment of seasonal variation of 
drinking water quality in Mysore city, Karnataka State, India. Asian Journal of Environmental Science, (vol. 3, 
No. 2, (2008), p. 104 – 110.

374. Taghinia Hejabi A, Basavarajappa HT, Karbassi AR, Monavari SM,  Heavy metal pollution in water and 
sediments in the Kabini River, Karnataka, India,  Environ Monit Assess. 2011 Nov;182(1-4):1-13. doi: 10.1007/
s10661-010-1854-0. Epub 2011 Jan 8.

375. Vahid Sharifi , S. Srikantaswamy, Manjunatha M.C and Javaid Ahmad Tali, Spatio-Temporal Assessment 
and Mapping of Groundwater Quality in Mysuru Taluk, Karnataka, India using Geo-Informatics Technique. 
International Journal of Application or Innovation in Engineering & Management, Volume 5, Issue 3, March 
2016, (ISSN 2319 – 4847).

NOTE: 
The Faculty members and research scholars of the University of Mysore, from various departments 
including Environmental Science, Geography, Chemistry, Physics, Food Science, Biochemistry, 
Bioscience, Botany, Zoology, Seribiology, Applied Botany, Biotechnology, Sugar Technology, Urban 
Design and Environmental Planning, have published more than 1000 research papers in peer reviewed 
journals, in this area of hydrochemistry, during the recent ten to fi fteen  years. The list of references 
is very exhaustive. The users of this software are requested go through the Faculty profi les of these 
departments and fi nd out the valuable papers of the authors. 



143. . . 

Appendix-A  

Instruction fi le details
         WELCOME TO WATCHIT    INSTRUCTION FILE 
 **********************************************************
 *                                                             *
 *                                                             *
 *            WATCHIT : WATER CHEMISTRY                     *
 *            INTERPRETATION TECHNIQUES                     *
 *                                                             *
 *                        BY                                   *
 *        A.BALASUBRAMANIAN & D. NAGARAJU                   *
 *    DEPARTMENT OF STUDIES IN EARTH SCIENCE              *
 *            UNIVERSITY OF MYSORE, INDIA                   *
 *                                                             *
 **********************************************************
PLEASE READ THE INSTRUCTIONS BEFORE USING WATCHIT
INPUT DATA SHOULD BE KEPT AS  WCHEM.DAT  WITH COMMA SEPARATED VALUES
IONIC CONC.& TDS  be given in ppm or (mg/L). Temp. in Deg.C, EC in mmhos/cm 
INPUT DATA FILE IS FIXED AS WCHEM.DAT 

WCHEM.DAT FILE  STRUCTURE IS SHOWN BELOW: 
--------------------------------------------------
         LINE-1 CONTAINS AREA NAME 

NAME OF RIVER BASIN            ‘ i.e., HEADING OF STUDY AREA
TAMBRAPARNI BASIN
         LINE-2 CONTAINS NUMBER OF DATA GROUPS/ SETS 
2                      - NUMBER OF SEASONS(UPTO 4)
         LINE-3 CONTAINS NAMES OF GROUPS OR SEASONS   
SEASON-1,23           - NAME OF FIRST SEASON,NUMBER OF SAMPLES 23
SEASON-2,20           - NAME OF SECOND SEASON,NUMBER OF SAMPLES 20
     FROM NEXT LINE ONWARDS,THE DATA SEQUENCE MUST FOLLOW THIS ORDER
Location Name, Ca, Mg, Na , K, HCO3, CO3, Cl, NO3, SO4,  Ba, PO4, F, Fe2, SIO2, TDS, Ec, pH, T
 
         EXAMPLE(AS A MODEL)-1 

BHARATHAPUZHA RIVER BASIN
2
PRE-MONSOON,54
POST-MONSOON,46
Ponnani,78,10,100,8,130,0,116,124,67,0,0,0,0,0,560,893,7.09,21
Chittur,67,42,75,7,424,0,83,29,87,0,0,0,0,0,602,917,8.17,23 
Pudupalli,56,22,210,14,265,0,402,24,46,0,0,0,0,0,937,1549,6.76,22 
--FIRST 54 FOR SEASON-1 AND SECOND 46 FOR SEASON 2 
 
         EXAMPLE(AS A MODEL)-2 

TAMBRAPARNI RIVER BASIN
1
SEASON-1, 53 
Ponnani,78,10,100,8,130,0,116,124,67,0,0,0,0,0,560,893,7.09,21
Chittur,67,42,75,7,424,0,83,29,87,0,0,0,0,0,602,917,8.17,23 
Pudupalli,56,22,210,14,265,0,402,24,46,0,0,0,0,0,937,1549,6.76,22 
       ----CONTINUE UPTO 53 FULL SET IN TOTAL
 
EXAMPLE(AS A MODEL)-3 
KARNATAKA STATE-INDIA
5
DISTRICT-1,154
DISTRICT-2,146
DISTRICT-3,128
DISTRICT-4,112
DISTRICT-5,131
Ponnani,78,10,100,8,130,0,116,124,67,0,0,0,0,0,560,893,7.09,21
Chittur,67,42,75,7,424,0,83,29,87,0,0,0,0,0,602,917,8.17,23 
Pudupalli,56,22,210,14,265,0,402,24,46,0,0,0,0,0,937,1549,6.76,22 
--FIRST 154 FOR DISTRICT-1 AND SECOND 146 FOR DISTRICT-2, LIKE THAT 
(Note :FOR ZERO CONCENTRATION, PUT 0.1 OR 0.3 OR 0.9)
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   OTHER INSTRUCTIONS :

NUMBER OF SEASONS IS NOTHING BUT SAMPLE GROUPS
It may be SEASONS OR REGIONS OR CLUSTERS (UPTO 5)  
IN EACH SEASON(GROUP), MINIMUM SHALL BE FOUR SAMPLES FOT STATISTICS 
        &   MAXIMUM MAY GO UPTO 250 EACH DISTRICT/SEASON
WATCHIT CREATES 9  KINDS OF OUTPUT FILES  WITH DIFFERENT NAMES  
FILES NAMES HAVE 2 PARTS:
A THREE LETTER CODE FOLLOWED BY TIME & DATE OF PROCESSING(HHMMDDMMYY)
EVERYTIME WHEN YOU EXECUTE WATCHIT, NEW FILES ARE CREATED
OLD FILES ALSO EXIST, FOR FUTURE REF
AFTER PROCESSING, PLEASE TRANSFER THE FILES TO SEPARATE FOLDERS 
THE OUTPUT FILE NAMING CONVENTION ADOPTED ARE AS FOLLOWS
RWK2104070319.TXT  2.  RWK = ROUGH WORK DETAILS 
TAB2104070319.TXT  3.  TAB = PRINTABLE TABLES 
GRA2104070319.TXT  4.  GRA = ASCII TEXT GRAPHS TO BE CONVERTED TO PDF
RES2104070319.TXT  5.  RES = ACTUAL RESULTS 
MAT2104070319.TXT  6.  MAT = MASTER TABLES FROM RESULTS   
GEN2104070319.TXT  7.  GEN = DATA AS CVS FOR XLS  
PER2104070319.TXT  8.  PER = GRAPH TITLES LIST    
TTL2104070319.TXT  9.  TTL = TABLE TITLES LIST  
10.  INP = BACKUP OF INPUT DATA FOR FUTURE USE
 (INP FILES CAN BE RENAMED AS WCHEM.DAT  LATER TOO FOR RE-PROCESSING)
PLEASE OPEN THE OUTPUT GRA FILES WITH MS WORD & FOLLOW THESE STEPS
SELECT ALL, OPT FOR FONT COURIER NEW  WITH FONT SIZE 9 OR 10
WATCHIT OUTPUT FILE GENERATION MAY GO BEYOND 3000 PAGES FOR 100 SAMPLES 
 THE TOTAL OUTPUT FILE STATISTICS ARE AS FOLLOWS
 NUMBER OF PARAMETERS DETERMINED FOR EVERY SAMPLE WILL BE MORE THAN 100
 NUMBER OF PAGES OF RESULTS FOR(RES) EVERY SAMPLE WILL BE 9 PAGES EACH
 NUMBER OF PAGES OF ROUGH WORK(RWK) FOR EVERY SAMPLE WILL BE 30 + PAGES 
 NUMBER OF GRAPHS(GRA) FOR EVERY AREA WILL BE 224 x NO OF GROUPS
 NUMBER OF MASTER TABLES(MAT) OF RESULTS FOR EVERY SAMPLE WILL BE 19 EACH 
 NUMBER OF PAGES OF STATISTICAL TABLES(TAB) FOR EVERY GROUP WILL BE  > 60+ 
 LIST OF TABLES ARE GIVEN IN A SEPARATE OUTPUT FILE TTL
 LIST OF GRAPHS ARE GIVEN IN A SEPARATE OUTPUT FILE PER
 COMPUTED PARAMETERS ARE GIVEN IN A SEPARATE OUTPUT FILE GEN
WHEN YOU GET ANY ERROR MESSAGES 
      REFER BACK TO INPUT DATA SETS, CORRECT INPUT DATA, ITS CONSISTENCY AND RE-RUN
------------------------------------------------------------------------
WHEN YOU ARE READY WITH YOUR DATA ..  YOU MAY PROCEED TO WATCHIT

TO UNDERSTAND THE INPUT-PROCESS-OUTPUT ACTIVITIES, THE FOLLOWING DATA BE USED

COPY & PASTE THE FOLLOWING SEQUENCE IN NOTEPAD AND SAVE THE FILE AS WCHEM.DAT & RUN ONCE

SAMPLE BASIN TEST DATA
1
Group-1,11
RIOGRANDE,109,24,117,7,183,0.001,171,0.001,238,0.001,0.002,0.003,0.004,0.005,650,700,7.8,25
PANPOLI-GW, 80.0, 41.3, 55.8, 3, 317.0, .50, 156.0, .96, 19.4, 0, 0, 0, 0, 0, 514.0, 1130, 7.8, 24
VALASAI-GW, 36.0, 40.1, 140.0, 5, 91.5, 30.0, 238.0, 93.0, 33.0, 0, 0, 0, 0, 0, 698.0, 1110, 8.3, 25
TIRUCHENCOAST, 44, 58, 432, 8, 506, 0.01, 411, 120, 211, 0.001, 0.003, 0.001, 0.005, 0.001, 2000, 2510, 7.8, 21
TUTICORINCOAST, 48, 92, 925, 31, 427, 0.01, 432, 5, 1526, 0.002, 0.002, 0.002, 0.001, 0.001, 4800, 5020, 7.7, 21
BOGALURCOAST, 88, 185, 1440, 9, 525, 0.01, 2233, 51, 490, 0.002, 0.003, 0.004, 0.005, 0.006, 8000, 8180, 7.47, 21
DALAVOYLAKE-S1, 77, 67, 120, 6, 490, 10, 174, 28, 25, 0.004, 0.005, 0.005, 0.09, 0, 777, 1410, 8.35, 20
LAKEWATER1, 54, 23, 87, 6.6, 134, 1, 67, 1, 201, 0.001, 0.002, 0.004, 0.004, 0.005, 573, 879, 8.2, 21
LAKE-HARSVATTEN, 29, 58, 240, 11, 50, 0.3, 243, 30, 102, 0.006, 0.009, 0.001, 0.003, 0.003, 714.3, 800, 4.5, 22
KABINIRIVER, 5.33, 1.55, 3.66, 0.66, 20.73, 0.001, 4.66, 0.001, 3.33, 0.004, 0.004, 0.01, 0.003, 0.004, 41.33, 50.00, 7.7, 20
GANGABHAGIRIVER, 11.21, 6.21, 8.31, 2.53, 152.31, .001, 4.77, .002, 10.33, .001, .002, .003, .04, .05,90.24,230,7.22, 19.35
SEAWATER STD, 410, 1310, 10900, 390, 152, .5, 19700, 0.7, 2740, 006, 0.005, 0.002, 0.003, 0.005, 35000, 40000, 8.1, 23
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Appendix-B       
Thermodynamic    Data  of  Gibb’s Free Energy of Formation of Mineral Species Used  in Watchit

SL.

 NO. 

Ion-
1    

Ion-2 

  

Ion-3, 

If Any  

Species 

Composition 

Mul

tiplier 

DGHr

Reactant -1 

Mul

tiplier 

DGHr- 

Reactant-2 

Mul

tiplier 

DGHr-

Reactant-3

DGHr

Product 
1 1 7 0 Ca Cl2 1 -553.68 2 -131.252 1 0 -748.8

2 1 6 0
Ca CO3-

Aragonite
1 -553.68 1 -527.917 1 0 -1128.178

3 1 6 0
Ca CO3-

Calcite
1 -553.68 1 -527.917 1 0 -1129.1

4 1 8 0 Ca 2(NO3) 1 -553.68 2 -111.3 1 0 -743.204

5 1 2 6

Ca Mg 
(CO3)2 -

Dolomite

1 -553.68 1 -454.8 2 -527.917 -2160.8

6 1 2 6

Ca Mg3 
(CO3)4-

Huntite

1 -553.68 3 -454.8 4 -527.917 -4203.42

7 1 9 0
Ca SO4-

Anhydrite
1 -553.68 1 -744.626 1 0 -1321.8

8 4 7 0 K Cl 1 -283.26 1 -131.2 1 0 -436.5
9 4 8 0 K NO3 1 -283.26 1 -111.3 1 0 -394.93
10 4 6 0 K2 CO3 2 -283.26 1 -527.917 1 0 -1094.41
11 4 5 0 K HCO3 1 -283.26 1 -586.875 1 0 -870.00

12 2 6 0
Mg CO3-

Magnesite
1 -454.8 1 -527.9 1 0 -1027.5

13 2 8 0 Mg(NO3)2 1 -454.8 2 -111.3 1 0 -687.4
14 2 7 0 Mg Cl2 1 -454.8 2 -131.2 1 0 -719.1
15 2 5 0 Mg HCO3 1 -454.8 1 -586.875 1 0 -1048.347
16 2 9 0 Mg SO4 1 -454.8 1 -744.626 1 0 -1199.5
17 3 7 0 Na Cl-Halite 1 -261.9 1 -131.2 1 0 -393.17

18 3 5 0
Na HCO3-

Nahcolite
1 -261.9 1 -586.8 1 0 -848.72

19 3 8 0 Na NO3 1 -261.9 1 -111.3 1 0 -373.21

20 3 6 0
Na2 CO3-

Natrite
2 -261.9 1 -527.9 1 0 -1051.86

21 3 9 0
NaSO4-

Thenardite
1 -261.9 1 -744.626 1 0 -1268.40

22 1 6 0
Ca CO3-

Vaterite
1 -553.68 1 -527.917 1 0 -1125.54
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APPENDIX-C  
Enthalpy of mineral species- Thermodynamics data sets  used in WATCHIT.

SL. 
 
NO. 

Ion-
1    

Ion-
2 

Ion-
3, 
If 
Any

Species Com-
position 

Mul
tiplier 

DGHr
Reactant 
-1 

Mul
tiplier 

DGHr- Re-
actant-2 

Mul
tiplier 

DGHr-
Reac-
tant-3

DGHr
Product 

1 1 7 0 Ca Cl2 1 -542.832 1 -167.15 1 0 -795.79
2 1 6 0 Ca CO3-

Aragonite
1 -542.832 1 -677.14 1 0 -1227.13

3 1 6 0 Ca CO3-
Calcite

1 -542.832 1 -677.14 1 0 -1220.00

4 1 8 0 Ca 2(NO3) 1 -542.832 2 -206.85 1 0 -938.39
5 1 2 6 Ca Mg 

(CO3)2 -
Dolomite

1 -542.832 1 -466.85 2 -677.14 -2372.86

6 1 2 6 Ca Mg3 
(CO3)4-
Huntite

1 -542.832 3 -466.85 4 -677.14 -4675.00

7 1 9 0 Ca SO4-
Anhydrite

1 -542.832 1 -909.27 1 0 -1485.24

8 4 7 0 K Cl 1 -252.14 1 -167.15 1 0 -419.83
9 4 8 0 K NO3 1 -252.14 1 -206.85 1 0 -459.74
10 4 6 0 K2 CO3 2 -252.14 1 -677.14 1 0 -1198.18
11 4 5 0 K HCO3 1 -252.14 1 -691.99 1 0 -954.33
12 2 6 0 Mg CO3-

Magnesite
1 -466.85 1 -677.14 1 0 -1195.79

13 2 8 0 Mg(NO3)2 1 -466.85 2 -207.36 1 0 -881.9
14 2 7 0 Mg Cl2 1 -466.85 2 -167.15 1 0 -841.62
15 2 5 0 Mg HCO3 1 -466.85 1 -691.99 1 0 -1232.00
16 2 9 0 Mg SO4 1 -466.85 1 -909.27 1 0 -1379.1
17 3 7 0 Na Cl 1 -240.34 1 -167.15 1 0 -409.27
18 3 5 0 Na HCO3 1 -240.34 1 -691.99 1 0 -932.11
19 3 8 0 Na NO3 1 -240.34 1 -206.85 1 0 -447.48
20 3 6 0 Na2 CO3 2 -240.34 1 -677.14 1 0 -1160.94
21 3 9 0 Na2 SO4 2 -240.34 1 -909.27 1 0 -1399.51
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APPENDIX-D
FDC=1001:SLNC=11111 

REM
PRINT “ **********************************************************”
PRINT “ *                                                        *”
PRINT “ *           WATCHIT : SOFTWARE FOR  WATER                *”
PRINT “ *             CHEMISTRY  INTERPRETATION                  *”
PRINT “ *                                                        *”
PRINT “ *                        BY                              *”
PRINT “ *          A. BALASUBRAMANIAN & D. NAGARAJU              * “
PRINT “ *       DEPARTMENT OF STUDIES IN EARTH SCIENCE           *”
PRINT “ *            UNIVERSITY OF MYSORE, INDIA                 *”
PRINT “ *                                                        *”
PRINT “ **********************************************************”
PRINT “     WELCOME TO THE WORLD OF WATER CHEMISTRY INTERPRETATION”
PRINT “     WHEN YOU RUN WATCHIT WITHOUT ANY DATA    “
PRINT “                       IT CREATES THE INSTRUCTION FILE FIRST”
PRINT “     PLEASE READ THE INS---.TXT FILE CREATED  “
PRINT “     YOU MAY ALSO PROCEED WITH YOUR DATA LATER”
PRINT “     (NB: IF THERE IS NO WCHEM.DAT FILE & IF YOU EXECUTE WATCHIT.EXE”
PRINT “     FILE NOT FOUND ERROR WILL BE DISPLAYED. IGNORE IT.BUT”
PRINT “     IT WILL GENERATE THE INS.... TXT FILE “
PRINT “                         WHICH IS THE INSTRUCTION FILE”
PRINT “     AFTER READING THE INSTRUCTIONS, YOU MAY RUN IT WITH WCHEM.DAT”
PRINT “                         IF WCHEM.DAT FILE IS MADE AVAILABLE”
PRINT “     ALL OUTPUT FILES WILL BE GENERATED IN A FEW MINUTES”: IK = 0
40 IK = IK + 1: IF IK > 3 THEN PRINT “WRONG SERIAL NUMBER”: INPUT “PRESS ENTER “; KKL: STOP
PRINT “YOUR SOFTWARE CODE USER ID IS =”; FDC 
INPUT “PLEASE ENTER THE SERIAL NUMBER FOR THAT USER ID”; PW
IF PW = SLNC THEN 50 ELSE GOTO 40
50 PRINT
N = 500: M = 50
DIM XP(500, 500), XS(500, 500), SA(500, 500), VB(500), TT(500), TDS1(6, 500), XXET(500), YYET(500)
DIM EC1(6, 500), PH1(6, 500), TU(6, 500), A1(550, 150), GRAPH$(500), PPPR(50), PPM(20), EPM(20)
DIM A(500, 500), B(500), H(500), C(500), XM(500, 500), D(500, 500), NSI(6, 500, 50), LMM(500)
DIM ARRAY$(10), B$(10), RES$(10), AA$(90), CLASS$(20), A$(15), C$(15), LCMN(500), LCMX(500)
DIM S$(315), T$(315), TITLE$(320), TU$(500), TCO(500, 500), RTO(500), CNL(500), RNL(500)
DIM R1$(500, 50), TP(50, 50), TB(50, 50), BPPM(6, 500, 20), MMX(500), MMN(500), XV(500, 5)
DIM XN(500, 50), YN(500, 20), XAX$(25, 25), YAX$(25, 50), CLUSTER$(10), NG(50), LRMX(500), LRMN(500)
DIM R2$(500, 50), TL1(500, 50), TL2(500, 50), TL3(500, 50), NIT(500), XG(500), YG(500)
DIM R3$(500, 50), GX1(500, 50), GX2(500, 50), GX3(500, 50), GX4(500, 50), LCMX2(500), LCMN2(500)
DIM R4$(500, 50), GY1(500, 50), GY2(500, 50), GY3(500, 50), GY4(500, 50), GY5(500, 50)
DIM G2(5, 500, 50, 50), G3(5, 500, 50, 50), G4(5, 500, 50, 50), G5(5, 500, 50, 50), ACC(50, 50)
DIM SR$(500), RTG$(500), SH$(500), ST$(500), CC$(500), CT$(500), RSK$(500), KSP(50), EE(50), HCC(50)
DIM RT$(500), RSC$(500), RSCT$(500), INX$(320), PKRI$(500), RYZ$(500), NAR$(6, 500), TNAME$(500)
DIM TPK2(120), TPKSC(120), TPKSA(120), TPKSV(120), TPKW(120), TAA(120), TT1(120), XMX(500), YMX(500)
DIM CF(50), P(50), CD(50), FF(50), BB(50), CCMF(50), V(500), LACT(50), PCF(125, 50)
DIM NN(510), X1(595), Y1(510), Z(510), F1(50), F2(50), HP(50), PMLT(500, 505), EW(50)
DIM TM(10, 500), TSCR(500), TSAR(500), ISSR(500), CRR(500), E(50), PPMR(50), XMA(20)
DIM AI(500), LAI(500), TDSR(500), ECR(500), PHR(500), ML(50), ION(5, 500, 35), XMN(500), YMN(500)
DIM MLR(50), TCR(50), EPMR(50), MI(50), YACT(50), ZI(50), ACT(50), SS(50, 50), LLIAP(20, 500, 50)
DIM WP(6, 500, 50, 50), BP(6, 500, 75), VP$(6, 500, 50), SM1(6, 500, 20), SM2(6, 500, 20), SM3(6, 
500, 50)
DIM X3(500, 50), CN(500), RN(500), CMX(200), CMN(200), RMX(200), RMN(200), MD(500, 500), CCA(2, 20)
DIM M$(500, 500), SP$(500, 500), X(500, 500), XET(500), YET(500), EQS(50), TMO$(6, 500, 50)
DIM DG(6, 500, 50), DT(50, 50), SPC$(50, 50), DH(50, 50), SPRO1(6, 500, 50), SPRO2(6, 500, 50)
DIM ION$(500), LRMX2(500), LRMN2(500), LCMN3(500), LCMX3(500), ST2(6, 500, 20), TK(500), TW(500)
DIM C1(20), C2(20), C3(20), NSIF(5, 500, 25), NSIS(5, 500, 25), PMET$(500), RTG(20, 500, 50)
PMET$(1) = “1)  Ion Balance and Permissible error 56)  Pollution Index”
PMET$(2) = “2)  EC    Calculated 57)  Chloroalkaline Index-1 & 2”
PMET$(3) = “3)  TDS   Calculated 58)  Sodium Adsorption Ratio”
PMET$(4) = “4)  Total Soluble Cations & Anions 59)  Mechanisms of  Water Chemistry”
PMET$(5) = “5)  Computation of all Ions as CaCO3 60)  Handas :Hardness  /Salinity”
PMET$(6) = “6)  Ionic Strength of every ion 61)  Schoeller’s Water Type (r epm)  “
PMET$(7) = “7)  Activity Coeffi cients of ions 62)  Piper s Hydrochemical Facies”
PMET$(8) = “8)  Sat.Index of Ca Cl2 63)  Stuyfzand’s Classifi cation of Facies”
PMET$(9) = “9)  Sat.Index of  -Aragonite 64)  Signifi cant Environment of Water”
PMET$(10) = “10)  Sat.Index of  -Calcite 65)  USSL: Salinity  / Sodium hazard”
PMET$(11) = “11)  Sat.Index of Ca 2(NO3) 66)  Alkalinity of water”
PMET$(12) = “12)  Sat.Index of -Dolomite 67)  Calcium Hardness”
PMET$(13) = “13)  Sat.Index of -Huntite 68)  Magnesium Hardness”
PMET$(14) = “14)  Sat.Index of -Anhydrite 69)  Permanent Hardness”
PMET$(15) = “15)  Sat.Index of K Cl 70)  CaCO3  Sat.Index  by Method-A”
PMET$(16) = “16)  Sat.Index of K NO3  71)  CaCO3  Sat.Index  by Method-B”
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PMET$(17) = “17)  Sat.Index of K2 CO3 72)  CaCO3  Sat.Index  by Method-C”
PMET$(18) = “18)  Sat.Index of K HCO3 73)  CaCO3  Sat.Index  by Method-D”
PMET$(19) = “19)  Sat.Index of -Magnesite 74)  CaCO3  Sat.Index  by Method-E”
PMET$(20) = “20)  Sat.Index of Mg(NO3)2 75)  CaCO3  Sat.Index  by Method -F”
PMET$(21) = “21)  Sat.Index of Mg Cl2 76)  CaCO3  Sat.Index  by Method - G”
PMET$(22) = “22)  Sat.Index of Mg HCO3 77)  Solubility of CO2”
PMET$(23) = “23)  Sat.Index of Mg SO4 78)  Acid Neutralising Capacity”
PMET$(24) = “24)  Sat.Index of Na Cl 79)  Sodium Adsorption Ratio(SAR)  “
PMET$(25) = “25)  Sat.Index of Na HCO3  80)  Salinity Rating of Water using EC”
PMET$(26) = “26)  Sat.Index of Na NO3 81)  Salinity”
PMET$(27) = “27)  Sat.Index of Na2 CO3 82)  Impact of Chloride”
PMET$(28) = “28)  Sat.Index of Na2 SO4 83)  Impact of Residual Sodium Carbonate”
PMET$(29) = “29)  Temp & Solubilities of CaCl2 84)  Kelly’s Ratio”
PMET$(30) = “30)  Temp & Solubilities of -Aragonite 85)  Magnesium Adsorption Ratio”
PMET$(31) = “31)  Temp. & Solubilities  of Calcite 86)  Potential Salinity”
PMET$(32) = “32)  Temp & Solubilities of Ca 2(NO3) 87)  Exchangeable Sodium Percentage”
PMET$(33) = “33)  Temp & Solubilities of -Dolomite 88)  Sodicity hazard and its Impact”
PMET$(34) = “34)  Temp & Solubilities of Huntite 89)  Soluble Sodium Percentage”
PMET$(35) = “35)  Temp & Solubilities of Anhydrite 90)  Aggressiveness Index”
PMET$(36) = “36)  Temp & Solubilities of K Cl  91)  Ryznar Stability Index  & its im-
pact”
PMET$(37) = “37)  Temp & Solubilities of K NO3 92)  Puckorius Index & its Signifi cance”
PMET$(38) = “38)  Temp & Solubilities of K2 CO3 93)  Larson Skold Index”
PMET$(39) = “39)  Temp & Solubilities of K HCO3 94)  Oxidation Capacity of Water”
PMET$(40) = “40)  Temp & Solubilities of Magnesite 95)  Von Wirdum Ion Ratio”
PMET$(41) = “41)  Temp & Solubilities of Mg(NO3)2 96)  Lime dose requirement”
PMET$(42) = “42)  Temp & Solubilities of Mg Cl2 97)  Soda Ash dose requirement”
PMET$(43) = “43)  Temp & Solubilities of Mg HCO3 98)  Salt Index”
PMET$(44) = “44)  Temp & Solubilities of Mg SO4 “
PMET$(45) = “45)  Temp & Solubilities of Na Cl 99)  Sodium Dominance Index”
PMET$(46) = “46)  Temp & Solubilities of Na HCO3 100)  Non-Marine concentrations of ion-Ca”
PMET$(47) = “47)  Temp & Solubilities of Na NO3 101)  Non-Marine concentrations of ion-Mg”
PMET$(48) = “48)  Temp & Solubilities of Na2 CO3 102) Non-Marine concentrations of ion-Na”
PMET$(49) = “49)  Temp & Solubilities of Na2 SO4 103) Non-Marine concentrations of ion-SO4”
PMET$(50) = “50)  Corrosivity Ratio 104) Non-Marine concentrations of ion-K”
PMET$(51) = “51)  Base Exchange Index 105) Adjusted Sodium Adsorption Ratio”
PMET$(52) = “52)  Residual Sodium Carbonate 106) Dissolved Inorganic Carbon”
PMET$(53) = “53)  Tot.Hardness & Carb. Hardness 107) Non-Sea Salt Conc. of Ions in Water”
PMET$(54) = “54)  Non-carbonate Hardness  108)  Seawater Intrusion, if any”
PMET$(55) = “55)  Permeability Index “
‘
DATA 75,200,30,100,20,200,5,25,100,600,1,10,200,250,5,45,150,400
FOR J = 1 TO 9: READ PMLT(J, 1), PMLT(J, 2): NEXT J
DATA Alk-Very Low,Alk-Low,Alk-Moderately Low,Alk-Moderate,Alk-Mod-High,Alk-High
DATA Alk-Very-High,Alk-Extremely High,Alk-Ext-High,Alk-Extr-High,Alk-Ext-High
FOR L = 1 TO 11: READ CLASS$(L): NEXT L
DATA A1,A2,A3,B1,B2,B3,C1,C2,C3,C4,C5,S1,S2,S3,S4,S5,O,I,II,III,IV
FOR J = 1 TO 6: READ A$(J): NEXT J: FOR K = 1 TO 5: READ C$(K): NEXT K
FOR J = 1 TO 5: READ S$(J): NEXT J: FOR K = 1 TO 5: READ T$(K): NEXT K
‘READ EQUIV WEIGHTS
‘      Ca      Mg     Na       K     HCO3    CO3      Cl     NO3       SO4    Ba      PO4    F     
Fe2     SIO2
DATA 20.0400,12.1525,22.9898,39.1020,61.02,30.004,35.4530,62.0049,48.0308,68.6,31.6571,18.9984,27.92
35,60.0848
FOR J = 1 TO 14: READ CF(J): NEXT J
‘ READ GRAM FORMULA WIGHTS
‘      CA      MG     NA       K     HCO3    CO3      CL     NO3    SO4      Ba     PO4      F      
Fe2    SIO2
DATA 40.08,24.3120,22.9898,39.1020,61.02,60.01,35.4530,62.0049,96.0616,137.34,94.9714,18.9984,55.847
0,60.0848
FOR K = 1 TO 14: READ CD(K): NEXT K
‘READ VALENCIES
‘   CA  MG NA K HCO3 CO3 CL NO3 SO4    Ba      PO4      F       Fe2     SIO2
DATA 2,2,1,1,1,2,1,1,2,2,3,1,2,0
FOR J = 1 TO 14: READ FF(J): NEXT J
‘READ F1 REGRESSION COEFFICIENTS FOR RH
DATA .5399508,-.1243334,-7.752454E-03,2.367353E-03,4.477692E-04,-3.728097E-05,-1.388233E-05,-
8.311549E-07
FOR K = 1 TO 8: READ F1(K): NEXT K
DATA 5,6,4,0,0,3,1,2,0,2.5,7.5,22.5,25
FOR J = 0 TO 7: READ NN(J): NEXT J
FOR K = 1 TO 5: READ NP(K): NEXT K
‘ READ F2 COEFFICIENTS FOR RCa
DATA 8.484292E-02,-8.354048E-02,2.505801E-02,7.745833E-03,1.172078E-03,-9.501622E-05,-4.951132E-05,-
3.706292E-06
FOR J = 1 TO 8: READ F2(J): NEXT J
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‘ READ H+ IONS MULTIPLIERS
DATA 7.943,6.31,5.012,3.981,3.162,2.512,1.995,1.585,1.259,1.0
FOR K = 1 TO 10: READ HP(K): NEXT K
‘ READ LAYOUT CODES FOR RECONSTRUCTED DIAGRAM OF PIPER
DATA 9,9,9,9,9,9,9,8,8,8,9,9,9,9,9,9,9,8,8,8,4,4,4,4,4,4,5,8,8,8
DATA 4,4,4,4,4,5,5,5,7,7,4,4,4,4,5,5,5,6,7,7,4,4,4,5,5,5,6,6,7,7
DATA 3,3,5,5,5,6,6,6,7,7,3,3,5,5,6,6,6,6,7,7,1,1,2,2,2,2,2,2,6,6
DATA 1,1,2,2,2,2,2,2,6,6
FOR I = 1 TO 10: FOR J = 1 TO 10: READ SS(I, J): NEXT J: NEXT I
‘ READ ZONE-NAMES OF RECONSTRUCTED DIAGRAM
DATA “Recent Recharge Water”,”Ion Exchange”,”Recent Dolomitic Waters”,”Static And Disco-Ordinated 
Regimes”
DATA “Dissolution And Mixing”,”Dynamic And Co-Ordinated Regimes”
DATA “Concentration & Precipitation”,”Sea-Water”,”Waters Contaminated With Gypsum”
FOR I = 1 TO 9: READ RES$(I): NEXT I
ION$(0) = “  “: ION$(1) = “Ca  “: ION$(2) = “Mg  “: ION$(3) = “Na  “: ION$(4) = “K   “: ION$(5) = 
“HCO3”: ION$(6) = “CO3 “
ION$(7) = “Cl  “: ION$(8) = “NO3 “: ION$(9) = “SO4 “: ION$(10) = “Ba  “: ION$(11) = “PO4 “
ION$(12) = “F   “: ION$(13) = “Fe2 “: ION$(14) = “SiO2”: ION$(15) = “  “
‘DEBYE HUCKEL PARAMETERS TABLE VALUES TT, TPK2,TPKSC,TPKSA,TPKSV, TPKW ,TAA(NOT USED )
DATA 5,10.55,8.39,8.24,7.77,14.73,0.494
DATA 10,10.49,8.41,8.26,7.8,14.53,0.498
DATA 15,10.43,8.43,8.28,7.84,14.34,0.502
DATA 20,10.38,8.45,8.31,7.87,14.16,0.506
DATA 25,10.33,8.48,8.34,7.91,13.99,0.511
DATA 30,10.29,8.51,8.37,7.96,13.83,0.515
DATA 35,10.25,8.54,8.41,8,13.68,0.52
DATA 40,10.22,8.58,8.45,8.05,13.53,0.526
DATA 45,10.2,8.62,8.49,8.1,13.39,0.531
DATA 50,10.17,8.66,8.54,8.16,13.26,0.537
DATA 60,10.14,8.76,8.64,8.28,13.02,0.549
DATA 70,10.13,8.87,8.75,8.4,0,0.562
DATA 80,10.13,8.99,8.88,8.55,0,0.576
DATA 90,10.14,9.12,9.02,8.7,0,0.591
‘OPENING THE MASTER OUTPUT FILE NAME
PRINT DATE$, TIME$
YEAR$ = RIGHT$(DATE$, 2): DOM$ = MID$(DATE$, 4, 2): MONTH$ = LEFT$(DATE$, 2)
HOUR$ = LEFT$(TIME$, 2): MINT$ = MID$(TIME$, 4, 2): SECON$ = RIGHT$(TIME$, 2)
ENAME$ = HOUR$ + MINT$ + DOM$ + MONTH$ + YEAR$: DNAME$ = DOM$ + “-” + MONTH$ + “-” + RIGHT$(DATE$, 
4)
F2N$ = “RWK” + ENAME$ + “.TXT”: F3N$ = “TAB” + ENAME$ + “.TXT”: F4N$ = “GRA” + ENAME$ + “.TXT”
F5N$ = “RES” + ENAME$ + “.TXT”: F6N$ = “MAT” + ENAME$ + “.TXT”: F7N$ = “GEN” + ENAME$ + “.TXT”
F8N$ = “PER” + ENAME$ + “.TXT”: F9N$ = “TTL” + ENAME$ + “.TXT”
F10N$ = “INP” + ENAME$ + “.DAT”: F11N$ = “INS” + ENAME$ + “.TXT”
OPEN “O”, 11, F11N$
PRINT #11, “ “
PRINT #11, “         WELCOME TO WATCHIT    INSTRUCTION FILE “
PRINT #11, “ **********************************************************”
PRINT #11, “ *                                                        *”
PRINT #11, “ *                                                        *”
PRINT #11, “ *            WATCHIT : WATER CHEMISTRY                   *”
PRINT #11, “ *            INTERPRETATION TECHNIQUES                   *”
PRINT #11, “ *                                                        *”
PRINT #11, “ *                        BY                              *”
PRINT #11, “ *        A.BALASUBRAMANIAN & D. NAGARAJU                 *”
PRINT #11, “ *    DEPARTMENT OF STUDIES IN EARTH SCIENCE              *”
PRINT #11, “ *            UNIVERSITY OF MYSORE, INDIA                 *”
PRINT #11, “ *                                                        *”
PRINT #11, “ **********************************************************”
PRINT #11, “PLEASE READ THE INSTRUCTIONS BEFORE USING WATCHIT”
PRINT #11, “INPUT DATA SHOULD BE KEPT AS  WCHEM.DAT  WITH COMMA SEPARATED VALUES”
PRINT #11, “IONIC CONC.& TDS  be given in ppm or (mg/L). Temp. in Deg.C, EC in mmhos/cm “
PRINT #11, “INPUT DATA FILE IS FIXED AS WCHEM.DAT “
PRINT #11, “WCHEM.DAT FILE  STRUCTURE IS SHOWN BELOW: “
PRINT #11, “--------------------------------------------------”
PRINT #11, “         LINE-1 CONTAINS AREA NAME “
PRINT #11, “NAME OF RIVER BASIN            ‘ i.e., HEADING OF STUDY AREA”
PRINT #11, “TAMBRAPARNI BASIN”
PRINT #11, “         LINE-2 CONTAINS NUMBER OF DATA GROUPS/ SETS “
PRINT #11, “2                      - NUMBER OF SEASONS(UPTO 4)”
PRINT #11, “         LINE-3 CONTAINS NAMES OF GROUPS OR SEASONS   “
PRINT #11, “SEASON-1,23           - NAME OF FIRST SEASON,NUMBER OF SAMPLES 23”
PRINT #11, “SEASON-2,20           - NAME OF SECOND SEASON,NUMBER OF SAMPLES 20”
PRINT #11, “     FROM NEXT LINE ONWARDS,THE DATA SEQUENCE MUST FOLLOW THIS ORDER”
PRINT #11, “Location Name, Ca, Mg, Na , K, HCO3, CO3, Cl, NO3, SO4,  Ba, PO4, F, Fe2, SIO2, TDS, Ec, 
pH, T”
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PRINT #11, “ “
PRINT #11, “         EXAMPLE(AS A MODEL)-1 “
PRINT #11, “BHARATHAPUZHA RIVER BASIN”
PRINT #11, “2”
PRINT #11, “PRE-MONSOON,54”
PRINT #11, “POST-MONSOON,46”
PRINT #11, “Ponnani,78,10,100,8,130,0,116,124,67,0,0,0,0,0,560,893,7.09,21”
PRINT #11, “Chittur,67,42,75,7,424,0,83,29,87,0,0,0,0,0,602,917,8.17,23 “
PRINT #11, “Pudupalli,56,22,210,14,265,0,402,24,46,0,0,0,0,0,937,1549,6.76,22 “
PRINT #11, “--FIRST 54 FOR SEASON-1 AND SECOND 46 FOR SEASON 2 “
PRINT #11, “ “
PRINT #11, “         EXAMPLE(AS A MODEL)-2 “
PRINT #11, “TAMBRAPARNI RIVER BASIN”
PRINT #11, “1”
PRINT #11, “SEASON-1, 53 “
PRINT #11, “Ponnani,78,10,100,8,130,0,116,124,67,0,0,0,0,0,560,893,7.09,21”
PRINT #11, “Chittur,67,42,75,7,424,0,83,29,87,0,0,0,0,0,602,917,8.17,23 “
PRINT #11, “Pudupalli,56,22,210,14,265,0,402,24,46,0,0,0,0,0,937,1549,6.76,22 “
PRINT #11, “       ----CONTINUE UPTO 53 FULL SET IN TOTAL”
PRINT #11, “ “
PRINT #11, “         EXAMPLE(AS A MODEL)-3 “
PRINT #11, “KARNATAKA STATE-INDIA”
PRINT #11, “5”
PRINT #11, “DISTRICT-1,154”
PRINT #11, “DISTRICT-2,146”
PRINT #11, “DISTRICT-3,128”
PRINT #11, “DISTRICT-4,112”
PRINT #11, “DISTRICT-5,131”
PRINT #11, “Ponnani,78,10,100,8,130,0,116,124,67,0,0,0,0,0,560,893,7.09,21”
PRINT #11, “Chittur,67,42,75,7,424,0,83,29,87,0,0,0,0,0,602,917,8.17,23 “
PRINT #11, “Pudupalli,56,22,210,14,265,0,402,24,46,0,0,0,0,0,937,1549,6.76,22 “
PRINT #11, “--FIRST 154 FOR DISTRICT-1 AND SECOND 146 FOR DISTRICT-2, LIKE THAT “
PRINT #11, “(Note :FOR ZERO CONCENTRATION, PUT 0.1 OR 0.3 OR 0.9)”
PRINT #11, “OTHER INSTRUCTIONS :”
PRINT #11, “NUMBER OF SEASONS IS NOTHING BUT SAMPLE GROUPS”
PRINT #11, “It may be SEASONS OR REGIONS OR CLUSTERS (UPTO 5)  “
PRINT #11, “IN EACH SEASON(GROUP), MINIMUM SHALL BE FOUR SAMPLES FOT STATISTICS “
PRINT #11, “        &   MAXIMUM MAY GO UPTO 250 EACH DISTRICT/SEASON”
PRINT #11, “WATCHIT CREATES 9  KINDS OF OUTPUT FILES  WITH DIFFERENT NAMES  “
PRINT #11, “FILES NAMES HAVE 2 PARTS:”
PRINT #11, “A THREE LETTER CODE FOLLOWED BY TIME & DATE OF PROCESSING(HHMMDDMMYY)”
PRINT #11, “EVERYTIME WHEN YOU EXECUTE WATCHIT, NEW FILES ARE CREATED”
PRINT #11, “OLD FILES ALSO EXIST, FOR FUTURE REF”
PRINT #11, “AFTER PROCESSING, PLEASE TRANSFER THE FILES TO SEPARATE FOLDERS “
PRINT #11, “THE OUTPUT FILE NAMING CONVENTION ADOPTED ARE AS FOLLOWS”
PRINT #11, F2N$; “  2.  RWK = ROUGH WORK DETAILS “
PRINT #11, F3N$; “  3.  TAB = PRINTABLE TABLES “
PRINT #11, F4N$; “  4.  GRA = ASCII TEXT GRAPHS TO BE CONVERTED TO PDF”
PRINT #11, F5N$; “  5.  RES = ACTUAL RESULTS “
PRINT #11, F6N$; “  6.  MAT = MASTER TABLES FROM RESULTS   “
PRINT #11, F7N$; “  7.  GEN = DATA AS CVS FOR XLS  “
PRINT #11, F8N$; “  8.  PER = GRAPH TITLES LIST    “
PRINT #11, F9N$; “  9.  TTL = TABLE TITLES LIST  “
PRINT #11, F10$; “ 10.  INP = BACKUP OF INPUT DATA FOR FUTURE USE”
PRINT #11, “ (INP FILES CAN BE RENAMED AS WCHEM.DAT  LATER TOO FOR RE-PROCESSING)”
PRINT #11, “PLEASE OPEN THE OUTPUT GRA FILES WITH MS WORD & FOLLOW THESE STEPS”
PRINT #11, “SELECT ALL, OPT FOR FONT COURIER NEW  WITH FONT SIZE 9 OR 10”
PRINT #11, “WATCHIT OUTPUT FILE GENERATION MAY GO BEYOND 3000 PAGES FOR 100 SAMPLES “
PRINT #11, “ THE TOTAL OUTPUT FILE STATISTICS ARE AS FOLLOWS”
PRINT #11, “ NUMBER OF PARAMETERS DETERMINED FOR EVERY SAMPLE WILL BE MORE THAN 100”
PRINT #11, “ NUMBER OF PAGES OF RESULTS FOR(RES) EVERY SAMPLE WILL BE 9 PAGES EACH”
PRINT #11, “ NUMBER OF PAGES OF ROUGH WORK(RWK) FOR EVERY SAMPLE WILL BE 30 + PAGES “
PRINT #11, “ NUMBER OF GRAPHS(GRA) FOR EVERY AREA WILL BE 224 x NO OF GROUPS”
PRINT #11, “ NUMBER OF MASTER TABLES(MAT) OF RESULTS FOR EVERY SAMPLE WILL BE 19 EACH “
PRINT #11, “ NUMBER OF PAGES OF STATISTICAL TABLES(TAB) FOR EVERY GROUP WILL BE  > 60+ “
PRINT #11, “ LIST OF TABLES ARE GIVEN IN A SEPARATE OUTPUT FILE TTL”
PRINT #11, “ LIST OF GRAPHS ARE GIVEN IN A SEPARATE OUTPUT FILE PER”
PRINT #11, “ COMPUTED PARAMETERS ARE GIVEN IN A SEPARATE OUTPUT FILE GEN”
PRINT #11, “WHEN YOU GET ANY ERROR MESSAGES “
PRINT #11, “      REFER BACK TO INPUT DATA SETS, CORRECT INPUT DATA, ITS CONSISTENCY AND RE-RUN”
PRINT #11, “THE FOLLOWING ARE THE LIST OF PARAMETERS COMPUTED BY THE SOFTWARE”
PRINT #11, “------------------------------------------------------------------------”
FOR I = 1 TO 55: PRINT #11, PMET$(I): NEXT I
PRINT #11, “------------------------------------------------------------------------”
PRINT #11, “WHEN YOU ARE READY WITH YOUR DATA ..  YOU MAY PROCEED TO WATCHIT”
PRINT #11, “TO UNDERSTAND THE INPUT-PROCESS-OUTPUT ACTIVITIES, THE FOLLOWING DATA BE USED”
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PRINT #11, “COPY & PASTE THE FOLLOWING SEQUENCE IN NOTEPAD AND SAVE THE FILE AS WCHEM.DAT & RUN 
ONCE”
PRINT #11, “SAMPLE BASIN TEST DATA”
PRINT #11, “1”
PRINT #11, “Group-1,11”
PRINT #11, “RIOGRAN
DE,109,24,117,7,183,0.001,171,0.001,238,0.001,0.002,0.003,0.004,0.005,650,700,7.8,25”
PRINT #11, “PANPOLI-GW, 80.0, 41.3, 55.8, 3, 317.0, .50, 156.0, .96, 19.4, 0, 0, 0, 0, 0, 514.0, 
1130, 7.8, 24”
PRINT #11, “VALASAI-GW, 36.0, 40.1, 140.0, 5, 91.5, 30.0, 238.0, 93.0, 33.0, 0, 0, 0, 0, 0, 698.0, 
1110, 8.3, 25”
PRINT #11, “TIRUCHENCOAST, 44, 58, 432, 8, 506, 0.01, 411, 120, 211, 0.001, 0.003, 0.001, 0.005, 
0.001, 2000, 2510, 7.8, 21”
PRINT #11, “TUTICORINCOAST, 48, 92, 925, 31, 427, 0.01, 432, 5, 1526, 0.002, 0.002, 0.002, 0.001, 
0.001, 4800, 5020, 7.7, 21”
PRINT #11, “BOGALURCOAST, 88, 185, 1440, 9, 525, 0.01, 2233, 51, 490, 0.002, 0.003, 0.004, 0.005, 
0.006, 8000, 8180, 7.47, 21”
PRINT #11, “DALAVOYLAKE-S1, 77, 67, 120, 6, 490, 10, 174, 28, 25, 0.004, 0.005, 0.005, 0.09, 0, 777, 
1410, 8.35, 20”
PRINT #11, “LAKEWATER1, 54, 23, 87, 6.6, 134, 1, 67, 1, 201, 0.001, 0.002, 0.004, 0.004, 0.005, 573, 
879, 8.2, 21”
PRINT #11, “LAKE-HARSVATTEN, 29, 58, 240, 11, 50, 0.3, 243, 30, 102, 0.006, 0.009, 0.001, 0.003, 
0.003, 714.3, 800, 4.5, 22”
PRINT #11, “KABINIRIVER, 5.33, 1.55, 3.66, 0.66, 20.73, 0.001, 4.66, 0.001, 3.33, 0.004, 0.004, 
0.01, 0.003, 0.004, 41.33, 50.00, 7.7, 20”
PRINT #11, “GANGABHAGIRIVER, 11.21, 6.21, 8.31, 2.53, 152.31, .001, 4.77, .002, 10.33, .001, .002, 
.003, .04, .05,90.24,230,7.22, 19.35”
PRINT #11, “SEAWATER STD, 410, 1310, 10900, 390, 152, .5, 19700, 0.7, 2740, 006, 0.005, 0.002, 
0.003, 0.005, 35000, 40000, 8.1, 23”
PRINT #11, “”
CLOSE #11
‘--------------------------------------------------
OPEN “O”, #2, F2N$
FOR I = 1 TO 14: READ TT1(I), TPK2(I), TPKSC(I), TPKSA(I), TPKSV(I), TPKW(I), TAA(I)
    ‘PRINT #2, I, TT(I), TPK2(I), TPKSC(I), TPKSA(I), TPKSV(I), TPKW(I), TAA(I)
NEXT I
DATA 2.5,4.12,2.18,1.28,0.82,1.67,1.41,1,1.04
FOR I = 1 TO 9: READ CCMF(I): NEXT I
DATA “Low “,”Moderate”,”High”,”Very High”,”Extremely High”
FOR J = 1 TO 5: READ RTG$(J): NEXT J
DATA “Low “,”Moderate”,”High”,”Very High”,”Extremely High”
FOR J = 1 TO 5: READ RT$(J): NEXT J
DATA “Very Low”,” Low”,”Medium -affect plants”,”Medium-High”,”High Hazard”
FOR J = 1 TO 5: READ ST$(J): NEXT J
DATA “ Safe For Most Plants”,”Sensitive Plants Show Injury”
DATA “Moderately Sensitive Plants Show Injury”,” Can Cause Severe Problems”
FOR J = 1 TO 4: READ CT$(J): NEXT J
DATA “Low “,”Moderate”,”High”,”Very High”
FOR J = 1 TO 4: READ RSCT$(J): NEXT J
RYZ$(1) = “INTOLERABLE CORROSION”: RYZ$(2) = “HEAVY CORROSION”
RYZ$(3) = “SIGIFICANT CORROSION”: RYZ$(4) = “LITTLE SCALE FORMING”
RYZ$(5) = “SCALE FORMING”: RYZ$(6) = “HEAVY SCALE FORMING “
PKRI$(1) = “ WATER HAS TENDENCY TO CORROSION”
PKRI$(2) = “ WATER IS IN OPTIMAL RANGE”
PKRI$(3) = “ WATER HAS TENDENCY TO FORM SCALES”
‘ 1 DBA COEFTS TEMP VERSUS DEBYE HUCKEL A
DATA “DBA(TC)”,1,.4883034,6.915223E-04,1.98649E-05,-1.859608E-06,7.855822E-08,-7.053712E-10,-
4.052089E-11,1.143742E-12,-8.682397E-15,0
‘ 2 DBB COEFTS TEMP VERSUS DEBYE HUCKEL B
DATA “DBB(TC)”,2,.3240979,1.874162E-04,-4.139971E-06,9.080973E-09,1.266162E-08,-3.609535E-
10,1.919584E-12,-1.294317E-13,5.883643E-15,-6.000348E-17
‘TEMP IN DEG C IS TT
‘3 PK2 5/10.55 TABLE 10.61  SECOND ONE -INTERCEPT 10.61764
DATA “PK2(TC)”,3,10.61774,-1.385433E-02,8.922697E-05,3.523618E-07,-3.204302E-09,0,0,0,0,0
‘4 PKSC  5/8.39 COLUMN IN TABLE INTERCEPT 8.3748
DATA “PKSC1(TC)”,4,8.372766,3.560092E-03,-1.663445E-05,2.728973E-06,-5.043273E-08,5.578551E-10,-
3.457112E-12,8.867898E-15,0,0
‘5 PKSV  5/7.77 COLUMN IN TABLE INTERCEPT 7.741
DATA “PKSV(TC)”,5,7.741511,5.391156E-03,5.85111E-05,0,0,0,0,0,0,0
‘6 PKSA  5/8.24 COLUMN IN TABLE INTERCEPT 8.22
DATA “PKSA(TC)”,6,8.221589,3.123502E-03,6.380791E-05,0,0,0,0,0,0,0
‘7 PKW   5/14.73 COLUMN IN TABLE INTERCEPT 14.73
DATA “PKW(TC)”,7,14.93541,-4.146114E-02,2.614025E-05,8.544962E-06,-1.804608E-07,1.249242E-09,0,0,0,0
‘8 TAA   5/0.494 COLUMN IN TABLE INTERCEPT 0.4900
DATA “TAA(TC)”,8,.4900683,8.045787E-04,-3.75469E-06,2.423452E-07,-2.912302E-09,1.242426E-11,0,0,0,0
‘9 WATA 0.0/2.6 COLUMN IN TABLE INTERCEPT 2.6007
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DATA “WATA”,9,2.600701,-.0247821,-1.396579E-04,1.078521E-05,-1.856697E-07,-2.961075E-10,5.400633E-
11,-4.372955E-13,-3.821116E-15,4.39812E-17
‘10 TDSB 0/9.7 COLUMN IN TABLE INTERCEPT 9.6980
DATA “TDSB”,10,9.698025,1.012156E-03,-2.512665E-06,3.096926E-09,-1.394385E-12,0,0,0,0,0
‘11 TCOR(TF)  32/ 0.0 COLUMN IN TABLE INTERCEPT -0.699
DATA “WTCOR(TF)”,11,-.6998189,3.380609E-02,-5.164886E-04,4.615456E-06,1.218475E-08,-1.257944E-10,-
5.781961E-12,6.214391E-14,-1.671496E-16,0
‘12 WCAHF 5/0.30 COLUMN IN TABLE CALCIUM HARDNESS PPM INTERCEPT 0.31956
DATA “WCAHF”,12,.319569,2.394315E-02,-1.37049E-04,3.617741E-07,-4.121129E-10,1.657262E-13,0,0,0,0
‘13 WATALKF 5/0.7 COLUMN IN TABLE  CARBONATE ALKALINITY PPM INTERCEPT 0.719
DATA “WTALKKF”,13,.7198806,2.392839E-02,-1.369068E-04,3.613016E-07,-4.115086E-
10,1.654668E-13,0,0,0,0
‘14 WATCYAN 7/0.23 COLUMN IN TABLE CYANURATE FACTOR INTERCEPT -3.1078
DATA “WATCYAN”,14,-3.10784,.354766,4.523495E-02,-5.719835E-03,3.467714E-04,4.518453E-05,5.070563E-
06,-1.501937E-06,-3.158976E-07,3.638204E-08
‘15 WTDS 500/-12.1 COLUMN IN TABLE INTERCEPT -12.07
DATA “WTDSF”,15,-12.07611,6.048622E-05,-2.621368E-07,9.727623E-11,-1.018031E-14,0,0,0,0,0
‘16 AGICA 10/0.60 COLUMN IN TABLE  FOR D INTERCEPT 0.6008
DATA “AGICAHD”,16,.6008041,1.598675E-02,-7.041963E-05,1.564245E-07,-1.721733E-10,8.690245E-14,-
1.471017E-17,0,0,0
‘17 AGITALK 10/ 1.00 COLUMN IN TABLE  FOR C INTERCEPT 1.00
DATA “AGIALKC”,17,1.000755,1.598941E-02,-7.045516E-05,1.56591E-07,-1.725156E-10,8.722079E-14,-
1.481989E-17,0,0,0
‘18
DATA “PKSC2(TC)”,18,8.374867,2.978879E-03,3.496517E-05,6.104291E-07,-4.317945E-
09,5.42212E-12,0,0,0,0
‘19
DATA “VPK2”,19,10.61764,-1.373399E-02,6.934308E-05,1.471409E-06,-3.052589E-08,2.98635E-10,-
1.197794E-12,0,0,0
‘20 WCARB 25/1.399 COLUMN IN TABLE INTERCEPT 1.08688
DATA “WCARBH”,20,1.086884,1.573652E-02,-8.780676E-05,2.702297E-07,-4.061668E-10,2.334435E-13,0,0,0,0
‘21 TTALK 10/5.9 COLUMN IN TABLE INTERCEPT 5.8438
DATA “TTALK”,21,5.843852,2.424003E-02,-8.988046E-05,1.650961E-07,-1.413899E-10,4.529862E-14,0,0,0,0
‘22 WATALKD 10/1.0 COLUMN IN TABLE INTERCEPT 0.980
DATA “WTALKD”,22,.9806494,1.641634E-02,-7.405959E-05,1.70148E-07,-1.970319E-10,1.081689E-13,-
2.161168E-17,0,0,0
‘23 WATHARD 10/1.0 COLUMN IN TABLE INTERCEPT 0.980
DATA “WTHARD”,23,.9806494,1.641634E-02,-7.405959E-05,1.70148E-07,-1.970319E-10,1.081689E-13,-
2.161168E-17,0,0,0
‘24 TDSFORB 0.0/ 9.6 COLUMN IN TABLE INTERCEPT 0.97019
DATA “TDSFORB”,24,9.7019377,0.0008043,-0.0000012,0.0000000,0,0,0,0,0,0
FOR I = 1 TO 24: READ TNAME$(I), KK: FOR J = 1 TO 10: READ PCF(KK, J): NEXT J: NEXT I
‘ IONIC RATIO CALCULATION - SETTING OF COMBINATIONS
‘SET 1 BY 1  TABLES 1 TO 10  ( OUTPUT TABLE TO HAVE 6 COLUMNS EACH )
DATA 1,2,3,4,5,6
DATA Ca/Mg,Mg/Ca,Ca/Na,Na/Ca,Mg/Na,Na/Mg
DATA 1,2,2,1,1,3,3,1,2,3,3,2
‘TABLE 2
DATA 7,8,9,10,11,12
DATA K/Mg,Mg/K,Ca/K,K/Ca,Na/K,K/Na
DATA 4,2,2,4,1,4,4,1,3,4,4,3
‘TABLE 3
DATA 13,14,15,16,17,18
DATA Ca/HCO3,Ca/CO3,Ca/Cl,Ca/NO3,Ca/SO4,Mg/HCO3
DATA 1,5,1,6,1,7,1,8,1,9,2,5
‘TABLE 4
DATA 19,20,21,22,23,24
DATA Mg/CO3,Mg/Cl,Mg/NO3,Mg/SO4,Na/HCO3,Na/CO3
DATA 2,6,2,7,2,8,2,9,3,5,3,6
‘TABLE 5
DATA 25,26,27,28,29,30
DATA Na/NO3,Na/SO4,Na/Cl,HCO3/Ca,HCO3/Mg,HCO3/Na
DATA 3,8,3,9,3,7,5,1,5,2,5,3
‘TABLE 6
DATA 31,32,33,34,35,36
DATA Cl/Ca,Cl/Mg,Cl/Na,Cl/K,SO4/Ca,NO3/Ca
DATA 7,1,7,2,7,3,7,4,9,1,8,1
‘TABLE 7
DATA 37,38,39,40,41,42
DATA HCO3/K,CO3/Ca,SO4/Cl,NO3/Mg,HCO3/CO3,HCO3/Cl
DATA 5,4,6,1,9,7,8,2,5,6,5,7
‘TABLE 8
DATA 43,44,45,46,47,48
DATA HCO3/NO3,HCO3/SO4,Cl/HOC3,Cl/CO3,Cl/NO3,Cl/SO4
DATA 5,8,5,9,7,5,7,6,7,8,7,9
‘TABLE 9
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DATA 49,50,51,52,53,54
DATA NO3/Na,NO3/K,NO3/HCO3,NO3/CO3,NO3/Cl,NO3/SO4
DATA 8,3,8,4,8,5,8,6,8,7,8,9
‘TABLE 10
DATA 55,56,57,58,59,60
DATA SO4/Mg,SO4/Na,SO4/K,SO4/HCO3,SO4/CO3,SO4/NO3
DATA 9,2,9,3,9,4,9,5,9,6,9,8
‘ IONIC RATIOS
‘SET 1 BY 2  TABLE 11
DATA 61,62,63,64,65,66
DATA “ Ca+Na/Cl”,”Cl+SO4/Ca”,”HCO3+CO3/SO4”,”Ca+Mg/Cl”,”HCO3+CO3/Cl”,” Ca+Mg/SO4”
DATA 1,3,7,7,9,1,5,6,9,1,2,7,5,6,7,1,2,9
‘SET 2 BY 2   TABLE     12 TO  14
DATA 67,68,69,70,71,72
DATA “Ca+Mg/Na+K”,”Na+K/Ca+Mg”,”Ca+Mg/HCO3+CO3”,”HCO3+CO3/Ca+Mg”,”Na+K/HCO3+CO3”,”Na+K/Cl+SO4”
DATA 1,2,3,4,3,4,1,2,1,2,5,6,5,6,1,2,3,4,5,6,3,4,7,9
DATA 73,74,75,76,77,78
DATA “Na+K/Cl+NO3”,”Ca+Mg/Cl+SO4”,”Cl+SO4/Ca+Mg”,”Cl+SO4/Na+K”,”Na+Cl/ HCO3+SO4”,”Na+Cl/ Ca+SO4”
DATA 3,4,7,8,1,2,7,9,7,9,1,2,7,9,3,4,3,4,5,9,3,7,1,9
DATA 79,80,81,82,83,84
DATA “HCO3+CO3/Na+K”,”HCO3+SO4/ Ca+Mg”,”HCO3+CO3/Cl+SO4”,”HCO3+SO4/Na+K”,”Ca+Mg/HCO3+Cl”,”Ca+Mg/ 
HCO3+SO4”
DATA 5,6,3,4,5,9,1,2,5,6,7,9,5,9,3,4,1,2,5,7,1,2,5,9
‘SET 3 BY 2   TABLE  15
DATA 85,86,87,88,89,90
DATA “Ca+HCO3+CO3/Ca+SO4”,”Mg+HCO3+CO3/Mg+SO4”,”Ca+Mg+Na/Cl+SO4”,”Ca+Mg+Na/HCO3+C03”,”Ca+Na+K/
Cl+SO4”,”Ca+Na+K/HCO3+CO3”
DATA 1,5,6,1,9,2,5,6,2,9,1,2,3,7,9,1,2,3,5,6,1,3,4,7,9,1,3,4,5,6
‘
DATA 15,1,2,1,3,1,4,1,5,1,6,2,3,2,4,2,5,2,6,3,4,3,5,3,6,4,5,4,6,5,6
DATA 15,1,2,1,3,1,4,1,5,1,6,2,3,2,4,2,5,2,6,3,4,3,5,3,6,4,5,4,6,5,6
DATA 6,1,3,1,5,1,6,3,5,3,6,5,6
DATA 3,2,4,2,5,4,5
DATA 10,2,3,2,4,2,5,2,6,3,4,3,5,3,6,4,5,4,6,5,6
DATA 10,1,2,1,3,1,5,1,6,2,3,2,5,2,6,3,5,3,6,5,6
DATA 6,2,3,2,4,2,6,3,4,3,6,4,6
DATA 3,2,3,2,6,3,6
DATA 10,1,2,1,3,1,5,1,6,2,3,2,5,2,6,3,5,3,6,5,6
DATA 6,1,2,1,3,1,4,2,3,2,4,3,4
DATA 15,1,2,1,3,1,4,1,5,1,6,2,3,2,4,2,5,2,6,3,4,3,5,3,6,4,5,4,6,5,6
DATA 15,1,2,1,3,1,4,1,5,1,6,2,3,2,4,2,5,2,6,3,4,3,5,3,6,4,5,4,6,5,6
DATA 15,1,2,1,3,1,4,1,5,1,6,2,3,2,4,2,5,2,6,3,4,3,5,3,6,4,5,4,6,5,6
DATA 15,1,2,1,3,1,4,1,5,1,6,2,3,2,4,2,5,2,6,3,4,3,5,3,6,4,5,4,6,5,6
DATA 15,1,2,1,3,1,4,1,5,1,6,2,3,2,4,2,5,2,6,3,4,3,5,3,6,4,5,4,6,5,6
‘ log scale y axis limits for gibb’s plot
DATA 0.00001,0.00005,0.00010,0.00025,0.00075,0.0010,0.0025
DATA 0.005,0.010,0.02,0.040,0.060,0.080,0.100,0.30,0.50,0.70,0.90,1.10,1.30,1.50,1.70,1.90,2.10,2.30
,2.50,2.70,2.90
DATA 3.10,3.30,3.50,3.70,3.90,4.10,4.30,4.50,4.70,4.90,5.10
DATA 5.30,5.50,5.70,6.90,7.10,7.30,7.50,7.70,7.90,8.10,8.30,8.50,8.70,8.90,9.10,9.30,9.50,9.70,9.90,
10
DATA 12,15,20,25,30,35,40,45,50,55,60,65,70,75,80,85,90,100
DATA 125,150,200,250,300,350,400,450,500,550,600,700,800,900,1000,1200,1400,1500,1600,1800,2000,2200
DATA 2400,2500,2600,2800,3000,3200,3400,3500,3600,3800,4000,4500,5000,5500,6000,6500,7000,7500,8000,
8250,8500
DATA 9000,9500,10000,12000,14000,15000,16000,18000,20000,22000,24000,25000,30000,35000,40000,45000,5
0000,60000,70000
DATA 75000,80000,90000,100000
‘
DATA 87500,100000,75000,87500,62500,75000,50000,62500,40000,50000,35000,40000,30000,35000
DATA 25000,30000,20000,25000,17500,20000,15000,17500,12500,15000,10000,12500,8750,10000
DATA 7500,8750,6250,7500,5000,6250,4000,5000,3500,4000,3000,3500,2500,3000,2000,2500
DATA 1750,2000,1500,1750,1250,1500,1000,1250,875,1000,750,875,625,750,500,625,400,500
DATA 350,400,300,350,250,300,200,250,175,200,150,175,125,150,100,125,87.5,100.0,75.0,87.5
DATA 62.5,75.0,50.0,62.5,40.0,50.0,35.0,40.0,30.0,35.0,25.0,30.0,20.0,25.0,17.5,20.0,15.0,17.5
DATA 12.5,15.0,10,12.5,8.75,10,7.0,8.75,6.25,7.5,5.0,6.25,4.0,5.0,3.5,4.0,3.0,3.5,2.5,3.0,2.0,2.5
DATA 1.75,2.0,1.5,1.75,1.25,1.5,1,1.25
‘Thermodynamic data sets ionic combinations considered
DATA 1,1,7,0,Ca Cl2,1,-553.54,2,-131.25208,1,0,-732.2
DATA 2,1,6,0,Ca CO3-Aragonite,1,-553.54,1,-527.917,1,0,-1127.7972
DATA 3,1,6,0,Ca CO3-Calcite,1,-553.54,1,-527.917,1,0,-1128.8
DATA 4,1,8,0,Ca (NO3)2,1,-553.54,2,-111.3,1,0,-743.204
DATA 5,1,2,6,Ca Mg (CO3)2 -Dolom,1,-553.54,1,-454.8,2,-527.917,-2163.54
DATA 6,1,2,6,Ca Mg3 (CO3)4-Huntite,1,-553.54,3,-454.8,4,-527.917,-4203.00
DATA 7,1,9,0,Ca SO4-Anhydrite,1,-553.6,1,-744.0,1,0,-1321.8
DATA 8,4,7,0,K Cl,1,-283.26,1,-131.2,1,0,-408.5
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DATA 9,4,8,0,K NO3,1,-283.26,1,-111.3,1,0,-393.93
DATA 10,4,6,0,K2 CO3,2,-283.26,1,-527.917,1,0,-1094.41
DATA 11,4,5,0,K HCO3,1,-283.26,1,-586.875,1,0,-870.00
DATA 12,2,6,0,Mg CO3-Magnesite,1,-454.8,1,-527.9,1,0,-1012.1
DATA 13,2,8,0,Mg(NO3)2,1,-454.8,2,-111.3,1,0,-589.52
DATA 14,2,7,0,Mg Cl2,1,-454.8,2,-131.2,1,0,-717.1
DATA 15,2,5,0,Mg HCO3,1,-454.8,1,-586.875,1,0,-1048.347
DATA 16,2,9,0,Mg SO4,1,-454.8,1,-744.62648,1,0,-1170.68
DATA 17,3,7,0,Na Cl-Halite,1,-261.9,1,-131.2,1,0,-384.04
DATA 18,3,5,0,Na HCO3-Nahcolite,1,-261.9,1,-586.8,1,0,-851.86
DATA 19,3,8,0,Na NO3,1,-261.9,1,-111.3,1,0,-365.89
DATA 20,3,6,0,Na2 CO3-Natrite,2,-261.9,1,-527.9,1,0,-1047.6
DATA 21,3,9,0,Na2 SO4-Thenardite,2,-261.9,1,-744.62,1,0,-1266.40
‘DATA 22,1,6,0,Ca CO3-Vaterite,1,-553.54,1,-527.917,1,0,-1125.54
‘ PART 2 Impact of temperature variations(Stiff Davis) = ionic combinations considered
DATA 1,1,7,0,Ca Cl2,1,-542.832,2,-167.15,1,0,-877.13
DATA 2,1,6,0,Ca CO3-Aragonite,1,-542.832,1,-677.14,1,0,-1207.13
DATA 3,1,6,0,Ca CO3-Calcite,1,-542.832,1,-677.14,1,0,-1206.9
DATA 4,1,8,0,Ca(NO3)2,1,-542.832,2,-206.85,1,0,-938.39
DATA 5,1,2,6,Ca Mg (CO3)2 -Dolom,1,-542.832,1,-466.85,2,-677.14,-2372.86
DATA 6,1,2,6,Ca Mg3 (CO3)4-Huntite,1,-542.832,3,-466.85,4,-677.14,-4675.00
DATA 7,1,9,0,Ca SO4-Anhydrite,1,-542.832,1,-909.27,1,0,-1434.11
DATA 8,4,7,0,K Cl,1,-252.14,1,-167.15,1,0,-435.88
DATA 9,4,8,0,K NO3,1,-252.14,1,-206.85,1,0,-492.7
DATA 10,4,6,0,K2 CO3,2,-252.14,1,-677.14,1,0,-1150.00
DATA 11,4,5,0,K HCO3,1,-252.14,1,-691.99,1,0,-954.33
DATA 12,2,6,0,Mg CO3-Magnesite,1,-466.85,1,-677.14,1,0,-1095.79
DATA 13,2,8,0,Mg(NO3)2,1,-466.85,2,-207.36,1,0,-790.65
DATA 14,2,7,0,Mg Cl2,1,-466.85,2,-167.15,1,0,-801.6
DATA 15,2,5,0,Mg HCO3,1,-466.85,1,-691.99,1,0,-1232.00
DATA 16,2,9,0,Mg SO4,1,-466.85,1,-909.27,1,0,-1284.1
DATA 17,3,7,0,Na Cl,1,-240.34,1,-167.15,1,0,-410.95
DATA 18,3,5,0,Na HCO3,1,-240.34,1,-691.99,1,0,-947.67
DATA 19,3,8,0,Na NO3,1,-240.34,1,-206.85,1,0,-466.68
DATA 20,3,6,0,Na2 CO3,2,-240.34,1,-677.14,1,0,-1130.94
DATA 21,3,9,0,Na2 SO4,2,-240.34,1,-909.27,1,0,-1384.48
‘
REM   LOG LOG GRAPH limits
DATA 75000,100000,50000,75000,35000,50000,25000,35000,17500,25000,10000,17500
DATA 7500,10000,5000,7500,3500,5000,2500,3500,1750,2500,1000,1750,750,1000
DATA 500,750,350,500,250,350,175,250,100,175,75,100,50,75,35,50,25,35
DATA 17.5,25,10,17.5,7.5,10,5,7.5,3.5,5,2.5,3.5,1.75,2.5,1,1.75,.75,1,.5,.75
DATA .35,.5,.25,.35,.175,.25,.1,.175,.075,0.1,.05,.075,.035,.05,.025,.035,.0175,.025
DATA .01,.0175,.0075,.01,.005,.0075,.0035,.005,.0025,.0035,.00175,.0025,.001,.00175
‘
DATA .001,.00125,.00125,.0015,.0015,.00175,.00175,.002,.002,.0025,.0025,.003,.003,.0035
DATA .0035,.004,.004,.005,.005,.00625,.00625,.00875,.00875,.01,.01,.0125,.0125,.015
DATA .015,.0175,.0175,.02,.02,.025,.025,.03,.03,.035,.035,.04,.04,.05,.05,.0625
DATA .0625,.0875,.0875,.1,.1,.125,.125,.15,.15,.175,.175,.2,.2,.25,.25,.3,.3,.35
DATA .35,.4,.4,.5,.5,.625,.625,.875,.875,1.0,1,1.25,1.25,1.5,1.5,1.75,1.75,2.0
DATA 2.0,2.5,2.5,3.0,3.0,3.5,3.5,4.0,4.0,5.0,5.0,6.25,6.25,8.75,8.75,10.0,10.0,12.50
DATA 12.5,15,15,17.5,17.5,20,20,25,25,30,30,35,35,40,40,50,50,62.5,62.5,87.5
DATA 87.5,100,100,125,125,150,150,175,175,200,200,250,250,300,300,350,350,400
DATA 400,500,500,625,625,875,875,1000,1000,1250,1250,1500,1500,1750,1750,2000
DATA 2000,2500,2500,3000,3000,3500,3500,4000,4000,5000,5000,6250,6250,8750
DATA 8750,10000,10000,12500,12500,15000,15000,17500,17500,20000,20000,25000
DATA 25000,30000,30000,35000,35000,40000,40000,50000,50000,62500,62500,87500
DATA 87500,100000
DATA 9,-26.56252,5.58675,.3166104,-.118858,5.100613E-03,1.065116E-04,2.78242E-05,-3.37917E-
06,7.517909E-08
DATA 7,55.34957,-14.20803,-.3565841,.2800498,-2.894523E-04,-2.783143E-03,1.325424E-04
‘
DATA 4.744201,-10.7043,39.08652,-63.93881,4.600691,54.50956,76.14319,-117.6282,-83.29958,99.48675
DATA 3.378472,-.4615889,5.127431E-02,6.885533E-03,-1.194031E-03,-2.867852E-04,6.136333E-05,-
2.952002E-06,0,0
DATA 2.556215,-7.865169E-02,2.481991E-03,-3.213797E-05,-3.860307E-07,1.079252E-08,9.481388E-12,-
7.931135E-13,0,0
DATA 10,100,200,300,500,700,1000,1500,2000,3000,4000,6000,8000
DATA .05,13.2,13.61,13.92,14.4,14.79,15.26,15.91,16.43,17.28,17.97,19.07,19.94
DATA .1,8.31,8.57,8.77,9.07,9.31,9.62,10.02,10.35,10.89,11.32,12.01,12.56
DATA .15,6.34,6.54,6.69,6.92,7.11,7.34,7.65,7.9,8.31,8.64,9.17,9.58
DATA .2,5.24,5.4,5.52,5.71,5.87,6.06,6.31,6.52,6.86,7.13,7.57,7.91
DATA .25,4.51,4.65,4.76,4.92,5.06,5.22,5.44,5.62,5.91,6.15,6.52,6.82
DATA .3,4,4.12,4.21,4.36,4.48,4.62,4.82,4.98,5.24,5.44,5.77,6.04
DATA .35,3.61,3.72,3.8,3.94,4.04,4.17,4.35,4.49,4.72,4.91,5.21,5.45
DATA .4,3.3,3.4,3.48,3.6,3.7,3.82,3.98,4.11,4.32,4.49,4.77,4.98
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DATA .45,3.05,3.14,3.22,3.33,3.42,3.53,3.68,3.8,4,4.15,4.41,4.61
DATA .5,2.84,2.93,3,3.1,3.19,3.29,3.43,3.54,3.72,3.87,4.11,4.3
DATA .75,2.17,2.24,2.29,2.37,2.43,2.51,2.62,2.7,2.84,2.95,3.14,3.28
DATA 1,1.79,1.85,1.89,1.96,2.01,2.09,2.16,2.23,2.35,2.44,2.59,2.71
DATA 1.25,1.54,1.59,1.63,1.68,1.73,1.78,1.86,1.92,2.02,2.1,2.23,2.33
DATA 1.5,1.37,1.41,1.44,1.49,1.53,1.58,1.65,1.7,1.79,1.86,1.97,2.07
DATA 1.75,1.23,1.27,1.3,1.35,1.38,1.43,1.49,1.54,1.62,1.68,1.78,1.86
DATA 2,1.13,1.16,1.19,1.23,1.26,1.31,1.36,1.4,1.48,1.54,1.63,1.7
DATA 2.25,1.04,1.08,1.1,1.14,1.17,1.21,1.26,1.3,1.37,1.42,1.51,1.58
DATA 2.5,.97,1,1.02,1.06,1.09,1.12,1.17,1.21,1.27,1.32,1.4,1.47
DATA 3,.85,.89,.91,.94,.96,1,1.04,1.07,1.13,1.17,1.24,1.3
DATA 3.5,.78,.8,.82,.85,.87,.9,.94,.97,1.02,1.06,1.12,1.17
DATA 4,.71,.73,.75,.78,.8,.82,.86,.88,.93,.97,1.03,1.07
DATA 4.5,.66,.68,.69,.72,.74,.76,.79,.82,.86,.9,.95,.99
DATA 5,.61,.63,.65,.67,.69,.71,.74,.76,.8,.83,.88,.93
DATA 7,.49,.5,.52,.53,.55,.57,.59,.61,.64,.67,.71,.74
DATA 10,.39,.4,.41,.42,.43,.45,.47,.48,.51,.53,.56,.58
DATA 20,.24,.25,.26,.26,.27,.28,.29,.3,.32,.33,.35,.37
DATA 30,.18,.19,.2,.2,.21,.21,.22,.23,.24,.25,.27,.28
‘ READING SETS OF IONIC RATIOS-COLUMN HEADINGS AND COLUMN NUMBERS
FOR IT = 1 TO 10
    FOR G = 1 TO 6: READ TCO(IT, G): NEXT G
    FOR G = 1 TO 6: READ R1$(IT, G): NEXT G
    FOR G = 1 TO 6: READ TP(IT, G), TB(IT, G): NEXT G
NEXT IT
FOR IT = 11 TO 11
    FOR G = 1 TO 6: READ TCO(IT, G): NEXT G
    FOR G = 1 TO 6: READ R1$(IT, G): NEXT G
    FOR G = 1 TO 6: READ TL1(IT, G), TL2(IT, G), TL3(IT, G): NEXT G
NEXT IT
FOR IT = 12 TO 14
    FOR G = 1 TO 6: READ TCO(IT, G): NEXT G
    FOR G = 1 TO 6: READ R1$(IT, G): NEXT G
    FOR G = 1 TO 6: READ GX1(IT, G), GX2(IT, G), GX3(IT, G), GX4(IT, G): NEXT G
NEXT IT
FOR IT = 15 TO 15
    FOR G = 1 TO 6: READ TCO(IT, G): NEXT G
    FOR G = 1 TO 6: READ R1$(IT, G): NEXT G
    FOR G = 1 TO 6: READ GY1(IT, G), GY2(IT, G), GY3(IT, G), GY4(IT, G), GY5(IT, G): NEXT G
NEXT IT
FOR IT = 1 TO 15: READ NIT(IT)
    NCOM = NIT(IT)
    FOR IC = 1 TO NCOM: READ XN(IT, IC), YN(IT, IC)
        ‘PRINT #2, “ IT, IC, XN(IT, IC), YN(IT, IC)=”; IT, IC, XN(IT, IC), YN(IT, IC)
    NEXT IC: ‘PRINT #2, “ “
NEXT IT
FOR I = 1 TO 143: READ XET(I): NEXT I
FOR I = 1 TO 143: YET(I) = XET(I): NEXT I
FOR I = 1 TO 65: READ MMN(I), MMX(I): NEXT I
FOR I = 1 TO 143: PRINT I, XET(I), “ “;: NEXT I
FOR I = 1 TO 65: PRINT I, MMN(I), MMX(I), “   “;: NEXT I
‘Thermodynamic data sequence  1, 1, 7, 0,  Ca Cl2, 1, -553.58 , 1, -131.25208, 1, 0, -748.8
FOR I = 1 TO 21
    FOR J = 1 TO 4: READ DT(I, J): PRINT DT(I, J);: NEXT J
    READ SPC$(I, 1): PRINT SPC$(I, 1): PRINT SPC$(I, 1);
    FOR J = 5 TO 11: READ DT(I, J): PRINT DT(I, J);: NEXT J: PRINT “ “
NEXT I
FOR I = 1 TO 21
    FOR J = 1 TO 4: READ DH(I, J): PRINT DH(I, J);: NEXT J
    READ SPC$(I, 1): PRINT SPC$(I, 1): PRINT SPC$(I, 1);
    FOR J = 5 TO 11: READ DH(I, J): PRINT DH(I, J);: NEXT J: PRINT “ “
NEXT I
FOR I = 1 TO 48: READ LRMN(I), LRMX(I): NEXT I
FOR I = 1 TO 48: LRMN2(I) = LRMN(I): LRMX2(I) = LRMX(I): NEXT I
FOR I = 1 TO 96: READ LCMN(I), LCMX(I): TK(I) = LCMN(I): TW(I) = LCMX(I): NEXT I
FOR I = 1 TO 96: LCMX2(I) = LCMX(I): LCMN2(I) = LCMN(I): NEXT I
READ NCT1: FOR I = 1 TO 9: READ CCA(1, I): NEXT I
READ NCT2: FOR I = 1 TO 7: READ CCA(2, I): NEXT I
‘
FOR J = 1 TO 10: READ C1(J): NEXT J
FOR J = 1 TO 10: READ C2(J): NEXT J
FOR J = 1 TO 10: READ C3(J): NEXT J
FOR GP = 1 TO 5
    FOR I = 1 TO 150: FOR J = 1 TO 50: FOR K = 1 TO 30: WP(GP, I, J, K) = 0.0: NEXT K: NEXT J: NEXT 
I
    FOR I = 1 TO 150: FOR J = 1 TO 50: BP(GP, I, J) = 0.0: NEXT J: NEXT I
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    FOR I = 1 TO 150: FOR J = 1 TO 50: VP$(GP, I, J) = “UNKNOWN”: NEXT J: NEXT I
NEXT GP
READ CX: FOR J = 1 TO 12: READ EE(J): NEXT J
FOR I = 1 TO 27: READ HCC(I)
FOR J = 1 TO 12: READ ACC(I, J): NEXT J: NEXT I

‘============================================================================
‘-------------------------------------------------------------------------------
CLS: ‘  READ DATA SEQUENCE FROM INPUT FILE
‘-------------------------------------------------------------------------------
OPEN “O”, #10, F10N$
OPEN “I”, #1, “WCHEM.DAT”
PRINT “READING MAIN PROJECT  HEADING”
INPUT #1, AREA$: PRINT #10, AREA$
100 INPUT #1, NSG: PRINT #10, NSG
FOR I = 1 TO NSG
    INPUT #1, CLUSTER$(I), NX$: NG(I) = VAL(NX$): PRINT #10, CLUSTER$(I); “,”; NG(I)
    PRINT “ SAMPLE GROUP NAME AND NUMBER OF SAMPLES IN EACH “; CLUSTER$(I), NG(I)
NEXT I
PRINT #2, “ “
PRINT “READING  NUMBER OF SAMPLES  DATA OF EACH GROUP”
FOR GP = 1 TO NSG
    NN = NG(GP): PRINT “GROUP =”; GP
    PRINT “READING  LOCATION NAMES WITH PPM VALUES OF SEQUENTIAL IONS + OTHER DATA”
    ‘ SEQUENCE REQUIRED(SEPARATED BY COMMAS)   1-Ca    2-Mg    3-Na   4-K  5-HCO3  6-CO3  7-Cl,  
8-NO3,9-SO4 10-Ba,11-PO4,12-F,13-Fe2,14-SIO2,TDS1 ,EC1 ,PH1 ,TEMP(in C)
    FOR II = 1 TO NN
        INPUT #1, NAR$(GP, II), G1$, G2$, G3$, G4$, G5$, G6$, G7$, G8$, G9$, G10$, G11$, G12$, G13$, 
G14$, H1$, H2$, H3$, H4$
        BPPM(GP, II, 1) = VAL(G1$): BPPM(GP, II, 2) = VAL(G2$): BPPM(GP, II, 3) = VAL(G3$)
        BPPM(GP, II, 4) = VAL(G4$): BPPM(GP, II, 5) = VAL(G5$): BPPM(GP, II, 6) = VAL(G6$): BPPM(GP, 
II, 7) = VAL(G7$)
        BPPM(GP, II, 8) = VAL(G8$): BPPM(GP, II, 9) = VAL(G9$): BPPM(GP, II, 10) = VAL(G10$): 
BPPM(GP, II, 11) = VAL(G11$)
        BPPM(GP, II, 12) = VAL(G12$): BPPM(GP, II, 13) = VAL(G13$): BPPM(GP, II, 14) = VAL(G14$)
        TDS1(GP, II) = VAL(H1$): EC1(GP, II) = VAL(H2$): PH1(GP, II) = VAL(H3$): TU(GP, II) = 
VAL(H4$)
        PRINT #10, NAR$(GP, II); “,”;
        FOR J = 1 TO 14: PRINT #10, BPPM(GP, II, J); “,”;: NEXT J
        PRINT #10, TDS1(GP, II); “,”; EC1(GP, II); “,”; PH1(GP, II); “,”; TU(GP, II): PRINT “ “
        FOR LL = 1 TO 14: IF BPPM(GP, II, LL) <= 0 THEN BPPM(GP, II, LL) = 0.001
        NEXT LL
    NEXT II
NEXT GP
‘PRINT #2, “ “
CLOSE #1: CLOSE #10
CLS: PRINT “READING INPUT DATA FILE IS OVER”
‘====================================================================
GOSUB 9900
PRINT #2, “YOUR SOFTWARE  CODE IS =”; FDC$
PRINT #2, “ CREATING  ALL THE OUTPUT FILES IN THESE NAMES “
PRINT #2, “ THE NAMES OF OUTPUT FILES ARE AS FOLLOWS:”
PRINT #2, “ ---- ALL THESE FILES HAVE TIME AND DATE ATTACHED WITH THEM”
PRINT #2, “MAT-------.TXT    -ALL MASTER TABLES-DIRECT TO USE TYPE”
PRINT #2, “RES-------.TXT    -SAMPLE-WISE SEQUENCE OF RESULTS”
PRINT #2, “RWK-------.TXT    -MASTER FILE OF ALL COMPUTATIONS(STEP-BY-STEP)”
PRINT #2, “TAB-------.TXT    -TEXT FILE, HOLDS ALL STATISTICAL TABLES-DIRECT TO USE TYPE”
PRINT #2, “GRA-------.TXT    -ASCII TEXT FILE HOLDS GRAPH DATA AND GRAPHS*”
PRINT #2, “GEN-------.DAT    - COMMA SEPARATED VALUESOF VARIOUS DATA MATRICES “
PRINT #2, “TTL-------.DAT    -TITLES OF  TABLES- FULL LIST”
PRINT #2, “PER-------.DAT    -TITLES OF  GRAPHS -FULL LIST  “
PRINT #2, “INSTRUCTION : YOU MAY CONVERT  GRA----.TXT TO OTHER FORMATS FOR PRINTING”
PRINT #2, “THE MASTER FILE IS SUITABLE FOR CLASS-ROOM EXERCISE VERIFICATION TOO”
‘
OPEN “O”, #3, F3N$
OPEN “O”, #4, F4N$
OPEN “O”, #5, F5N$
OPEN “O”, #6, F6N$
OPEN “O”, #7, F7N$
OPEN “O”, #8, F8N$
OPEN “O”, #9, F9N$
‘
‘INPUT “ PRESS ENTER-KEY TO CONTINUE”; OO
‘--------------------------------------------------------------------
PRINT “PROCESSING BEGINS FOR “; AREA$; “DATA”
FOR I = 1 TO NSG
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    PRINT “NO OF CLUSTERS, SAMPLES   =”; CLUSTERS$(I), NG(I)
    PRINT #2, “No of Clusters, Samples    =”; CLUSTERS$(I), NG(I)
NEXT I
GOSUB 5190
PRINT #2, “ “
PRINT “PROCESSING AND CREATING OUTPUT FILES, WAIT TILL YOU GET COMPLETION PROMPT”
PRINT #4, “WATCHIT.EXE       OUTPUT FILE  ASCII TEXT GRPAH  “
PRINT #5, “WATCHIT.EXE       OUTPUT FILE  RESULTS FILE STATION-WISE”
PRINT #4, “TOTAL NUMBER OF SCATTER PLOTS GENERATED ARE  224 x No.of Seasons/Groups”
PRINT #4, “ “
PRINT #4, “NOTE:  ALL GRAPHS ARE IN ASCII TEXT FORMAT”
PRINT #6, “WATCHIT.EXE      OUTPUT FILE  “
PRINT #4, “       OPEN THE TXT FILE WITH MS WORD WITH THE FOLLOWING OPTIONS”
PRINT #4, “       USE FILE CONVERSION OPTIONS : TEXT ENCODING -  OTHER ENCODING - TURKISH(WINDOWS)”
PRINT #4, “       SELECT ALL AND MAKE BOLD, SELECT FONT = COURIER NEW , FONT SIZE 8     FOR PRINT-
ING”
PRINT #4, “NOTE:  ALL GRAPHS ARE IN INDIVIDUAL PAGES. SAVE AS PDF AND USE”
PRINT #4, “       FIRST GRAPH COULD BE SEEN AFTER A BLANK PAGE IN MS WORD”
PRINT #4, “ “: GCOU = 0
PRINT #2, “THE FOLLOWING ARE THE LIST OF PARAMETERS COMPUTED BY THE SOFTWARE”
PRINT #2, “------------------------------------------------------------------------”
FOR I = 1 TO 55: PRINT #2, PMET$(I): NEXT I
PRINT #2, “------------------------------------------------------------------------”
FOR GP = 1 TO NSG
    PRINT #5, “------------------------------------------------------------------------”
    PRINT “Area & Cluster Group  =  “; AREA$, CLUSTER$(GP)
    NN = NG(GP)
    FOR II = 1 TO NN
        PRINT #2, CHR$(12): PRINT #5, CHR$(12)
        PRINT “AREA   CLUSTER    SAMPLE NUMBER =”; AREA$; SPC(5); CLUSTER$(GP); SPC(5); II
        VP$(GP, II, 1) = NAR$(GP, II): SUMT = 0
        FOR J = 1 TO 14: E(J) = BPPM(GP, II, J)
            IF E(J) <= 0.0 THEN E(J) = 0.001
            PPM(J) = E(J): X1(J) = E(J): Y1(J) = CF(J)
        NEXT J
        BN = 0
        ORP = 0: TC = TU(GP, II): T = TC: DDO = 0: TM(GP, II) = T
        TK = TC + 273.15: BP(GP, II, 32) = PH1(GP, II): BP(GP, II, 27) = TM(GP, II)
        BP(GP, II, 28) = TC: BP(GP, II, 33) = TK
        FOR JJ = 1 TO 14: IF TT1(JJ) = TM(GP, II) THEN SLNO = JJ
        NEXT JJ
        ‘
        FOR J = 1 TO 14: SUMT = SUMT + E(J): NEXT J
        TSC = 0: TSA = 0: TDSOBS = TDS1(GP, II): ECOBS = EC1(GP, II)
        IF SUMT > TDS1(GP, II) THEN TDS1(GP, II) = SUMT
        IF EC1(GP, II) = 0 THEN EC1(GP, II) = TDS1(GP, II) / 0.64
        EC1(GP, II) = TDS1(GP, II) / 0.64: ECD2 = EC1(GP, II)
        TDS = TDS1(GP, II): EC = EC1(GP, II)
        BP(GP, II, 26) = TDS: IF PH1(GP, II) < 1 THEN PH1(GP, II) = 7.7
        BP(GP, II, 32) = PH1(GP, II): PH = PH1(GP, II)
        PH = PH * 10.00 / 10.00: PE = 23 - .16 * TDS
        IF TDS > 100 THEN PE = 9 - .01 * TDS
        IF TDS > 200 THEN PE = 5.666667 - .0033 * TDS
        IF TDS > 500 THEN PE = 5 - .002 * TDS
        IF TDS > 1000 THEN PE = 4 - .001 * TDS
        IF TDS > 4000 THEN PE = 1.5
        FOR J = 1 TO 4: Z(J) = X1(J) / Y1(J): EPM(J) = Z(J): TSC = TSC + Z(J): NEXT J
        FOR J = 5 TO 9: Z(J) = X1(J) / Y1(J): EPM(J) = Z(J): TSA = TSA + Z(J): NEXT J
        FOR J = 10 TO 14: Z(J) = X1(J) / Y1(J): EPM(J) = Z(J): NEXT J
        TSC = TSC + Z(10) + Z(13): TSA = TSA + Z(11) + Z(12) + Z(14)
        OPE = ABS(TSC - TSA) / (TSC + TSA) * 100
        IF OPE > PE THEN PPE$ = “There is no ion balance in this lab. analysis”
        IF OPE < PE THEN PPE$ = “There is Good ion balance in this lab. analysis”
        IF OPE > PE THEN 1398 ELSE GOTO 1430
        1398 PRINT “There is no ion balance in this lab. analysis “; II: GOTO 1430
        PRINT “BALANCING CATIONS  WITH REF TO ANIONS(EPM LEVEL)”
        FOR J = 1 TO 4: Z(J) = TSA / TSC * Z(J): EPM(J) = Z(J): X1(J) = INT(Z(J) * Y1(J))
        E(J) = X1(J): PPM(J) = E(J): NEXT J
        1430 ‘
        FOR J = 1 TO 14: P(J) = E(J): NEXT J
        CAPPM = PPM(1): MGPPM = PPM(2): NAPPM = PPM(3): KPPM = PPM(4)
        HCO3PPM = PPM(5): CO3PPM = PPM(6): CLPPM = PPM(7): NO3PPM = PPM(8): SO4PPM = PPM(9): BAPPM = 
PPM(10)
        PO4PPM = PPM(11): FLUPPM = PPM(12): FE2PPM = PPM(13): SIO2PPM = PPM(14)
        CA = PPM(1): MG = PPM(2): NA = PPM(3): K = PPM(4): NAK = NA + K: BA = PPM(10): FE2 = PPM(13)
        HCO3 = PPM(5): CO3 = PPM(6): CL = PPM(7): NO3 = PPM(8): SO4 = PPM(9): PO4 = PPM(11): FLU = 
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PPM(12): SIO2 = PPM(14)
        ‘    ALL epm VALUES
        CAEPM = EPM(1): MGEPM = EPM(2): NAEPM = EPM(3): KEPM = EPM(4): BAEPM = EPM(10): PO4EPM = 
EPM(11): FLUEPM = EPM(12)
        HCO3EPM = EPM(5): CO3EPM = EPM(6): CLEPM = EPM(7): NO3EPM = EPM(8): SO4EPM = EPM(9)
        FE2EPM = EPM(13): SIO2EPM = EPM(14)
        ‘ DENSITY OF WATER
        DENS = 3.755447 - 0.0078336 * TK + 6.884442E-06 * TK * TK - 308.5169 / TK
        TF = 1.8 * TC + 32
        ‘ EC CALCULATION
        ECC = 71.027 * (0.94 + 1.38207 * (CLPPM / 35.453) + SO4PPM / 48.03 + NO3PPM / 62 + 0.95721 * 
(HCO3PPM / 61.02 + CO3PPM / 30.01))
        BP(GP, II, 2) = ECD2: EC1(GP, II) = ECD2
        ‘ “TEMPERATURE CORRECTDED EC CALCULATION:”
        ECTC = EC1(GP, II) * (1 + 0.023 * (20 - TC)): ‘PRINT #2, “TEMP CORRECTED    ECOBS=”; ECTC
        PRINT #2, “ “: PRINT #5, “ “
        ‘PRINTING RESULTS OF PROCESSING
        PRINT #2, “***********************************************”
        PRINT #5, “***********************************************”
        PRINT #2, “Date of Processing (DD/MM/YYYY) = “; DNAME$
        PRINT #2, “Sample Code=”; II; TAB(21); NAR$(GP, II), “  “; CLUSTER$(GP): GOSUB 5190
        PRINT #2, “pH                             =”; PH
        PRINT #2, “Total Soluble Cations          =”; TSC
        PRINT #2, “Total Soluble Anions           =”; TSA
        PRINT #2, “TDS Measured (ppm)             = “; TDSOBS; TAB(41); “TDS Calculated (ppm)    =    
“; SUMT
        PRINT #2, “EC  Measured(mS/cm)            = “; ECOBS; TAB(41); “EC by Calculation(mS/cm) =    
“; ECC
        PRINT #2, “      Where: 1000 μs/cm = 1 dS/m “
        PRINT #2, “Density of Water (Calculated)  = “; DENS
        PRINT #2, “Temperature   =   “; TC; “Deg. C”
        PRINT #2, “TK   =    “; TK; “ T in Kelvin”; “ TF=”; TF; “Deg.F”
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #5, “Area                           = “; AREA$
        PRINT #5, “Date of Processing             = “; DNAME$
        PRINT #5, “Sample Code”; II; SPC(5); NAR$(GP, II), “      “; CLUSTER$(GP)
        PRINT #5, “pH                             = “; PH
        PRINT #5, “Total Soluble Cations          = “; TSC
        PRINT #5, “Total Soluble Anions           = “; TSA
        PRINT #5, “Density of Water( Calculated)  = “; DENS
        PRINT #5, “Temperature   =   “; TC; “Deg. C”
        PRINT #5, “TK   =    “; TK; “ T in Kelvin”; “ TF=”; TF; “Deg.F”
        PRINT #5, “------------------------------------------------------------------”
        BN = BN + 1
        PRINT #2, “SL.NO. PRM NO. “; II; BN; “Sample TDS & the % permissible error are =”; TDS, PE
        PRINT #5, “SL.NO. PRM NO. “; II; BN; “Sample TDS & the % permissible error are =”; TDS, PE
        PRINT #2, “SL.NO. PRM NO. “; II; BN; “The Observed Permissible error  =”; OPE
        PRINT #5, “SL.NO. PRM NO. “; II; BN; “The Observed Permissible error  =”; OPE
        PRINT #2, “SL.NO. PRM NO. “; II; BN; “ION BALANCE :”; PPE$
        PRINT #5, “SL.NO. PRM NO. “; II; BN; “ION BALANCE :”; PPE$
        IF SUMT > TDSOBS THEN PRINT #2, “*TDS measured is low & computed TDS  is “; SUMT
        AC = .001: SS = 0
        PRINT #2, “Inputs used for Ionic Strength Calculation are”
        PRINT #2, “PPM, CONV.FACTOR(CD) ,MOL,FF-CHARGE , Z=IONIC STR”
        PRINT #2, “MOLALITY CALCULATIONS MOL(EW below )= ION in mg/L*0.001/GRAM FORMULA wt”
        PRINT #2, “FF is Charge of Ion; MI= MOLALITY ;   ZI1= EW*FF^2 ;    ZI2= Ionic Str of ion i  
=ZI1 *0.5”
        PRINT #2, “Ionic STR = 0.5 *( mi*zi^2) of ion i (where   mi is molality, zi is charge)”
        PRINT #2, “-----------------------------------------------------------------”
        PRINT #2, “        AC        P(J)   CD(J)    EW(J)   FF(J)  ZI1      MI(J)    ZI2          “
        PRINT #2, “-----------------------------------------------------------------”
        FOR J = 1 TO 14: EW(J) = P(J) * AC / CD(J)
            ML(J) = EW(J): IF ML(J) = 0 THEN ML(J) = 1.0E-09
            MI(J) = EW(J): IF MI(J) = 0 THEN ML(J) = 1.0E-09
            ZI(J) = EW(J) * FF(J) ^ 2: ZI(J) = ZI(J) * .5
            SS = SS + EW(J) * FF(J) ^ 2
            PRINT #2, ION$(J); TAB(8);
            PRINT #2, USING “#.###”; AC;
            PRINT #2, USING “######.##”; P(J), CD(J);
            PRINT #2, USING “######.#####”; EW(J);
            PRINT #2, USING “###”; FF(J);
            PRINT #2, USING “###.#####”; (P(J) * AC / CD(J)) * FF(J) ^ 2, MI(J), ZI(J)
        NEXT J
        PRINT #2, “----------------------------------------------------------”
        PRINT #2, “ “: PRINT #5, “ “
        FOR K = 1 TO 14: ST2(GP, II, K) = ZI(K): NEXT K
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        PRINT #2, “***********************************************”
        PRINT #5, “*********************************************** “
        ISS = .5 * SS: SS = LOG(ISS)
        PRINT #2, “Sl. No :”; II, “Ionic Strength (ISS) = “; SPC(4); USING “###.#####”; ISS
        PRINT #5, “Sl. No.:”; II, “Ionic Strength (ISS) = “; SPC(4); USING “###.#####”; ISS
        ION(GP, II, 1) = ISS: INX$(1) = “Ionic Strength”: GOSUB 5190
        BN = BN + 1
        PRINT #2, “EC   Calculated Using Equation: “
        PRINT #2, “ECC= 71.027*((0.94+1.38207*(CLPPM/35.453)+(SO4PPM/48.03)+(NO3PPM/62)+0.95721*(HCO
3PPM/61.02)+(CO3PPM/30.01))”
        PRINT #2, “SL.NO. PRM NO. “; II; BN; “EC Measured & Calculated =  “; TAB(50); ECOBS; SPC(3); 
ECC
        PRINT #5, “SL.NO. PRM NO. “; II; BN; “EC Measured & Calculated =  “; TAB(50); ECOBS; SPC(3); 
ECC
        BN = BN + 1
        PRINT #2, “SL.NO. PRM NO. “; II; BN; “TDS  Measured & Calculated = “; TAB(50); TDSOBS; 
SPC(3); TDS
        PRINT #5, “SL.NO. PRM NO. “; II; BN; “TDS  Measured & Calculated = “; TAB(50); TDSOBS; 
SPC(3); SUMT
        CAML = ML(1): MGML = ML(2): NAML = ML(3): KML = ML(4): HCO3ML = ML(5)
        CO3ML = ML(6): CLML = ML(7): NO3ML = ML(8): SO4ML = ML(9)
        PRINT #5, “ --------------------------------------------------------------”
        PRINT #2, “ --------------------------------------------------------------”
        BN = BN + 1
        PRINT #2, “SL.NO. PRM NO. “; II; BN; “ Unit Conversions “
        PRINT #5, “SL.NO. PRM NO. “; II; BN; “ Unit Conversions “
        PRINT #2, “---------------------------------------------------------------”
        PRINT #2, “ION        PPM        EQ.WT        EPM     GRAM FORM.WT   MOLES/L)”
        PRINT #2, “ --------------------------------------------------------------”
        FOR J = 1 TO 14
            PRINT #2, ION$(J);: PRINT #2, USING “#######.####”; PPM(J), Y1(J), EPM(J), CD(J), MI(J)
        NEXT J
        PRINT #2, “----------------------------------------------------------------”
        PRINT #5, “ION        PPM        EQ.WT        EPM     GRAM FORM.WT   MOLES/L)”
        PRINT #5, “-----------------------------------------------------------------”
        FOR J = 1 TO 14
            PRINT #5, ION$(J);: PRINT #5, USING “#######.####”; PPM(J), Y1(J), EPM(J), CD(J), MI(J)
        NEXT J
        PRINT #5, “-----------------------------------------------------------------”
        CAEQ = CAPPM * 2.5: H(1) = 2.5: MGEQ = MGPPM * 4.12: H(2) = 4.12
        PRINT #2, “-----------------------------------------------------------------”
        NAEQ = NAPPM * 2.18: H(3) = 2.18: KEQ = KPPM * 1.28: H(4) = 1.28
        HCO3EQ = HCO3PPM * 0.82: H(5) = 0.82: CO3EQ = CO3PPM * 1.67: H(6) = 1.67
        CLEQ = CLPPM * 1.41: H(7) = 1.41: NO3EQ = NO3PPM * .81: H(8) = 0.81
        SO4EQ = SO4 * 1.04: H(9) = 1.04: BAEQ = BAPPM * 0.73: H(10) = 0.73
        PO4EQ = PO4PPM * 1.58: H(11) = 1.58: FLUEQ = FLUPPM * 2.66: H(12) = 2.66
        FE2EQ = FE2PPM * 1.79: H(13) = 1.79: SIO2EQ = SIO2PPM * 0.83: H(14) = 0.83
        FOR J = 1 TO 14: EQS(J) = PPM(J) * H(J): NEXT J
        PRINT #2, “ “: PRINT #5, “ “
        BN = BN + 1
        PRINT #2, “SL.NO. PRM NO. “; II, BN, “Computation of Ions as CaCO3”
        PRINT #5, “SL.NO. PRM NO. “; II, BN, “Computation of Ions as CaCO3”
        PRINT #2, “---------------------------------------------------------------”
        PRINT #2, “Ion          PPM         Multiplication Factor        Ion as CaCO3”
        PRINT #2, “----------------------------------------------------------------”
        FOR J = 1 TO 14: PRINT #2, ION$(J); TAB(10);: PRINT #2, USING “#######.####”; PPM(J); 
SPC(5); H(J); SPC(12); EQS(J): NEXT J
        PRINT #2, “----------------------------------------------------------------”
        ‘
        PRINT #5, “ ---------------------------------------------------------------”
        PRINT #5, “Ion          PPM         Multiplication Factor        Ion as CaCO3”
        PRINT #5, “----------------------------------------------------------------”
        FOR J = 1 TO 14: PRINT #5, ION$(J); TAB(10);: PRINT #5, USING “#######.####”; PPM(J); 
SPC(5); H(J); SPC(12); EQS(J): NEXT J
        PRINT #5, “ ---------------------------------------------------------------”
        ‘ SUM UP MONOVALENT & DIVALENT IONS IONIC STRENGTHS
        MTOT = ZI(3) + ZI(4) + ZI(7) + ZI(8) + ZI(5) + ZI(12)
        DTOT = ZI(1) + ZI(2) + ZI(6) + ZI(9) + ZI(10) + ZI(13) + ZI(11)
        BP(GP, II, 31) = DTOT: BP(GP, II, 30) = MTOT
        PRINT #2, “ “: PRINT #5, “ “: BN = BN + 1
        PRINT #5, “SL.NO. PRM NO. “; II; BN; “Calculation of Ionic Strength: “
        PRINT #2, “SL.NO. PRM NO. “; II; BN; “Calculation of Ionic Strength “
        PRINT #2, “-----------------------------------------------------------”
        PRINT #2, “            PPM    CON.F  MOLS/KG   VALENCY     I”
        PRINT #2, “-----------------------------------------------------------”
        FOR J = 1 TO 13: PRINT #2, ION$(J); TAB(6);
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            PRINT #2, USING “######.####”; P(J);
            PRINT #2, USING “#####.##”; CD(J);
            PRINT #2, USING “##.#######”; ML(J);
            PRINT #2, USING “###.##”; FF(J);
        PRINT #2, USING “####.#######”; ZI(J): NEXT J
        PRINT #2, “------------------------------------------------------------”
        PRINT #5, “------------------------------------------------------------”
        PRINT #5, “            PPM    CON.F  MOLS/KG   VALENCY     I”
        PRINT #5, “------------------------------------------------------------”
        FOR J = 1 TO 13: PRINT #5, ION$(J); TAB(6);
            PRINT #5, USING “######.####”; P(J);
            PRINT #5, USING “#####.##”; CD(J);
            PRINT #5, USING “##.#######”; ML(J);
            PRINT #5, USING “###.##”; FF(J);
        PRINT #5, USING “####.#######”; ZI(J): NEXT J
        PRINT #5, “-----------------------------------------------------------”
        PRINT #2, TAB(11); “Monovalent Ions”, TAB(40), “Di/Trivalent Ions”
        PRINT #5, TAB(11); “Monovalent Ions         Di/Trivalent Ions”
        PRINT #2, ION$(3); TAB(22); USING “#####.######”; ZI(3); TAB(40);: PRINT #2, ION$(1), USING 
“#####.######”; ZI(1)
        PRINT #2, ION$(4); TAB(22); USING “#####.######”; ZI(4); TAB(40);: PRINT #2, ION$(2), USING 
“#####.######”; ZI(2)
        PRINT #2, ION$(7); TAB(22); USING “#####.######”; ZI(7); TAB(40);: PRINT #2, ION$(5), USING 
“#####.######”; ZI(5)
        PRINT #2, ION$(8); TAB(22); USING “#####.######”; ZI(8); TAB(40);: PRINT #2, ION$(6), USING 
“#####.######”; ZI(6)
        PRINT #2, ION$(12); TAB(22); USING “#####.######”; ZI(12); TAB(40);: PRINT #2, ION$(10), US-
ING “#####.######”; ZI(10)
        PRINT #2, TAB(40); ION$(9), USING “#####.######”; ZI(9)
        PRINT #2, TAB(40); ION$(11), USING “#####.######”; ZI(11)
        PRINT #2, TAB(40); ION$(13), USING “#####.######”; ZI(13)
        PRINT #2, “MTOT  =”; USING “###.######”; TAB(22); MTOT: PRINT #2, TAB(40); “DTOT=”; USING 
“###.######”; DTOT
        PRINT #5, “MTOT  =”; USING “###.#####”; MTOT;: PRINT #5, TAB(40); “DTOT=”; USING 
“###.######”; DTOT
        PRINT #2, “Sl.No. :”; II, “Total Ionic Strength ( ISS )=”; USING “#####.#######”; ION(GP, 
II, 1)
        PRINT #5, “Sl.No. :”; II, “Total Ionic Strength ( ISS )=  “; USING “#####.#######”; ION(GP, 
II, 1)
        ‘PRINTING SECTION
        ‘
        FOR J = 1 TO 14: E(J) = E(J) / CF(J): P(J) = E(J): NEXT J
        FOR J = 1 TO 5: IF PPM(J) < 0 THEN PPM(J) = 0.002
        NEXT J
        FOR J = 6 TO 14: IF PPM(J) < 0 THEN PPM(J) = 0.001
        NEXT J
        FOR J = 1 TO 4: IF E(J) < 0.0 THEN E(J) = 0.005
        NEXT J
        FOR J = 5 TO 14: IF E(J) < 0.0 THEN E(J) = 0.002
        NEXT J
        FOR J = 1 TO 14: PPPR(J) = E(J): NEXT J
        PRINT #2, “INPUT DATA OF THE SAMPLE/STATION  “; II: PRINT #5, “INPUT DATA OF THE SAMPLE/STA-
TION   “; II
        PRINT #5, “-----------------------------------------------------------------”
        PRINT #2, “-----------------------------------------------------------------”
        PRINT #2, “Conc/Ion       Ca        Mg        Na      K     HCO3   CO3      Cl          NO3 
“
        PRINT #5, “Conc/Ion       Ca        Mg        Na      K     HCO3   CO3      Cl          NO3 
“
        PRINT #5, “ppm”; TAB(9);: FOR J = 1 TO 3: PRINT #5, USING “#######.##”; PPM(J);: NEXT J
        PRINT #5, USING “####.##”; PPM(4);: PRINT #5, USING “#####.##”; PPM(5);: PRINT #5, USING 
“###.##”; PPM(6);
        FOR J = 7 TO 8: PRINT #5, USING “#######.##”; PPM(J);: NEXT J: PRINT #5, “ “
        PRINT #2, “ppm”; TAB(9);: FOR J = 1 TO 3: PRINT #2, USING “#######.##”; PPM(J);: NEXT J
        PRINT #2, USING “####.##”; PPM(4);: PRINT #2, USING “#######.##”; PPM(5);: PRINT #2, USING 
“###.##”; PPM(6);
        FOR J = 7 TO 8: PRINT #2, USING “#######.##”; PPM(J);: NEXT J: PRINT #2, “”
        PRINT #5, “epm”; TAB(9);: FOR J = 1 TO 3: PRINT #5, USING “#######.##”; E(J);: NEXT J
        PRINT #5, USING “####.##”; E(4);: PRINT #5, USING “#####.##”; E(5);: PRINT #5, USING 
“###.##”; E(6);
        FOR J = 7 TO 8: PRINT #5, USING “#######.##”; E(J);: NEXT J: PRINT #5, “ “
        PRINT #2, “epm”; TAB(9);: FOR J = 1 TO 3: PRINT #2, USING “#######.##”; E(J);: NEXT J
        PRINT #2, USING “####.##”; E(4);: PRINT #2, USING “#####.####”; E(5);: PRINT #2, USING 
“###.##”; E(6);
        FOR J = 7 TO 8: PRINT #2, USING “#######.##”; E(J);: NEXT J: PRINT #2, “”
        PRINT #5, “as CaCO3”; TAB(9);: FOR J = 1 TO 3: PRINT #5, USING “#######.##”; EQS(J);: NEXT J
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        PRINT #5, USING “####.##”; EQS(4);: PRINT #5, USING “#####.##”; EQS(5);: PRINT #5, USING 
“###.##”; EQS(6);
        FOR J = 7 TO 8: PRINT #5, USING “#######.##”; EQS(J);: NEXT J: PRINT #5, “ “
        PRINT #2, “as CaCO3”; TAB(9);: FOR J = 1 TO 3: PRINT #2, USING “#######.##”; EQS(J);: NEXT J
        PRINT #2, USING “####.##”; EQS(4);: PRINT #2, USING “#######.##”; EQS(5);: PRINT #2, USING 
“###.##”; EQS(6);
        FOR J = 7 TO 8: PRINT #2, USING “#######.##”; EQS(J);: NEXT J: PRINT #2, “”
        CA = E(1): MG = E(2): NAK = E(3): HCO3 = E(5): CO3 = E(6)
        CL = E(7): NO3 = E(8): SO4 = E(9)
        SUM1 = 0: FOR J = 1 TO 4: SUM1 = SUM1 + E(J): NEXT J
        SUM1 = SUM1 + E(10): TSC = SUM1
        PE = 23 - .16 * TDS
        SUM2 = 0: FOR J = 5 TO 9: SUM2 = SUM2 + E(J): NEXT J
        SUM2 = SUM2 + E(11) + E(13) + E(14)
        TSA = SUM2: DIF1 = ABS(TSC - TSA)
        BP(GP, II, 15) = TSC: BP(GP, II, 16) = TSA
        FOR J = 1 TO 4: E(J) = E(J) / TSC * 100: NEXT J
        E(10) = E(10) / TSC * 100
        FOR J = 5 TO 9: E(J) = E(J) / TSA * 100: NEXT J
        E(11) = E(11) / TSA * 100: E(12) = E(12) / TSA * 100: E(14) = E(14) / TSA * 100
        E(10) = E(10) / TSC * 100: E(11) = E(11) / TSA * 100: E(12) = E(12) / TSA * 100
        E(13) = E(13) / TSC * 100: E(14) = E(14) / TSA * 100
        PRINT #5, “%”; TAB(9);: FOR J = 1 TO 3: PRINT #5, USING “#######.##”; E(J);: NEXT J
        PRINT #5, USING “####.##”; E(4);: PRINT #5, USING “#####.##”; E(5);: PRINT #5, USING 
“###.##”; E(6);
        FOR J = 7 TO 8: PRINT #5, USING “#######.##”; E(J);: NEXT J: PRINT #5, “ “
        PRINT #2, “%”; TAB(9);: FOR J = 1 TO 3: PRINT #2, USING “#######.##”; E(J);: NEXT J
        PRINT #2, USING “####.##”; E(4);: PRINT #2, USING “#######.##”; E(5);: PRINT #2, USING 
“###.##”; E(6);
        FOR J = 7 TO 8: PRINT #2, USING “#######.##”; E(J);: NEXT J: PRINT #2, “”
        PRINT #5, “----------------------------------------------------------------”
        PRINT #2, “----------------------------------------------------------------”
        PRINT #2, “Conc/Ion       SO4        Ba        PO4        F       Fe2       SiO2 “
        PRINT #2, “ppm”; TAB(9);: FOR J = 9 TO 14: PRINT #2, USING “#######.##”; PPM(J);: NEXT J: 
PRINT #2, “ “
        PRINT #2, “epm”; TAB(9);: FOR J = 9 TO 14: PRINT #2, USING “#######.##”; EPM(J);: NEXT J: 
PRINT #2, “ “
        PRINT #2, “as CaCO3”; TAB(9);: FOR J = 9 TO 14: PRINT #2, USING “#######.##”; EQS(J);: NEXT 
J: PRINT #2, “ “
        PRINT #2, “% “; TAB(9);: FOR J = 9 TO 14: PRINT #2, USING “#######.##”; E(J);: NEXT J: PRINT 
#2, “ “
        PRINT #2, “-----------------------------------------------------------------”
        PRINT #5, “Conc/Ion       SO4        Ba        PO4        F       Fe2       SiO2 “
        PRINT #5, “ppm”; TAB(9);: FOR J = 9 TO 14: PRINT #5, USING “#######.##”; PPM(J);: NEXT J: 
PRINT #5, “ “
        PRINT #5, “epm”; TAB(9);: FOR J = 9 TO 14: PRINT #5, USING “#######.##”; EPM(J);: NEXT J: 
PRINT #5, “ “
        PRINT #5, “as CaCO3”; TAB(9);: FOR J = 9 TO 14: PRINT #5, USING “#######.##”; EQS(J);: NEXT 
J: PRINT #5, “ “
        PRINT #5, “% “; TAB(9);: FOR J = 9 TO 14: PRINT #5, USING “#######.##”; E(J);: NEXT J: PRINT 
#5, “ “
        PRINT #5, “-----------------------------------------------------------------”
        ‘PRINT #2, “-----------------------------------------------------------------”
        BN = BN + 1: HCRATIO = EPM(5) / EPM(1): ECSAR = ECC
        PRINT #2, “SL.NO. PRM.NO.”; II; BN; “Activity Coeffi cient Calculations of ions “
        PRINT #5, “SL.NO. PRM.NO.”; II; BN; “Activity Coeffi cient Calculations of ions “
        P9 = 10.0 ^ (-8): TC = TU(GP, II)
        ‘DISTRIBUTE IONIC RADII X 10^-8
        ARICA = 5 * P9: ARIMG = 5.5 * P9: ARINA = 4.0 * P9: ARIK = 3.5 * P9: ARIHCO3 = 5.4 * P9
        ARICO3 = 5.4 * P9: ARICL = 3.5 * P9: ARINO3 = 3 * P9: ARISO4 = 5.0 * P9: ARII = 3 * P9
        ARIBR = 3 * P9: ARIBA = 5 * P9: ARIPO4 = 4.5 * P9
        ARIOH = 3.5 * P9: ARIHSO = 4.5 * P9: ARIFLU = 3.5 * P9
        ARIHS = 3.5 * P9: ARIFE2 = 6 * P9: ARIAL = 9 * P9
        ARIH = 9 * P9: ARIMN = 6 * P9: ARIS = 5 * P9
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “Compute Debye Huckel Parametric Constants -Using Polynomial Coefts.”
        PRINT #2, “Sl. No :”; II, “IONIC STRENGTH    =”; ISS
        PRINT #5, “Compute Debye Huckel Parametric Constants -Using Polynomial Coefts.”
        PRINT #5, “Sl.No. :”; II, “IONIC STRENGTH   =”; ISS
        PRINT #5, “Compute Debye Huckel Parametric Constants -Using Polynomial Coefts.”
        PRINT #5, “Sl.No. :”; II, “IONIC STRENGTH   =”;: PRINT #5, USING “####.######”; ISS
        PRINT #5, “-----------------------------------------------------------------”
        V1 = PCF(1, 1)
        PRINT #2, “COEFFICIENTS USED FOR DBA CALCULATION FOR TEMP “; TC
        PRINT #2, “TERM 1 =”; V1; “ + “
        FOR IC = 2 TO 10
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            V1 = V1 + PCF(1, IC) * (TC ^ (IC - 1))
            PRINT #2, “TERM “; IC; “  “; PCF(1, IC); “*  TC ^ “; IC - 1; “= “; PCF(1, IC) * (TC ^ 
(IC - 1)); “ = “; V1
        NEXT IC
        DBA = V1
        PRINT #2, “FOR THE TEMPERATURE OF SAMPLE=”; TC; “Deg.C”:
        PRINT #5, “FOR THE TEMPERATURE OF SAMPLE=”; TC; “Deg.C”
        PRINT #2, “THE DBA DEBYE HUCKEL A  =”; USING “#####.####”; V1
        PRINT #5, “THE DBA DEBYE HUCKEL A  =”; USING “#####.####”; V1
        PRINT #2, “COEFFICIENTS USED FOR DBB CALCULATION FOR TEMP “; TC
        V1 = PCF(2, 1): PRINT #2, “TERM 1 =”; V1; “ + “
        FOR IC = 2 TO 10
            V1 = V1 + PCF(2, IC) * (TC ^ (IC - 1))
            PRINT #2, “TERM “; IC; “  “; PCF(2, IC); “*  TC ^ “; IC - 1; “= “; PCF(2, IC) * (TC ^ 
(IC - 1)); “ = “; V1
        NEXT IC
        PRINT #2, “SUM V1 = “; V1
        DBB = V1 * 10 ^ 8
        PRINT #2, “DBB = V1 * 10 ^ 8. It is X* 10^8 “
        PRINT #2, “THE DBB  DEBYE HUCKEL B  =”; USING “#####.####”; V1
        PRINT #5, “THE DBB  DEBYE HUCKEL B  =”; USING “#####.####”; V1
        SISS = ISS: PRINT #2, “SISS(IONIC STRENGTH )  =  “; SISS
        PRINT #2, “DISPLAY OF CALCULATIONS FOR CALCIUM FOR REFERENCE”
        T1 = -DBA * 2 ^ 2 * SISS ^ (1 / 2)
        B1 = (1 + DBB * ARICA * SISS ^ (1 / 2))
        PRINT #2, “THE DEBYE HUCKEL EQUATION IS T1/B1 HERE “
        PRINT #2, “T1 = -DBA * 2 ^ 2 * SISS ^ (1 / 2) =  “; T1
        PRINT #2, “B1 = (1 + DBB * ARICA * SISS ^ (1 / 2)) =  “; B1
        YCA = T1 / B1: PRINT #2, “YCA = T1 / B1  =”; YCA
        LYCA = 10 ^ (YCA): PRINT #2, “LYCA = 10 ^ (YCA)  =”; LYCA
        ACT(1) = YCA: PRINT #2, “ACT( CA ) = log Act.Coef for CA  =”; ACT(1)
        LACT(1) = LYCA: PRINT #2, “-LACT( CA ) = -log Yi of CA  =”; LACT(1)
        PRINT #5, “--------------------------------------------------------------”
        PRINT #2, “-------------------------------------------------------------”
        PRINT #2, “ION        ARi                 T1       B1   -LOG Yi    Yi “
        PRINT #5, “ION        ARi                 T1       B1   -LOG Yi    Yi “
        PRINT #5, “ -------------------------------------------------------------”
        PRINT #2, “ -------------------------------------------------------------”
        PRINT #2, ION$(1); SPC(5); ARICA,: PRINT #2, USING “###.####”; T1, B1, YCA, LYCA
        PRINT #5, ION$(1); SPC(5); ARICA,: PRINT #5, USING “###.####”; T1, B1, YCA, LYCA
        T1 = -DBA * 2 ^ 2 * SISS ^ (1 / 2): B2 = (1 + DBB * ARIMG * SISS ^ (1 / 2))
        YMG = T1 / B2: LYMG = 10 ^ (YMG): ACT(2) = YMG: LACT(2) = LYMG
        PRINT #2, ION$(2); SPC(5); ARIMG,: PRINT #2, USING “###.####”; T1, B2, YMG, LYMG
        PRINT #5, ION$(2); SPC(5); ARIMG,: PRINT #5, USING “###.####”; T1, B2, YMG, LYMG
        T1 = -DBA * 1 ^ 2 * SISS ^ (1 / 2): B3 = (1 + DBB * ARINA * SISS ^ (1 / 2))
        YNA = T1 / B3: LYNA = 10 ^ (YNA)
        ACT(3) = YNA: LACT(3) = LYNA
        PRINT #2, ION$(3); SPC(5); ARINA,: PRINT #2, USING “###.####”; T1, B3, YNA, LYNA
        PRINT #5, ION$(3); SPC(5); ARINA,: PRINT #5, USING “###.####”; T1, B3, YNA, LYNA
        T1 = -DBA * 1 ^ 2 * SISS ^ (1 / 2): B4 = (1 + DBB * ARIK * SISS ^ (1 / 2))
        YK = T1 / B4: LYK = 10 ^ (YK): ACT(4) = YK: LACT(4) = LYK
        PRINT #2, ION$(4); SPC(5); ARIK,: PRINT #2, USING “###.####”; T1, B4, YK, LYK
        PRINT #5, ION$(4); SPC(5); ARIK,: PRINT #5, USING “###.####”; T1, B4, YK, LYK
        T1 = -DBA * 1 ^ 2 * SISS ^ (1 / 2): B5 = (1 + DBB * ARIHCO3 * SISS ^ (1 / 2))
        YHCO3 = T1 / B5: LYHCO3 = 10 ^ (YHCO3)
        ACT(5) = YHCO3: LACT(5) = LYHCO3
        PRINT #2, ION$(5); SPC(5); ARIHCO3,: PRINT #2, USING “###.####”; T1, B5, YHCO3, LYHCO3
        PRINT #5, ION$(5); SPC(5); ARIHCO3,: PRINT #5, USING “###.####”; T1, B5, YHCO3, LYHCO3
        T1 = -DBA * 2 ^ 2 * SISS ^ (1 / 2): B6 = (1 + DBB * ARICO3 * SISS ^ (1 / 2))
        YCO3 = T1 / B6: LYCO3 = 10 ^ (YCO3)
        ACT(6) = YCO3: LACT(6) = LYCO3
        PRINT #2, ION$(6); SPC(5); ARICO3,: PRINT #2, USING “###.####”; T1, B6, YCO3, LYCO3
        PRINT #5, ION$(6); SPC(5); ARICO3,: PRINT #5, USING “###.####”; T1, B6, YCO3, LYCO3
        T1 = -DBA * 1 ^ 2 * SISS ^ (1 / 2): B7 = (1 + DBB * ARICL * SISS ^ (1 / 2))
        YCL = T1 / B7: LYCL = 10 ^ (YCL)
        ACT(7) = YCL: LACT(7) = LYCL
        PRINT #2, ION$(7); SPC(5); ARICL,: PRINT #2, USING “###.####”; T1, B7, YCL, LYCL
        PRINT #5, ION$(7); SPC(5); ARICL,: PRINT #5, USING “###.####”; T1, B7, YCL, LYCL
        T1 = -DBA * 1 ^ 2 * SISS ^ (1 / 2): B8 = (1 + DBB * ARINO3 * SISS ^ (1 / 2))
        YNO3 = T1 / B8: LYNO3 = 10 ^ (YNO3)
        ACT(8) = YNO3: LACT(8) = LYNO3
        PRINT #2, ION$(8); SPC(5); ARINO3,: PRINT #2, USING “###.####”; T1, B8, YNO3, LYNO3
        PRINT #5, ION$(8); SPC(5); ARINO3,: PRINT #5, USING “###.####”; T1, B8, YNO3, LYNO3
        T1 = -DBA * 2 ^ 2 * SISS ^ (1 / 2): B9 = (1 + DBB * ARISO4 * SISS ^ (1 / 2))
        YSO4 = T1 / B9: LYSO4 = 10 ^ (YSO4)
        ACT(9) = YSO4: LACT(9) = LYSO4
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        PRINT #2, ION$(9); SPC(5); ARISO4,: PRINT #2, USING “###.####”; T1, B9, YSO4, LYSO4
        PRINT #5, ION$(9); SPC(5); ARISO4,: PRINT #5, USING “###.####”; T1, B9, YSO4, LYSO4
        T1 = -DBA * 2 ^ 2 * SISS ^ (1 / 2): B10 = (1 + DBB * ARIBA * SISS ^ (1 / 2))
        YBA = T1 / B10: LYBA = 10 ^ (YBA)
        ACT(10) = YBA: LACT(10) = LYBA
        PRINT #2, ION$(10); SPC(5); ARIBA,: PRINT #2, USING “###.####”; T1, B9, YBA, LYBA
        PRINT #5, ION$(10); SPC(5); ARIBA,: PRINT #5, USING “###.####”; T1, B9, YBA, LYBA
        T1 = -DBA * 2 ^ 2 * SISS ^ (1 / 2): B11 = (1 + DBB * ARIPO4 * SISS ^ (1 / 2))
        YPO4 = T1 / B11: LYPO4 = 10 ^ (YPO4)
        ACT(11) = YPO4: LACT(11) = LYPO4
        PRINT #2, ION$(11); SPC(5); ARIPO4,: PRINT #2, USING “###.####”; T1, B9, YPO4, LYPO4
        PRINT #5, ION$(11); SPC(5); ARIPO4,: PRINT #5, USING “###.####”; T1, B9, YPO4, LYPO4
        T1 = -DBA * 2 ^ 2 * SISS ^ (1 / 2): B12 = (1 + DBB * ARIFLU * SISS ^ (1 / 2))
        YFLU = T1 / B12: LYFLU = 10 ^ (YFLU)
        ACT(12) = YFLU: LACT(12) = LYFLU

        PRINT #2, ION$(12); SPC(5); ARIFLU,: PRINT #2, USING “###.####”; T1, B9, YFLU, LYFLU
        PRINT #5, ION$(12); SPC(5); ARIFLU,: PRINT #5, USING “###.####”; T1, B9, YFLU, LYFLU
        T1 = -DBA * 2 ^ 2 * SISS ^ (1 / 2): B13 = (1 + DBB * ARIFE2 * SISS ^ (1 / 2))
        YFE2 = T1 / B13: LYFE2 = 10 ^ (YFE2)
        ACT(13) = YFE2: LACT(13) = LYFE2
        PRINT #2, ION$(13); SPC(5); ARIFE2,: PRINT #2, USING “###.####”; T1, B9, YFE2, LYFE2
        PRINT #5, ION$(13); SPC(5); ARIFE2,: PRINT #5, USING “###.####”; T1, B9, YFE2, LYFE2
        ‘
        FOR J = 1 TO 13: IF ML(J) = 0 THEN ML(J) = 1.0E-09
            AI(J) = ML(J) * LACT(J)
            LAI(J) = LOG(AI(J)) / 2.303
        NEXT J

        PRINT #5, “------------------------------------------------------------------”
        PRINT #5, “log SI   >0 Mineral is supersaturated and can precipitate”
        PRINT #5, “log SI   =0 Mineral is in equilibrium with the solution”
        PRINT #5, “log SI   <0 Mineral is undersaturated and will dissolve, if present”
        PRINT #2, “------------------------------------------------------------------”
        PRINT #2, “SL.NO. PRM NO. “; II; “ Activity Coeffi cients of ions “
        PRINT #5, “SL.NO. PRM NO. “; II; “ Activity Coeffi cients of ions “
        PRINT #5, “------------------------------------------------------------------”
        PRINT #2, “------------------------------------------------------------------”
        PRINT #2, “ION      ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)”
        PRINT #5, “------------------------------------------------------------------”
        PRINT #2, “------------------------------------------------------------------”
        FOR J = 1 TO 13: PRINT #2, ION$(J);: PRINT #2, USING “####.#####”; ML(J), ZI(J), ACT(J), 
LACT(J), AI(J), LAI(J): NEXT J
        PRINT #2, “  “
        PRINT #5, “ION      ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)”
        FOR J = 1 TO 13: PRINT #5, ION$(J);: PRINT #5, USING “####.#####”; ML(J), ZI(J), ACT(J), 
LACT(J), AI(J), LAI(J): NEXT J
        LAI(0) = 0
        PRINT #5, “---------------------------------------------------------”
        PRINT #2, “---------------------------------------------------------”
        PRINT #5, “Sl.No. :”; II, “ CALCULATION OF IAP/Ksp:”
        PRINT #2, TAB(1); “-LOG SI=IAP/KSP Species  considered with Gibb’s Free Energy Data “
        PRINT #5, TAB(1); “-LOG SI=IAP/KSP Species  considered with Gibb’s Free Energy Data”
        PRINT #2, “ “
        PRINT #2, “GIBBS FREE ENERGY OF FORMATION = computing equilibrium constants”
        FOR JK = 1 TO 21: BN = BN + 1
            PRINT #2, “---------------------------------------------------------”
            PRINT #5, “---------------------------------------------------------”
            PRINT #2, “ “
            PRINT #2, “Sl.No. PRM No.:”; II; SPC(3); BN; SPC(2); “MINERAL SPECIES  =”; JK; SPC(3);
            PRINT #5, “SL No. PRM No.:”; II; SPC(3); BN; SPC(2); “MINERAL SPECIES  =”; JK; SPC(3);
            PRINT #5, “  “; SPC$(JK, 1)
            PRINT #2, “  “; SPC$(JK, 1)
            PRINT #2, “ “: PRINT #5, “ “
            PRINT #2, “Product DG(kJ/mol)  of mineral species “; SPC$(JK, 1); “ =”; DT(JK, 11)
            PRINT #2, “Reactants      DG(kJ/MOL)    multiplied by Valency       Total “
            PRINT #2, ION$(DT(JK, 2)), DT(JK, 6); “ * “; DT(JK, 5); TAB(35); “ = “; DT(JK, 5) * 
DT(JK, 6)
            PRINT #2, ION$(DT(JK, 3)), DT(JK, 8); “ * “; DT(JK, 7); TAB(35); “ = “; DT(JK, 7) * 
DT(JK, 8)
            IF DT(JK, 4) > 0 THEN PRINT #2, ION$(DT(JK, 4)), DT(JK, 10); “ * “; DT(JK, 9); TAB(35); 
“ = “; DT(JK, 9) * DT(JK, 10)
            RTG3 = DT(JK, 5) * DT(JK, 6) + DT(JK, 7) * DT(JK, 8) + DT(JK, 9) * DT(JK, 10)
            RTG2 = DT(JK, 11)
            RTG4 = RTG3 - RTG2
            PRINT #5, “RTG4=RTG3-RTG2)”
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            IF DT(JK, 4) > 0 THEN PRINT #2, “PRODUCT =”, DT(JK, 5) * DT(JK, 6); “ + “; DT(JK, 7) * 
DT(JK, 8); “ + “; DT(JK, 9) * DT(JK, 10); “= “; RTG3; “ - ( “; DT(JK, 11); “ ) =  “; RTG3 - RTG2
            IF DT(JK, 4) = 0 THEN PRINT #2, “PRODUCT =”, DT(JK, 5) * DT(JK, 6); “ + “; DT(JK, 7) * 
DT(JK, 8); “= “; RTG3; “ - ( “; DT(JK, 11); “ ) =  “; RTG3 - RTG2
            PRINT #2, “RTG3, RTG2= RTG4   “; RTG3, RTG2, RTG4
            PRINT #5, “NET RESULT DGr  =  “; -RTG4; “ (kJ/mol)”
            LKT = ABS(RTG4 / 5.708): LKT = -LKT
            SPRO1(GP, II, JK) = LKT
            PRINT #2, “LOG Ksp (equilibrium const.)=  “; RTG4; “ / 5.708 = “; LKT
            PRINT #5, “LOG Ksp (equilibrium const.)=  “; RTG4; “ / 5.708 = “; LKT
            PRINT #2, “ “: PRINT #5, “ “
            LIAP = LAI(DT(JK, 2)) * DT(JK, 5) + LAI(DT(JK, 3)) * DT(JK, 7) + LAI(DT(JK, 4)) * DT(JK, 
9)
            PRINT #2, “( -LOG of Ai values of previous Table for respective ions)”
            PRINT #2, “------------------------------------------------------------------”
            PRINT #2, “ION      CONC.     ML(J)    ISTR    LOG-A.COEF    Yi       Ai      LOG(Ai)”
            PRINT #2, “------------------------------------------------------------------”
            U1 = DT(JK, 2): U2 = DT(JK, 3): U3 = DT(JK, 4)
            PRINT #2, ION$(U1);: PRINT #2, USING “####.#####”; PPM(U1), ML(U1), ZI(U1), ACT(U1), 
LACT(U1), AI(U1), LAI(U1)
            PRINT #2, ION$(U2);: PRINT #2, USING “####.#####”; PPM(U2), ML(U2), ZI(U2), ACT(U2), 
LACT(U2), AI(U2), LAI(U2)
            IF U3 = 0 THEN 1100
            PRINT #2, ION$(U3);: PRINT #2, USING “####.#####”; PPM(U3), ML(U3), ZI(U3), ACT(U3), 
LACT(U3), AI(U3), LAI(U3)
            1100 PRINT #2, “------------------------------------------------------------------”
            PRINT #2, “LOG SI= -LOG Ai ION-1 + -LOG Ai Ion-2 - (LOG Ksp of  mineral)”
            PRINT #2, “-log Ai of “; ION$(DT(JK, 2)); “   + “; ION$(DT(JK, 3)); “     + “; 
ION$(DT(JK, 4)); “ - ( KSP) = LOG IAP “
            IF DT(JK, 4) = 0 THEN PRINT #2, USING “#####.#####”; LAI(DT(JK, 2)); SPC(5); LAI(DT(JK, 
3))
            IF DT(JK, 4) = 0 THEN PRINT #2, “      X “; DT(JK, 5); “    “; “  X “; DT(JK, 7)
            IF DT(JK, 4) = 0 THEN PRINT #2, LAI(DT(JK, 2)) * DT(JK, 5); “   +    “; LAI(DT(JK, 3)) * 
DT(JK, 7); “ = “; LIAP
            IF DT(JK, 4) > 0 THEN PRINT #2, USING “#####.#####”; LAI(DT(JK, 2)), LAI(DT(JK, 3)), 
LAI(DT(JK, 4))
            IF DT(JK, 4) > 0 THEN PRINT #2, “      X “; DT(JK, 5); “    “; “    X “; DT(JK, 7); “ X  
“; DT(JK, 9)
            IF DT(JK, 4) > 0 THEN PRINT #2, “    “; LAI(DT(JK, 2)) * DT(JK, 5); “    +  “; 
LAI(DT(JK, 3)) * DT(JK, 7); “   “; LAI(DT(JK, 4)) * DT(JK, 9); “ = “; LIAP
            LLIAP(GP, II, JK) = LIAP: RTG6 = LIAP - LKT: KSPP = RTG6
            PRINT #2, “LOG IAP/ Ksp = “; LIAP; “ - (“; LKT; “)  = “; RTG6; “ at “; TC; “Deg.C”
            PRINT #2, “ION ACTIVITY PRODUCT (IAP) = “; LIAP
            PRINT #5, “ION ACTIVITY PRODUCT (IAP) = “; LIAP
            RTG6 = LIAP - LKT: KSPP = RTG6
            RTG(GP, II, JK) = RTG6
            PRINT #5, “LOG IAP/ Ksp = “; LIAP; “ - (“; LKT; “)  = “; RTG6; “ at “; TC; “Deg.C”
            PRINT #5, “SI= -log(IAP/KT) = “; LIAP, LKT, RTG6
            PRINT #2, “LOG IAP/ Ksp = “; LIAP; “ - (“; LKT; “)  = “; RTG6; “ at “; TC; “Deg.C”
            PRINT #2, “SI= -log(IAP/KT) = “; LIAP, LKT, RTG6
            DG(GP, II, JK) = RTG6: PRINT #2, “ “
            PRINT #2, “Saturation Index (-log) of “; SPC$(JK, 1); “ = “;: PRINT #2, USING 
“####.#####”; RTG6;: PRINT #2, “ at “; TC; “Deg.C”
            PRINT #5, “Saturation Index (-log )of “; SPC$(JK, 1); “ = “;: PRINT #5, USING 
“####.#####”; RTG6;: PRINT #5, “ at “; TC; “Deg.C”
            PRINT #5, “---------------------------------------------------------”
        NEXT JK
        PRINT #2, “NOTE: CALCULATION OF IAP/Ksp=SATURATION INDEX:”
        PRINT #2, “  SI   >0 Mineral is supersaturated and can precipitate”
        PRINT #2, “  SI   =0 Mineral is in equilibrium with the solution”
        PRINT #2, “  SI   <0 Mineral is undersaturated and will dissolve, if present”
        PRINT #2, “---------------------------------------------------------”
        BBN = BN
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #5, “NOTE: CALCULATION OF IAP/Ksp=SATURATION INDEX:”
        PRINT #5, “  SI   >0 Mineral is supersaturated and can precipitate”
        PRINT #5, “  SI   =0 Mineral is in equilibrium with the solution”
        PRINT #5, “  SI   <0 Mineral is undersaturated and will dissolve, if present”

        PRINT #5, “---------------------------------------------------------”
        ‘ PART 2
        PRINT #2, “Ksp Mineral Dissolution at WTemp(T1) & 50  Deg. C  temperatures(T2) “
        PRINT #5, “Ksp Mineral Dissolution at WTemp(T1) & 50  Deg. C  temperatures(T2) “
        PRINT #2, “Computation of Ksp= solubility constants using Van’t Hoff Equation “
        PRINT #5, “Computation of Ksp= solubility constants using Van’t Hoff Equation “
        PRINT #5, “If Ksp 50 is higher means, it is more   soluble  at  higher  temperature”
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        PRINT #5, “If Ksp 50 is lower  means, it is less   soluble  at  higher  temperature “
        PRINT #2, “If Ksp 50 is higher means, it is more   soluble  at  higher  temperature”
        PRINT #2, “If Ksp 50 is lower  means, it is less   soluble  at  higher  temperature “
        PRINT #2, “WATER SAMPLE TEMPERATURE(T1)  IS=”; BP(GP, II, 33); “K”
        PRINT #5, “WATER SAMPLE TEMPERATURE(T1)  IS=”; BP(GP, II, 33); “K”
        PRINT #2, “---------------------------------------------------------”
        PRINT #5, “---------------------------------------------------------”
        PRINT #5, “  SPECIES     (ALL -LOG VALUES)  “
        ‘ KSPT1       SIT1      IAP50      KSP50      SI50   “
        PRINT #2, “  SPECIES     (ALL -LOG VALUES)    “
        FOR JK = 1 TO 21
            PRINT #2, “---------------------------------------------------------”
            PRINT #5, “---------------------------------------------------------”
            PRINT #2, “Sl.No. :”; II, “SPECIES  “; SPC$(JK, 1)
            PRINT #2, ION$(DH(JK, 2)), DH(JK, 6); “ * “; DH(JK, 5); TAB(35); “ = “; DH(JK, 5) * 
DH(JK, 6)
            PRINT #2, ION$(DH(JK, 3)), DH(JK, 8); “ * “; DH(JK, 7); TAB(35); “ = “; DH(JK, 7) * 
DH(JK, 8)
            IF DH(JK, 4) > 0 THEN PRINT #2, ION$(DH(JK, 4)), DH(JK, 10); “ * “; DH(JK, 9); TAB(35); 
“ = “; DH(JK, 9) * DH(JK, 10)
            RHG3 = DH(JK, 5) * DH(JK, 6) + DH(JK, 7) * DH(JK, 8) + DH(JK, 9) * DH(JK, 10)
            IF DH(JK, 4) > 0 THEN PRINT #2, “PRODUCT =”, DH(JK, 5) * DH(JK, 6); “ + “; DH(JK, 7) * 
DH(JK, 8); “ + “; DH(JK, 9) * DH(JK, 10); “= “; RHG3; “ - ( “; DH(JK, 11); “ ) =  “; RHG3 - (DH(JK, 
11))
            IF DH(JK, 4) = 0 THEN PRINT #2, “PRODUCT =”, DH(JK, 5) * DH(JK, 6); “ + “; DH(JK, 7) * 
DH(JK, 8); “= “; RHG3; “ - ( “; DH(JK, 11); “ ) =  “; RHG3 - (DH(JK, 11))
            RHG2 = DH(JK, 11): PRINT #2, “RHG2=  “; RHG2
            RHG4 = RHG2 - RHG3: PRINT #2, “RHG3=  “; RHG3
            PRINT #2, “NET RESULT RHG4 =  RHG2-RHG3  =  “; RHG4
            PRINT #2, “DHT2 = RHG4 *1000 / 2.303 /  8.3143 /TK”
            DHT2 = RHG4 * 1000 / 2.303 / 8.3143 / TK
            PRINT #2, “DHT2 = “; DHT2
            PRINT #2, “Temperatures T1 & T2 are “; BP(GP, II, 33); “ K “, “ 323  K “
            TQ1 = 1 / BP(GP, II, 33): TQ2 = 1 / 323
            PRINT #2, “ “: PRINT #5, “ “
            PRINT #2, “ DHT2, TQ1=1/T1 KELVIN,  TQ2 =1/T2 KELVIN “
            PRINT #2, DHT2, TQ1, TQ2
            LKT1 = SPRO1(GP, II, JK)
            PRINT #2, “LKT1 =   comes from previous section: “
            PRINT #2, “LKT1=  “; LKT1
            PRINT #2, “DHT2 * (TQ1 - TQ2) = “; DHT2 * (TQ1 - TQ2)
            LKT2 = LKT1 + DHT2 * (TQ1 - TQ2)
            PRINT #2, “LKT2 = LKT1 + DHT2 * (TQ1 - TQ2)   “
            PRINT #2, USING “######.####”; LKT2, LKT1, DHT2, TQ1, TQ2
            PRINT #2, “LKT2( VARIABLE NAME SPRO2) = “; LKT2
            SPRO2(GP, II, JK) = LKT2
            PRINT #2, “ “: PRINT #5, “ “
            PRINT #2, “NSINDEX1 = RTG4 :  NSINDEX2 = LLIAP( ) - (LKT2)”
            NSINDEX1 = RTG(GP, II, JK)
            NSINDEX2 = LLIAP(GP, II, JK) - (LKT2)
            PRINT #2, “NSINDEX1 = “; NSINDEX1
            TK(JK) = NSINDEX1: NSIF(GP, II, JK) = NSINDEX1
            PRINT #2, “NSINDEX2 = LLIAP( ) - (LKT2)”
            PRINT #2, “NSINDEX2 = “; NSINDEX2
            TW(JK) = NSINDEX2

            PRINT #2, “LLIAP, LKT2, NSINDEX1(NSINX11) , NSINDEX2(NSINX2)= “
            PRINT #2, LLIAP(GP, II, JK), LKT2, NSINDEX1, NSINDEX2
            PRINT #2, “LLIAP, LKT2, NSINDEX1,NSINDEX2= “
            PRINT #2, LLIAP(GP, II, JK), LKT2, NSINDEX1, NSINDEX2
            NSIS(GP, II, JK) = NSINDEX2
            PRINT #5, “SPECIES (ALL -LOG VALUES) “;: PRINT #5, SPC$(JK, 1)
            PRINT #5, “    IAPT1        KSPT1       SIT1      IAP50      KSP50      SI50”
            PRINT #5, USING “####.######”; LLIAP(GP, II, JK), LKT1, NSINDEX1, LLIAP(GP, II, JK), 
LKT2, NSINDEX2

            PRINT #2, “SPECIES (ALL -LOG VALUES) “;: PRINT #2, SPC$(JK, 1)
            PRINT #2, “    IAPT1        KSPT1       SIT1      IAP50      KSP50      SI50”
            PRINT #2, USING “####.######”; LLIAP(GP, II, JK), LKT1, NSINDEX1, LLIAP(GP, II, JK), 
LKT2, NSINDEX2
        NEXT JK
        PRINT #2, “---------------------------------------------------------”
        PRINT #2, “(RESULTANT VALUES ARE IN LOG)”
        PRINT #5, “---------------------------------------------------------”
        BBN = BN
        PRINT #2, “WATER SAMPLE TEMPERATURE(T1)  IS=”; BP(GP, II, 33); “K”
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        PRINT #5, “WATER SAMPLE TEMPERATURE(T1)  IS=”; BP(GP, II, 33); “K”
        PRINT #2, “ “:
        PRINT #5, “ “
        PRINT #2, “  Table.  Impact of Temperature on solubility  of mineral species”
        PRINT #5, “  Table.  Impact of Temperature on solubility  of mineral species”
        PRINT #2, “------------------------------------------------------------------”
        PRINT #5, “------------------------------------------------------------------”
        PRINT #2, “Species                        Ksp-T1    Ksp-50    NSINX1    NSINDEX2”
        PRINT #5, “Species                        Ksp-T1    Ksp-50    NSINX1    NSINDEX2”
        PRINT #2, “------------------------------------------------------------------”
        PRINT #5, “------------------------------------------------------------------”
        FOR JK = 1 TO 21: BN = BN + 1
            PRINT #2, “ “: PRINT #5, “ “
            PRINT #2, BN; TAB(5); SPC$(JK, 1);
            PRINT #2, TAB(28), USING “####.#####”; SPRO1(GP, II, JK), SPRO2(GP, II, JK), TK(JK), 
TW(JK)
            PRINT #5, BN; TAB(5); SPC$(JK, 1);
            PRINT #5, TAB(28), USING “####.#####”; SPRO1(GP, II, JK), SPRO2(GP, II, JK), TK(JK), 
TW(JK)
        NEXT JK
        PRINT #5, “---------------------------------------------------------------------”
        PRINT #2, “---------------------------------------------------------------------”
        BN = BN + 1
     
        PRINT #2, “CORROSIVITY RATIO CALCULATIONS”
        TOP = (CLPPM / 35.5) + 2 * (SO4PPM / 96): BOT = 2 * ((CO3PPM + HCO3PPM) / 100): CR = TOP / 
BOT
        PRINT #2, “CLPPM, SO4PPM,CO3PPM,HCO3PPM,TOP,BOT, CR”
        PRINT #2, CLPPM, SO4PPM, CO3PPM, HCO3PPM, TOP, BOT, CR
        ‘PRINT #5, “CLPPM, SO4PPM,CO3PPM,HCO3PPM,TOP,BOT, CR”
        ‘PRINT #5, CLPPM, SO4PPM, CO3PPM, HCO3PPM, TOP, BOT, CR
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Corrosivity Ratio = “; USING 
“####.#####”; CR
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Corrosivity Ratio = “; USING 
“####.#####”; CR
        BN = BN + 1: PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “BASE EXCHANGE INDEX CALCULATIONS “
        BEX = EPM(3) + EPM(4) + EPM(2) - 1.0716 * EPM(7)
        PRINT #2, “EPM(3) + EPM(4) + EPM(2),EMP(7) - 1.0716 * EPM(7)=BEX  “
        PRINT #2, EPM(3), EPM(4), EPM(2), EPM(7), -1.0716 * EPM(7), BEX
        ‘PRINT #5, “EPM(3) + EPM(4) + EPM(2),EMP(7) - 1.0716 * EPM(7)=BEX  “
        ‘PRINT #5, EPM(3), EPM(4), EPM(2), EPM(7), -1.0716 * EPM(7), BEX
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Base Exchange Index  = “; BEX
        BP(GP, II, 67) = BEX
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Base Exchange Index  = “; BEX
        BN = BN + 1
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “RESIDUAL SODIUM CARBONATE CALCULATION”
        R1 = EPM(5) + EPM(6): R2 = (EPM(1) + EPM(2))
        RSC = R1 - R2: NCH = (R2 - R1) * 50
        PRINT #2, “EPM(5)   +   EPM(6)   =   R1:  (EPM(1) + EPM(2))   =R2   “
        PRINT #2, EPM(5), EPM(6), R1, EPM(1), EPM(2), R2
        PRINT #2, “R1 -      R2    = RSC  :   (R2   -    R1)   *  50  =    NCH”
        PRINT #2, R1, R2, RSC, R2, R1, (R2 - R1) * 50, NCH
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Residual Sodium Carbonate (meq/l)   
= “; RSC
        BP(GP, II, 19) = RSC
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Residual Sodium Carbonate   (meq/l)   
= “; RSC
        PRINT #2, “RSC V/s PH =”; RSC, PH
        ‘PRINT #5, “RSC V/s PH =”; RSC, PH
        PRINT #2, “IF RSC> 2.5 there will be salt development, reduction of water/ airfl ow in soil 
and permeability”
        ‘PRINT #5, “IF RSC> 2.5 there will be salt development, reduction of water/ airfl ow in soil 
and permeability”
        PRINT #2, “ “: PRINT #5, “ “: BN = BN + 1: TOTH = CAEQ + MGEQ: CH = HCO3EQ
        PRINT #2, “TOTH = CAEQ + MGEQ: CH = HCO3EQ”
        PRINT #2, CAEQ, MGEQ, TOTH, HCO3EQ, CH
        TOTH = CAEQ + MGEQ: CH = HCO3EQ
        PRINT #2, “IF ALK(HCO3-CH)> TOTH(CA+MG), THEN ALL HARDNESS IS CARB.HARDNESS(MEANS NCH=0)”
        PRINT #2, “IF ALK(HCO3-CH)< TOTH(CA+MG), THEN ALK IS DUE TO  CARB.HARDNESS+NCH (MEANS NCH IS 
PRESENT )”
        PRINT #2, “TOTH(TOTAL HARDNESS=CA+MG)            = “; TOTH
        PRINT #2, “Alkalinity =Carbonate  Hardness  =CH         = “; CH
        PRINT #2, “TOTH, CAEQ, MGEQ, CH, HCO3EQ values below”: PRINT #2, TOTH, CAEQ, MGEQ, CH, 
HCO3EQ
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        NCH1 = TOTH - CH
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Total Hardness   (mg/l) = “; TOTH
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “ Carbonate Hardness (mg/l) = “; CH
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Total Hardness   (mg/l) = “; TOTH
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “ Carbonate Hardness (mg/l) = “; CH
        CAH = PPM(1) * 2.5
        PRINT #2, “PPM(1), CAH = PPM(1) * 2.5  for Calcium Hardness as CACO3  = “; PPM(1); SPC(3); 
CAH
        BP(GP, II, 17) = CAH
        PRINT #2, “Non-carbonate Hardness Calculation”
        TOTHCO3 = PPM(5) * 1.22
        PRINT #2, “PPM(5) ,  PPM(5) * 1.22 = TOTHCO3 “
        PRINT #2, PPM(5), PPM(5) * 1.22, TOTHCO3
        BP(GP, II, 5) = TOTHCO3
        PRINT #2, “TOTHCO3 = PPM(5) * 1.22 for Total Alkalinity mg/l as CACO3    =”; TOTHCO3
        PRINT #2, “Total H - Carb H = Non Carbonate  H 1      = “; TOTH, CH, NCH1
        BP(GP, II, 20) = NCH1
        BN = BN + 1
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Non-carbonate Hardness(mg/L)   NCH, 
NCH1  = “; NCH, NCH1
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Non-carbonate Hardness(mg/l)   NCH, 
NCH1  = “; NCH, NCH1
        BN = BN + 1
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “ Permeability Index(Doneen) Calculation”
        CBC = EPM(3) + EPM(4)
        PRINT #2, “EPM(3) + EPM(4)=CBC”; EPM(3), EPM(4), CBC
        PRINT #2, “CBC + SQR(EPM(5))) / (R2 + CBC) * 100= PPI “
        PRINT #2, CBC, EPM(5), SQR(EPM(5)), R2, CBC, (R2 + CBC) * 100
        PPI = (CBC + SQR(EPM(5))) / (R2 + CBC) * 100
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Permeability Index(Doneen)= “; PPI
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Permeability Index (PPI)= (Na +HCO3 
)/(Ca + Mg + Na)* 100=”; PPI
        IF PPI < 60 THEN PRINT #2, “Good quality water and suitable for irrigation”
        IF PPI > 60 THEN PRINT #2, “Poor quality water and unsuitable for irrigation”
        PRINT #2, “ “: PRINT #5, “ “: BN = BN + 1
        PRINT #2, “Calculating the Pollution Index of Stuyfzand”
        PRINT #2, “POLIN = (1.33 * ABS(PH - 7) + LOG(10 * (SO4EPM + NO3EPM))) / 1.7”
        ‘ PRINT #5, “POLIN = (1.33 * ABS(PH - 7) + LOG(10 * (SO4EPM + NO3EPM))) / 1.7”
        POLIN = (1.33 * ABS(PH - 7) + LOG(10 * (SO4EPM + NO3EPM))) / 1.7
        PRINT #2, “(1.33 * ABS(PH - 7) , SO4EPM,  NO3EPM, LOG(10 * (SO4EPM + NO3EPM), LOG(10 * (SO-
4EPM + NO3EPM))  / 1.7”
        PRINT #2, (1.33 * ABS(PH - 7)), SO4EPM, NO3EPM, LOG(10 * (SO4EPM + NO3EPM)), LOG(10 * (SO-
4EPM + NO3EPM)) / 1.7
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Pollution Index (Stuyfzand)    = “; 
POLIN
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Pollution Index (Stuyfzand)    = “; 
POLIN
        BP(GP, II, 34) = POLIN
        FOR L = 1 TO 4: ARRAY$(L) = “ “
        NEXT L
        TEST = 1: BN = BN + 1
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “Chloroalkaline Index using Two equations “
        PRINT #2, TAB(5); “Chloroalkaline Index-1 & 2 “
        ‘PRINT #5, TAB(5); “Chloroalkaline Index-1 & 2 “
        CLA1 = (EPM(7) - EPM(3)) / EPM(7): CLA2 = (EPM(7) - EPM(3)) / (EPM(9) + EPM(6) + EPM(5) + 
EPM(8))
        PRINT #2, “Formula  CLA1 = (EPM(7) - EPM(3)) / EPM(7)”
        PRINT #2, CLA1, EPM(7), EPM(3), EPM(7)
        PRINT #2, “Formula  CLA2 = (EPM(7) - EPM(3)) / (EPM(9) + EPM(6) + EPM(5) + EPM(8))”
        PRINT #2, CLA2, EPM(7), EPM(3), EPM(9), EPM(6), EPM(5), EPM(8)
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Chloroalkaline Index-1    = “;: 
PRINT #5, USING “####.#####”; CLA1
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Chloroalkaline Index-1   = “;: 
PRINT #2, USING “####.#####”; CLA1
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Chloroalkaline Index-2    = “;: 
PRINT #2, USING “####.#####”; CLA2
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Chloroalkaline Index-2    = “;: 
PRINT #5, USING “####.#####”; CLA2
        BP(GP, II, 21) = CLA1: BP(GP, II, 22) = CLA2
        BN = BN + 1: PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “CALCULATING SODIUM ADSORPTION RATIO (RICHARDS-1954)”
        PRINT #2, “Sodium Adsorption Ratio = NAEPM / SQR((CAEPM + MGEPM) / 2)”
        ‘PRINT #5, “Sodium Adsorption Ratio = NAEPM / SQR((CAEPM + MGEPM) / 2)”
        PRINT #2, “NAEPM ,SQR((CAEPM + MGEPM) / 2,    SAR”
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        PRINT #2, NAEPM, SQR((CAEPM + MGEPM) / 2), SAR
        SAR = NAEPM / SQR((CAEPM + MGEPM) / 2): SARTWO = SAR
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Sodium Adsorption Ratio= “;: PRINT 
#2, USING “####.#####”; SAR
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Sodium Adsorption Ratio= “;: PRINT 
#5, USING “####.#####”; SAR
        BP(GP, II, 18) = SAR: PRINT #2, “ “: PRINT #5, “ “
        BP(GP, II, 41) = DG(GP, II, 7): ‘ IAP/K OF ANHYDRITE
        BP(GP, II, 42) = DG(GP, II, 3): ‘ IAP/K OF CALCITE
        BP(GP, II, 43) = DG(GP, II, 17): ‘ IAP/K OF HALITE(NACL)
        BP(GP, II, 44) = DG(GP, II, 12): ‘ IAP/K OF MAGNESITE
        BP(GP, II, 45) = DG(GP, II, 8): ‘ IAP/ K OF SYLVITE -KCL
        BP(GP, II, 46) = DG(GP, II, 14): ‘ MG CL2
        FOR K = 1 TO 13: WP(GP, II, 1, K) = E(K): NEXT K
        FOR K = 1 TO 13: WP(GP, II, 2, K) = P(K): NEXT K
        FOR K = 1 TO 13: WP(GP, II, 3, K) = EW(K): NEXT K
        FOR K = 1 TO 13: WP(GP, II, 4, K) = MI(K): NEXT K
        FOR K = 1 TO 13: WP(GP, II, 5, K) = ZI(K): NEXT K
        FOR K = 1 TO 13: WP(GP, II, 6, K) = PPM(K): NEXT K
        FOR K = 1 TO 13: WP(GP, II, 7, K) = EPM(K): NEXT K
        FOR K = 1 TO 13: WP(GP, II, 8, K) = ML(K): NEXT K
        FOR J = 1 TO 14: WP(GP, II, 9, J) = EQS(J): NEXT J
        FOR K = 1 TO 13: WP(GP, II, 10, K) = ACT(K): NEXT K
        FOR K = 1 TO 13: WP(GP, II, 11, K) = LACT(K): NEXT K
        FOR K = 1 TO 13: WP(GP, II, 12, K) = AI(K): NEXT K
        FOR K = 1 TO 13: WP(GP, II, 13, K) = LAI: NEXT K
        SAR = SARTWO: S$(1) = “S1”: ARRAY$(3) = S$(1)
        E(6) = TEST: PRINT #2, “ “
        PRINT #2, “Handa’s Classifi cation and Piper Diagram Interpretations”
        FAC1 = E(1) + E(2): FAC3 = E(7) + E(9)
        II1 = 1: II2 = 1: II3 = 1
        1910 IF FAC1 > E(5) THEN 1930
        1920 II1 = 0
        1930 IF FAC1 > E(3) THEN 1950
        1940 II2 = 0
        1950 IF FAC3 > E(5) THEN 1970
        1960 II3 = 0
        1970 NET = II3 + 2 * II2 + 4 * II1
        ARRAY$(1) = A$(NN(NET))
        ‘NP SETS 0,2.5,7.5,22.5,25
        FOR J = 1 TO 5: IF TSC > NP(J) THEN ARRAY$(2) = C$(J)
        NEXT J
        ‘PRINT #2, “NP SETS 0,2.5,7.5,22.5,25”
        ‘PRINT #2, “TSC, ARRAY 2 =”; TSC, ARRAY$(3)
        VP$(GP, II, 14) = ARRAY$(2): VP$(GP, II, 13) = ARRAY$(1)
        ‘PRINT #2, “INITIATED ARRAY OF 3 “; ARRAY$(3)
        MECH$ = “Evaporation “
        ARRAY$(4) = T$(1): ‘PRINT #2, ARRAY$(4)
        ARRAY$(3) = S$(1)
        SS1 = 100 - (TSC * 0.8): SS3 = 100 - (TSC * 1.53)
        PERNAK = E(3) + E(4): PRINT #2, “SS1,SS3,PERNAK FOR S1,S3=”; SS1, SS3, PERNAK
        IF PERNAK >= SS1 THEN ARRAY$(3) = “S2”
        ‘PRINT #2, ARRAY$(3)
        IF PERNAK >= SS3 THEN ARRAY$(3) = “S3”
        PRINT #2, “Sodium Hazard=”; ARRAY$(3)
        VP$(GP, II, 15) = ARRAY$(3)
        ‘GIBBS PLOT TWO LINE DIVIDER’S STRAIGHT LINE COEFFICIENTS
        RA1 = P(7) / (P(7) + P(5)): RA2 = P(3) / (P(3) + P(1))
        PL1 = 10 ^ (2.7217 + .9068 * RA1): PL2 = 10 ^ (1.9567 + .17615 * RA1)
        IF TDS < PL1 THEN MECH$ = “Rock Interaction”
        IF TDS < PL2 THEN MECH$ = “Precipitation   “
        VP$(GP, II, 12) = MECH$
        ‘ SCHOELLER’S WATER TYPE
        2130 IF P(6) > P(9) THEN 2160
        2140 IF P(9) > P(7) THEN 2170
        2150 IF P(7) > P(9) AND E(9) > E(6) THEN 2180
        2160 ARRAY$(4) = “  I”: GOTO 2220
        2170 ARRAY$(4) = “ II”: GOTO 2220
        2180 ARRAY$(4) = “III”
        2190 IF P(3) > P(2) AND P(2) > P(1) THEN 2210 ELSE GOTO 2200
        2200 ARRAY$(4) = “III”: GOTO 2220
        2210 ARRAY$(4) = “ IV”
        2220 REM
        ‘ PRINT #2, “ARRAYS 1 TO 4”
        ‘FOR JJ = 1 TO 4: PRINT #2, ARRAY$(JJ): NEXT JJ
        VP$(GP, II, 16) = ARRAY$(4)
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        ‘EVALUATE HYDROCHEMICAL FACIES
        AA = E(3): BB = E(7) + E(9): Q$ = “ Ca+Mg”: R$ = “ Na+K”
        P$ = Q$: X$ = “ HCO3+CO3”: Y$ = “ Cl+SO4”: Z$ = X$
        IF AA > 20 THEN P$ = Q$ + “,” + R$
        IF AA > 50 THEN P$ = R$ + “,” + Q$
        IF AA > 80 THEN P$ = R$
        IF BB > 20 THEN Z$ = X$ + “,” + Y$
        IF BB > 50 THEN Z$ = Y$ + “,” + X$
        IF BB > 80 THEN Z$ = Y$
        ‘STUYFZAND’S   CLASSIFICATION METHOD
        I = INT(E(5) / 10): J = INT(AA / 10): IF I = 0 THEN I = 1
        IF J = 0 THEN J = 1
        EN = SS(I, J)
        H = 10 ^ (3! - PH): TK = T(I) + 273.15
        MU = .0005 * (CL + HCO3 + NO3 + H + NA + K + 2 * (SO4 + CO3 + CA + MG))
        GAM1 = 10 ^ (-.05 * (SQR(MU) / (SQR(MU) + 1) - .3 * MU))
        SAN = TSA: SKAT = H / GAM1 + TSC
        SA$ = “G-V.OLIGOHALINE “
        IF CL > .141 THEN SA$ = “g-Oligohaline “
        IF CL > .846 THEN SA$ = “F-Fresh “
        IF CL > 4.231 THEN SA$ = “f-Fresh-brackish”
        IF CL > 8.462 THEN SA$ = “B-Brackish “
        IF CL > 28.206 THEN SA$ = “b-Brackish-salt”
        IF CL > 282.064 THEN SA$ = “S-Salt “
        IF CL > 564.127 THEN SA$ = “H-Hyperhaline”
        ALK = HCO3 + CO3: ALKFI = INT(LOG(ALK) / 2.303 / LOG(2) / 2.303 + 1)
        B$ = CLASS$(ALKFI + 2)
        IF ALK > 256 THEN B$ = CLASS$(11)
        IF ALK <= 1 THEN B$ = CLASS$(2)
        IF ALK <= .5 THEN B$ = CLASS$(1)
        SNO3 = NO3: HZ = H / GAM1
        0 OHC = (10 ^ (12.0875 - .01706 * TK - 4470.099 / TK)) / (H * GAM1)
        CO3F = CO3 - OHC: NH4 = 0.1
        2520 IF NAK > (SKAT / 2) THEN 2530 ELSE GOTO 2570
        2530 IF NH4 > NAK THEN 2540 ELSE GOTO 2550
        2540 S1$ = “NH4”: GOTO 2560
        2550 S1$ = “ NA+K”
        2560 GOTO 2610
        2570 IF (CA + MG) > HZ THEN 2580 ELSE GOTO 2610
        2580 IF MG >= CA THEN 2590 ELSE GOTO 2600
        2590 S1$ = “ Mg”: GOTO 2610
        2600 S1$ = “Ca “
        2610 IF CL > (SAN / 2) THEN 2620 ELSE GOTO 2630
        2620 S2$ = “Cl”: GOTO 2720
        2630 IF ALK > (SAN / 2) THEN 2640 ELSE GOTO 2680
        2640 IF HCO3 > CO3 THEN 2650 ELSE GOTO 2660
        2650 S2$ = “ HCO3”: GOTO 2720
        2660 IF CO3F > OHC THEN S2$ = “ CO3” ELSE S2$ = “ OH”
        2670 GOTO 2720
        2680 IF (SO4 + SNO3) > (SAN / 2) THEN 2690 ELSE GOTO 2710
        2690 IF SO4 > SNO3 THEN S2$ = “ SO4 “ ELSE S2$ = “NO3”
        2700 GOTO 2720
        2710 S2$ = “ Mixed”
        2720 SC$ = “  “
        VP$(GP, II, 21) = SA$
        2730 NAKMG = NA + K + MG - 1.0716 * CL
        2740 IF NAKMG > SQR(.5 * CL) AND NAKMG > (1.5 * (SKAT - SAN)) THEN 2760 ELSE GOTO 2770
        2750 IF NAKMG > (1.5 * (SKAT - SAN)) THEN 2760 ELSE GOTO 2770
        2760 SC$ = “(+) Na+Mg Surplus Indicates Freshwater Intrusion-Anytime Anywhere “: GOTO 2830
        2770 IF NAKMG < (-SQR(.5 * CL)) AND NAKMG < (1.5 * (SKAT - SAN)) THEN 2790 ELSE GOTO 2800
        2780 IF NAKMG < (1.5 * (SKAT - SAN)) THEN 2790 ELSE GOTO 2800
        2790 SC$ = “(-) Na+Mg Defi cit Indicate Salt Water Intrusion-Anywhere-Anytime “: GOTO 2830
        2800 IF SKAT = SAN THEN 2810 ELSE GOTO 2820
        2810 SC$ = “(.) Na+Mg Equilibrium Indicate Adequate Flushing With Water Of Const.Comp “: 
GOTO 2830
        2820 IF (ABS(NAKMG + SQR(.5 * CL) * (SKAT - SAN) / ABS(SKAT - SAN)) > ABS(1.5 * (SKAT - 
SAN))) THEN SC$ = “(.) Na&Mg EQBM Indicate Adequate Flushing With Water Of Const.Comp “ ELSE SC$ = “ 
“
        GOSUB 5190
        ‘
        2830 PRINT #2, TAB(21); “Evaluated Hydrochemical Parameters”: BN = BN + 1
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “GIBB’S  Mechanisms controlling Wa-
ter Chemistry:”;: PRINT #2, MECH$
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “GIBB’S  Mechanisms controlling Wa-
ter Chemistry:”;: PRINT #5, MECH$
        PRINT #2, “ “
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        PRINT #5, “ “
        VP$(GP, II, 12) = MECH$: VP$(GP, II, 10) = SC$
        DD$ = “Moderate”
        IF LEFT$(ARRAY$(1), 1) = “A” THEN D$ = “Permanent” ELSE D$ = “Temporary”
        IF RIGHT$(ARRAY$(2), 1) = “1” THEN DD$ = “V.Low”
        IF RIGHT$(ARRAY$(2), 1) = “2” THEN DD$ = “Low “
        IF RIGHT$(ARRAY$(2), 1) = “4” THEN DD$ = “High”
        IF RIGHT$(ARRAY$(2), 1) = “5” THEN DD$ = “V.High”
        PRINT #5, “-----------------------------------------------------------------”
        PRINT #2, “-----------------------------------------------------------------”
        BN = BN + 1
        PRINT #2, “Sl.No., PMR.No.=”; II; SPC(3); BN; SPC(3); “Handa’s Classifi cation :”: PRINT #2, “ 
“
        PRINT #2, “Hardness  =”; TAB(41); ARRAY$(1); “       “; D$
        PRINT #2, “Salinity(from TSC) =”; TSC; “  “; ARRAY$(2); “ “; DD$
        PRINT #5, “Sl.No. & PMR.No.=”; II; SPC(3); BN; SPC(3); “Handa’s Classifi cation :”
        PRINT #5, “Hardness  =”; TAB(41); ARRAY$(1); “       “; D$
        PRINT #5, “Salinity(from TSC) =”; TSC; “  “; TAB(41); ARRAY$(2); “ “; DD$
        IF RIGHT$(ARRAY$(3), 1) = “1” THEN DD$ = “Low”
        IF RIGHT$(ARRAY$(3), 1) = “2” THEN DD$ = “Moderate”
        IF RIGHT$(ARRAY$(3), 1) = “3” THEN DD$ = “High”
        VP$(GP, II, 23) = DD$
        PRINT #2, “Sodium % =”; TAB(15); PERNAK, “  “; TAB(41); ARRAY$(3); “  “; DD$
        PRINT #5, “Sodium % =”; TAB(15); PERNAK, “  “; TAB(41); ARRAY$(3); “  “; DD$
        ‘SCHOELLER’S WATER TYPE
        D$ = “rCl > rSO4 > rCO3 and rNa > rMg > rCa”
        IF ARRAY$(4) = “  I” THEN D$ = “rCO3 > rCl OR rSO4”
        IF ARRAY$(4) = “ II” THEN D$ = “rSO4 > rCl”
        IF ARRAY$(4) = “III” THEN D$ = “rCL > rSO4 > rCO3”
        IF ARRAY$(4) = “ IV” THEN D$ = “rCl > rSO4 > rCO3 and rNa > rMg > rCa”
        VP$(GP, II, 24) = D$
        VP$(GP, II, 15) = ARRAY$(3)
        VP$(GP, II, 25) = DD$: GOSUB 5190
        BN = BN + 1: PRINT #2, “ “
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); TAB(21); “Schoeller’s Water Type 
(r=epm)”
        PRINT #2, “ TYPE  “; ARRAY$(4); “  Since   “; D$
        VP$(GP, II, 26) = ARRAY$(4): GOSUB 5190
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Schoeller’s Water Type (r=epm) =”; 
ARRAY$(4); “ SINCE “; D$
        BN = BN + 1
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); TAB(21); “Piper’s Hydrochemical Fa-
cies:”
        VP$(GP, II, 19) = P$: VP$(GP, II, 20) = Z$
        PRINT #2, “Cations  =”; P$, TAB(41); “Anions =”; Z$
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “ Piper’s Hydrochemical Facies:”; 
P$, Z$
        PRINT #2, TAB(21); “Signifi cant Environment of Water: “
        PRINT #2, “    “; RES$(EN)
        PRINT #5, “Signifi cant Environment of Water: “; RES$(EN)
        VP$(GP, II, 22) = SC$
        PRINT #5, “-----------------------------------------------------------------”
        PRINT #2, “-----------------------------------------------------------------”
        VP$(GP, II, 21) = SA$: VP$(GP, II, 6) = B$: BN = BN + 1
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); TAB(21); “Stuyfzand’s Classifi ca-
tion:”
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Stuyfzand’s Classifi cation:”: PRINT 
#2, “ “
        PRINT #2, “Water Type (Based on Cl) =”; TAB(50); SA$
        PRINT #5, “Water Type (Based on Cl) =”; TAB(50); SA$
        PRINT #2, “Sub-Type(Based on Alk) =”; TAB(50); B$
        PRINT #5, “Sub-Type(Based on Alk) =”; TAB(50); B$
        PRINT #2, “Water Type & Sub Type are : “; SA$, B$
        PRINT #5, “Water Type & Sub Type are : “; SA$, B$
        BN = BN + 1: VP$(GP, II, 7) = S1$
        VP$(GP, II, 8) = S2$: VP$(GP, II, 9) = S3$: VP$(GP, II, 10) = SC$
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Stuyfzand’s Classifi cation of Fa-
cies=”; S1$; “  “; S2$
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Stuyfzand’s Classifi cation of Facies  
: “; S1$, “  “; S2$
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Signifi cant Environment of Water: 
“;: PRINT #5, SC$
        ‘USSL CLASSIFICATION
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Signifi cant Environment of Water : 
“;: PRINT #2, SC$
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        PRINT #5, “----------------------------------------------------------------”
        PRINT #2, “----------------------------------------------------------------”
        BN = BN + 1
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); TAB(21); “USSL Classifi cation: “: 
PRINT #2, “ “
        SAR = SARTWO: IF SAR = 0 THEN SAR = BP(GP, II, 18)
        SL$ = “C5”
        IF ECC < 4000 THEN SL$ = “C4”
        IF ECC < 2250 THEN SL$ = “C3”
        IF ECC < 750 THEN SL$ = “C2”
        IF ECC < 250 THEN SL$ = “C1”
        US$ = “S4”
        L1 = 18.69667 - 4.40417 * (LOG(ECC) / 2.303): L1 = ABS(L1)
        L2 = 31.04501 - 6.60625 * (LOG(ECC) / 2.303): L2 = ABS(L2)
        L3 = 43.00336 - 8.59528 * (LOG(ECC) / 2.303): L3 = ABS(L3)
        US$ = “S1”: US$ = “S1”
        IF SAR > L1 THEN US$ = “S2”
        IF SAR > L2 THEN US$ = “S3”
        IF SAR > L3 THEN US$ = “S4”
        PRINT #2, “EC=”; TAB(11); EC, TAB(41); “SAR=”; SAR
        PRINT #2, “Salinity =”; TAB(11); SL$; “  Sodium hazard = “; US$
        VP$(GP, II, 3) = SL$: VP$(GP, II, 2) = US$
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “USSL Classifi cation: “;
        PRINT #5, “Salinity  = “; SL$; SPC(4); “Sodium hazard = “; US$
        PRINT #5, “--------------------------------------------------------------”
        PRINT #2, “--------------------------------------------------------------”
        GN1 = (-0.5 * 1 ^ 2 * SQR(MTOT) / (1 + 0.33 * 5.0 * SQR(MTOT)) + 0.3 * MTOT)
        GN2 = (-0.5 * 2 ^ 2 * SQR(DTOT) / (1 + 0.33 * 5.0 * SQR(DTOT)) + 0.3 * DTOT)
        BP(GP, II, 4) = ECTC: ALKA = HCO3PPM + CO3PPM / 50045: BN = BN + 1
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Alkalinity = HCO3PPM +CO3PPM  / 
50045, ALKA  = “; TAB(5); HCO3PPM, CO3PPM, ALKA
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Alkalinity = “; ALKA
        BP(GP, II, 8) = ALKA: TOTHCO3 = ALKA: CALKA = CAPPM / 40080: BP(GP, II, 9) = CALKA
        PRINT #2, “Calcium  ALK mol/L     = “; USING “#####.####”; CALKA
        CALH = CAPPM * 50.045 / 20.04: BP(GP, II, 10) = CALH
        BN = BN + 1
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Calcium Hardness( CALH ) = CAPPM * 
50.045 / 20.04 = “; CALH
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Calcium Hardness( CALH ) = “; CALH
        MGH = MGPPM * 50.045 / 12.15: BP(GP, II, 11) = MGH
        BN = BN + 1
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Magnesium Hardness (MGH) = MGPPM * 
50.045 / 12.15 =”; MGH
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Magnesium Hardness (MGH) =”; MGH
        TOTH = CALH + MGH: BP(GP, II, 12) = TOTH: PRINT #2, “Total Hardness  =”; TOTH
        PHARD = 2.5 * CAPPM + 4.1 * MGPPM: BP(GP, II, 13) = PHARD
        BN = BN + 1
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Permanent Hardness (TOTH)  = CALH + 
MGH  =”; PHARD
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Permanent Hardness(TOTH)   =”; 
PHARD
        PRINT #5, “-----------------------------------------------------------------”
        PRINT #2, “-----------------------------------------------------------------”
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “CALCULATING SATURATION INDEX (SI) IN 7 METHODS”
        PRINT #5, “CALCULATING SATURATION INDEX (SI) IN 7 METHODS”
        BN = BN + 1
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “ CaCO3 SI By Method-A    Caa-Cac/Caa “
        PRINT #5, “ CaCO3 SI By Method-A    Caa-Cac/Caa “
        PRINT #2, “USING COEFFICIENTS TO COMPUTE rHCO3”
        PRINT #2, “LOG INSTR(IONIC STRGTH)= “; SS
        Y1 = F1(1): PRINT #2, “TERM 1 =”; Y1; “ + “
        FOR IC = 2 TO 8
            Y1 = Y1 + F1(IC) * (SS ^ (IC - 1))
            PRINT #2, “TERM “; IC; “  “; F1(IC); “*  SS ^ “; IC - 1; “= “; F1(IC) * (SS ^ (IC - 1)); 
“ = “; Y1
        NEXT IC
        PRINT #2, “Y1 IS RHCO3 = “; Y1
        PRINT #2, “USING COEFFICIENTS TO COMPUTE rCa”
        Y2 = F2(1): PRINT #2, “TERM 1 =”; Y2; “ + “
        FOR IC = 2 TO 8
            Y2 = Y2 + F2(IC) * (SS ^ (IC - 1))
            PRINT #2, “TERM “; IC; “  “; F2(IC); “*  SS ^ “; IC - 1; “= “; F2(IC) * (SS ^ (IC - 1)); 
“ = “; Y2
        NEXT IC
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        PRINT #2, “Y2 IS   RCA    = “; Y2
        RH = Y1: RCA = Y2
        HPLUS = 10 ^ (-PH): HP(IX2) = HPLUS: PRINT #2, “HPLUS = 10 ^ (-PH)       = “; HPLUS
        PRINT #2, “FC2 = 10^2* HPLUS”: FC1 = HPLUS: FC2 = 10 ^ (-PH)
        PRINT #2, “FC2,        ML(5),    Interpolated rHCO3,     rCA are”
        PRINT #2, USING “#####.######”; FC2, ML(5), RH, RCA
        PRINT #2, “Cac2 = 10^2* FC2 * 40.08 * 10 ^ 3 / (ML(5) * rH * rCA) “
        TOP2 = 10 ^ 2 * FC2: BOT = (ML(5) * RH * RCA)
        CAMOLE = TOP2 / BOT
        PRINT #2, “TOP2,  BOT,  CAMOLE     = “; USING “########.####”; TOP2, BOT, CAMOLE
        CAC2 = CAMOLE * 40.08 * 10 ^ 3:
        PRINT #2, “Computed Ca by this Method=”; CAC2
        LKW = -6.087 + 0.01706 * TK + 4470.99 / TK
        PRINT #2, “LKW =”; LKW
        LK1 = -(-356.3094 - 0.06091964 * TK + 21834.37 / TK + 126.8339 * LOG(TK) / 2.3030 - 1684915 
/ TK ^ 2)
        PRINT #2, “LK1 =”; LK1
        LKCO2 = -(108.3865 + 0.01985076 * TK - 6919.53 / TK - 40.45154 * LOG(TK) / 2.3030 + 669365 / 
TK ^ 2)
        PRINT #2, “LKCO2=”; LKCO2
        PRINT #2, “KCLPCO2 = -PH + LAI(5) - (LKCO2 + LK1)”
        PRINT #2, “PH, LAI-5,LKCO2,LK1=”; -PH, LAI(5), -LKCO2, -LK1
        LPCO2 = (-PH + LAI(5)) - (LKCO2 + LK1)
        PRINT #2, “LPCO2=”; LPCO2
        LPKHCO3 = (10.62771 - 1.462449E-02 * TC + 1.134276E-04 * TC ^ 2)
        PRINT #2, “LPKHCO3 =”; LPKHCO3
        LPKCACO3 = (8.001712 + 2.143261E-02 * TC - 6.533098E-04 * TC ^ 2 + 1.707242E-05 * TC ^ 3 - 
1.519215E-07 * TC ^ 4)
        PRINT #2, “LPKCACO3 =”; LPKCACO3
        LPKH2CO3A = 6.581256 - 1.672054E-02 * TC + 5.695979E-05 * TC ^ 2 + 3.247935E-05 * TC ^ 3 - 
7.198123E-07 * TC ^ 4 - 2.168305E-08 * TC ^ 5 + 7.020791E-10 * TC ^ 6
        LPKH2CO3B = (LPKH2CO3A - 1.178084E-12 * TC ^ 7 - 6.304005E-14 * TC ^ 8)
        LPKH2CO3 = LPKH2CO3B
        PRINT #2, “LPKH2CO3 =”; LPKH2CO3
        PRINT #2, “COEFFICIENTS USED FOR MCA1 ; PH IS USED HERE”
        V1 = CCA(1, 1): PRINT #2, “TERM 1 =”; V1; “ + “
        FOR IC = 2 TO 9: V1 = V1 + CCA(1, IC) * (PH ^ (IC - 1))
            PRINT #2, “TERM “; IC; “  “; CCA(1, IC); “*  PH ^ “; IC - 1; “= “; CCA(1, IC) * (PH ^ 
(IC - 1)); “ = “; V1
        NEXT IC
        MCA1 = V1: PRINT #2, “MCA 1     = “; V1
        PRINT #2, “COEFFICIENTS USED FOR MCA 2 ; PH IS USED HERE”
        V1 = CCA(2, 1): PRINT #2, “TERM 1 =”; V1; “ + “
        FOR IC = 2 TO 9: V1 = V1 + CCA(2, IC) * (PH ^ (IC - 1))
            PRINT #2, “TERM “; IC; “  “; CCA(2, IC); “*  PH ^ “; IC - 1; “= “; CCA(2, IC) * (PH ^ 
(IC - 1)); “ = “; V1
        NEXT IC
        MCA2 = V1: PRINT #2, “MCA 2     = “; V1
        CANEW1 = 10 ^ (-MCA1) * 40.08 * 1000 * 2.303: CAC2 = CANEW1
        PRINT #2, “Ca  IN CLOSED SYSTEM(COMPUTED ) =”; USING “#####.######”; CANEW1
        CAIND = (CAPPM - CANEW1) / CAPPM
        PRINT #2, “Sl.No. & PMR.No. =”; II, BN
        PRINT #2, “Ca CO3  S.I by Method A  CAIND   =”; USING “########.########”; CAIND
        PRINT #5, “Sl.No. & PMR.No. =”; II, BN
        PRINT #5, “Ca CO3  S.I by  Method A  CAIND   =”; USING “########.########”; CAIND
        ION(GP, II, 21) = CAIND
        INX$(1) = “Caa-Cac/Caa”: PRINT #2, “ “
        CANEW2 = 10 ^ (-MCA2) * 40.08 * 1000 * 2.303
        PRINT #2, “Cac in Open System =”; USING “#####.######”; CANEW2
        PRINT #5, “Cac in Open System  = “; CANEW2
        PRINT #2, “Caa, CaC in Closed System  = “; USING “########.####”; CAPPM, CAC2
        PRINT #5, “------------------------------------------------------------------”
        PRINT #2, “------------------------------------------------------------------”
        BN = BN + 1
        ‘METHOD 2
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “CaCO3 SI by Method -B: DPH = PH - PHC : PHC =A1 + A2 + 1.9 “
        PRINT #5, “CaCO3 SI by Method -B :DPH = PH - PHC ; PHC =A1 + A2 + 1.9 “
        PRINT #2, “Where A1=-LOG(ML(1)) / 2.303   &   A2 = -LOG(ML(5)) / 2.303”
        PRINT #2, “ML(1), -LOG(ML(1)) / 2.303    =”; USING “######.####”; TAB(41); ML(1), 
-LOG(ML(1)) / 2.303
        A1 = -LOG(ML(1)) / 2.303
        PRINT #2, “ML(1),      A1 = -LOG(ML(1)) / 2.303      = “, USING “####.####”; ML(1), A1
        PRINT #2, “DATA ML(5),      -LOG(ML(5)) / 2.303      =”; ML(5), -LOG(ML(5)) / 2.303
        A2 = -LOG(ML(5)) / 2.303
        PRINT #2, “A2 = -LOG(ML(5)) / 2.303       =”, USING “######.####”; A2
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        PHC = A1 + A2 + 1.9
        PRINT #2, “PHC =A1 + A2 + 1.9”
        PRINT #2, A1; “+”; A2; “+”; “ 1.9 “; “= “; PHC
        PRINT #2, “DPH = PH - PHC”
        DPH = PH - PHC: PRINT #2, “pH, pHC & DPH = PH - PHC =  “; TAB(31); USING “####.####”; PH, 
PHC, DPH
        HYION = DPH
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “ CaCO3 SI by Method-B =  “; HYION
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “ CaCO3 SI by Method-B =  “; HYION
        ION(GP, II, 2) = DPH: INX$(2) = “Langelier”
        PRINT #5, “------------------------------------------------------------------”
        PRINT #2, “------------------------------------------------------------------”
        ‘CaCO3 SATURATION INDEX BY METHOD-C
        PRINT #2, “ “: PRINT #5, “ “
        BN = BN + 1
        PRINT #2, “CaCO3 SI by Method-C  SI=pH-pHs;  pHs = pK2 - pKsc + Ca + HCO3  + 5 * (pfm)”
        PRINT #5, “CaCO3 SI by Method-C  SI=pH-pHs;  pHs = pK2 - pKsc + Ca + HCO3  + 5 * (pfm) “
        PRINT #2, “pfm = DBA * (T1 / B1) - 0.3 * (ISS)”
        PRINT #2, “COEFFICIENTS USED FOR DBA USING TEMP “; TC
        V1 = PCF(1, 1): PRINT #2, “TERM 1 =”; V1; “ + “
        FOR IC = 2 TO 10
            V1 = V1 + PCF(1, IC) * (TC ^ (IC - 1))
            PRINT #2, “TERM “; IC; “  “; PCF(1, IC); “*  TC ^ “; IC - 1; “= “; PCF(1, IC) * (TC ^ 
(IC - 1)); “ = “; V1
        NEXT IC
        DBA = V1: PRINT #2, “DBA     = “; V1
        T1 = SQR(ISS):
        PRINT #2, “ISS,    T1 = SQR(ISS)     = “; ISS, T1
        B1 = (1 + SQR(ISS)):
        PRINT #2, “B1 = (1 + SQR(ISS))  =  “; TAB(40); B1
        PFM1 = DBA * (T1 / B1) - 0.3 * (ISS)
        PRINT #2, “PFM1 = DBA * (T1 / B1) - 0.3 * (ISS)     =  “; PFM1
        PRINT #2, “DBA, T1,  B1,   PFM1   =”: PRINT #2, USING “########.####”; DBA, T1, B1, PFM1
        AKT = HCO3PPM / 50000: PRINT #2, “HCO3PPM,  AKT = HCO3PPM / 50000    =  “; HCO3PPM, AKT
        PRINT #2, “COEFFICIENTS USED FOR PKW ; TEMP IS USED HERE “; TC
        V1 = PCF(7, 1): PRINT #2, “TERM 1 =”; V1; “ + “
        FOR IC = 2 TO 10
            V1 = V1 + PCF(7, IC) * (TC ^ (IC - 1))
            PRINT #2, “TERM “; IC; “  “; PCF(7, IC); “*  TC ^ “; IC - 1; “= “; PCF(7, IC) * (TC ^ 
(IC - 1)); “ = “; V1
        NEXT IC
        PRINT #2, “PKW =”; V1: PKW = V1
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “COEFFICIENTS USED FOR PK2; TEMP IS USED HERE  “; TC
        V1 = PCF(3, 1): PRINT #2, “TERM 1 =”; V1; “ + “
        FOR IC = 2 TO 10
            V1 = V1 + PCF(3, IC) * (TC ^ (IC - 1))
            PRINT #2, “TERM “; IC; “  “; PCF(3, IC); “*  TC ^ “; IC - 1; “= “; PCF(3, IC) * (TC ^ 
(IC - 1)); “ = “; V1
        NEXT IC
        PRINT #2, “ PK2 =”; V1: PK2 = V1
        PRINT #2, “AKT,    PKW,     PK2,    PH,      PFM1=”: PRINT #2, USING “#######.####”; AKT, 
PKW, PK2, PH, PFM1
        P1 = 10 ^ (PFM1 - PH): PRINT #2, “P1 = 10 ^ (PFM1 - PH)  =  “; TAB(50); P1
        P2 = 10 ^ (PH + PFM1 - PKW):
        PRINT #2, “P2 = 10 ^ (PH + PFM1 - PKW)  = “; P2
        P3 = 1 + 0.5 * 10 ^ (PH - PK2): PRINT #2, “P3 = 1 + 0.5 * 10 ^ (PH - PK2)    = “; TAB(50); 
P3
        P4 = P1 - P2: PRINT #2, “P4 = P1 - P2=”; P4
        HCO3 = AKT + P4 / P3: PRINT #2, “HCO3 = AKT + P4 / P3     =  “; TAB(31); HCO3
        PRINT #2, “AKT,   pKW, pK2 =”; AKT, PKW, PK2
        PRINT #2, “P1,      P2,      P3,       P4,        HCO3  =  “
        PRINT #2, P1, P2, P3, P4, HCO3
        HCO3N = -(LOG(HCO3)) / 2.303: PRINT #2, “HCO3N = -(LOG(HCO3)) / 2.303         =  “; HCO3N
        CAMOL = CAPPM / 40000: PRINT #2, “CAMOL = CAPPM / 40000=”; TAB(21); CAPPM, CAMOL
        CAN = -(LOG(CAMOL)) / 2.303: PRINT #2, “CAMOL, CAN = -(LOG(CAMOL)) / 2.303   =  “; CAMOL, 
CAN
        PRINT #2, “COEFFICIENTS USED FOR PKS CALCITE ; TEMP USED “; TC
        V1 = PCF(4, 1): PRINT #2, “TERM 1 =”; V1; “ + “
        FOR IC = 2 TO 10: V1 = V1 + PCF(4, IC) * (TC ^ (IC - 1))
            PRINT #2, “TERM “; IC; “  “; PCF(4, IC); “*  TC ^ “; IC - 1; “= “; PCF(4, IC) * (TC ^ 
(IC - 1)); “ = “; V1
        NEXT IC
        PRINT #2, “ PKSC =”; V1: PKSC = V1
        NPHS = PK2 - PKSC + CAN + HCO3N + 5 * (PFM1)
        PRINT #2, “NPHS = PK2 - PKSC + CAN + HCO3N + 5 * (PFM1)”
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        PRINT #2, “pK2,   pKSC,  CaN,  HCO3N,  pfm1,   NpHs “
        PRINT #2, PK2, PKSC, CAN, HCO3N, PFM1, NPHS
        NSI = PH - NPHS: PRINT #2, “pH,NpHs, NSI = pH - NpHS=”; PH, NPHS, NSI
        ION(GP, II, 3) = NSI
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “ CaCO3 SI by Method-C=  “; NSI
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “ CaCO3 SI by Method-C=  “; NSI
        PRINT #2, “ “: PRINT #5, “ “: INX$(3) = “CaCO3 SAT INDEX”
        PRINT #2, “ SATURATION INDEX NSI=PH-PHSN=”; NSI

        IF NSI > 0 THEN PRINT #2, “Water is supersaturated + Tends to precipitate scale of CaCO3”
        IF NSI = 0 THEN PRINT #2, “Water is in equilibrium(Saturated) with CaCO3 + No dissolution OR 
Precipitation”
        IF NSI < 0 THEN PRINT #2, “Water is undersaturated + tends to dissolve solid CaCO3”
        PRINT #5, “SATURATION INDEX NSI=pH-pHs=”
        IF NSI > 0 THEN PRINT #5, “Water is supersaturated + Tends to precipitate scale of CaCO3”
        IF NSI = 0 THEN PRINT #5, “Water is in equilibrium(Saturated) with CaCO3 + No dissolution OR 
Precipitation”
        IF NSI < 0 THEN PRINT #5, “Water is undersaturated + tends to dissolve solid CaCO3”
        PRINT #5, “----------------------------------------------------------------”
        PRINT #2, “----------------------------------------------------------------”
        PRINT #2, “ “: PRINT #5, “ “: BN = BN + 1
        PRINT #5, “Langelier Saturation Index Calculation “
        PRINT #2, “CaCO3 SI by Method-D “
        PRINT #2, “SI= pH-pHc ; pHc = (9.3 + A + B) - (C + D) “
        PRINT #2, “Langelier SI Calculation “
        PRINT #5, “CaCO3 SI by Method-D  SI= pH-pHc ; pHc = (9.3 + A + B) - (C + D)”
        ‘ LSI FORMULA USED HERE
        CAH = PPM(1) * 2.5: PRINT #2, “PPM(1), Ca  as CaCO3    =  “; TAB(41); PPM(1), CAH
        TOTHCO3 = ALKA: PRINT #2, “HCO3PPM, Total Alkalinity as CACO3  =  “; TAB(21); HCO3PPM, TO-
THCO3
        PRINT #2, “TDS  = “; USING “#####.######”; TDS
        PRINT #2, “ “: PRINT #5, “ “
        A5 = (LOG(TDS) / 2.303 - 1) / 10
        PRINT #2, “A5 = (LOG(TDS)/2.303 - 1) / 10   =  “;: PRINT #2, USING “#####.######”; A5
        TN = TM(GP, II) + 273: PRINT #2, “TM(II), TN, LOG(TN)/2.303     =    “
        PRINT #2, TM(GP, II), TN, LOG(TN) / 2.303
        B5 = -13.12 * LOG(TN) / 2.303 + 34.55
        PRINT #2, “B5 = -13.12 * (LOG(TN)/2.303 + 34.55 =    “;: PRINT #2, USING “#####.######”; B5
        PRINT #2, “E(1),CAH,EW1  “; E(1), CAH, EW1
        PRINT #2, “CAEQ, LOG(CAEQ), LOG(CAEW)/2.303 ,LOG(CAEW)/2.303-0.40    =”
        PRINT #2, CAEQ, LOG(CAEQ), LOG(CAEQ) / 2.303, LOG(CAEQ) / 2.303 - 0.40
        PRINT #2, “C5 IN CAH WAY, LOG CAH/2.303,LOG CAH/2.303-0.40 =    “, CAH, LOG(CAH) / 2.303, 
LOG(CAH) / 2.303 - 0.40
        PRINT #2, “C5 CAEQ  WAY=”; LOG(CAEQ) / 2.303 - 0.4
        PRINT #2, “FORMULA C5 BY CAH WAY= LOG(CAH) / 2.303 - 0.4”
        C51 = LOG(CAH) / 2.303 - 0.4: C52 = LOG(CAEQ) / 2.303 - 0.4
        PRINT #2, “C51=  “; USING “#####.######”; C51: PRINT #2, “C52=  “; USING “#####.######”; C52
        D5 = LOG(TOTHCO3) / 2.303: PRINT #2, “TOTHCO3, LOG(TOTHCO3)   =    “; TOTHCO3, LOG(TOTHCO3)
        PRINT #2, “D5 = LOG(TOTHCO3)/2.303  =    “; USING “#####.######”; D5: GOSUB 5190
        PRINT #2, “Equation pHs(PHCNEW) = (9.3 + A5 + B5) - (C5 + D5)”
        PHCNEW1 = (9.3 + A5 + B5) - (C51 + D5): PRINT #2, “A5,B5,C51,D5 , PHNEW1 ARE =”
        PRINT #2, USING “#####.######”; A5, B5, C51, D5, PHCNEW1
        PHCNEW2 = (9.3 + A5 + B5) - (C52 + D5): PRINT #2, “A5,B5,C52,D5 , PHNEW2 ARE =”
        PRINT #2, USING “#####.######”; A5, B5, C52, D5, PHCNEW2
        PRINT #2, “PH, PHCNEW1  =   “; USING “#####.######”; PH, PHCNEW1
        SDX = PH - PHCNEW1: ION(GP, II, 4) = SDX
        PRINT #2, “ “: PRINT #5, “ “
        INX$(4) = “LANGELIER-2”: PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “ CaCO3 SI by Method-D      =     “; 
SDX
        PRINT #2, “Langelier SI    =    “; USING “#####.######”; SDX
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “ CaCO3 SI by Method-D      =     “; 
SDX
        PRINT #5, “Langelier SI    =    “; USING “#####.######”; SDX
        PRINT #2, “Positive Index Means Tendency to Create CaCO3 Scales”
        PRINT #2, “Negative Index Means No Tendency to Create  Scales but Corrosive”
        PRINT #5, “Positive Index Means Tendency to Create CaCO3 Scales”
        PRINT #5, “Negative Index Means No Tendency to Create  Scales but Corrosive”
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #5, “------------------------------------------------------------------”
        PRINT #2, “------------------------------------------------------------------”
        ‘
        PRINT #2, “Langelier SI with ref. to Increasing Temperature”
        PRINT #2, “------------------------------------------------------------------------”
        PRINT #2, “TEMP.C           A         B         C          D      PHS        LSI”
        PRINT #2, “-----------------------------------------------------------------”
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        FOR TL = 10 TO 100 STEP 5
            TW = TL + 273: BNEW = -13.12 * LOG(TW) / 2.303 + 34.55
            DDX = (9.3 + A5 + BNEW) - (C51 + D5): DDY = PH1(GP, II) - DDX
            PRINT #2, USING “#####.####”; TL, A5, BNEW, C51, D5, DDX, DDY
        NEXT TL
        PRINT #2, “------------------------------------------------------------------”
        PRINT #2, “Positive Index Means Tendency to Create CaCO3 Scales”
        PRINT #2, “Negative Index Means No Tendency to Create  Scales but Corrosive”
        PRINT #5, “Langelier SI with ref. to Increasing Temperature”
        PRINT #5, “-----------------------------------------------------------------------”
        PRINT #5, “TEMP.C           A         B         C          D      PHS        LSI”
        PRINT #5, “-----------------------------------------------------------------------”
        FOR TL = 10 TO 100 STEP 5
            TW = TL + 273: BNEW = -13.12 * LOG(TW) / 2.303 + 34.55
            DDX = (9.3 + A5 + BNEW) - (C51 + D5): DDY = PH1(GP, II) - DDX
            PRINT #5, USING “#####.####”; TL, A5, BNEW, C51, D5, DDX, DDY
        NEXT TL
        PRINT #5, “-----------------------------------------------------------------------”
        PRINT #2, “ “
        PRINT #5, “Positive Index Means Tendency to Create CaCO3 Scales”
        PRINT #5, “Negative Index Means No Tendency to Create  Scales but Corrosive”
        BN = BN + 1: PRINT #2, “ “: PRINT #5, “ “
        ‘METHOD 5
        PRINT #2, “CaCO3 SI by Method -E”
        PRINT #2, “SI=pH-pHc;  pHc = (pK2 - pKs) + log pCa  + log pHCO3 + 5 * pfm”
        PRINT #5, “CaCO3 SI by Method -E “
        PRINT #5, “SI=pH-pHc;  pHc = (pK2 - pKs) + log pCa  + log pHCO3 + 5 * pfm”
        PRINT #2, “Saturation Index by the following  formula “
        PRINT #2, “COEFFICIENTS USED FOR COMPUTING AA USING TEMP “; TC
        V1 = PCF(8, 1): PRINT #2, “TERM 1 =”; V1; “ + “
        FOR IC = 2 TO 10: V1 = V1 + PCF(8, IC) * (TC ^ (IC - 1))
            PRINT #2, “TERM “; IC; “  “; PCF(8, IC); “*  TC ^ “; IC - 1; “= “; PCF(8, IC) * (TC ^ 
(IC - 1)); “ = “; V1
        NEXT IC
        AA = V1: PRINT #2, “AA     =    “; USING “#####.######”; AA
        ‘
        MU = ISS: PRINT #2, “MU,  SQR(MU)  =  “; USING “#####.######”; MU, SQR(MU): PRINT #2, “  “
        PFM = AA * ((SQR(MU) / (1 + SQR(MU)) - 0.3 * MU))
        PRINT #2, “PFM = AA * ((SQR(MU) / (1 + SQR(MU)) - 0.3 * MU))= “
        PRINT #2, USING “####.######”; PFM: PRINT #2, “  “
        ‘
        PRINT #2, “COEFFICIENTS USED FOR COMPUTING PKW USING TEMP “; TC
        V1 = PCF(7, 1): PRINT #2, “TERM 1 =”; V1; “ + “
        FOR IC = 2 TO 10: V1 = V1 + PCF(7, IC) * (TC ^ (IC - 1))
            PRINT #2, “TERM “; IC; “  “; PCF(7, IC); “*  TC ^ “; IC - 1; “= “; PCF(7, IC) * (TC ^ 
(IC - 1)); “ = “; V1
        NEXT IC
        ‘PKW
        PKW = V1: PRINT #2, “pKw     =    “; USING “####.######”; PKW
        ‘PK2
        PRINT #2, “COEFFICIENTS USED FOR PK2; TEMP IS USED HERE  “; TC
        V1 = PCF(3, 1): PRINT #2, “TERM 1 =”; V1; “ + “
        FOR IC = 2 TO 10
            V1 = V1 + PCF(3, IC) * (TC ^ (IC - 1))
            PRINT #2, “TERM “; IC; “  “; PCF(3, IC); “*  TC ^ “; IC - 1; “= “; PCF(3, IC) * (TC ^ 
(IC - 1)); “ = “; V1
        NEXT IC
        PRINT #2, “ PK2 =”; V1: PK2 = V1
        PRINT #2, “  “: PRINT #2, “pK2     =    “; USING “####.######”; PK2
        PRINT #2, “COEFFICIENTS FOR pKs-CALCITE USING TEMP “; TC
        V1 = PCF(4, 1): PRINT #2, “TERM 1 =”; V1; “ + “
        FOR IC = 2 TO 10: V1 = V1 + PCF(4, IC) * (TC ^ (IC - 1))
            PRINT #2, “TERM “; IC; “  “; PCF(4, IC); “*  TC ^ “; IC - 1; “= “; PCF(4, IC) * (TC ^ 
(IC - 1)); “ = “; V1
        NEXT IC
        PKS = V1: PRINT #2, “pKs CALCITE      =”; USING “####.######”; PKS: PRINT #2, “  “
        ‘
        PRINT #2, “COEFFICIENTS FOR pKs-ARAGONITE USING TEMP “; TC
        V1 = PCF(6, 1): PRINT #2, “TERM 1 =”; V1; “ + “
        FOR IC = 2 TO 10: V1 = V1 + PCF(6, IC) * (TC ^ (IC - 1))
            PRINT #2, “TERM “; IC; “  “; PCF(6, IC); “*  TC ^ “; IC - 1; “= “; PCF(6, IC) * (TC ^ 
(IC - 1)); “ = “; V1
        NEXT IC
        PKSA = V1: PRINT #2, “pKs ARAGONITE =”; USING “####.######”; PKSA: PRINT #2, “  “
        PRINT #2, “COEFFICIENTS FOR pKs-VERTITE USING TEMP “; TC
        V1 = PCF(5, 1): PRINT #2, “TERM 1 =”; V1; “ + “
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        FOR IC = 2 TO 10: V1 = V1 + PCF(5, IC) * (TC ^ (IC - 1))
            PRINT #2, “TERM “; IC; “  “; PCF(5, IC); “*  TC ^ “; IC - 1; “= “; PCF(5, IC) * (TC ^ 
(IC - 1)); “ = “; V1
        NEXT IC
        PKSV = V1: PRINT #2, “pKs VERTITE   =”; USING “####.######”; PKSV
        PRINT #2, “ALKALINITY COMPONENT “
        ‘ALKALINITY COMPONENT
        BHCO3 = ML(4): PRINT #2, “BHCO3 IS ML(4) AS IT IS =”; USING “#####.######”; TAB(50); BHCO3
        BC = CAPPM: PRINT #2, “BC =   E(1)    =     “; BC
        ALKTY = (HCO3PPM + CO3PPM) / 50000
        PRINT #2, “HCO3PPM + CO3PPM / 50000 AS ALKTY    =     “; ALKTY
        PRINT #2, “PHCO3 = ((ALKTY + 10 ^ (PFM - PH) - 10 ^ (PH - PFM - PKW))) / (1 + 0.5 * 10 ^ (PH 
- PK2))”
        PRINT #2, “ALKTY, pH, pfm, pKw, pK2 =”;
        PRINT #2, ALKTY, PH, PFM, PKW, PK2
        PHCO3 = ((ALKTY + 10 ^ (PFM - PH) - 10 ^ (PH - PFM - PKW))) / (1 + 0.5 * 10 ^ (PH - PK2))
        PRINT #2, “PHCO3=”; PHCO3
        PRINT #2, “PHCO3= -LOG OF PHCO3 /2.303  =     “; -LOG(PHCO3) / 2.303
        PRINT #2, “PHCO3, -LOG(PHCO3)/2.303     =     “; PHCO3, -LOG(PHCO3) / 2.3030
        PHCO3 = -LOG(PHCO3) / 2.303: GOSUB 5190
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “Calcium Hardness Component “
        ‘CALCIUM HARDNESS COMPONENT
        MCAT = CAPPM / 40000: PRINT #2, “CAPPM,  MCAT = CAPPM / 40000     =     “; CAPPM, MCAT
        NCAT = -LOG(MCAT) / 2.303: PRINT #2, “NCAT = -LOG(MCAT) / 2.303        =     “; NCAT
        PRINT #2, “MCAT, NCAT           =      “; MCAT, NCAT
        PRINT #2, “PCAT = NCAT: BC = PCAT”: PCAT = NCAT: BC = PCAT
        PRINT #2, “Compute pHs  “
        ‘COMPUTE PHS
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “Analytical Solution For pHs”
        PRINT #2, “Solution equation used is pHs= pK2-pKS+ NCat + pHCO3 + 5*pfm “
        ‘PRINT #2, “PK2 =”; PK2
        PRINT #2, “pKs  =”; PKS
        ‘PRINT #2, “NCAT =”;    ;NCAT
        PRINT #2, “PHCO3 =”; PHCO3
        ‘PRINT #2, “pK2, pKs,NCAT,PHCO3,PFM are as follows:”
        PRINT #2, “Computing pHc “
        ‘COMPUTE PHC
        PHC = (PK2 - PKS) + NCAT + PHCO3 + 5 * PFM
        PRINT #2, “pHc = (pK2 - pKs) + log NCAT + log PHCO3 + 5 * PFM, pHc”
        PRINT #2, “pK2 , pKs, log NCAT , log PHCO3  “
        PRINT #2, USING “#####.######”; PK2, PKS, NCAT, PHCO3
        PRINT #2, “5 * PFM, pHc”
        PRINT #2, USING “#####.######”; TAB(50); 5 * PFM, PHC: PRINT #2, “  “
        PRINT #2, “pH observed, pH calculated &  difference =”
        PRINT #2, USING “#####.######”; PH, PHC, PH - PHC
        SATIN = PH - PHC: ION(GP, II, 5) = SATIN
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “  CaCO3 SI by Method -E    =    “; 
SATIN
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “  CaCO3 SI by Method -E    =    “; 
SATIN
        INX$(5) = “Langelier-3”
        PRINT #2, “Saturation Index by Method 5 (SATIN) = PH - PHC=”; USING “#####.######”; SATIN
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #5, “------------------------------------------------------------------”
        PRINT #2, “------------------------------------------------------------------”
        PRINT #2, “CaCO3 SI by Method-F  STIFF DAVIS”
        PRINT #5, “CaCO3 SI by Method-F  STIFF DAVIS”
        BN = BN + 1
        PRINT #2, “SI= pH-K-pCA-pALK. SI=Postive Means Scale Forming, Negative Means Corrosive”
        PRINT #5, “SI= pH-K-pCA-pALK. SI=Postive Means Scale Forming, Negative Means Corrosive”
        PRINT #2, “ML(1), -LOG(ML(1)) / 2.303=”; USING “######.####”; ML(1), -LOG(ML(1)) / 2.303
        A1 = -LOG(ML(1)) / 2.303
        PRINT #2, “ML(1), A1 = -LOG(ML(1)) / 2.303  =       “, USING “####.####”; ML(1), A1
        PRINT #2, “DATA ML(5), -LOG(ML(5)) / 2.303  =       “; ML(5), -LOG(ML(5)) / 2.303
        A2 = -LOG(ML(5)) / 2.303
        PRINT #2, “A2 = -LOG(ML(5)) / 2.303 = “, USING “######.####”; A2
        PRINT #2, “PHC =    A1 +     A2 +     1.9 = “, USING “####.####”; A1, A2, PHC
        PRINT #2, “ISS, TC  =”; ISS, TC
        KNEW = 3.29 + 0.025 * ISS + (-.025 * TC)
        PRINT #2, “KNEW      = 3.29 + 0.025 * ISS + (-.025 * TC)   = “; KNEW
        PALK = A2: PCA = A1
        PRINT #2, “ LSI1 = PH - A1 - A2 - KNEW”
        LSI1 = PH - A1 - A2 - KNEW
        PRINT #2, “ PH, KNEW, PCA,PALK     =     “; PH, KNEW, A1, A2
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        PRINT #2, “STIFF DAVIS  LSI1”; LSI1
        DPHH = LSI1: PRINT #2, “STIFF DAVIS INDEX   =  “; USING “####.####”; LSI1
        ION(GP, II, 6) = DPHH
        INX$(6) = “ STIFF DAVIS “
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “ CaCO3 SI by Method-F  STIFF DAVIS    
=    “; DPHH
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “ CaCO3 SI by Method-F  STIFF DAVIS    
=    “; DPHH
        PRINT #5, “------------------------------------------------------------------”
        PRINT #2, “------------------------------------------------------------------”
        PRINT #2, “Temperature Versus SI- STIFF DAVIS”
        PRINT #2, “SI= pH-K-pCA-pALK.Positive Means Scale Forming, Negative Means Corrosive”
        PRINT #2, “--------------------------------------------------------------------”
        PRINT #2, “ TEMP.C        PH         KNEW     ISS     pCA       pALK         SI    “
        PRINT #2, “--------------------------------------------------------------------”
        FOR TL = 10 TO 100 STEP 5
            KNEW1 = 3.29 + 0.025 * ISS + (-.025 * TL): LSI2 = PH1(GP, II) - A1 - A2 - KNEW1
            PRINT #2, USING “#####.####”; TL, PH, KNEW1, ISS, A1, A2, LSI2
        NEXT TL
        PRINT #2, “------------------------------------------------------------------”
        ‘
        PRINT #5, “----------------------------------------------------------------- “
        PRINT #5, “Temperature Versus SI- STIFF DAVIS”
        PRINT #5, “SI= pH-K-pCA-pALK. Positive Means Scale Forming, Negative Means Corrosive”
        PRINT #5, “------------------------------------------------------------------------”
        PRINT #5, “ TEMP.C     PH        K      ISS      pCA             pALK         SI   “
        PRINT #5, “--------------------------------------------------------------------”
        FOR TL = 10 TO 100 STEP 5
            KNEW1 = 3.29 + 0.025 * ISS + (-.025 * TL): LSI2 = PH1(GP, II) - A1 - A2 - KNEW1
            PRINT #5, USING “#####.####”; TL, PH, KNEW1, ISS, A1, A2, LSI2
        NEXT TL
        PRINT #5, “--------------------------------------------------------------------”
        GOSUB 5190
        BN = BN + 1: PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “CaCO3 SI by Method - G “
        PRINT #5, “CaCO3 SI by Method - G “
        PRINT #2, “SI = pH + TEMP FACTOR + CALCIUM FACTOR + ALK FACTOR - 12.1”
        PRINT #5, “SI = pH + TEMP FACTOR + CALCIUM FACTOR + ALK FACTOR - 12.1”
        PRINT #2, “COEFFICIENTS FOR TEMP FACTOR “
        ‘ TEMP FACTOR
        V1 = PCF(9, 1): PRINT #2, “TERM 1 =”; V1; “ + “
        FOR IC = 2 TO 10: V1 = V1 + PCF(9, IC) * (TC ^ (IC - 1))
            PRINT #2, “TERM “; IC; “  “; PCF(9, IC); “*  TC ^ “; IC - 1; “= “; PCF(9, IC) * (TC ^ 
(IC - 1)); “ = “; V1
        NEXT IC
        TF = V1: PRINT #2, “TEMP FACTOR    =   “; TF
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “COEFFICIENTS FOR CALCIUM FACTOR “
        ‘ CALCIUM FACTOR
        V1 = PCF(12, 1): PRINT #2, “TERM 1 =”; V1; “ + “
        FOR IC = 2 TO 10: V1 = V1 + PCF(12, IC) * (TC ^ (IC - 1))
            PRINT #2, “TERM “; IC; “  “; PCF(12, IC); “*  TC ^ “; IC - 1; “= “; PCF(12, IC) * (TC ^ 
(IC - 1)); “ = “; V1
        NEXT IC
        CF = V1: PRINT #2, “CALCIUM FACTOR   =     “; CF
        ‘ALKALINITY FACTOR
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “COEFFICIENTS FOR ALKALINITY FACTOR  “
        V1 = PCF(13, 1): PRINT #2, “TERM 1 =”; V1; “ + “
        FOR IC = 2 TO 10: V1 = V1 + PCF(13, IC) * (TC ^ (IC - 1))
            PRINT #2, “TERM “; IC; “  “; PCF(13, IC); “*  TC ^ “; IC - 1; “= “; PCF(13, IC) * (TC ^ 
(IC - 1)); “ = “; V1
        NEXT IC
        AF = V1: PRINT #2, “ ALKALINITY FACTOR  =   “; AF: PRINT #2, “  “
        PRINT #2, “Saturation Index  =  PH + TF + CF + AF - 12.1=SI”
        SI = PH + TF + CF + AF - 12.1
        PRINT #2, USING “####.####”; PH, TF, CF, AF, SI
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “ CaCO3 SI by Method -  G  = “; SI
        PRINT #2, “  “: ION(GP, II, 7) = SI
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “ CaCO3 SI by Method  - G  = “; SI
        INX$(7) = “ METHOD G”
        PRINT #5, “--------------------------------------------------------------------”
        PRINT #2, “ -------------------------------------------------------------------”
        ‘
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #5, “Solubility of CO2 Calculation”
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        PRINT #2, “Solubility of CO2 Calculation”
        BN = BN + 1: LPCO2 = 7.9 + LAI(5) - PH1(GP, II)
        PRINT #5, “LPCO2 = 7.9 + LAI(5) - PH1(GP, II)”
        PRINT #2, “LPCO2 = 7.9 + LAI(5) - PH1(GP, II)”
        PRINT #5, “LOG PCO2   =     “; USING “####.######”; LPCO2
        PRINT #2, “LOG PCO2   =     “; USING “####.######”; LPCO2
        BP(GP, II, 29) = ISS
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Solubility of CO2 =  “; USING 
“###.####”; LPCO2
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Solubility of CO2 =  “; USING 
“###.####”; LPCO2
        BP(GP, II, 14) = CR: PRINT #5, “  “: PRINT #2, “  “
        BN = BN + 1
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #5, “Acid Neutralising Capacity Calculation”
        PRINT #2, “Acid Neutralising Capacity Calculation”
        ANC1 = 2 * MI(1) + 2 * MI(2) + MI(3) + MI(4) - 2 * MI(9) - MI(8) - MI(7) - MI(12)
        ANC2 = 2 * CAEPM + 2 * MGEPM + NAEPM + KEPM - 2 * SO4EPM - NO3EPM - CLEPM - FLUEPM
        PRINT #2, “ANC1 = 2*MI(1)+2*MI(2)+MI(3)+MI(4)-2*MI(9)-MI(8)-MI(7)-MI(12)”
        PRINT #2, “ANC2 = 2 * CAEPM + 2 * MGEPM + NAEPM + KEPM - 2 * SO4EPM - NO3EPM - CLEPM - 
FLUEPM”
        PRINT #5, “ANC1 = 2*MI(1)+2*MI(2)+MI(3)+MI(4)-2*MI(9)-MI(8)-MI(7)-MI(12)”
        PRINT #5, “ VALUES FOR ANC1 ARE “
        PRINT #5, “2*MI(1), 2*MI(2), MI(3), MI(4), 2*MI(9), MI(8), MI(7), MI(12)”
        PRINT #5, USING “####.#####”; 2 * MI(1), 2 * MI(2), MI(3), MI(4), 2 * MI(9), MI(8), MI(7), 
MI(12)
        ‘
        PRINT #2, “VALUES FOR ANC1 ARE “
        PRINT #2, “ANC1 = 2*MI(1)+2*MI(2)+MI(3)+MI(4)-2*MI(9)-MI(8)-MI(7)-MI(12)”
        PRINT #2, “2*MI(1), 2*MI(2), MI(3), MI(4), 2*MI(9), MI(8), MI(7), MI(12)”
        PRINT #2, 2 * MI(1), 2 * MI(2), MI(3), MI(4), 2 * MI(9), MI(8), MI(7), MI(12)
        PRINT #2, “ANC1 = “; ANC1
        ‘
        PRINT #5, “VALUES FOR ANC2 ARE”
        PRINT #5, “ANC2 = 2 * CAEPM + 2 * MGEPM + NAEPM + KEPM - 2 * SO4EPM - NO3EPM - CLEPM - 
FLUEPM”
        PRINT #5, 2 * CAEPM + 2, MGEPM + NAEPM + KEPM - 2, SO4EPM, NO3EPM, CLEPM, FLUEPM
        PRINT #5, “ANC2 = “; ANC2
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Acid Neutralising Capacity  =”
        PRINT #5, ANC1, “(MOLES/L)          “, ANC2, “MEQ/L)”
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN
        PRINT #2, “Acid Neutralising Capacity  ANC1(MOLES/L), ANC2 ( MEQ/L) “
        PRINT #2, ANC1, “(MOLES/L)”, ANC2, “MEQ/L)”
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “SALINITY AND SODIUM HAZARD EVALUATION- USSL DIAGRAM”
        PRINT #5, “SALINITY AND SODIUM HAZARD EVALUATION- USSL DIAGRAM”
        BN = BN + 1
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Sodium Adsorption Ratio(SAR) = “; 
SAR
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Sodium Adsorption Ratio(SAR) = “; 
SAR
        PRINT #2, “Signifi cance of SAR:”
        IF SAR > 15 THEN PRINT #2, “Unacceptable    Do not use”
        IF SAR > 8 THEN PRINT #2, “Very Poor  “
        IF SAR > 4 THEN PRINT #2, “Poor”
        IF SAR > 2 THEN PRINT #2, “Fair”
        IF SAR < 1 THEN PRINT #2, “Excellent”
        ‘IF SAR > 15 THEN PRINT #5, “Unacceptable    Do not use”
        ‘IF SAR > 8 THEN PRINT #5, “Very Poor  “
        ‘IF SAR > 4 THEN PRINT #5, “Poor”
        ‘IF SAR > 2 THEN PRINT #5, “Fair”
        ‘IF SAR < 1 THEN PRINT #5, “Excellent”
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “PERMEABILITY INDEX OF DONEEN   “
        PPI = (EPM(3) + SQR(EPM(5))) / (R2 + EPM(3)) * 100
        PRINT #2, “PPI = (EPM(3) + SQR(EPM(5))) / (R2 + EPM(3)) * 100”
        ‘PRINT #5, “PPI = (EPM(3) + SQR(EPM(5))) / (R2 + EPM(3)) * 100”
        PRINT #2, “Sl.No.  “; II; SPC(3); “Permeability Index of Doneen = “; PPI
        PRINT #5, “Sl.No.  “; II; SPC(3); “Permeability Index of Doneen = “; PPI
        BP(GP, II, 23) = PPI
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “SALINITY RATING OF WATER “
        PRINT #5, “SALINITY RATING OF WATER using EC “; EC
        IF EC < 650 THEN SR$(II) = RTG$(1)
        IF EC > 650 THEN SR$(II) = RTG$(2)
        IF EC > 1300 THEN SR$(II) = RTG$(3)
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        IF EC > 2900 THEN SR$(II) = RTG$(4)
        IF EC > 5200 THEN SR$(II) = RTG$(5)
        BN = BN + 1
        PRINT #2, “Sl.No. & PMR.No. =”; II; BN; SPC(3); “Salinity Rating= “; SR$(II)
        PRINT #5, “Sl.No. & PMR.No. =”; II; BN; SPC(3); “Salinity Rating from EC= “; SR$(II)
        ‘Salinity & Soil Structure Stability
        PRINT #2, “Hazard from Salinity of Irrigation water”
        IF EC < 250 THEN SH$(II) = ST$(1)
        IF EC > 250 THEN SH$(II) = ST$(2)
        IF EC > 750 THEN SH$(II) = ST$(3)
        IF EC > 2000 THEN SH$(II) = ST$(4)
        IF EC > 3000 THEN SH$(II) = ST$(5)
        BN = BN + 1
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Irrigation water Q=”; SH$(II)
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Irrigation water Q=”; SH$(II)
        PRINT #2, SH$(II)
        VP$(GP, II, 5) = SH$(II)
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “CHLORIDE CLASSIFICATION CL PPM “; CLPPM
        PRINT #5, “CHLORIDE CLASSIFICATION CL PPM “; CLPPM
        IF CLPPM < 70 THEN C1$ = CT$(1)
        IF CLPPM > 70 THEN C1$ = CT$(2)
        IF CLPPM > 140 THEN C1$ = CT$(3)
        IF CLPPM > 350 THEN C1$ = CT$(4)
        BN = BN + 1
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Chloride Classifi cation   = “; C1$
        VP$(GP, II, 17) = C1$
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Impact of Chloride        = “; C1$
        BN = BN + 1
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “RESIDUAL SODIUM CARBONATE -RSC”
        PRINT #5, “RESIDUAL SODIUM CARBONATE -RSC”
        PRINT #5, “Sl.No. & PMR.No. = “; II; SPC(3); BN; SPC(3); “Residual Sodium Carbonate  = “; 
RSC
        PRINT #2, “Sl.No. & PMR.No. = “; II; SPC(3); BN; SPC(3); “Residual Sodium Carbonate  = “; 
RSC
        IF RSC = 0 THEN RSCT$(II) = “Calcium is Lost from Soil Solution”
        IF RSC < 0 THEN RSCT$(II) = RT$(1)
        IF RSC > 1.0 THEN RSCT$(II) = RT$(2)
        IF RSC > 2.5 THEN RSCT$(II) = RT$(3)
        IF RSC > 2.5 THEN RSCT$(II) = RT$(4)
        PRINT #5, “Signifi cant Effect = “; RSCT$(II)
        PRINT #5, “Impact of Residual Sodium Carbonate   = “; RSCT$(II)
        PRINT #2, “Signifi cant Effect = “; RSCT$(II)
        PRINT #2, “Impact of Residual Sodium Carbonate   = “; RSCT$(II)
        VP$(GP, II, 18) = RSCT$(II)
        BN = BN + 1
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “Kelly’s Ratio Calculation”
        PRINT #5, “Kelly’s Ratio Calculation”
        KR = NAEPM / (CAEPM + MGEPM)
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Kelly’s Ratio= “;: PRINT #2, USING 
“####.#####”; KR
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Kelly’s Ratio= “;: PRINT #5, USING 
“####.#####”; KR
        BP(GP, II, 24) = KR
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “ MAGNESIUM ADSORPTION RATIO “
        PRINT #5, “ MAGNESIUM ADSORPTION RATIO “
        MAR = MGEPM / (CAEPM + MGEPM) * 100
        BN = BN + 1
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Magnesium Adsorption Ratio   = “; 
MAR
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Magnesium Adsorption Ratio   = “; 
MAR
        BP(GP, II, 35) = MAR: BN = BN + 1
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “POTENTIAL SALINITY OF WATER”
        PRINT #5, “POTENTIAL SALINITY OF WATER”
        PRINT #2, “PSAL = CLEPM + 0.5 * SO4EPM”
        PSAL = CLEPM + 0.5 * SO4EPM
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Potential Salinity   = “; PSAL
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Potential Salinity   = “; PSAL
        BP(GP, II, 36) = PSAL
        BN = BN + 1: PRINT #2, “ “: PRINT #5, “ “
        PRINT #5, “EXCHANGEABLE SODIUM PERCENTAGE M. Siosemarde et.al 2010”
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        PRINT #2, “EXCHANGEABLE SODIUM PERCENTAGE M. Siosemarde et.al 2010”
        PRINT #2, “ESP1 = (-0.0126 + 0.01475 * SAR)”
        PRINT #2, “ESP2 = (1 + (-0.0126 + 0.01475 * SAR))”
        PRINT #2, “ESP = 100 * (ESP1 / ESP2)”
        ESP1 = (-0.0126 + 0.01475 * SAR)
        ESP2 = (1 + (0.0126 + 0.01475 * SAR))
        ESP = 100 * (ESP1 / ESP2)
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Exchangeable Sodium Percentage  = 
“; ESP
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Exchangeable Sodium Percentage  = 
“; ESP
        BP(GP, II, 25) = ESP
        BN = BN + 1
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “Sodicity hazard Impact”
        PRINT #5, “Sodicity hazard Impact”
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Sodicity hazard Impact”
        IF ESP < 15 THEN SH$ = “None to slight”
        IF ESP > 15 AND ESP < 30 THEN SH$ = “Light to moderate”
        IF ESP > 30 AND ESP < 50 THEN SH$ = “Moderate to high”
        IF ESP > 50 AND ESP < 70 THEN SH$ = “High to very high”
        IF ESP > 70 THEN SH$ = “Extremely high”
        VP$(GP, II, 5) = SH$
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Sodicity hazard Impact  “; SH$
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Sodicity hazard Impact  “; SH$
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “Salinity based on E.C&  USDA system:”; EC
        PRINT #5, “Salinity based on E.C&  USDA system:”; EC
        IF EC < 250 THEN SR$ = “Low saline : Good “
        IF EC > 250 AND EC < 750 THEN SR$ = “Medium saline : Fair”
        IF EC > 750 AND EC < 2250 THEN SR$ = “Highly  saline : Poor Quality”
        IF EC > 2250 THEN SR$ = “ Very high saline : Very poor”
        VP$(GP, II, 4) = SR$
        ‘ PRINT #2, “Salinity based on E.C&  USDA system:”
        ‘PRINT #5, “Salinity based on E.C&  USDA system:”; EC, SR$
        PRINT #2, “Residual Sodium Carbonate (RSC)-RSC of water  suitablility”; RSC
        PRINT #5, “Residual Sodium Carbonate (RSC)-RSC of water  suitablility”; RSC
        IF RSC < 1.25 THEN PRINT #2, “ Good quality water”
        IF RSC > 1.25 AND RSC < 2.5 THEN PRINT #2, “Fair quality water”
        IF RSC > 2.5 THEN PRINT #2, “Poor quality water and unsuitable for irrigation”
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #5, “Soluble Sodium Percentage=”
        PRINT #2, “Soluble Sodium Percentage=”
        SSP = NAEPM / (CAEPM + MGEPM + NAEPM + KEPM) * 100
        BP(GP, II, 6) = SSP
        PRINT #2, “SSP = NAEPM / (CAEPM + MGEPM + NAEPM + KEPM) * 100= “; SSP
        PRINT #5, “SSP = NAEPM / (CAEPM + MGEPM + NAEPM + KEPM) * 100= “; SSP
        BN = BN + 1
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Soluble Sodium Percentage & its im-
pact=”; SSP
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Soluble Sodium Percentage & its im-
pact=”; SSP
        PRINT #2, “SSP <6 Non-sodic ; Sodic 6-10;   Moderately  Sodic 10-15”
        PRINT #2, “ Strongly Sodic  15-25 ;   Very strongly Sodic > 25”
        PRINT #5, “SSP <6 Non-sodic ; Sodic 6-10;   Moderately  Sodic 10-15”
        PRINT #5, “Strongly Sodic  15-25 ;   Very strongly Sodic > 25”
        BP(GP, II, 6) = SSP
        ‘Soluble Sodium Percentage (SSP)-’SSP of water  suitablility
        IF SSP < 60 THEN PRINT #2, “Water is of Good Quality -Suitable for Irrigation”
        IF SSP > 60 THEN PRINT #2, “Poor Quality Water and it is Unsuitable for Irrigation “
        GOSUB 5190: PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “Aggressiveness Index Calculation”
        PRINT #5, “Aggressiveness Index Calculation”
        AX = TOTHCO3: HX = CAH
        PRINT #2, “AX = TOTHCO3: HX = CAH  =”, AX, TOTHCO3, HX, CAH
        AGIN = PH + LOG(AX * HX) / 2.303:
        PRINT #2, “AGIN = PH + LOG(AX * HX) / 2.303 =”
        ‘PRINT #5, “AGIN = PH + LOG(AX * HX) / 2.303 =”; AGIN
        PRINT #2, PH, LOG(AX * HX) / 2.303, AGIN: ION(GP, II, 17) = AGIN
        INX$(7) = “Aggressiveness Index  & its impact: “
        BN = BN + 1
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Aggressiveness Index =”; AGIN
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Aggressiveness Index =”; AGIN
        BP(GP, II, 7) = AGIN
        IF AGIN >= 12.0 THEN PRINT #2, “Non-Aggressive Non-Corrosive Water”
        IF AGIN < 12.0 AND AGIN > 10.0 THEN PRINT #2, “Moderately Aggressive  Water”



181. . . 

        IF AGIN < 10.0 THEN PRINT #2, “Highly Aggressive & Corrosive Water”
        BN = BN + 1
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “Ryznar Stability Index”
        PRINT #5, “Ryznar Stability Index”
        RSI = 2 * PHCNEW1 - PH: BP(GP, II, 3) = RSI
        PRINT #2, “RSI = 2 * PHCNEW1 - PH: BP(GP, II, 3) = RSI”
        PRINT #2, “PHCNEW1, PH, 2*PHC,  RSI = 2 * PHCNEW1 - PH  =”
        PRINT #2, USING “####.#####”; PHCNEW1, PH, 2 * PHCNEW1, RSI
        ION(GP, II, 8) = RSI: INX$(8) = “RYZNER  INDEX”
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Ryznar Stability Index  & IMPACT  =  
“; RSI
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Ryznar Stability Index  & IMPACT  =  
“; RSI
        BP(GP, II, 3) = RSI
        IF RSI < 10 THEN PRINT #2, “ RSI<10 So, Water is Stable and Non-Corrosive”
        IF RSI > 10 THEN PRINT #2, “ RSI>10 So, Water is Not Stable and  Corrosive”
        IF RSI < 4 THEN PRINT #2, “Fully Scale Forming Water”
        IF RSI > 4 THEN RYZNER$ = RYZ$(6)
        IF RSI > 5 THEN RYZNER$ = RYZ$(5)
        IF RSI > 6 THEN RYZNER$ = RYZ$(4)
        IF RSI > 7 THEN RYZNER$ = RYZ$(3)
        IF RSI > 7.5 THEN RYZNER$ = RYZ$(2)
        IF RSI > 9 THEN RYZNER$ = RYZ$(1)
        PRINT #2, “Signifi cance of Ryznar Stability Index=”; RYZNER$
        ‘PRINT #5, “Ryznar Stability Index  SIGNIFICANCE  =  “; RYZNER$
        VP$(GP, II, 27) = RYZNER$: GOSUB 5190
        BN = BN + 1
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Puckorius Index & Signifi cance  “
        PHEQ = 1.465 * LOG(TOTHCO3) / 2.303 + 4.54
        PHC = PHNEW1
        PRINT #2, “Puckorius Index Calculation”
        PRINT #5, “Puckorius Index Calculation”
        PRINT #2, “PHEQ = 1.465 * LOG(TOTHCO3) / 2.303 + 4.54=   “; PHEQ
        PRINT #2, “TOTHCO3, LOG(TOTHCO3)/2.303 = “; TOTHCO3, LOG(TOTHCO3) / 2.303
        PKORIS = 2 * PHCNEW1 - PHEQ:
        PRINT #2, “Puckorius Index( PKORIS) = 2 * PHCNEW1-PHEQ   =”;
        PRINT #2, “PKORIS = “; PKORIS
        PRINT #5, “Puckorius Index( PKORIS) = 2 * PHCNEW1-PHEQ   =”;
        PRINT #5, “PKORIS = “; PKORIS
        ION(GP, II, 9) = PKORIS: INX$(9) = “PUCKORIUS INDEX”
        PKR$ = PKRI$(1)
        IF PKORIS > 4.5 THEN PKR$ = PKRI$(2)
        IF PKORIS > 6.5 THEN PKR$ = PKRI$(3)
        PRINT #2, “Signifi cance of Puckorius Index is  “; PKR$
        PRINT #5, “Signifi cance of Puckorius Index is  “; PKR$
        PRINT #5, “Sl.No. & PMR.No. = “; II; SPC(3); BN; SPC(3); “Puckorius Index & Signifi cance   = 
“; PKORIS, PKRI$
        PRINT #2, “Sl.No. & PMR.No. = “; II; SPC(3); BN; SPC(3); “Puckorius Index & Signifi cance   = 
“; PKORIS, PKRI$
        BN = BN + 1
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “ Larson Skold Index”
        PRINT #5, “ Larson Skold Index”
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Larson Skold Index & Signifi cance “
        ‘PRINT #2, “EPM 6,8,4,5”; EPM(6), EPM(8), EPM(4), EPM(5)
        SKT1 = (EPM(7) + EPM(9)): SKT2 = (EPM(5) + EPM(6))
        PRINT #2, “SKT1 = (EPM(7) + EPM(9)); SKT2 = (EPM(5) + EPM(6))”
        ‘PRINT #2, “EPM(7),EPM(9),SKT1 =”; EPM(7), EPM(9), SKT1
        ‘PRINT #2, “EPM(5),EPM(6),SKT2=”; EPM(5), EPM(6), SKT2
        SKT = SKT1 / SKT2: PRINT #2, “ SKT =   “; SKT
        ION(GP, II, 10) = SKT: INX$(10) = “LARSON SKOLD INDEX”
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Larson Skold Index  =  “;
        PRINT #5, USING “#####.#####”; SKT
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Larson Skold Index  =  “;
        PRINT #2, USING “#####.#####”; SKT
        IF SKT < 0.2 THEN PRINT #2, “No metal Corrosion tendency”
        IF SKT > 0.2 AND SKT < 0.4 THEN PRINT #2, “Light metal Corrosion tendency”
        IF SKT > 0.4 AND SKT < 0.5 THEN PRINT #2, “Low metal Corrosion tendency”
        IF SKT > 0.5 AND SKT < 1.0 THEN PRINT #2, “Mid metal Corrosion tendency”
        IF SKT > 1.0 THEN PRINT #2, “High metal Corrosion tendency”
        ‘IF SKI >0.5 THEN PRINT #2,”Potential Water Corrosiveness” ELSE PRINT #2,”Neutral Water”
        DENS = 3.755447 - 0.0078336 * TK + 6.884442E-06 * TK * TK - 308.5169 / TK
        BP(GP, II, 1) = DENS
        VP$(GP, II, 17) = C1$: VP$(GP, II, 9) = S3$
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        VP$(GP, II, 5) = SH$: VP$(GP, II, 22) = RES$
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “Oxidation Capacity of Water”
        PRINT #5, “Oxidation Capacity of Water”
        PRINT #2, “OXCAP = 5 * ML(8) / 62 + 7 * ML(9) / 96.06”
        PRINT #5, “OXCAP = 5 * ML(8) / 62 + 7 * ML(9) / 96.06”
        OXCAP = 5 * (ML(8) * 1000) / 62 + 7 * (ML(9) * 1000) / 96.06
        BN = BN + 1
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Oxidation Capacity of Water(me/L)  
=  “; USING “#####.#####”; OXCAP
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Oxidation Capacity of Water(me/L)  
=  “; USING “#####.#####”; OXCAP
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “Von Wirdum Ion Ratio”
        PRINT #5, “Von Wirdum Ion Ratio”
        BP(GP, II, 47) = OXCAP: BN = BN + 1

        PRINT #2, “Van Wirdum eqn 1 VWIR1= 100*(0.5*Ca epm/(0.5* Ca epm + Cl epm)”
        PRINT #2, “Van Wirdum eqn 2 VWIR2=100*ML(1)/(ML(1)+ML(7)) MOLAL CONC”
        PRINT #2, “FOR VWIR2 = 100* ML 1,  ML 1+ 7=”; 100 * ML(1), ML(1) + ML(7)
        PRINT #2, “VWIR1 = 100 * (0.5 * WP(GP, II, 7, 1) / (0.5 * WP(GP, II, 7, 1) + WP(GP, II, 7, 
7)))”
        PRINT #2, “100 * (0.5 * WP(GP, II, 7, 1) , (0.5 * WP(GP, II, 7, 1) , WP(GP, II, 7, 7)))”
        PRINT #2, 100 * (0.5 * WP(GP, II, 7, 1)), 0.5 * WP(GP, II, 7, 1), WP(GP, II, 7, 7)
        PRINT #2, “ “: PRINT #5, “ “
        VWIR1 = 100 * (0.5 * WP(GP, II, 7, 1) / (0.5 * WP(GP, II, 7, 1) + WP(GP, II, 7, 7)))
        PRINT #2, “VWIR1 =”; VWIR1
        VWIR2 = 100 * ML(1) / (ML(1) + ML(7))
        PRINT #2, “VWIR2 =”; VWIR2
        PRINT #5, “VWIR1 = 100 * (0.5 * WP(GP, II, 7, 1) / (0.5 * WP(GP, II, 7, 1) + WP(GP, II, 7, 
7)))”
        PRINT #5, “VWIR1 =”; VWIR1
        PRINT #5, “FOR VWIR2 = 100* ML 1,  ML 1+ 7=”; 100 * ML(1), ML(1) + ML(7)
        PRINT #5, “VWIR2 =”; VWIR2
        BP(GP, II, 48) = VWIR1: BP(GP, II, 49) = LPCO2
        PRINT #2, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Von Wirdum Ion Ratio 1=  “; VWIR1
        PRINT #5, “Sl.No. & PMR.No. =”; II; SPC(3); BN; SPC(3); “Von Wirdum Ion Ratio 1=  “; VWIR1
        PRINT #5, “ ------------------------------------------------------------------------”
        PRINT #2, “ ------------------------------------------------------------------------”
        BP(GP, II, 50) = 0.0: BN = BN + 1: TOTH = CAEQ + MGEQ
        ‘IF TOTH > 100 THEN 3140 ELSE GOTO 3150
        3140 PRINT #2, “LIME DOSE CALCULATIONS”
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #5, “LIME DOSE CALCULATIONS”
        CARBH = HCOEQ + CO3EQ: TALK = CARBH: PRINT #2, “CARBH = TALK”; CARBH
        PRINT #2, “AHCO3 = TALK * (61 / 50) * (1 / 1000) * (1 / 61)”
        AHCO3 = TALK * (61 / 50) * (1 / 1000) * (1 / 61)
        PRINT #2, “AHCO3 =”; AHCO3
        PRINT #2, “ T1 = 14.8435 - 3404.71 / 293 - 0.032786 * 293”
        T1 = 14.8435 - 3404.71 / 293 - 0.032786 * 293
        PRINT #2, “BK1 = 10 ^ T1”: BK1 = 10 ^ T1
        PRINT #2, “T1=”; T1: PRINT #2, “BK1=”; BK1
        PRINT #2, “T2 = 6.498 - 2909.39 / 293 - 0.02379 * (293)”
        PRINT #2, “BK2 = 10 ^ T2”
        T2 = 6.498 - 2909.39 / 293 - 0.02379 * (293): PRINT #2, “T2=”; T2
        BK2 = 10 ^ T2: PRINT #2, “BK2=”; BK2
        LL1 = 1 * 10 ^ (-7) / BK1 + 1 + BK2 / 1 * 10 ^ (-7)
        PRINT #2, “  LL1 = 1 * 10 ^ (-7) / BK1 + 1 + BK2 / 1 * 10 ^ (-7)”
        ALPHA1 = 1 / LL1: PRINT #2, “ALPHA1 = 1 / LL1”; ALPHA1
        DCT = AHCO3 / ALPHA1: PRINT #2, “ DCT = AHCO3 / ALPHA1=”; DCT
        PRINT #2, “AHCO3=”; AHCO3
        EHCO3 = DCT - AHCO3: PRINT #2, “EHCO3 = DCT - AHCO3”; EHCO3
        FHCO3 = EHCO3 * 1000 * 100: NHCO3 = EHCO3 * 62 * 1000
        PRINT #2, “FHCO3 = EHCO3 * 1000 * 100 =”; FHCO3
        PRINT #2, “NHCO3 = EHCO3 * 62 * 1000=”; NHCO3
        ‘STEP 2
        CACARBH = CAPPM: MGCARBH = HCO3PPM - CAPPM: PRINT #2, “MGCARBH=”; MGCARBH
        MGNCH = TOTH - HCO3PPM: PRINT #2, “TOTH, HCO3PPM,MGNCH =”; TOTH, HCO3PPM, MGNCH
        PRINT #2, “FHCO3,CARBH,MGCARBH,MGNCH”: PRINT #2, FHCO3, CARBH, MGCARBH, MGNCH
        LDOS = FHCO3 + CAPPM + 2 * (MGCARBH) + MGNCH: NLDOS = LDOS * (37 / 50)
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “ LDOS = FHCO3 + CAPPM + 2 * (MGCARBH) + MGNCH: NLDOS = LDOS * (37 / 50)”
        PRINT #2, “SL.NO.  PARAMETER NO”; II, BN: PRINT #5, “SL.NO.  PARAMETER NO”; II, BN
        PRINT #2, “Lime dose requirement for this water(For softening)  :”
        PRINT #2, “Lime to be added as  Ca(OH)2 =”; NLDOS; “ mg/L as CaCO3”
        PRINT #5, “Lime dose requirement for this water (For softening)  :”
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        PRINT #5, “Lime to be added as  Ca(OH)2 =”; NLDOS; “ mg/L as CaCO3”
        BP(GP, II, 50) = NLDOS
        IF TALK > TOTH THEN NCH = 0
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “Soda Ash dose requirement “
        PRINT #5, “Soda Ash dose requirement”
        SODAASH = NCH + (TOTH - TALK) * (53 / 50): BP(GP, II, 51) = SODAASH
        BN = BN + 1
        PRINT #2, “Sl.No.& PMR.No. for SODA ASH = “; II, BN
        PRINT #5, “Sl.No.& PMR.No. for SODA ASH = “; II, BN
        PRINT #2, “Soda Ash dose requirement for this water(softening)  :”
        PRINT #2, “Soda ash to be added (Na2 CO3)  =”; SODAASH; “ mg/L as Na2 CO3”
        PRINT #5, “Soda Ash dose requirement for this water(softening)  :”
        PRINT #5, “Soda ash to be added (Na2 CO3)  =”; SODAASH; “ mg/L as Na2 CO3”
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “SALT INDEX CALCULATION”
        PRINT #5, “SALT INDEX CALCULATION”
        BP(GP, II, 51) = SODAASH
        PRINT #2, “SALTINDEX = (NAPPM - 24.5) - (CAEQ) * 4.85”
        PRINT #5, “SALTINDEX = (NAPPM - 24.5) - (CAEQ) * 4.85”
        PRINT #2, “NAPPM , CAEQ =”; PPM(3), CAEQ: NAPPM = PPM(3)
        BN = BN + 1
        SALTINDEX = (NAPPM - 24.5) - (CAEQ) * 4.85: BP(GP, II, 52) = SALTINDEX
        PRINT #2, “SL.NO.  PMR.NO. SALTINDEX= “; II; SPC(3); BN; SPC(3); SALTINDEX
        PRINT #2, “NEGATIVE SALTINDEX MEANS GOOD QUALITY WATER”
        PRINT #5, “SL.NO.  PMR.NO. SALTINDEX= “; II; SPC(3); BN; SPC(3); SALTINDEX
        PRINT #5, “NEGATIVE SALTINDEX MEANS GOOD QUALITY WATER”
        PRINT #2, “ “: PRINT #5, “ “
        BN = BN + 1
        PRINT #2, “SODIUM DOMINANCE INDEX CALCULATION”
        PRINT #5, “SODIUM DOMINANCE INDEX CALCULATION”
        PRINT #2, “ “: PRINT #5, “ “
        SODINDEX = NAEPM / (NAEPM + CAEPM + MGEPM) * 100
        PRINT #2, “SODINDEX = NAEPM / (NAEPM + CAEPM + MGEPM) * 100”
        PRINT #5, “SODINDEX = NAEPM / (NAEPM + CAEPM + MGEPM) * 100”
        PRINT #2, “NAEPM , NAEPM ,  CAEPM,  MGEPM”
        PRINT #2, NAEPM, NAEPM, CAEPM, MGEPM
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “Sl.No. PMR.No.& SODIUM DOMINANCE INDEX=”; II; SPC(3); BN; SPC(3); SODINDEX
        PRINT #5, “Sl.No. PMR.No.& SODIUM DOMINANCE INDEX=”; II; SPC(3); BN; SPC(3); SODINDEX
        BP(GP, II, 53) = SODINDEX
        PRINT #2, “ “: PRINT #5, “ “
        NMCA = CAPPM - 0.0213 * CLPPM
        PRINT #2, “NMCA = CAPPM - 0.0213 * CLPPM”: ‘PRINT #5, “ NMCA = CAPPM - 0.0213 * CLPPM”
        BN = BN + 1
        PRINT #2, “NON-MARINE ION CALCULATIONS”: PRINT #5, “NON-MARINE ION CALCULATIONS”
        BP(GP, II, 54) = NMCA

        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “SL. NO. PMR.NO.  NON-MARINE Ca (ppm)=”; II; SPC(3); BN; SPC(3); NMCA
        PRINT #5, “SL. NO. PMR.NO.  NON-MARINE Ca (ppm)=”; II; SPC(3); BN; SPC(3); NMCA
        NMMG = MGPPM - 0.0668 * CLPPM
        PRINT #2, “NMMG = MGPPM - 0.0668* CLPPM”: ‘PRINT #5, “ NMMG = MGPPM - 0.0668 * CLPPM”
        BN = BN + 1
        BP(GP, II, 55) = NMMG
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “SL. NO. PMR.NO.  NON-MARINE Mg (ppm)=”; II; SPC(3); BN; SPC(3); NMMG
        PRINT #5, “SL. NO. PMR.NO.  NON-MARINE Mg (ppm)=”; II; SPC(3); BN; SPC(3); NMMG
        NMNA = NAPPM - 0.85563 * CLPPM
        PRINT #2, “NMNA = NAPPM - 0.5563 * CLPPM”: ‘PRINT #5, “NMNA = NAPPM - 0.5563 * CLPPM”
        BN = BN + 1
        BP(GP, II, 56) = NMNA
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “SL. NO. PMR.NO.  NON-MARINE Na (ppm)= “; II; SPC(3); BN; SPC(3); NMNA
        PRINT #5, “SL. NO. PMR.NO.  NON-MARINE Na (ppm)=”; II; SPC(3); BN; SPC(3); NMNA
        NMSO4 = SO4PPM - 0.14006 * CLPPM
        BN = BN + 1
        BP(GP, II, 57) = NMSO4
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “NMSO4 = SO4PPM - 0.14006 * CLPPM”: ‘PRINT #5, “NMSO4 = SO4PPM - 0.14006 * CLPPM”
        PRINT #2, “SL. NO. PMR.NO.  NON-MARINE SO4 (ppm)= “; II; SPC(3); BN; SPC(3); NMSO4
        PRINT #5, “SL. NO. PMR.NO.  NON-MARINE SO4 (ppm)=”; II; SPC(3); BN; SPC(3); NMSO4
        NMK = KPPM - 0.0206 * CLPPM
        BP(GP, II, 58) = NMK
        BN = BN + 1
        PRINT #2, “ “: PRINT #5, “ “
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        PRINT #2, “NMK = KPPM - 0.0206 * CLPPM”: ‘PRINT #5, “NMK = SO4PPM - 0.0206 * CLPPM”
        PRINT #2, “SL. NO. PMR.NO.  NON-MARINE K (ppm)= “; II; SPC(3); BN; SPC(3); NMK
        PRINT #5, “SL. NO. PMR.NO.  NON-MARINE K (ppm)=”; II; SPC(3); BN; SPC(3); NMK
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “       ******************************************”
        PRINT #5, “       ******************************************”
        BN = BN + 1: PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “ADJUSTED SODIUM ADSORPTION RATIO-FIRST METHOD”
        PRINT #5, “ADJUSTED SODIUM ADSORPTION RATIO-FIRST METHOD”
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “METHOD BY AYERS & WESCOT(1976), NAKAYAMA(1982)”
        PRINT #5, “METHOD BY AYERS & WESCOT(1976), NAKAYAMA(1982)”
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “ SAR= SAR(1+ (8.4 -pHc); WHERE pHc=(pK2-pKC)+p(Ca+Mg)+p(ALK)”
        PRINT #5, “ SAR= SAR(1+ (8.4 -pHc); WHERE pHc=(pK2-pKC)+p(Ca+Mg)+p(ALK)”
        PRINT #2, “(pK2-pKC) IS REPLACED BY Ca+Mg+Na”
        PRINT #2, “p(Ca+Mg) ARE meq/l VALUES OF THE SAMPLE”
        PRINT #2, “ “
        PRINT #2, “THEORETICAL VALUES ARE CALCULATED “
        PRINT #2, “FROM TABLE VALUES OF NAKAYAMA-1982”

        SUMEPM1 = CAEPM + MGEPM + NAEPM
        SUMEPM2 = HCO3EPM + CO3EPM
        PG1 = SUMEPM1
        PG2 = CAEPM + MGEPM
        PG3 = SUMEPM2
        PRINT #2, “PG1(CA+MG+NA),PG2(CA+MG),PG3(HCO3+CO3) = “; PG1, PG2, PG3
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “COEFFICIENTS FOR PP1 USING PG3=  HCO3EPM + CO3EPM “; PG3
        PRINT #2, “ “
        V1 = C1(1): PRINT #2, “TERM 1 =”; V1; “ + “
        FOR IC = 2 TO 10: V1 = V1 + C1(IC) * (PG3 ^ (IC - 1))
            PRINT #2, “TERM “; IC; “  “; C1(IC); “*  PG3 ^ “; IC - 1; “= “; C1(IC) * (PG3 ^ (IC - 
1)); “ = “; V1
        NEXT IC
        PP1 = V1: PRINT #2, “PP1 = “; PP1
        PRINT #2, “ “
        PRINT #2, “COEFFICIENTS FOR PP2 USING PG3 = “; PG3
        V2 = C2(1): PRINT #2, “TERM 1 =”; V2; “ + “
        FOR IC = 2 TO 10: V2 = V2 + C2(IC) * (PG3 ^ (IC - 1))
            PRINT #2, “TERM “; IC; “  “; C2(IC); “*  PG3 ^ “; IC - 1; “= “; C2(IC) * (PG3 ^ (IC - 
1)); “ = “; V2
        NEXT IC
        ‘
        PP2 = V2: PRINT #2, “PP2 = “; PP2
        PRINT #2, “ “
        PRINT #2, “COEFFICIENTS FOR PP3 USING PG3 = “; PG3
        V3 = C3(1): PRINT #2, “TERM 1 =”; V3; “ + “
        FOR IC = 2 TO 10: V3 = V3 + C3(IC) * (PG3 ^ (IC - 1))
            PRINT #2, “TERM “; IC; “  “; C3(IC); “*  PG3 ^ “; IC - 1; “= “; C3(IC) * (PG3 ^ (IC - 
1)); “ = “; V3
        NEXT IC
        PP3 = V3
        PRINT #2, “PP3 = “; PP3
        PRINT #2, “ “
        IF PG3 < 1.00 THEN NPALK = PP1
        IF PG3 >= 1.00 THEN NPALK = PP2
        IF PG3 >= 11.0 THEN NPALK = PP3
        PRINT #2, “NPALK= “; NPALK
        PRINT #2, “PCA = NPALK + 0.3”
        PCA = NPALK + 0.3
        PRINT #2, “PCA = “; PCA
        PK2PKC = 2.0
        IF PG3 >= 0.50 THEN PK2PKC = 2.1
        IF PG3 >= 2.0 THEN PK2PKC = 2.2
        IF PG3 >= 8.0 THEN PK2PKC = 2.3
        IF PG3 >= 20.0 THEN PK2PKC = 2.4
        IF PG3 >= 50.0 THEN PK2PKC = 2.5
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “TABLE VALUES FROM COMPUTATIONS ARE”
        PRINT #2, “     PK2PKC=”; PK2PKC
        PRINT #2, “     PCA   =”; PCA
        PRINT #2, “     NPALK =”; NPALK
        SARPHC = PK2PKC + PCA + NPALK
        PRINT #2, “  TOTAL SARPHC = PK2PKC + PCA + NPALK= “; SARPHC
        PRINT #2, “ “
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        PRINT #2, “OLD SAR =”; SAR
        PRINT #2, “FIRST METHOD BY NAKAYAMA-1982 “
        PRINT #5, “FIRST METHOD BY NAKAYAMA-1982 “

        ADJSAR = SAR * (1 + 8.4 - SARPHC)
        PRINT #2, “ADJSAR AS PER CALCULATION= “; ADJSAR
        PRINT #2, “ADJSAR BY FIRST  METHOD = “; ADJSAR
        PRINT #2, “ “: BP(GP, II, 70) = ADJSAR
        PRINT #5, “ADJSAR BY FIRST  METHOD = “; ADJSAR
        PRINT #2, “WHAT WOULD BE THE VALUE IF IT IS REDUCED TO 50%”
        RADJSAR = SAR * (1 + 8.4 - SARPHC) * 0.5
        PRINT #2, “RADJSAR = SAR * (1 + 8.4 - SARPHC) * 0.5 =”
        PRINT #2, “REDUCED TO 50% OF ADJSAR=”; RADJSAR
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “ADJ SAR BY SECOND METHOD SUAREZ-1981  “
        PRINT #5, “ADJ SAR BY SECOND METHOD SUAREZ-1981 “

        PRINT #2, “ “: HB1 = HCRATIO
        SSR = 13.0
        FOR I = 1 TO 27
            IF HB1 > HCC(I) THEN 3900
            FOR J = 1 TO 12
                IF ECSAR > EE(J) THEN 3500
                SSR = ACC(I, J)
                IF I > 2 AND J > 2 THEN SSR = (ACC(I, J) + ACC(I - 1, J) + ACC(I, J - 1) + ACC(I - 
1, J - 1)) / 4
                GOTO 3950
            3500 NEXT J
        3900 NEXT I

        3950 PRINT #2, “HCRATIO, ECSAR, SSR(CAX) “; HCRATIO, ECSAR, SSR
        SUMALK = EPM(5) + EPM(6)
        PRINT #2, “SUM HCO3+CO3=”; SUMALK
        CAX = SSR
        PRINT #2, “EPM-NA, EPM-MG, CAX VALUES ARE”
        PRINT #2, EPM(3), EPM(2), CAX
        ADJSAR = EPM(3) / ((EPM(2) + CAX) / 2) ^ (1 / 2)

        PRINT #5, “SL.NO.  PMR.NO., SAR, ADJ SAR =”; II, BN
        PRINT #5, USING “#####.#####”; SAR, ADJSAR: BP(GP, II, 59) = ADJSAR
        PRINT #2, “SL.NO.  PMR.NO., SAR, ADJ SAR =”; II, BN
        PRINT #2, USING “#####.#####”; SAR, ADJSAR: BP(GP, II, 59) = ADJSAR

        PRINT #2, “PHC >8.4 Indicates a tendency to dissolve lime from the soil through which the 
water moves”
        PRINT #5, “PHC >8.4 Indicates a tendency to dissolve lime from the soil through which the 
water moves”

        PRINT #2, “ “: PRINT #5, “ “
        PRINT #5, “DISSOLVED INORGANIC CARBON(ppm)”
        PRINT #2, “DISSOLVED INORGANIC CARBON(ppm)”
        PK2 = LOG(10 ^ -10.33) / 2.303
        PRINT #2, “PK2=”; PK2
        MI5 = MI(5): MHCO3 = MI5: PRINT #2, “MHCO3, YHCO3=”; MHCO3, YHCO3
        AHCO3 = MHCO3 * YHCO3: PRINT #2, “AHCO3 =”; AHCO3
        AH = 10 ^ (-PH): PRINT #2, “PK2, AHCO3, AH =”; PK2, AHCO3, AH
        ACO3 = 10 ^ PK2 * AHCO3 / AH: PRINT #2, “ACO3  =”; ACO3
        MCO31 = ACO3 / YCO3: MM1 = MCO31: PRINT #2, “MCO31=”; MCO31
        PK1 = LOG(10 ^ -6.35) / 2.303: AH2CO3 = AHCO3 * AH / 10 ^ PK1
        PRINT #2, “AHCO3, AH,PK1, AH2CO3=”;
        PRINT #2, USING “####.######”; AHCO3, AH, PK1, AH2CO3
        YH2CO3 = 1: MH2CO3 = AH2CO3 / YH2CO3
        PRINT #2, “AH2CO3, YH2CO3, MH2CO3=”; AH2CO3, YH2CO3, MH2CO3
        KCO2 = 10 ^ -1.47: PRINT #2, “AH2CO3=”; AH2CO3
        PRINT #2, “KCO2=”; KCO2: PCO2 = AH2CO3 / KCO2
        PRINT #2, “PCO2=”; PCO2:
        PRINT #2, “MH2CO3,     MHCO3,     MCO31=”;
        PRINT #2, USING “#####.#####”; MH2CO3, MHCO3, MCO31
        DIC1 = MH2CO3 + MI5 + MM1: PRINT #2, “DIC1=”; DIC1,
        DIC2 = DIC1 * 61.1 * 100 * 2: PRINT #2, “DIC2=”; DIC2
        BN = BN + 1: BP(GP, II, 60) = DIC2
        PRINT #2, “SL.NO.  PMR.NO.  DISSOLVED INORGANIC CARBON(ppm) = “; II; SPC(3); BN; SPC(3); 
DIC2
        PRINT #5, “SL.NO.  PMR.NO.  DISSOLVED INORGANIC CARBON(ppm)=”; II; SPC(3); BN; SPC(3); DIC2
        PRINT #2, “ “
        PRINT #2, “NON-SEA SALT VALUES OF IONS IN WATER”
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        PRINT #5, “NON-SEA SALT VALUES OF IONS IN WATER”
        PRINT #2, “ “
        BN = BN + 1: PRINT #2, “NSSCA=CAEPM-NAEPM*0.0431   :  NSSMG=MGEPM-NAEPM*0.226”
        PRINT #2, “NSSK=KEPM-NAEPM*0.0208    :   NSSHCO3=HCO3EPM-NAEPM*0.0052”
        PRINT #2, “NSSCL=CLEPM-NAEPM*1.172  :NSSSO4=SO4EPM-NAEPM*0.1203”
        PRINT #2, “ “
        NSSCA = CAEPM - NAEPM * 0.0431: NSSMG = MGEPM - NAEPM * 0.226
        NSSK = KEPM - NAEPM * 0.0208: NSSHCO3 = HCO3EPM - NAEPM * 0.0052
        NSSCL = CLEPM - NAEPM * 1.172: NSSSO4 = SO4EPM - NAEPM * 0.1203

        NSSCA = NSSCA * 20.04
        NSSMG = NSSMG * 12.15
        NSSK = NSSK * 39.1
        NSSHCO3 = NSSHCO3 * 61.02
        NSSCL = NSSCL * 35.43
        NSSSO4 = NSSSO4 * 48.03

        BP(GP, II, 61) = NSSCA: BP(GP, II, 62) = NSSMG
        BP(GP, II, 63) = NSSK: BP(GP, II, 64) = NSSHCO3
        BP(GP, II, 65) = NSSCL: BP(GP, II, 66) = NSSSO4
        PRINT #2, “ “
        PRINT #5, “SL.NO.  PMR.NO.  NON-SEA SALT IONS IN WATER IN PPM =”; II, BN
        PRINT #5, “   NSS-CA         NSS-MG     NSS-K       NSS-HCO3        NSS-CL     NSS-SO4 “
        PRINT #5, USING “#####.######”; NSSCA, NSSMG, NSSK, NSSHCO3, NSSCL, NSSSO4
        PRINT #2, “SL.NO.  PMR.NO.  NON-SEA SALT IONS IN WATER IN PPM =”; II, BN
        PRINT #2, “   NSS-CA         NSS-MG     NSS-K       NSS-HCO3        NSS-CL     NSS-SO4 “
        PRINT #2, USING “#####.######”; NSSCA, NSSMG, NSSK, NSSHCO3, NSSCL, NSSSO4
        PRINT #2, “ “: PRINT #5, “ “
        ‘ SEAWATER INTRUSION DETECTION  Roger’s Formula  Cl/(CO3 + HCO3 ) Ratio
        BN = BN + 1
        PRINT #5, “SL.NO.  PMR.NO.  Seawater Intrusion detection, if coastal groundwater “; II, BN
        PRINT #2, “SL.NO.  PMR.NO.  Seawater Intrusion detection, if coastal groundwater “; II, BN
        PRINT #5, “ SWRATIO= CLPPM/(CO3PPM+HCO3PPM)   “
        SWRATIO = CLPPM / (CO3PPM + HCO3PPM)
        PRINT #5, “CL       CO3         HCO3  ( PPM)    & SW INT RATIO”
        PRINT #5, CLPPM, CO3PPM, HCO3PPM, SWRATIO
        PRINT #5, II, BN, SWRATIO
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “CL       CO3         HCO3  ( PPM)    & SW INT RATIO”
        PRINT #2, “ SWRATIO= CLPPM/(CO3PPM+HCO3PPM)   “
        PRINT #2, CLPPM, CO3PPM, HCO3PPM, SWRATIO
        PRINT #2, II, BN, SWRATIO
        PRINT #2, “ “: PRINT #5, “ “
        PRINT #2, “Range of Cl/ (CO3  + HCO3- )     Remarks with reference to salt water contamina-
tion “
        PRINT #2, “< 0.5    Normal ground water(no salt water contamination ) “
        PRINT #2, “0.5 - 1.30   Slightly    contaminated ground water “
        PRINT #2, “1.30 - 2.80  Moderately  contaminated ground water”
        PRINT #2, “2.80 - 6.60  Severely    contaminated ground water “
        PRINT #2, “6.60 - 15.50 Highly      contaminated ground water(near sea water) “
        PRINT #2, “AROUND 125   =Mixed      Freshwater-Seawater Interface”
        PRINT #2, “      > 175   Sea water          “
        PRINT #5, “Range of Cl/ (CO3  + HCO3- )     Remarks with reference to salt water contamina-
tion “
        PRINT #5, “< 0.5    Normal ground water(no salt water contamination ) “
        PRINT #5, “0.5 - 1.30   Slightly    contaminated ground water “
        PRINT #5, “1.30 - 2.80  Moderately  contaminated ground water”
        PRINT #5, “2.80 - 6.60  Severely    contaminated ground water “
        PRINT #5, “6.60 - 15.50 Highly      contaminated ground water(near sea water) “
        PRINT #5, “AROUND 125   =Mixed      Freshwater-Seawater Interface”
        PRINT #5, “      > 175   Sea water          “
        BP(GP, II, 69) = SWRATIO
        PRINT #2, “ “: PRINT #5, “ “
    NEXT II
    PRINT #2, CHR$(12)
    ‘INPUT “PART ONE OVER”; OO
NEXT GP
CLOSE #2: CLOSE #5
‘===================================================================

GOSUB 5790
PRINT #7, “PART 2A of Data Processing    Multi-dimensional DATA WP MATRIX(INTERNAL USE)”
PRINT “ PART 2A of Data Processing    multi-dimensional array WP”
FOR GP = 1 TO NSG: NN = NG(GP)
    PRINT #7, “Area & Cluster Names =”; AREA$, CLUSTER$(GP)
    FOR J = 1 TO 13
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        PRINT #7, “ PARAMETER SET = “; J
        FOR K = 1 TO 14: PRINT #7, “      “; K;: NEXT K: PRINT #7, “ “
        FOR I = 1 TO NN
            PRINT #7, I; “,”;: FOR K = 1 TO 13: PRINT #7, WP(GP, I, J, K); “,”;: NEXT K: PRINT #7, 
WP(GP, I, J, 14)
        NEXT I
    NEXT J
    PRINT #7, “ “
    PRINT #7, “--------------------------------------------------------------------------”
    PRINT #9, “--------------------------------------------------------------------------”
NEXT GP
‘----------------------------------
PRINT “PART 2B of Data Processing   multi-dimensional array BP”
PRINT #7, “PART 2B of Data Processing   multi-dimensional array BP(INTERNAL USE)”
FOR GP = 1 TO NSG: NN = NG(GP)
    PRINT #7, “ Area & Cluster Names  =”; AREA$, CLUSTER$(GP)
    FOR J = 1 TO 10: PRINT #7, “         “; J;: NEXT J: PRINT #7, “ “
    FOR I = 1 TO NN
        PRINT #7, I; “,”;: FOR J = 1 TO 9: PRINT #7, BP(GP, I, J); “,”;: NEXT J: PRINT #7, BP(GP, I, 
10)
        ‘PRINT #7, “ “
    NEXT I
    FOR J = 11 TO 20: PRINT #7, “     “; J;: NEXT J: PRINT #7, “ “
    FOR I = 1 TO NN
        PRINT #7, I; “,”;: FOR J = 11 TO 19: PRINT #7, BP(GP, I, J); “,”;: NEXT J: PRINT #7, BP(GP, 
I, 20)
        ‘PRINT #7, “ “
    NEXT I
    FOR J = 21 TO 30: PRINT #7, “     “; J;: NEXT J: PRINT #7, “ “
    FOR I = 1 TO NN
        PRINT #7, I; “,”;: FOR J = 21 TO 29: PRINT #7, BP(GP, I, J); “,”;: NEXT J: PRINT #7, BP(GP, 
I, 30)
        ‘PRINT #7, “ “
    NEXT I
    FOR J = 31 TO 40: PRINT #7, “     “; J;: NEXT J: PRINT #7, “ “
    FOR I = 1 TO NN
        PRINT #7, I; “,”;: FOR J = 31 TO 39: PRINT #7, BP(GP, I, J); “,”;: NEXT J: PRINT #7, BP(GP, 
I, 40)
    NEXT I
    FOR J = 41 TO 50: PRINT #7, “     “; J;: NEXT J: PRINT #7, “ “
    FOR I = 1 TO NN
        PRINT #7, I; “,”;: FOR J = 41 TO 49: PRINT #7, BP(GP, I, J); “,”;: NEXT J: PRINT #7, BP(GP, 
I, 50)
    NEXT I
    FOR J = 51 TO 60: PRINT #7, “     “; J;: NEXT J: PRINT #7, “ “
    FOR I = 1 TO NN
        PRINT #7, I; “,”;: FOR J = 51 TO 59: PRINT #7, BP(GP, I, J); “,”;: NEXT J: PRINT #7, BP(GP, 
I, 60)
    NEXT I
    FOR J = 61 TO 70: PRINT #7, “     “; J;: NEXT J: PRINT #7, “ “
    FOR I = 1 TO NN
        PRINT #7, I; “,”;: FOR J = 61 TO 69: PRINT #7, BP(GP, I, J); “,”;: NEXT J: PRINT #7, BP(GP, 
I, 70)
    NEXT I

NEXT GP
‘------------------------------------------------------------------------
PRINT #7, “PART 2C of Data Processing  -multidimensional array VP$(INTERNAL USE)”
PRINT “ PART 2C of Data Processing  multi-dimensional array WP”
FOR GP = 1 TO NSG: NN = NG(GP)
    PRINT #7, “Area & Cluster Names : “; AREA$, CLUSTER$(GP)

    FOR J = 1 TO 10: PRINT #7, “     “; J;: NEXT J: PRINT #7, “ “
    FOR I = 1 TO NN
        PRINT #7, I; “,”;: FOR J = 1 TO 9: PRINT #7, VP$(GP, I, J); “, “;: NEXT J: PRINT #7, VP$(GP, 
I, 10)
    NEXT I
    ‘PRINT #7, “ “
    FOR J = 11 TO 20: PRINT #7, “    “; J;: NEXT J: PRINT #7, “ “
    FOR I = 1 TO NN
        PRINT #7, I; “,”;: FOR J = 11 TO 19: PRINT #7, VP$(GP, I, J); “, “;: NEXT J: PRINT #7, 
VP$(GP, I, 20)
    NEXT I
    ‘PRINT #7, “ “
    FOR J = 21 TO 30: PRINT #7, “    “; J;: NEXT J: PRINT #7, “ “
    FOR I = 1 TO NN
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        PRINT #7, I; “,”;: FOR J = 21 TO 29: PRINT #7, VP$(GP, I, J); “, “;: NEXT J: PRINT #7, 
VP$(GP, I, 30)
        ‘PRINT #7, “ “
    NEXT I

NEXT GP
‘INPUT OO
PRINT
FOR KK = 1 TO 9: TUC$(KK) = ION$(KK): NEXT KK
TBC = 0
PRINT #3, “ CORRELATION ANALYSIS”
‘===================================================  ===========
PRINT #3, “AREA : “; AREA$,: PRINT #3, “Date of Processing=”; DNAME$
GOSUB 5390: TBC = 0
FOR GP = 1 TO NSG: NN = NG(GP): TBC = TBC + 1
    PRINT #3, “Area & Cluster Names, Sample number : “; AREA$, CLUSTER$(GP), NN
    PRINT #3, “TABLE NO. “; TBC: PRINT #3, “CORRELATION AMONG IONS IN PPM      “
    PRINT #8, “Area & Cluster Names, Sample number  :   “; AREA$, CLUSTER$(GP), NN
    PRINT #8, “TABLE NO. “; TBC: PRINT #8, “CORRELATION AMONG IONS IN PPM      “
    PRINT #9, “TABLE NO. “; TBC: PRINT #9, “CORRELATION AMONG IONS IN PPM      “
    REM     DEFDBL A,X,F
    N = NN: M = 9: TG = 1
    PRINT #3, “    NO OF SAMPLES=”; N, “    NO OF VARIABLES=”; M
    FOR J = 1 TO M: H(J) = 0: NEXT J
    FOR I = 1 TO N: FOR J = 1 TO M: X(I, J) = 0.0: NEXT J: NEXT I
    FOR II = 1 TO NN: FOR J = 1 TO M
            X(II, J) = WP(GP, II, 6, J): IF X(II, J) = 0 THEN X(II, J) = 0.0009
        PRINT #3, USING “######.##”; WP(GP, II, 6, J);: NEXT J: PRINT #3, “ “
    NEXT II
    GOSUB 5390
    PRINT #3, TAB(11); “ Ca”; TAB(21); “Mg”; TAB(31); “Na”; TAB(41); “K”; TAB(51); “HCO3”; TAB(61); 
“CO3”; TAB(71); “Cl”; TAB(81); “NO3”; TAB(91); “SO4”
    N = NG(GP): NN = N: M = 9
    GOSUB 6000
    PRINT #3, “ “
    FOR I = 1 TO M: FOR J = 1 TO M: SM1(GP, I, J) = A1(I, J): NEXT J: NEXT I
NEXT GP
PRINT #3, “------------------------------------------------------------------------------”
PRINT #9, “------------------------------------------------------------------------------”
PRINT #3, “ “
FOR GP = 1 TO NSG: PRINT #3, CHR$(12): NN = NG(GP): TBC = TBC + 1
    PRINT #3, “Area & Cluster Names: “; AREA$, CLUSTER$(GP)
    PRINT #3, “AREA : “; AREA$
    PRINT #3, “CORRELATION AMONG IONS IN EPM”
    PRINT #8, “Area & Cluster Names, Sample number: “; AREA$, CLUSTER$(GP), NN
    PRINT #3, “TABLE NO.”; TBC: PRINT #8, “CORRELATION AMONG IONS IN EPM      “
    PRINT #9, “TABLE NO. “; TBC: PRINT #9, “CORRELATION AMONG IONS IN EPM      “
    REM     DEFDBL A,X,F
    N = NN: M = 9: TG = 1
    PRINT #3, “NO OF SAMPLES=”; N, “    NO OF VARIABLES=”; M
    FOR J = 1 TO M: H(J) = 0: NEXT J
    FOR I = 1 TO N: FOR J = 1 TO M: X(I, J) = 0.0: NEXT J: NEXT I
    FOR II = 1 TO NN: FOR J = 1 TO M
            X(II, J) = WP(GP, II, 7, J): IF X(II, J) = 0 THEN X(II, J) = 0.0009
        PRINT #3, USING “#####.##”; WP(GP, II, 7, J);: NEXT J: PRINT #3, “ “
    NEXT II
    GOSUB 5390
    PRINT “ “
    PRINT #3, TAB(11); “ Ca”; TAB(21); “Mg”; TAB(31); “Na”; TAB(41); “K”; TAB(51); “HCO3”; TAB(61); 
“CO3”; TAB(71); “Cl”; TAB(81); “NO3”; TAB(91); “SO4”
    N = NG(GP): NN = N: M = 9: GOSUB 6000
    FOR I = 1 TO M: FOR J = 1 TO M: SM2(GP, I, J) = A1(I, J): NEXT J: NEXT I
NEXT GP
‘’------------------------------------------------------------------
FOR GP = 1 TO NSG: NN = NG(GP): PRINT #3, CHR$(12): TBC = TBC + 1
    PRINT #3, “Area & Cluster Names  : “; AREA$, CLUSTER$(GP)
    N = NN: M = 9: TG = 2
    PRINT #8, “Area & Cluster Names, Sample number : “; AREA$, CLUSTER$(GP), NN
    PRINT #3, “TABLE NO.”; TBC: PRINT #3, “ CORRELATION AMONG TDS, EC ,RSI, SSP, CR, SAR, RSC, NCH,  
ESP    “
    PRINT #9, “TABLE NO. “; TBC: PRINT #9, “ CORRELATION AMONG TDS, EC ,RSI, SSP, CR, SAR, RSC, NCH,  
ESP    “
    PRINT #8, “CORRELATION AMONG TDS, EC ,RSI, SSP, CR, SAR, RSC, NCH,  ESP”
    FOR II = 1 TO NN
        X(II, 1) = BP(GP, II, 26): X(II, 2) = BP(GP, II, 2)
        X(II, 3) = BP(GP, II, 3): X(II, 4) = BP(GP, II, 6): X(II, 5) = BP(GP, II, 14)
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        X(II, 6) = BP(GP, II, 18): X(II, 7) = BP(GP, II, 19): X(II, 8) = BP(GP, II, 20)
        X(II, 9) = BP(GP, II, 25)
    NEXT II
    PRINT #3, “NO OF SAMPLES=”; N, “NO OF VARIABLES=”; M
    FOR J = 1 TO M: H(J) = 0: NEXT J
    GOSUB 5390
    PRINT #3, TAB(11); “ TDS”; TAB(21); “EC”; TAB(31); “RSI”; TAB(41); “SSP”; TAB(51); “CR”; 
TAB(61); “SAR”; TAB(71); “RSC”; TAB(81); “NCH”; TAB(91); “ESP”
    ION$(1) = “TDS”: ION$(2) = “EC”: ION$(3) = “RSI”: ION$(4) = “SSP”: ION$(5) = “CR”: ION$(6) = 
“SAR”: ION$(7) = “RSC”: ION$(8) = “NCH”: ION$(9) = “ESP”
    N = NG(GP): NN = N: M = 9: GOSUB 6000
    FOR I = 1 TO M: FOR J = 1 TO M: SM3(GP, I, J) = A1(I, J): NEXT J: NEXT I
NEXT GP
PRINT #3, “------------------------------------------------------------------”
PRINT #9, “------------------------------------------------------------------”
PRINT #3, “ CORRELATION ANALYSIS AMONG TDS, EC, PPM VALUES”

‘INPUT OO
‘===================================================  ===========
PRINT #3, “AREA  : “; AREA$,: PRINT #3, “DATE OF PROCESSING=”; DNAME$
GOSUB 5390
FOR GP = 1 TO NSG: NN = NG(GP): PRINT #3, CHR$(12): TBC = TBC + 1
    PRINT #3, “Area & Cluster Names, Sample number : “; AREA$, CLUSTER$(GP), NN
    PRINT #8, “Correlation among TDS, EC and all ionic concentrations in ppm “
    PRINT #3, “TABLE NO.  “; TBC: PRINT #3, “ Correlation among TDS, EC and all ionic concentrations 
in ppm”
    PRINT #9, “TABLE NO.  “; TBC: PRINT #9, “ Correlation among TDS, EC and all ionic concentrations 
in ppm”
    REM     DEFDBL A,X,F
    N = NN: M = 11: TG = 1: PRINT #3, “NO OF SAMPLES=”; N, “NO OF VARIABLES=”; M
    FOR J = 1 TO M: H(J) = 0: NEXT J
    M = 11
    FOR I = 1 TO N: FOR J = 1 TO M: X(I, J) = 0.0: NEXT J: NEXT I
    FOR II = 1 TO NN: X(II, 1) = TDS1(GP, II): X(II, 2) = EC1(GP, II): NEXT II
    FOR II = 1 TO NN: FOR J = 1 TO 9: X(II, J + 2) = WP(GP, II, 6, J): NEXT J: NEXT II
    FOR II = 1 TO NN: FOR J = 1 TO M: PRINT #3, USING “#####.##”; X(II, J);: NEXT J: PRINT #3, “ “: 
NEXT II
    GOSUB 5390
    PRINT #3, TAB(1); “TDS     EC “; “ Ca”; TAB(21); “Mg”; TAB(31); “Na”; TAB(41); “K”; TAB(51); 
“HCO3”; TAB(61); “CO3”; TAB(71); “Cl”; TAB(81); “NO3”; TAB(91); “SO4”
    N = NG(GP): NN = N: M = 11: GOSUB 6000
    PRINT #3, “ “
    FOR I = 1 TO M: FOR J = 1 TO M: SM1(GP, I, J) = A1(I, J): NEXT J: NEXT I
NEXT GP
PRINT #3, “--------------------------------------------------------------”
TBB = TBC
PRINT #9, “---------------------------------------------------------------”
PRINT #3, “   PART 3 PROCESSING  ‘PRINTING OF ALL TABLES IN FILE #3 “
‘
‘INPUT OO
FOR GP = 1 TO NSG: NN = NG(GP)
    PRINT #6, “Area & Cluster Names    :   “; AREA$, CLUSTER$(GP)
    PRINT #9, “Master Table. 1.   Physico-Chemical Properties of water”
    PRINT #6, “Master Table. 1.   Physico-Chemical Properties of water”
    GOSUB 5690
    PRINT #6, “Sl.No.”; TAB(10); “Station Name”; TAB(35); “TDS(ppm)”; TAB(50); “EC(mmhos/Cm)”; 
TAB(65); “pH “; TAB(75); “T(Deg.C)”
    GOSUB 5690
    FOR II = 1 TO NN
        PRINT #6, USING “####”; II;: PRINT #6, TAB(10); NAR$(GP, II);
        PRINT #6, USING “#######.##”; TAB(35); BP(GP, II, 26), TAB(50); BP(GP, II, 2), TAB(60); 
PH1(GP, II); TAB(70); TU(GP, II)
        PRINT “ “
    NEXT II
    GOSUB 5690: PRINT #6, “ “
NEXT GP
‘-------------------------------------------
FOR GP = 1 TO NSG: PRINT #6, CHR$(12): NN = NG(GP)
    PRINT #6, “Area & Cluster Names    :   “; AREA$, CLUSTER$(GP)
    PRINT #9, “”: PRINT #9, “Master Table. 2.    Major Ion Concentrations of Water Expressed in ppm”
    PRINT #6, “Master Table. 2.    Major Ion Concentrations of Water Expressed in ppm”
    GOSUB 5690
    PRINT #6, “Sl.No       Ca       Mg        Na     K      HCO3   CO3      Cl     NO3     SO4”
    GOSUB 5690
    FOR II = 1 TO NN: PRINT #6, II; TAB(6);: FOR J = 1 TO 3: PRINT #6, USING “#######.##”; WP(GP, 
II, 6, J);: NEXT J
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        PRINT #6, USING “####.##”; WP(GP, II, 6, 4);: PRINT #6, USING “#####.##”; WP(GP, II, 6, 5);: 
PRINT #6, USING “###.##”; WP(GP, II, 6, 6);
        PRINT #6, USING “#######.##”; WP(GP, II, 6, 7);: FOR J = 8 TO 9: PRINT #6, USING “#####.##”; 
WP(GP, II, 6, J);: NEXT J: PRINT #6, “ “
    NEXT II
    GOSUB 5690: PRINT #6, “ “
NEXT GP
‘-------------------------------------------------
FOR GP = 1 TO NSG: NN = NG(GP): PRINT #6, CHR$(12)
    PRINT #6, “Area & Cluster Names    :   “; AREA$, CLUSTER$(GP)
    PRINT #9, “ “: PRINT #9, “Master Table. 3.    Major Ion Concentrations of Water Expressed in 
meq/L”
    PRINT #6, “Master Table. 3.    Major Ion Concentrations of Water Expressed in meq/L”
    GOSUB 5690
    PRINT #6, “Sl.No       Ca       Mg        Na     K      HCO3   CO3      Cl      NO3      SO4”
    GOSUB 5690
    FOR II = 1 TO NN: PRINT #6, II; TAB(6);: FOR J = 1 TO 3: PRINT #6, USING “#######.##”; WP(GP, 
II, 7, J);: NEXT J
        PRINT #6, USING “####.##”; WP(GP, II, 7, 4);: PRINT #6, USING “#####.##”; WP(GP, II, 7, 5);: 
PRINT #6, USING “###.##”; WP(GP, II, 7, 6);
        PRINT #6, USING “#######.##”; WP(GP, II, 7, 7);: FOR J = 8 TO 9: PRINT #6, USING “#####.##”; 
WP(GP, II, 7, J);: NEXT J: PRINT #6, “ “
    NEXT II
    GOSUB 5690: PRINT #6, “ “
NEXT GP
‘-----------------------------------
FOR GP = 1 TO NSG: NN = NG(GP): PRINT #6, CHR$(12)
    PRINT #6, “Area & Cluster Names    :   “; AREA$, CLUSTER$(GP)
    PRINT #3, “ “: PRINT #9, “Master Table. 4.    Cation-Anion Concentrations of Water Expressed in 
Percentage”
    PRINT #6, “Master Table. 4.    Cation-Anion Concentrations of Water Expressed in Percentage”
    GOSUB 5690
    PRINT #6, “Sl.No    Ca       Mg        Na     K      HCO3   CO3    Cl     NO3    SO4”
    GOSUB 5690
    FOR II = 1 TO NN: PRINT #6, II; TAB(6);: FOR J = 1 TO 3: PRINT #6, USING “######.##”; WP(GP, II, 
1, J);: NEXT J
        PRINT #6, USING “####.##”; WP(GP, II, 1, 4);: PRINT #6, USING “#####.##”; WP(GP, II, 1, 5);: 
PRINT #6, USING “###.##”; WP(GP, II, 1, 6);
        PRINT #6, USING “####.##”; WP(GP, II, 1, 7);: FOR J = 8 TO 9: PRINT #6, USING “####.##”; 
WP(GP, II, 1, J);: NEXT J: PRINT #6, “ “
    NEXT II
    GOSUB 5690: PRINT #6, “ “
NEXT GP
‘-------------------------------------------
FOR GP = 1 TO NSG: NN = NG(GP): PRINT #6, CHR$(12)
    PRINT #6, “Area & Cluster Names    :   “; AREA$, CLUSTER$(GP)
    PRINT #9, “Master Table. 5.   Total Ions and Ionic Strength of water”
    PRINT #6, “Master Table. 5.   Total Ions and Ionic Strength of water”
    GOSUB 5690
    PRINT #6, “Sl.No.”; TAB(15); “TOT-CATIONS”; TAB(30); “TOT-ANIONS”; TAB(45); “MONOVALENT “; 
TAB(58); “DIVALENT”; TAB(72); “IONIC “
    PRINT #6, “      “; TAB(15); “meq/L”; TAB(30); “meq/L”; TAB(45); “moles/L “; TAB(58); “moles/L”; 
TAB(72); “STRENGTH    “
    GOSUB 5690
    FOR II = 1 TO NN
        PRINT #6, USING “####”; II;: PRINT #6, USING “######.#####”; TAB(11); BP(GP, II, 15); 
TAB(25); BP(GP, II, 16); TAB(40); BP(GP, II, 30); TAB(55); BP(GP, II, 31); TAB(68); BP(GP, II, 29)
        PRINT “ “
    NEXT II
    GOSUB 5690: PRINT #6, “ “
NEXT GP
‘-------------------------------------------------
FOR GP = 1 TO NSG: NN = NG(GP): PRINT #6, CHR$(12)
    PRINT #6, “Area & Cluster Names    :   “; AREA$, CLUSTER$(GP)
    PRINT #9, “Master Table. 6.   CaCO3 Saturation Indices of Water”
    PRINT #6, “Master Table. 6.   CaCO3 Saturation Indices of Water”
    GOSUB 5690
    PRINT #6, “Sl.No.   Saturation    Lang.SI-E   Von Wat&Rgrs  Lang.SI-C  Lang.SI-D   STIFF DAVIS”
    PRINT #6, “-        index-G       (1936)       B(1964)      Eqn-LSI1   Eqn-LSI     Eqn-LSI-F”
    GOSUB 5690
    FOR II = 1 TO NN
        PRINT #6, USING “####”; II; TAB(8);: PRINT #6, USING “#######.####”; ION(GP, II, 7); ION(GP, 
II, 5); ION(GP, II, 2); ION(GP, II, 3); ION(GP, II, 4); ION(GP, II, 6)
        PRINT “ “
    NEXT II
    GOSUB 5690: PRINT #6, “ “
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NEXT GP
‘---------------------------------------------------------------
FOR GP = 1 TO NSG: NN = NG(GP): PRINT #6, CHR$(12)
    PRINT #6, “Area & Cluster Names    :   “; AREA$, CLUSTER$(GP)
    PRINT #9, “Master Table. 7.   Saturation Indices log ((IAP/KT)) of various Mineral Species  in 
Water”
    PRINT #6, “Master Table. 7.   Saturation Indices log ((IAP/KT)) of various Mineral Species  in 
Water”
    GOSUB 5690
    PRINT #6, “Sl.No.  ANHYDRITE    CALCITE    HALITE   MAGNESITE    SYLVITE  MAG.CHLORIDE”
    GOSUB 5690
    FOR II = 1 TO NN
        PRINT #6, USING “####”; II; TAB(6);: PRINT #6, USING “######.####”; DG(GP, II, 7); DG(GP, 
II, 3); DG(GP, II, 17); DG(GP, II, 12); DG(GP, II, 8); DG(GP, II, 14)
        PRINT “ “
    NEXT II
    GOSUB 5690
    PRINT #6, “  log SI   >0 Mineral is supersaturated and can precipitate”
    PRINT #6, “  log SI   =0 Mineral is in equilibrium with the solution”
    PRINT #6, “  log SI   <0 Mineral is undersaturated and will dissolve, if present”
    PRINT #6, “ “
NEXT GP
FOR GP = 1 TO NSG: NN = NG(GP): PRINT #6, CHR$(12)
    PRINT #6, “Area & Cluster Names    :   “; AREA$, CLUSTER$(GP)
    PRINT #9, “Master Table. 8.   Saturation Indices (log(IAP/KT)) of Various Species  in Water”
    PRINT #6, “Master Table. 8.   Saturation Indices (log(IAP/KT)) of Various Species  in Water”
    GOSUB 5690
    PRINT #6, “Sl.No.   Ca(NO3)2  MgHCO3    NaHCO3    KHCO3     MgSO4    DOLOMITE “
    GOSUB 5690
    FOR II = 1 TO NN
        PRINT #6, USING “####”; II; TAB(6);: PRINT #6, USING “#####.####”; DG(GP, II, 4), DG(GP, II, 
15); DG(GP, II, 18); DG(GP, II, 11); DG(GP, II, 16); DG(GP, II, 5)
        PRINT “ “
    NEXT II
    GOSUB 5690
    PRINT #6, “ LOG(SI)  >0 Mineral is supersaturated and can precipitate”
    PRINT #6, “ LOG(SI)  =0 Mineral is in equilibrium with the solution”
    PRINT #6, “ LOG(SI)  <0 Mineral is undersaturated and will dissolve, if present”
    PRINT #6, “ “
NEXT GP
FOR GP = 1 TO NSG: NN = NG(GP): PRINT #6, CHR$(12)
    PRINT #6, “Area & Cluster Names    :   “; AREA$, CLUSTER$(GP)
    PRINT #9, “Master Table. 9.   Saturation Indices (log(IAP/KT)) of Various Species  in Water”
    PRINT #6, “Master Table. 9.   Saturation Indices (log(IAP/KT)) of Various Species  in Water”
    GOSUB 5690
    PRINT #6, “Sl.No.   Ca CL2  ARAGONITE  MG(NO3)2  HUNTITE    KNO3      K2CO3”
    GOSUB 5690
    FOR II = 1 TO NN
        PRINT #6, USING “####”; II; TAB(6);: PRINT #6, USING “#####.####”; DG(GP, II, 1), DG(GP, II, 
2); DG(GP, II, 13); DG(GP, II, 6); DG(GP, II, 9); DG(GP, II, 10)
        PRINT “ “
    NEXT II
    GOSUB 5690
    PRINT #6, “  log SI   >0 Mineral is supersaturated and can precipitate”
    PRINT #6, “  log SI   =0 Mineral is in equilibrium with the solution”
    PRINT #6, “  log SI   <0 Mineral is undersaturated and will dissolve, if present”
    PRINT #6, “ “
NEXT GP

FOR GP = 1 TO NSG: NN = NG(GP): PRINT #6, CHR$(12)
    PRINT #6, “Area & Cluster Names    :   “; AREA$, CLUSTER$(GP)
    PRINT #9, “Master Table. 10.   Saturation Indices (log(IAP/KT)) of Various Species  in Water”
    PRINT #6, “Master Table. 10.   Saturation Indices (log(IAP/KT)) of Various Species  in Water”
    GOSUB 5690
    PRINT #6, “Sl.No.   NaNO3     Na2CO3     Na2 SO4      “
    GOSUB 5690
    FOR II = 1 TO NN
        PRINT #6, USING “####”; II; TAB(6);: PRINT #6, USING “#####.####”; DG(GP, II, 19), DG(GP, 
II, 20), DG(GP, II, 21)
        PRINT “ “
    NEXT II
    GOSUB 5690
    PRINT #6, “  log SI   >0 Mineral is supersaturated and can precipitate”
    PRINT #6, “  log SI   =0 Mineral is in equilibrium with the solution”
    PRINT #6, “  log SI   <0 Mineral is undersaturated and will dissolve, if present”
    PRINT #6, “ “
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NEXT GP
FOR GP = 1 TO NSG: NN = NG(GP): PRINT #6, CHR$(12)
    PRINT #6, “Area & Cluster Names    :   “; AREA$, CLUSTER$(GP)
    PRINT #9, “Master Table. 11.   Industrial Water Quality Parameters”
    PRINT #6, “Master Table. 11.   Industrial Water Quality Parameters”
    GOSUB 5690
    PRINT #6, “Sl.No.    RHYZNER’S   AGGRESSIV.  POLLUTION  PUCKORIUS  LARSON-SKD  KELLY’S”
    PRINT #6, “-          S-INDEX     INDEX       INDEX      S-INDEX    INDEX       RATIO”
    GOSUB 5690
    FOR II = 1 TO NN
        PRINT #6, USING “####”; II; TAB(8);: PRINT #6, USING “########.##”; BP(GP, II, 3); BP(GP, 
II, 7); BP(GP, II, 34), ION(GP, II, 9), ION(GP, II, 10), BP(GP, II, 24)
        PRINT “ “
    NEXT II
    GOSUB 5690
    PRINT #6, “  RSI   4.0 to 5.0, the water is strongly encrusting”
    PRINT #6, “        5.0 to 6.0, it is slightly encrusting”
    PRINT #6, “        6.0 to 7.0, it is slightly encrusting or corrosive”
    PRINT #6, “        7.0 to 7.5, it is signifi cantly corrosive”
    PRINT #6, “        7.5 to 9.0  it is strongly corrosive”
    PRINT #6, “        if the value is 9.0 or higher, the water is unbearably corrosive”
    PRINT #6, “ “
    PRINT #6, “ Puckorius Scaling Index (PSI)”
    PRINT #6, “ PSI   less than 4.5, the water has tendency to encrusting;”
    PRINT #6, “      4.5 to 6.5, the water is located within an optimal range”
    PRINT #6, “      where no corrosion may occur; and if it has a value greater than 6.5 “
    PRINT #6, “      there is driving force to corrosion”
    PRINT #6, “ Larson Skold Index (LI)”
    PRINT #6, “ If LI is less than 0.8, the water does not have corrosive character”
    PRINT #6, “ if it is 0.8 to 1.2, the water is corrosive”
    PRINT #6, “ when it is greater than 1.2, the water presents a high corrosive character”
    PRINT #6, “ Kelly’s Ratio:”
    PRINT #6, “ A Kelly’s ratio of more than one indicates excessive sodium in water”
    PRINT #6, “  water with a Kelly’s ratio less than one are suitable for irrigation”
    PRINT #6, “  while those with a ratio more than one are unsuitable for irrigation”
    PRINT #6, “Water Pollution Index:”
    PRINT #6, “0 TO 2 Unpolluted, 2-6 Slightly Polluted, 6-20 Moderately Polluted”
    PRINT #6, “ > 20 Polluted “
    PRINT #6, “Aggressiveness Index(AI):”
    PRINT #6, “AI of 12 or above indicates nonaggressive (not corrosive) water”
    PRINT #6, “AI values below 10 indicate extremely aggressive (corrosive) conditions”
    PRINT #6, “Values of 10 to 11.9 suggest that the water is moderately aggressive”

NEXT GP
‘-------------------------------------------------
FOR GP = 1 TO NSG: PRINT #6, CHR$(12): NN = NG(GP)
    PRINT #6, “Area & Cluster Names    :   “; AREA$, CLUSTER$(GP)
    PRINT #9, “Master Table. 12.   Irrigation Water Quality Parameters”
    PRINT #6, “Master Table. 12.   Irrigation Water Quality Parameters”
    GOSUB 5690
    PRINT #6, “Sl.No.   PERMEABL   SALINTIY  SALINITY   NA-HAZARD  NA-HAZARD  SODIUM ADS”
    PRINT #6, “-         INDEX      USSL      HANDA’S    USSL       HANDA’S    RATIO”
    GOSUB 5690
    FOR II = 1 TO NN
        PRINT #6, USING “####”; II;: PRINT #6, USING “#####.####”; TAB(7); BP(GP, II, 23);
        PRINT #6, TAB(25); VP$(GP, II, 3); TAB(35); VP$(GP, II, 14); TAB(47); VP$(GP, II, 2); 
TAB(57); VP$(GP, II, 15);
        PRINT #6, USING “#######.##”; BP(GP, II, 18)
    NEXT II
    GOSUB 5690
    PRINT #6, “Permeability Index(PI):”
    PRINT #6, “PI <60 per cent – good quality water and suitable for irrigation”
    PRINT #6, “PI >60 per cent – poor quality water and unsuitable for irrigation”
    PRINT #6, “ “
    PRINT #6, “SAR of water      -      suitability”
    PRINT #6, “<10               Low sodic water-can be used for irrigation “
    PRINT #6, “10.1 – 18.0       Medium sodic water-present an appreciable sodium hazard + high 
cation-exchange capacity.”
    PRINT #6, “18.1 – 26.0       High sodic water-may produce harmful levels of exchangeable sodium 
in most soil”
    PRINT #6, “> 26              Very high sodic water-unsatisfactory for irrigation purposes.”
    PRINT #6, “ “
NEXT GP
‘-------------------------------------------------------------
FOR GP = 1 TO NSG: NN = NG(GP): PRINT #6, CHR$(12)
    PRINT #6, “Area & Cluster Names    :   “; AREA$, CLUSTER$(GP)
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    PRINT #9, “Master Table. 13.   Sodium Related Water Quality Parameters”
    PRINT #6, “Master Table. 13.   Sodium Related Water Quality Parameters”
    GOSUB 5690
    PRINT #6, “Sl.No.”; TAB(10); “SOLUBLE”; TAB(25); “RES.SOD”; TAB(35); “EXCH.SOD “; TAB(47); “COR-
ROSV.”; TAB(62); “POT.TIAL”
    PRINT #6, “ “; TAB(10); “NA %   “; TAB(25); “CARB.  “; TAB(35); “%”; TAB(47); “RATIO”; TAB(62); 
“SALINITY”
    GOSUB 5690
    FOR II = 1 TO NN
        PRINT #6, USING “####”; II;
        PRINT #6, USING “####.##”; TAB(8); BP(GP, II, 6); TAB(25); BP(GP, II, 19); TAB(35); BP(GP, 
II, 25); TAB(46); BP(GP, II, 14); TAB(61); BP(GP, II, 36)
        PRINT “ “
    NEXT II
    GOSUB 5690: PRINT #6, “ “
    PRINT #6, “IF RSC> 2.5 there will be salt development, reduction of airfl ow in soil and perme-
ability”
    PRINT #6, “A negative RSC indicates that sodium buildup is unlikely”
    PRINT #6, “since suffi cient calcium and magnesium are in excess “
    PRINT #6, “of what can be precipitated as carbonates.”
    PRINT #6, “A positive RSC indicates that sodium buildup in the soil is possible.”
    PRINT #6, “ “
    PRINT #6, “Potential Salinity:Soil type suitable”
    PRINT #6, “1 and 3 meq/L    fi ne, medium and coarse textured soils”
    PRINT #6, “3 and 15 me/L    safely used in medium and coarse textured soils”
    PRINT #6, “15 and 20 me/L   safely used only in coarse textured soils”

    PRINT #6, “Soluble Sodium Percentage (SSP)- Suitability:”
    PRINT #6, “< 60 per cent   good quality and suitable for irrigation”
    PRINT #6, “> 60 per cent   poor quality water and unsuitable for irrigation”
    PRINT #6, “ “
    PRINT #6, “Corrosivity Ratio:”
    PRINT #6, “ < 1 is  safe for transport of water in any type of pipes”
    PRINT #6, “ >1 corrosive and not to be transported through metal pipes”
NEXT GP
‘-------------------------------------------------------------------------
FOR GP = 1 TO NSG: NN = NG(GP): PRINT #6, CHR$(12)
    PRINT #6, “Area & Cluster Names    :   “; AREA$, CLUSTER$(GP)
    PRINT #9, “Master Table. 14.   Water Types and Hydrochemcial Facies”
    PRINT #6, “Master Table. 14.   Water Types and Hydrochemcial Facies”
    GOSUB 5690
    PRINT #6, “Sl.No.”; TAB(10); “SCHO.LR.”; TAB(20); “PIPER’S”; TAB(35); “PIPER’S”; TAB(60); “STY-
FZND. “
    PRINT #6, “ “; TAB(10); “W-TYPE”; TAB(20); “C-FACIES”; TAB(35); “A-FACIES”; TAB(60); “FACIES”
    GOSUB 5690
    FOR II = 1 TO NN
        PRINT #6, USING “####”; II;
        PRINT #6, TAB(11); VP$(GP, II, 16); TAB(20); VP$(GP, II, 19); TAB(35); VP$(GP, II, 20); 
TAB(60); VP$(GP, II, 21)
        PRINT “ “
    NEXT II
    GOSUB 5690: PRINT #6, “ “
NEXT GP
‘--------------------------------------------------------------
FOR GP = 1 TO NSG: NN = NG(GP): PRINT #6, CHR$(12)
    PRINT #6, “Area & Cluster Names    :   “; AREA$, CLUSTER$(GP)
    PRINT #9, “Master Table. 15.   Hardness Related Water Quality Parameters”
    PRINT #6, “Master Table. 15.   Hardness Related Water Quality Parameters”
    GOSUB 5690
    PRINT #6, “Sl.No.”; TAB(14); “CALCIUM”; TAB(25); “MAGNES.”; TAB(36); “TOTAL “; TAB(47); “NON-
CARB.”; TAB(60); “HANDA’S”
    PRINT #6, “      “; TAB(14); “HARDN.S”; TAB(25); “HARDN.S”; TAB(36); “HARDN.S”; TAB(47); 
“HARDN.S”; TAB(60); “HARDNESS”
    GOSUB 5690
    FOR II = 1 TO NN
        PRINT #6, USING “####”; II; TAB(10);: PRINT #6, USING “########.##”; BP(GP, II, 10); BP(GP, 
II, 11); BP(GP, II, 12);
        PRINT #6, USING “######.##”; BP(GP, II, 20);: PRINT #6, TAB(60); VP$(GP, II, 13)
        PRINT “ “
    NEXT II
    GOSUB 5690: PRINT #6, “ “
NEXT GP
‘-------------------------------------------------------
FOR GP = 1 TO NSG: NN = NG(GP): PRINT #6, CHR$(12)
    PRINT #6, “Area & Cluster Names    :   “; AREA$, CLUSTER$(GP)
    PRINT #9, “Master Table. 16.   Oxidation Capacity & Van Wirdum Index of Water”
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    PRINT #6, “Master Table. 16.   Oxidation Capacity & Van Wirdum Index of Water”
    GOSUB 5690
    PRINT #6, “Sl.No.    OXIDATION    VAN WIRDUM    BASE EXCH.  SEAWATER        ADJ SAR”
    PRINT #6, “-         CAPACITY     ION RATIO     INDEX       INTR.RATIO      METH-1”
    GOSUB 5690
    FOR II = 1 TO NN
        PRINT #6, USING “####”; II; TAB(5);: PRINT #6, USING “#######.#####”; BP(GP, II, 47), BP(GP, 
II, 48), SPC(3), BP(GP, II, 67), BP(GP, II, 69), BP(GP, II, 70)
    NEXT II
    GOSUB 5690: PRINT #6, “ “
NEXT GP
‘------------------------------------------------------------------
‘
FOR GP = 1 TO NSG: PRINT #6, CHR$(12): NN = NG(GP): M = 9
    PRINT #6, “Area & Cluster Names    :   “; AREA$, CLUSTER$(GP)
    PRINT #9, “Master Table. 17.  NON-SEA SALT VALUES OF IONS IN WATER(mg/L)”
    PRINT #6, “Master Table. 17.  NON-SEA SALT VALUES OF IONS IN WATER(mg/L)”
    GOSUB 5690: PRINT #6, “ “
    PRINT #6, “SL.NO.     NSS-CA     NSS-MG      NSS-K     NSS-HCO3   NSS-CL     NSS-SO4 “
    GOSUB 5690: PRINT #6, “ “
    FOR II = 1 TO NN
        PRINT #6, USING “####”; II; TAB(8);: FOR J = 61 TO 66: PRINT #6, USING “######.####”; BP(GP, 
II, J);: NEXT J: PRINT #6, “ “
    NEXT II
    GOSUB 5690: PRINT #6, “ “
NEXT GP
‘------------------------------------------------------------------
FOR GP = 1 TO NSG: PRINT #6, CHR$(12): NN = NG(GP): M = 9
    PRINT #6, “Area & Cluster Names    :   “; AREA$, CLUSTER$(GP)
    PRINT #9, “Master Table. 18.  Additional Water chemistry Related Parameters-Set 1 “
    PRINT #6, “Master Table. 18.  Additional Water chemistry Related Parameters-Set 1”
    GOSUB 5690: PRINT #6, “ “
    PRINT #6, “SL.NO.     LIME DOSE    SODA ASH   SALT       SODIUM      ADJ SAR     DISSOLVED”
    PRINT #6, “           TREATMNT     TREATMENT  INDEX      DOMINDEX    METH-2      INORG.CARBON”
    GOSUB 5690: PRINT #6, “ “
    FOR II = 1 TO NN
        PRINT #6, USING “####”; II; TAB(12);
        PRINT #6, USING “######.####”; BP(GP, II, 50), BP(GP, II, 51), BP(GP, II, 52), BP(GP, II, 
53), BP(GP, II, 59), BP(GP, II, 60)
    NEXT II
    GOSUB 5690: PRINT #6, “ “
NEXT GP
‘
‘----------------------------------------------------------------------
FOR GP = 1 TO NSG: PRINT #6, CHR$(12): NN = NG(GP): M = 9
    PRINT #6, “Area & Cluster Names    :   “; AREA$, CLUSTER$(GP)
    PRINT #9, “Master Table. 19.  Non-Marine (NM) ionic species in Water  “
    PRINT #6, “Master Table. 19.  Non-Marine (NM) ionic species in Water”
    GOSUB 5690: PRINT #6, “ “
    PRINT #6, “SL.NO.       NM-CA        NM-MG      NM-NA       NM-SO4       NM-K”
    GOSUB 5690: PRINT #6, “ “
    FOR II = 1 TO NN
        PRINT #6, USING “####”; II; TAB(12);
        PRINT #6, USING “######.####”; BP(GP, II, 54), BP(GP, II, 55), BP(GP, II, 56), BP(GP, II, 
57), BP(GP, II, 58)
    NEXT II
    GOSUB 5690: PRINT #6, “ “
NEXT GP
‘---------------------------------------------------------------------------
‘
FOR GP = 1 TO NSG: PRINT #6, CHR$(12): NN = NG(GP): M = 9
    PRINT #6, “Area & Cluster Names    :   “; AREA$, CLUSTER$(GP)
    ION$(1) = “Ca  “: ION$(2) = “Mg  “: ION$(3) = “Na  “: ION$(4) = “K   “: ION$(5) = “HCO3”: 
ION$(6) = “CO3 “: ION$(7) = “Cl  “: ION$(8) = “NO3 “: ION$(9) = “SO4 “:
    PRINT #9, “Master Table. 20(a).  Symmetrical Correlation Matrix of Major ions in ppm”
    PRINT #6, “Master Table. 20.  Symmetrical Correlation Matrix of Major ions in ppm”
    GOSUB 5690: PRINT #6, “ “
    PRINT #6, “         Ca     Mg    Na      K     HCO3   CO3     Cl    NO3    SO4”
    PRINT #6, “ “
    FOR I = 1 TO M: PRINT #6, ION$(I); SPC(2);
        FOR J = 1 TO M
        PRINT #6, USING “###.##”; SM1(GP, I, J); SPC(1);: NEXT J
    PRINT #6, “ “: NEXT I
    GOSUB 5690: PRINT #6, “ “
NEXT GP
‘------------------------------------------------------
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FOR GP = 1 TO NSG: NN = NG(GP): PRINT #6, CHR$(12)
    ION$(1) = “Ca  “: ION$(2) = “Mg  “: ION$(3) = “Na  “: ION$(4) = “K   “: ION$(5) = “HCO3”: 
ION$(6) = “CO3 “: ION$(7) = “Cl  “: ION$(8) = “NO3 “: ION$(9) = “SO4 “:
    PRINT #6, “Area & Cluster Names    :   “; AREA$, CLUSTER$(GP)
    PRINT #9, “Master Table. 20(b).  Symmetrical Correlation Matrix of Major ions in moles”
    PRINT #6, “Master Table. 20(b).  Symmetrical Correlation Matrix of Major ions in moles”
    GOSUB 5690: PRINT #6, “ “
    M = 9: PRINT #6, “           Ca      Mg      Na      K      HCO3    CO3      Cl     NO3     SO4”
    FOR I = 1 TO M: PRINT #6, ION$(I); SPC(2);
        FOR J = 1 TO M
    PRINT #6, USING “###.##”; SPC(1); SM2(GP, I, J); SPC(1);: NEXT J: PRINT #6, “ “: NEXT I
    PRINT #6, “ “
NEXT GP
‘ MASTER TABLE  CREATION PROCESS  OVER
‘
‘-----------------------------------------------------------------------------
ION$(1) = “Ca  “: ION$(2) = “Mg  “: ION$(3) = “Na  “: ION$(4) = “K   “: ION$(5) = “HCO3”
ION$(6) = “CO3 “: ION$(7) = “Cl  “: ION$(8) = “NO3 “: ION$(9) = “SO4 “
‘=======================================================================================
‘ PLOTTING DATA
‘**********************************************************************************************
‘ LOG-LOG PLOTS   EC WITH ALL IONS IN PPM
‘*********************************************************************************************
GCOU = 0
FOR GP = 1 TO NSG: NN = NG(GP)
    FOR IT = 1 TO 9
        FOR II = 1 TO NN
            XP(II, 1) = BP(GP, II, 2): XP(II, 2) = WP(GP, II, 6, IT)
        NEXT II
        TBC = TBC + 1: XAXIS$ = “ EC in mmhos/cm “
        YAXIS$ = ION$(IT) + “ in ppm”
        PRINT #7, XAXIS$; “  in X -Axis   and “; YAXIS$; “in Y axis”
        PRINT #7, TAB(10); XAXIS$; “  in X -Axis   and “; YAXIS$; “in Y axis”
        PRINT #7, “GRAPH CODE 9700”
        PRINT #7, “ LOG LOG GRAPH DATA TABLE NO = “; TBC
        PRINT #7, XAXIS$; “  in X -Axis   and “; YAXIS$; “in Y axis”
        FOR IK = 1 TO NN: PRINT #7, IK;: PRINT #7, “,”;
            PRINT #7, USING “#####.###”; XP(IK, 1);: PRINT #7, “,”;: PRINT #7, USING “#####.##”; 
XP(IK, 2)
        NEXT IK
        GOSUB 9700
        PRINT #4, “---------------------------------------------------------------------- “
    NEXT IT
NEXT GP
FOR GP = 1 TO NSG: NN = NG(GP)
    FOR IT = 1 TO 9
        FOR II = 1 TO NN
            XP(II, 1) = BP(GP, II, 2): XP(II, 2) = WP(GP, II, 7, IT)
        NEXT II
        TBC = TBC + 1: XAXIS$ = “ EC in mmhos/cm “
        YAXIS$ = ION$(IT) + “ in epm”
        PRINT #7, XAXIS$; “  in X -Axis   and “; YAXIS$; “in Y axis”
        PRINT #7, TAB(10); XAXIS$; “  in X -Axis   and “; YAXIS$,
        PRINT #7, “GRAPH CODE 9700”
        PRINT #7, “ LOG LOG GRAPH DATA TABLE NO = “; TBC
        PRINT #7, XAXIS$; “  in X -Axis   and “; YAXIS$; “in Y axis”
        FOR IK = 1 TO NN: PRINT #7, IK;: PRINT #7, “,”;
            PRINT #7, USING “#####.###”; XP(IK, 1);: PRINT #7, “,”;: PRINT #7, USING “#####.##”; 
XP(IK, 2)
        NEXT IK
        GOSUB 9700
        PRINT #4, “---------------------------------------------------------------------- “
    NEXT IT
NEXT GP
‘ LOG-LOG PLOTS  TDS WITH IONIC CONC.
FOR GP = 1 TO NSG: NN = NG(GP)
    FOR IT = 1 TO 9
        FOR II = 1 TO NN
            XP(II, 1) = BP(GP, II, 26): XP(II, 2) = WP(GP, II, 6, IT)
        NEXT II
        TBC = TBC + 1: XAXIS$ = “TDS (PPM) “: YAXIS$ = ION$(IT) + “ in ppm”
        PRINT #7, XAXIS$; “  in X -Axis   and “; YAXIS$; “ in Y axis”
        PRINT #7, “GRAPH CODE 9700”
        PRINT #7, “PLOT TYPE= LOG LOG “
        PRINT #4, TAB(10); XAXIS$; “  in X -Axis   and “; YAXIS$; “in Y axis”
        PRINT #7, “ LOG LOG GRAPH TABLE NO = “; TBC
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        PRINT #7, XAXIS$; “  in X -Axis   and “; YAXIS$; “in Y axis”
        GOSUB 9700
        PRINT #4, “--------------------------------------------------------------- -----”
    NEXT IT
NEXT GP
‘---------------------------------------
‘TDS WITH EC  log log plot
FOR GP = 1 TO NSG: NN = NG(GP)
    FOR II = 1 TO NN
        XP(II, 1) = BP(GP, II, 2): XP(II, 2) = BP(GP, II, 26)
    NEXT II
    TBC = TBC + 1: XAXIS$ = “EC in mmhos/Cm “: YAXIS$ = “ TDS (ppm)  “
    PRINT #7, XAXIS$; “  in X -Axis   and “; YAXIS$; “ in   Y -Axis “
    PRINT #7, “PLOT TYPE= LOG LOG “, “GRAPH CODE 9700”
    PRINT #4, TAB(10); XAXIS$; “  in X -Axis   and “; YAXIS$; “in Y -Axis epm”
    PRINT #7, “ LOG LOG GRAPH  DATA TABLE NO= “; TBC
    PRINT #7, XAXIS$; “  in X -Axis   and “; YAXIS$; “in Y -Axis”
    GOSUB 9700
    PRINT #4, “-----------------------------------------------------------------”
NEXT GP
‘-------------------------------------------------------------------------
‘
PTYPE = 1
FOR GP = 1 TO NSG
    GTYPE = 1: NN = NG(GP): PRINT #7, “ “
    PRINT #7, “ PRINTING SCATTER PLOTS   PART-1”
    ‘ MID ONE IF 1 IT IS IS PPM, 2 FOR EPM
    XAXIS$ = “ Ca-ppm”: YAXIS$ = “ Mg-ppm”
    FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 6, 1): XP(IL, 2) = WP(GP, IL, 6, 2): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ Mg-ppm”: YAXIS$ = “ Na-ppm”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 6, 2): XP(IL, 
2) = WP(GP, IL, 6, 3): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ Ca-ppm”: YAXIS$ = “ Na-ppm”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 6, 1): XP(IL, 
2) = WP(GP, IL, 6, 3): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ Ca-ppm”: YAXIS$ = “ HCO3-ppm”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 6, 1): XP(IL, 
2) = WP(GP, IL, 6, 5): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ Ca-ppm”: YAXIS$ = “ Cl-ppm”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 6, 1): XP(IL, 
2) = WP(GP, IL, 6, 7): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ Ca-ppm”: YAXIS$ = “ SO4-ppm”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 6, 1): XP(IL, 
2) = WP(GP, IL, 6, 9): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ Mg-ppm”: YAXIS$ = “ HCO3-ppm”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 6, 2): XP(IL, 
2) = WP(GP, IL, 6, 5): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ Mg-ppm”: YAXIS$ = “ Cl-ppm “: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 6, 2): XP(IL, 
2) = WP(GP, IL, 6, 7): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ Mg -ppm”: YAXIS$ = “ SO4 -ppm”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 6, 2): 
XP(IL, 2) = WP(GP, IL, 6, 9): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ Na -ppm”: YAXIS$ = “ HCO3 -ppm”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 6, 3): 
XP(IL, 2) = WP(GP, IL, 6, 5): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ Na -ppm”: YAXIS$ = “ Cl -ppm”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 6, 3): XP(IL, 
2) = WP(GP, IL, 6, 7): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ Na - ppm”: YAXIS$ = “ SO4-ppm “: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 6, 3): 
XP(IL, 2) = WP(GP, IL, 6, 9): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    ‘
    ‘ EPM DATA ON SCATTER PLOTS
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    ‘
    XAXIS$ = “ Ca -epm “: YAXIS$ = “ Mg-epm”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 7, 1): XP(IL, 
2) = WP(GP, IL, 7, 2): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ Mg-epm”: YAXIS$ = “ Na-epm”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 7, 2): XP(IL, 
2) = WP(GP, IL, 7, 3): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ Ca-epm”: YAXIS$ = “ Na-epm”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 7, 1): XP(IL, 
2) = WP(GP, IL, 7, 3): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ Ca-epm”: YAXIS$ = “ HCO3-epm”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 7, 1): XP(IL, 
2) = WP(GP, IL, 7, 5): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ Ca-epm”: YAXIS$ = “ Cl-epm”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 7, 1): XP(IL, 
2) = WP(GP, IL, 7, 7): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ Ca-epm”: YAXIS$ = “ SO4-epm”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 7, 1): XP(IL, 
2) = WP(GP, IL, 7, 9): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ Mg-epm”: YAXIS$ = “ HCO3-epm”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 7, 2): XP(IL, 
2) = WP(GP, IL, 7, 5): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ Mg-epm”: YAXIS$ = “ Cl-epm “: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 7, 2): XP(IL, 
2) = WP(GP, IL, 7, 7): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ Mg-epm”: YAXIS$ = “ SO4-epm “: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 7, 2): XP(IL, 
2) = WP(GP, IL, 7, 9): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ Na-epm”: YAXIS$ = “ HCO3-epm”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 7, 3): XP(IL, 
2) = WP(GP, IL, 7, 5): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ Na-epm”: YAXIS$ = “ Cl-epm”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 7, 3): XP(IL, 
2) = WP(GP, IL, 7, 7): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ Na-epm”: YAXIS$ = “ SO4-epm”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 7, 3): XP(IL, 
2) = WP(GP, IL, 7, 9): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    ‘TDS VERSUS IONS SCATTER PLOTS
    XAXIS$ = “ TDS-ppm”: YAXIS$ = “ Ca-ppm”: FOR IL = 1 TO NN: XP(IL, 1) = BP(GP, IL, 26): XP(IL, 2) 
= WP(GP, IL, 6, 1): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ TDS-ppm”: YAXIS$ = “ Mg-ppm”: FOR IL = 1 TO NN: XP(IL, 1) = BP(GP, IL, 26): XP(IL, 2) 
= WP(GP, IL, 6, 2): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ TDS-ppm”: YAXIS$ = “ Na-ppm”: FOR IL = 1 TO NN: XP(IL, 1) = BP(GP, IL, 26): XP(IL, 2) 
= WP(GP, IL, 6, 3): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ TDS-ppm”: YAXIS$ = “ K -ppm”: FOR IL = 1 TO NN: XP(IL, 1) = BP(GP, IL, 26): XP(IL, 2) 
= WP(GP, IL, 6, 4): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ TDS-ppm”: YAXIS$ = “ HCO3-ppm”: FOR IL = 1 TO NN: XP(IL, 1) = BP(GP, IL, 26): XP(IL, 
2) = WP(GP, IL, 6, 5): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ TDS-ppm”: YAXIS$ = “ CL-ppm”: FOR IL = 1 TO NN: XP(IL, 1) = BP(GP, IL, 26): XP(IL, 2) 
= WP(GP, IL, 6, 7): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ TDS-ppm”: YAXIS$ = “ NO3-ppm”: FOR IL = 1 TO NN: XP(IL, 1) = BP(GP, IL, 26): XP(IL, 
2) = WP(GP, IL, 6, 8): NEXT IL
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    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ TDS-ppm”: YAXIS$ = “ SO4-ppm”: FOR IL = 1 TO NN: XP(IL, 1) = BP(GP, IL, 26): XP(IL, 
2) = WP(GP, IL, 6, 9): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9700: PRINT #7, “ “: GOSUB 5790
    ‘ISS  VERSUS ACTIVITIES OF IONS  SCATTER PLOTS
    PTYPE = 2: GTYPE = 2
    ‘FOR I = 1 TO NN: FOR J = 1 TO 9: PRINT II, ST2(GP, II, J);: NEXT J: PRINT: NEXT I
    ‘INPUT OO
    XAXIS$ = “IONIC STRENGTH”: YAXIS$ = “ yCa”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 5, 2): 
XP(IL, 2) = WP(GP, IL, 11, 1): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9850: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ IONIC STRENGTH”: YAXIS$ = “ yMg”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 5, 2): 
XP(IL, 2) = WP(GP, IL, 11, 2): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9850: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ IONIC STRENGTH”: YAXIS$ = “ yNa”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 5, 3): 
XP(IL, 2) = WP(GP, IL, 11, 3): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9850: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ IONIC STRENGTH”: YAXIS$ = “ yK “: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 5, 4): 
XP(IL, 2) = WP(GP, IL, 11, 4): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9850: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ IONIC STRENGTH”: YAXIS$ = “ yHCO3”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 5, 5): 
XP(IL, 2) = WP(GP, IL, 11, 5): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9850: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ IONIC STRENGTH”: YAXIS$ = “ yCO3”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 5, 6): 
XP(IL, 2) = WP(GP, IL, 11, 6): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9850: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ IONIC STRENGTH”: YAXIS$ = “ yCL”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 5, 7): 
XP(IL, 2) = WP(GP, IL, 11, 7): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9850: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ IONIC STRENGTH”: YAXIS$ = “ yNO3”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 5, 8): 
XP(IL, 2) = WP(GP, IL, 11, 8): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9850: PRINT #7, “ “: GOSUB 5790
    XAXIS$ = “ IONIC STRENGTH”: YAXIS$ = “ ySO4”: FOR IL = 1 TO NN: XP(IL, 1) = WP(GP, IL, 5, 9): 
XP(IL, 2) = WP(GP, IL, 11, 9): NEXT IL
    GOSUB 7000: PRINT #7, “ “: GOSUB 5790
    GOSUB 9850: PRINT #7, “ “: GOSUB 5790
4000 NEXT GP
‘=================================================================

PRINT #3, “ PART NEW - Computing Ionic Ratios”
PRINT “ PART NEW - Computing Ionic Ratios”
PRINT “ PART NEW - IONIC RATIO CALCULATIONS “
FOR GP = 1 TO NSG: NN = NG(GP)
    ‘PRINT #3, “Area, Cluster Names& No. of Samples     :  “; AREA$, CLUSTER$(GP), NN
    FOR I = 1 TO 20: TITLE$(I) = “ RATIO TABLE”: NEXT I
    NN = NG(GP)
    FOR IT = 1 TO 10
        ‘PRINT #3, “AREA & CLUSTER NAME TABLE NO. NUMBER OF SAMPLES   :  “; AREA$, IT, CLUSTER$(GP), 
NN
        FOR II = 1 TO NN: FOR G = 1 TO 6
                NT = TP(IT, G): NB = TB(IT, G)
                G2(GP, II, IT, G) = WP(GP, II, 7, NT) / WP(GP, II, 7, NB)
            NEXT G
        NEXT II
    NEXT IT
    NN = NG(GP)
    IT = 11
    ‘PRINT #3, “Area, Cluster Names& No. of Samples     :  “; AREA$, CLUSTER$(GP), NN
    FOR II = 1 TO NN
        FOR G = 1 TO 6: N1 = TL1(IT, G): N2 = TL2(IT, G): N3 = TL3(IT, G)
        G2(GP, II, IT, G) = WP(GP, II, 7, N1) / (WP(GP, II, 7, N2) + WP(GP, II, 7, N3)): NEXT G
    NEXT II
    FOR IT = 12 TO 14
        FOR II = 1 TO NN
            FOR G = 1 TO 6: M1 = GX1(IT, G)
                M2 = GX2(IT, G): M3 = GX3(IT, G): M4 = GX4(IT, G)
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                G2(GP, II, IT, G) = (WP(GP, II, 7, M1) + WP(GP, II, 7, M2)) / ((WP(GP, II, 7, M3)) + 
WP(GP, II, 7, M4))
            NEXT G
        NEXT II
    NEXT IT
    NN = NG(GP)
    IT = 15
    FOR II = 1 TO NN
        FOR G = 1 TO 6: P1 = GY1(IT, G): P2 = GY2(IT, G)
            P3 = GY3(IT, G): P4 = GY4(IT, G): P5 = GY5(IT, G)
            G2(GP, II, IT, G) = (WP(GP, II, 7, P1) + WP(GP, II, 7, P2) + WP(GP, II, 7, P3)) / 
(WP(GP, II, 7, P4) + WP(GP, II, 7, P5))
        NEXT G
    NEXT II
NEXT GP
‘--------------------------------------------------------
PRINT #3, “ OVERALL RATIOS “: PRINT “ OVERALL RATIOS “: ‘INPUT OO
UNIT$ = “meq/L”
‘ ======================================== =====================================
FOR GP = 1 TO NSG: NN = NG(GP): PRINT #3, CHR$(12)
    ‘PRINT #3, “Area & Cluster Name, Number of Samples    :   “
    PRINT #3, AREA$, CLUSTER$(GP), NN
    FOR IT = 1 TO 10: TBC = TBC + 1
        PRINT #3, “Ionic Ratios(epm)”: PRINT #3, “Table  No. =  “; TBC
        PRINT #9, “Tab.No.=”; TBC;
        PRINT #9, “Ionic Ratios(epm)  “;
        NN = NG(GP)
        PRINT #3, “ Area   Table  No.   Cluster   Samples  “; AREA$, IT, CLUSTER$(GP), NN
        GOSUB 5390
        PRINT #9, TAB(35); R1$(IT, 1); SPC(5); R1$(IT, 2); SPC(5); R1$(IT, 3); SPC(5); R1$(IT, 4); 
SPC(5); R1$(IT, 5); SPC(5); R1$(IT, 6)

        PRINT #3, “STATION”; TAB(25); R1$(IT, 1); TAB(35); R1$(IT, 2); TAB(45); R1$(IT, 3); TAB(55); 
R1$(IT, 4); TAB(65); R1$(IT, 5); TAB(75); R1$(IT, 6)
        PRINT #3, “UNITS”; TAB(25); UNIT$; TAB(35); UNIT$; TAB(45); UNIT$; TAB(55); UNIT$; TAB(65); 
UNIT$; TAB(75); UNIT$
        GOSUB 5390: NN = NG(GP): M = 6
        FOR II = 1 TO NN
            PRINT #3, NAR$(GP, II); TAB(20);: FOR J = 1 TO 6: PRINT #3, USING “#######.##”; G2(GP, 
II, IT, J);: NEXT J: PRINT #3, “ “
        NEXT II
        GOSUB 5390
        PRINT #3, “ “
        PRINT #3, “Ionic Ratios(epm)”
        REM     DEFDBL A,X,F
        N = NN: M = 6: TG = 1
        FOR J = 1 TO M: H(J) = 0: NEXT J
        NN = NG(GP): M = 6
        FOR II = 1 TO NN
            FOR J = 1 TO M: X(II, J) = G2(GP, II, IT, J): NEXT J
        NEXT II
        PRINT “ “
        FOR J = 1 TO 6: ION$(J) = R1$(IT, J): NEXT J
        NN = NG(GP): N = NN: M = 6: GOSUB 6000
        GOSUB 5390
    NEXT IT
    ‘---------------------------------------------------
    PRINT #3, “ “
    PRINT #3, CHR$(12): PRINT #3, “Correlation  among epm Ionic Ratios   “
    IT = 11: TBC = TBC + 1: PRINT #3, “Table  =  “; TBC: NN = NG(GP)
    PRINT #3, “Area & Cluster Name  Table No. Number of Samples   :   “
    PRINT #3, AREA$, IT, CLUSTER$(GP), NN
    PRINT #9, “Tab.No.=”; TBC;
    PRINT #9, “Ionic Ratios(epm) “;
    PRINT #9, TAB(35); R1$(IT, 1); SPC(5); R1$(IT, 2); SPC(5); R1$(IT, 3); SPC(5); R1$(IT, 4); 
SPC(5); R1$(IT, 5); SPC(5); R1$(IT, 6)
    GOSUB 5390
    PRINT #3, “STATION”; TAB(20); R1$(IT, 1); TAB(32); R1$(IT, 2); TAB(45); R1$(IT, 3); TAB(58); 
R1$(IT, 4); TAB(71); R1$(IT, 5); TAB(85); R1$(IT, 6)
    PRINT #3, “UNITS”; TAB(20); UNIT$; TAB(32); UNIT$; TAB(44); UNIT$; TAB(56); UNIT$; TAB(68); 
UNIT$; TAB(80); UNIT$
    GOSUB 5390: NN = NG(GP)
    FOR II = 1 TO NN
        PRINT #3, NAR$(GP, II); TAB(20);: FOR J = 1 TO 6: PRINT #3, USING “######.##”; G2(GP, II, 
IT, J);: NEXT J: PRINT #3, “ “
    NEXT II
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    GOSUB 5390: PRINT #3, “ “
    PRINT #3, CHR$(12)
    REM     DEFDBL A,X,F
    N = NN: M = 6: TG = 1
    FOR J = 1 TO M: H(J) = 0: NEXT J
    NN = NG(GP): M = 6
    FOR II = 1 TO NN
        FOR J = 1 TO M: X(II, J) = G2(GP, II, IT, J): NEXT J
    NEXT II
    PRINT “ “
    FOR J = 1 TO 6: ION$(J) = R1$(IT, J): NEXT J
    NN = NG(GP): N = NN: M = 6: GOSUB 6000
    GOSUB 5390
    FOR IT = 12 TO 14
        PRINT #3, CHR$(12): TBC = TBC + 1: PRINT #3, “Table  =  “; TBC
        PRINT #3, “Area & Cluster Name  Table No. Number of Samples :   “
        PRINT #3, AREA$, IT, CLUSTER$(GP), NN
        PRINT #3, “Ionic Ratios(epm)   “
        PRINT #3, “Area  Table    Cluster   “; AREA$, IT, CLUSTER$(GP)
        PRINT #9, “Tab.No.=”; TBC;
        PRINT #9, “Ionic Ratios(epm)”;
        PRINT #9, TAB(35); R1$(IT, 1); SPC(5); R1$(IT, 2); SPC(5); R1$(IT, 3); SPC(5); R1$(IT, 4); 
SPC(5); R1$(IT, 5); SPC(5); R1$(IT, 6)
        NN = NG(GP)
        GOSUB 5390
        ‘FOR J = 1 TO 6: PRINT #3, R1$(IT, J);: NEXT J: PRINT #3, “ “
        PRINT #3, “STATION”; TAB(21); R1$(IT, 1); TAB(33); R1$(IT, 2); TAB(45); R1$(IT, 3); TAB(58); 
R1$(IT, 4); TAB(70); R1$(IT, 5); TAB(85); R1$(IT, 6)
        PRINT #3, “UNITS”; TAB(21); UNIT$; TAB(33); UNIT$; TAB(42); UNIT$; TAB(52); UNIT$; TAB(62); 
UNIT$; TAB(72); UNIT$
        GOSUB 5390: NN = NG(GP)
        FOR II = 1 TO NN
            PRINT #3, NAR$(GP, II); TAB(20);: FOR J = 1 TO 6: PRINT #3, USING “######.##”; G2(GP, 
II, IT, J);: NEXT J: PRINT #3, “ “
        NEXT II
        GOSUB 5390: PRINT #3, “ “
        PRINT #3, “Ionic Ratios(epm)”
        NN = NG(GP)
        REM     DEFDBL A,X,F
        N = NN: M = 6: TG = 1
        FOR J = 1 TO M: H(J) = 0: NEXT J
        FOR II = 1 TO NN
            FOR J = 1 TO M: X(II, J) = G2(GP, II, IT, J): NEXT J
        NEXT II
        PRINT “ “
        FOR J = 1 TO 6: ION$(J) = R1$(IT, J): NEXT J
        NN = NG(GP): N = NN: M = 6: GOSUB 6000
        GOSUB 5390
    NEXT IT
    ‘
    PRINT #3, CHR$(12): NN = NG(GP):
    PRINT #3, “Ionic Ratios(epm)   “
    IT = 15: PRINT #3, “Area  Table    Cluster     “
    PRINT #3, AREA$, IT, CLUSTER$(GP)
    TBC = TBC + 1: PRINT #3, “TABLE  NO.   “; TBC
    PRINT #9, “Tab.No.=”; TBC;
    PRINT #9, “Ionic Ratios(epm)”;
    PRINT #9, TAB(35); R1$(IT, 1); SPC(5); R1$(IT, 2); SPC(5); R1$(IT, 3); SPC(5); R1$(IT, 4); 
SPC(5); R1$(IT, 5); SPC(5); R1$(IT, 6)
    GOSUB 5390
    PRINT #3, “STATION”; TAB(21); R1$(IT, 1); TAB(33); R1$(IT, 2); TAB(42); R1$(IT, 3); TAB(52); 
R1$(IT, 4); TAB(62); R1$(IT, 5); TAB(72); R1$(IT, 6)
    PRINT #3, “UNITS”; TAB(21); UNIT$; TAB(33); UNIT$; TAB(42); UNIT$; TAB(52); UNIT$; TAB(62); 
UNIT$; TAB(72); UNIT$
    GOSUB 5390: NN = NG(GP)
    FOR II = 1 TO NN
        PRINT #3, NAR$(GP, II); TAB(20);: FOR J = 1 TO 6: PRINT #3, USING “######.##”; G2(GP, II, 
IT, J);: NEXT J: PRINT #3, “ “
    NEXT II
    GOSUB 5390
    NN = NG(GP)
    PRINT #3, CHR$(12)
    PRINT #3, “ “
    PRINT #3, “Ionic Ratios (epm)  “
    REM     DEFDBL A,X,F
    N = NN: M = 6: TG = 1
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    FOR J = 1 TO M: H(J) = 0: NEXT J
    FOR II = 1 TO NN
        FOR J = 1 TO M: X(II, J) = G2(GP, II, IT, J): NEXT J
    NEXT II
    GOSUB 5390: NN = NG(GP)
    FOR J = 1 TO 6: ION$(J) = R1$(IT, J): NEXT J
    NN = NG(GP): N = NN: M = 6: GOSUB 6000
    GOSUB 5390
NEXT GP
PRINT #3, “ PART 4 PROCESSING”: PRINT “ PART 4 PROCESSING”
‘============================================================= ===========
FOR GP = 1 TO NSG: NN = NG(GP)
    PRINT #3, “Area & Cluster Names    :   “; AREA$, CLUSTER$(GP)
    FOR I = 1 TO 20: TITLE$(I) = “ PPM IONIC RATIO TABLE”: NEXT I
    NN = NG(GP)
    FOR IT = 1 TO 10
        FOR II = 1 TO NN
            FOR G = 1 TO 6: NT = TP(IT, G): NB = TB(IT, G)
            G2(IGP, I, IT, G) = WP(GP, II, 6, NT) / WP(GP, II, 6, NB): NEXT G
        NEXT II
    NEXT IT
    NN = NG(GP)
    IT = 11
    FOR II = 1 TO NN
        FOR G = 1 TO 6: N1 = TL1(IT, G): N2 = TL2(IT, G): N3 = TL3(IT, G)
        G2(GP, II, IT, G) = WP(GP, II, 6, N1) / (WP(GP, II, 6, N2) + WP(GP, II, 6, N3)): NEXT G
    NEXT II
    NN = NG(GP)
    FOR IT = 12 TO 14
        FOR II = 1 TO NN
            FOR G = 1 TO 6: N1 = GX1(IT, G)
                N2 = GX2(IT, G): N3 = GX3(IT, G): N4 = GX4(IT, G)
                G2(GP, II, IT, G) = (WP(GP, II, 6, N1) + WP(GP, II, 6, N2)) / ((WP(GP, II, 6, N3)) + 
WP(GP, II, 6, N4))
            NEXT G
        NEXT II
    NEXT IT
    NN = NG(GP)
    IT = 15
    FOR II = 1 TO NN
        FOR G = 1 TO 6: N1 = GY1(IT, G): N2 = GY2(IT, G): N3 = GY3(IT, G): N4 = GY4(IT, G): N5 = 
GY5(IT, G)
            G2(GP, II, IT, G) = (WP(GP, II, 6, N1) + WP(GP, II, 6, N2) + WP(GP, II, 6, N3)) / 
(WP(GP, II, 6, N4) + WP(GP, II, 6, N5))
        NEXT G
    NEXT II
NEXT GP
‘INPUT OO
‘--------------------------------------------------------------
PRINT “ PRINTING ADDITIONAL TABLES”
‘========================================================= ==================
FOR GP = 1 TO NSG: NN = NG(GP)
    PRINT #3, CHR$(12)
    PRINT #3, “Area & Cluster Names :  “; AREA$, CLUSTER$(GP)
    UNIT$ = “PPM”
    ‘--------------------------------------------
    FOR IT = 1 TO 10
        NN = NG(GP): M = 6
        PRINT #3, “AREA  : “; AREA$: TBC = TBC + 1
        PRINT #3, “TABLE NO.=”; TBC
        PRINT #3, TITLE$(IT)
        GOSUB 5390
        PRINT #3, “STATION”; TAB(21); R1$(IT, 1); TAB(33); R1$(IT, 2); TAB(42); R1$(IT, 3); TAB(52); 
R1$(IT, 4); TAB(62); R1$(IT, 5); TAB(72); R1$(IT, 6)
        PRINT #3, “UNITS”; TAB(21); UNIT$; TAB(33); UNIT$; TAB(42); UNIT$; TAB(52); UNIT$; TAB(62); 
UNIT$; TAB(72); UNIT$
        GOSUB 5390
        FOR II = 1 TO NN: PRINT #3, NAR$(GP, II); TAB(20);: FOR J = 1 TO 6: PRINT #3, USING 
“######.##”; G2(GP, II, IT, J);: NEXT J: PRINT #3, “ “: NEXT II
        GOSUB 5390: PRINT #3, “ “
        PRINT #3, “ Ionic Ratios(epm)”
        PRINT #9, “Tab.No.=”; TBC;
        PRINT #9, “Ionic Ratios(epm)”;
        PRINT #9, TAB(35); R1$(IT, 1); SPC(5); R1$(IT, 2); SPC(5); R1$(IT, 3); SPC(5); R1$(IT, 4); 
SPC(5); R1$(IT, 5); SPC(5); R1$(IT, 6)
        REM     DEFDBL A,X,F
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        N = NN: M = 6: TG = 1: PRINT #3, “    NO OF SAMPLES=”; N, “    NO OF VARIABLES=”; M
        FOR J = 1 TO M: H(J) = 0: NEXT J
        FOR II = 1 TO NN: FOR J = 1 TO M: X(II, J) = G2(GP, II, IT, J): NEXT J: NEXT II
        PRINT “ “
        PRINT #3, “RATIOS   “; TAB(21); R1$(IT, 1); TAB(33); R1$(IT, 2); TAB(42); R1$(IT, 3); 
TAB(52); R1$(IT, 4); TAB(62); R1$(IT, 5); TAB(72); R1$(IT, 6)
        FOR J = 1 TO 6: ION$(J) = R1$(IT, J): NEXT J
        NN = NG(GP): N = NN: M = 6: GOSUB 6000:
        GOSUB 5390
    NEXT IT
    ‘-------------------------------------------
    PRINT #3, CHR$(12)
    GOSUB 5390
    PRINT #3, “Ionic Ratios(epm)”
    IT = 11: TNO = IT: PRINT #3, “AREA : “; AREA$: TBC = TBC + 1
    PRINT #3, “TABLE NO.=”; TBC
    PRINT #9, “Tab.No.=”; TBC;
    PRINT #9, “Ionic Ratios(epm)”;
    PRINT #9, TAB(35); R1$(IT, 1); SPC(5); R1$(IT, 2); SPC(5); R1$(IT, 3); SPC(5); R1$(IT, 4); 
SPC(5); R1$(IT, 5); SPC(5); R1$(IT, 6)
    PRINT #3, TITLE$(TNO)
    GOSUB 5390
    PRINT #3, “STATION”; TAB(21); R1$(IT, 1); TAB(33); R1$(IT, 2); TAB(42); R1$(IT, 3); TAB(52); 
R1$(IT, 4); TAB(62); R1$(IT, 5); TAB(72); R1$(IT, 6)
    PRINT #3, “UNITS”; TAB(21); UNIT$; TAB(33); UNIT$; TAB(42); UNIT$; TAB(52); UNIT$; TAB(62); 
UNIT$; TAB(72); UNIT$
    GOSUB 5390: NN = NG(GP): M = 6
    FOR II = 1 TO NN
        PRINT #3, NAR$(GP, II); TAB(20);: FOR J = 1 TO 6: PRINT #3, USING “######.##”; G2(GP, II, 
IT, J);: NEXT J: PRINT #3, “ “
    NEXT II
    GOSUB 5390: PRINT #3, “ “
    NN = NG(GP)
    PRINT #3, “Ionic Ratios(epm)   “
    REM     DEFDBL A,X,F
    N = NN: M = 6: TG = 1
    PRINT #3, “    NO OF SAMPLES=”; N, “    NO OF VARIABLES=”; M
    FOR J = 1 TO M: H(J) = 0: NEXT J
    FOR II = 1 TO NN: FOR J = 1 TO M: X(II, J) = G2(GP, II, IT, J): NEXT J: NEXT II: PRINT “ “
    PRINT #3, “RATIOS   “; TAB(21); R1$(IT, 1); TAB(33); R1$(IT, 2); TAB(42); R1$(IT, 3); TAB(52); 
R1$(IT, 4); TAB(62); R1$(IT, 5); TAB(72); R1$(IT, 6)
    FOR J = 1 TO 6: ION$(J) = R1$(IT, J): NEXT J
    NN = NG(GP): N = NN: M = 6: GOSUB 6000: GOSUB 5390
    ‘-----------------------------------------
    PRINT #3, CHR$(12)
    PRINT #3, “Correlation  among epm Ionic Ratios   “
    ‘---------------------------------------------
    FOR IT = 12 TO 14: TNO = IT:
        PRINT #3, “AREA :”; AREA$: TBC = TBC + 1: PRINT #3, “TABLE NO=”; TBC
        PRINT #9, “Tab.No.=”; TBC;
        PRINT #9, “Ionic Ratios(epm)”;
        PRINT #9, TAB(35); R1$(IT, 1); SPC(5); R1$(IT, 2); SPC(5); R1$(IT, 3); SPC(5); R1$(IT, 4); 
SPC(5); R1$(IT, 5); SPC(5); R1$(IT, 6)
        PRINT #3, TITLE$(TNO)
        GOSUB 5390
        PRINT #3, “STATION”; TAB(21); R1$(IT, 1); TAB(33); R1$(IT, 2); TAB(42); R1$(IT, 3); TAB(52); 
R1$(IT, 4); TAB(62); R1$(IT, 5); TAB(72); R1$(IT, 6)
        PRINT #3, “UNITS”; TAB(21); UNIT$; TAB(33); UNIT$; TAB(42); UNIT$; TAB(52); UNIT$; TAB(62); 
UNIT$; TAB(72); UNIT$
        GOSUB 5390: NN = NG(GP): M = 6
        FOR II = 1 TO NN
            PRINT #3, NAR$(GP, II); TAB(20);: FOR J = 1 TO 6: PRINT #3, USING “######.##”; G2(GP, 
II, IT, J);: NEXT J: PRINT #3, “ “
        NEXT II
        GOSUB 5390: PRINT #3, “ “
        PRINT #3, CHR$(12)
        PRINT #3, “Ionic Ratios (epm)  “
        REM     DEFDBL A,X,F
        N = NN: M = 6: TG = 1
        FOR J = 1 TO M: H(J) = 0: NEXT J
        NN = NG(GP)
        FOR II = 1 TO NN: FOR J = 1 TO M: X(II, J) = G2(GP, II, IT, J): NEXT J: NEXT II
        PRINT “ “
        FOR J = 1 TO 6: ION$(J) = R1$(IT, J): NEXT J
        NN = NG(GP): N = NN: M = 6: GOSUB 6000
        GOSUB 5390
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    NEXT IT
    ‘----------------------------------------------------
    PRINT #3, CHR$(12): PRINT #3, “Ionic Ratios(epm)”
    IT = 15: TNO = 15: TBC = TBC + 1
    PRINT #3, “AREA : “; AREA$: PRINT #3, “Table  =  “; TBC
    PRINT #9, “Tab.No.=”; TBC;
    PRINT #9, “Ionic Ratios(epm)”;
    PRINT #9, TAB(35); R1$(IT, 1); SPC(5); R1$(IT, 2); SPC(5); R1$(IT, 3); SPC(5); R1$(IT, 4); 
SPC(5); R1$(IT, 5); SPC(5); R1$(IT, 6)
    PRINT #3, TITLE$(TNO): NN = NG(GP)
    GOSUB 5390
    PRINT #3, “STATION”; TAB(21); R1$(IT, 1); TAB(33); R1$(IT, 2); TAB(42); R1$(IT, 3); TAB(52); 
R1$(IT, 4); TAB(62); R1$(IT, 5); TAB(72); R1$(IT, 6)
    PRINT #3, “UNITS”; TAB(21); UNIT$; TAB(33); UNIT$; TAB(42); UNIT$; TAB(52); UNIT$; TAB(62); 
UNIT$; TAB(72); UNIT$
    GOSUB 5390: NN = NG(GP): M = 6
    FOR II = 1 TO NN
        PRINT #3, NAR$(GP, II); TAB(20);: FOR J = 1 TO 6: PRINT #3, USING “######.##”; G2(GP, II, 
IT, J);: NEXT J: PRINT #3, “ “
    NEXT II
    GOSUB 5390: PRINT #3, “ “
    PRINT #3, “ IONIC RATIOS(epm)”
    REM     DEFDBL A,X,F
    NN = NG(GP): N = NN: M = 6: TG = 1
    FOR J = 1 TO M: H(J) = 0: NEXT J
    FOR II = 1 TO NN: FOR J = 1 TO M: X(II, J) = G2(GP, II, IT, J): NEXT J: NEXT II
    PRINT “ “
    FOR J = 1 TO 6: ION$(J) = R1$(IT, J): NEXT J
    NN = NG(GP): N = NN: M = 6: GOSUB 6000: GOSUB 5390
NEXT GP
‘---
‘=========================================================== ============
CLOSE #3
‘---------------------------------------------------------------------------------------
PRINT #7, “ PRINTING SCATTER PLOTS   PART-2”
‘INPUT OO
FOR GP = 1 TO NSG: NN = NG(GP)
    FOR IT = 1 TO 15: NCOM = NIT(IT)
        FOR IC = 1 TO NCOM
            ‘PRINT #4, IT, IC, XN(IT, IC), YN(IT, IC)
            XAX$(IT, IC) = R1$(IT, XN(IT, IC)): YAX$(IT, IC) = R1$(IT, YN(IT, IC))
            XAXIS$ = R1$(IT, XN(IT, IC)): YAXIS$ = R1$(IT, YN(IT, IC))
            JJ = XN(IT, IC): KK = YN(IT, IC)
            FOR K = 1 TO NN: XP(K, 1) = 0: XP(K, 2) = 0: NEXT K
            FOR II = 1 TO NN
                XP(II, 1) = G2(GP, II, IT, JJ): XP(II, 2) = G2(GP, II, IT, KK)
            NEXT II
            GOSUB 8000
        NEXT IC
    NEXT IT
NEXT GP
‘-----------
PRINT #7, “ PRINTING SCATTER PLOTS   PART-3”
‘INPUT OO
FOR GP = 1 TO NSG: NN = NG(GP)
    PRINT #4, “Area & Cluster Names : “; AREA$, CLUSTER$(GP)
    XAXIS$ = “Ca+Mg epm”: YAXIS$ = “HCO3 in epm”
    FOR K = 1 TO NN: XP(K, 1) = 0: XP(K, 2) = 0: NEXT K
    FOR II = 1 TO NN
        XP(II, 1) = WP(GP, II, 7, 1) + WP(GP, II, 7, 2): XP(II, 2) = WP(GP, II, 7, 5)
    NEXT II
    GOSUB 9700
NEXT GP
‘
PRINT #7, “ PRINTING SCATTER PLOTS   PART-4”
‘INPUT OO
FOR GP = 1 TO NSG: NN = NG(GP)
    PRINT #4, “Area & Cluster Names : “; AREA$, CLUSTER$(GP)
    XAXIS$ = “EC in mmhos/cm”: YAXIS$ = “Van Wirdum Ionic Ratio”
    FOR K = 1 TO NN: XP(K, 1) = 0: XP(K, 2) = 0: NEXT K
    FOR II = 1 TO NN
        XP(II, 1) = BP(GP, II, 2): XP(II, 2) = BP(GP, II, 48)
    NEXT II
    GOSUB 9800
NEXT GP
‘===================================================================================
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‘ GIBBS PLOT
FOR GP = 1 TO NSG: PRINT #4, CHR$(12)
    GCOU = GCOU + 1
    PRINT #4, “GIBB’S PLOT GRAPH=”; GCOU, “    =”; CLUSTER$(GP)
    NN = NG(GP): PRINT #7, “Area & Cluster Names: “; AREA$, CLUSTER$(GP)
    PRINT #7, “DATA FOR GIBB’S PLOT TDS ppm versus ration of Na+K/(Na+K+Ca)”
    PRINT #4, “Area & Cluster Names: “; AREA$, CLUSTER$(GP)
    PRINT #4, “GIBB’S PLOT TDS ppm versus  ratio of Na+K/(Na+K+Ca)”
    PRINT #8, “S Plot=”; GCOU; “ “; CLUSTER$(GP);
    PRINT #8, “GIBB’S PLOT TDS ppm versus ratio of Na+K/(Na+K+Ca)”
    PRINT #7, “S Plot=”; GCOU; “  “; CLUSTER$(GP)
    PRINT #7, “GRAPH CODE GIBBS”
    PRINT #7, “GIBB’S PLOT TDS ppm versus ratio of Na+K/(Na+K+Ca)”
    MAXTDS = 0: MINTDS = 200000
    FOR I = 1 TO NN: RTO(I) = (WP(GP, I, 7, 3) + WP(GP, I, 7, 4)) / (WP(GP, I, 7, 3) + WP(GP, I, 7, 
4) + WP(GP, I, 7, 1))
        PRINT #7, I; “,”; BP(GP, I, 26); “,”; SPC(3); RTO(I)
        TDDSS = BP(GP, I, 26)
        IF TDDSS > MAXTDS THEN MAXTDS = TDDSS
        IF TDDSS < MINTDS THEN MINTDS = TDDSS
    NEXT I: PRINT #7, “ “
    NR = 65: NC = 70
    FOR I = 1 TO 100: FOR J = 1 TO 100: SP$(I, J) = “ “: MD(I, J) = 0: NEXT J: NEXT I
    SP$(1, 1) = “|”: SP$(0, 0) = “|”: SP$(NR, 0) = “|”
    FOR I = 0 TO NR: SP$(I, 1) = “|”: NEXT I
    FOR J = 0 TO NC: SP$(1, J) = “-”: NEXT J
    FOR I = 0 TO NR STEP 13: FOR J = 1 TO NC: SP$(I, J) = “-”: NEXT J: NEXT I
    FOR I = 0 TO NR: FOR J = 1 TO NC STEP 10: SP$(I, J) = “|”: NEXT J: NEXT I
    FOR I = 0 TO NR STEP 13: FOR J = 1 TO NC STEP 10: SP$(I, J) = “|”: NEXT J: NEXT I
    FOR JJ = 1 TO NR: SP$(JJ, NC) = “|”: NEXT JJ
    FOR I = 1 TO 65: RMN(I) = MMN(I): RMX(I) = MMX(I): NEXT I
    FOR I = 1 TO NN
        RTO(I) = (WP(GP, I, 7, 3) + WP(GP, I, 7, 4)) / (WP(GP, I, 7, 3) + WP(GP, I, 7, 4) + WP(GP, 
I, 7, 1))
    NEXT I
    FOR II = 1 TO NN: FOR L = 1 TO 65
            IF BP(GP, II, 26) > RMN(L) AND BP(GP, II, 26) < RMX(L) THEN RN(II) = L
    NEXT L: NEXT II
    CMN(1) = 0
    FOR J = 2 TO 70: CMN(J) = CMN(J - 1) + 0.02: CMX(J) = CMN(J) + 0.02: NEXT J
    FOR II = 1 TO NN: FOR J = 1 TO 70
            IF RTO(II) > CMN(J) AND RTO(II) < CMX(J) THEN CN(II) = J
    NEXT J: NEXT II
    FOR I = 1 TO NN: FOR J = 1 TO NR: FOR K = 1 TO NC
                IF RN(I) = J AND CN(I) = K THEN MD(J, K) = MD(J, K) + 1
    NEXT K: NEXT J: NEXT I
    FOR KK = 1 TO NN: I = RN(KK): J = CN(KK): SP$(I, J) = CHR$(111): NEXT KK
    FOR I = 1 TO NR: FOR J = 1 TO NC
            IF MD(I, J) = 0 THEN 7555
            IF MD(I, J) = 1 THEN SS$ = CHR$(111)
            IF MD(I, J) = 2 THEN SS$ = CHR$(134)
            IF MD(I, J) = 3 THEN SS$ = “*”
            IF MD(I, J) = 4 THEN SS$ = CHR$(135)
            SP$(I, J) = SS$
        7555 NEXT J
    NEXT I
    N1 = 1: N2 = NR
    IF MAXTDS < 10000 THEN N1 = 13
    IF MAXTDS < 1000 THEN N1 = 26
    IF MINTDS > 1 THEN N2 = 65
    IF MINTDS > 10 THEN N2 = 52
    IF MINTDS > 100 THEN N2 = 39
    ‘                       THE X-Y SCATTER PLOT
    PRINT #4, “   “; “TDS in ppm”
    FOR I = N1 TO N2
        IF I = 1 THEN PRINT #4, USING “######.##”; RMX(1);
        IF I = 13 THEN PRINT #4, USING “######.##”; RMN(13);
        IF I = 26 THEN PRINT #4, USING “######.##”; RMN(26);
        IF I = 39 THEN PRINT #4, USING “######.##”; RMN(39);
        IF I = 52 THEN PRINT #4, USING “######.##”; RMN(52);
        IF I = 65 THEN PRINT #4, USING “######.##”; ABS(RMN(65));
        PRINT #4, TAB(16);: FOR J = 1 TO NC
        PRINT #4, SP$(I, J);: NEXT J: PRINT #4, “ “
    NEXT I
    ‘        ---------+---------+---------+---------+---------+---------+
    PRINT #4, TAB(12);
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    PRINT #4, USING “####.##”; CMN(1); SPC(2); CMX(10); SPC(3); CMX(20); SPC(3); CMX(30); SPC(3); 
CMX(40); SPC(3); CMX(50); SPC(3); CMX(60); SPC(3); CMX(70): PRINT #4, “ “
    PRINT #4, “ “
    PRINT #4, TAB(5); “(Index to number of Overlapping samples  “; CHR$(111); “=1  “; CHR$(134); “=2    
*=3 and  “; CHR$(135); “ =4)”
    PRINT #4, “ “
    PRINT #4, “--------------------------------------------------------------------”
    CLOSE #12
NEXT GP
FOR GP = 1 TO NSG
    FOR IL = 1 TO NN
        XP(IL, 1) = BP(GP, IL, 18): XP(IL, 2) = BP(GP, IL, 25)
    NEXT IL
    N = NN: M = 2: XAXIS$ = “SOD.ADSORPTION RATIO”: YAXIS$ = “EXCH.SOD.PERCENTAGE”
    GOSUB 7000
NEXT GP
4900 PRINT “ PROCESSING OVER”
5160 CLOSE #4: CLOSE #6: CLOSE #7: CLOSE #8: CLOSE #9
5170 STOP
END
5190 FOR LL = 1 TO 60: PRINT #2, “_”;: NEXT LL: PRINT #2, “”: RETURN
5290 FOR LL = 1 TO 60: PRINT #2, “_”;: NEXT LL: PRINT #2, “”: RETURN
5390 FOR LL = 1 TO 60: PRINT #3, “_”;: NEXT LL: PRINT #3, “”: RETURN
5490 FOR LL = 1 TO 60: PRINT #4, “_”;: NEXT LL: PRINT #4, “”: RETURN
5590 FOR LL = 1 TO 60: PRINT #5, “_”;: NEXT LL: PRINT #5, “”: RETURN
5690 FOR LL = 1 TO 60: PRINT #6, “_”;: NEXT LL: PRINT #6, “”: RETURN
5790 FOR LL = 1 TO 60: PRINT #7, “_”;: NEXT LL: PRINT #7, “”: RETURN
5990 FOR LL = 1 TO 60: PRINT #9, “_”;: NEXT LL: PRINT #9, “”: RETURN
‘======================================================= ====================
‘
6000 PRINT “ SUBROUTINE “
MM = N + M
IF M > MM THEN MM = M
FOR I = 1 TO N
    FOR J = 1 TO M
        IF X(I, J) = 0 THEN X(I, J) = 0.0001
    NEXT J
NEXT I
FOR J = 1 TO M: H(J) = 0: NEXT J
FOR I = 1 TO N: FOR J = 1 TO M: H(J) = H(J) + X(I, J): NEXT J: NEXT I
FOR J = 1 TO M: H(J) = H(J) / N: NEXT J
‘PRINT #3, “ “
‘PRINT #3, “STANDARDISED INPUT DATA MATRIX   COLUMNS-VARIABLES,ROWS-OBSERVATIONS”: PRINT
FOR J = 1 TO M: XMX(J) = 0: XMN(J) = 99999: NEXT J
FOR I = 1 TO NN
    FOR J = 1 TO M
        IF X(I, J) > XMX(J) THEN XMX(J) = X(I, J)
        IF X(I, J) < XMN(J) THEN XMN(J) = X(I, J)
    NEXT J
NEXT I
PRINT #3, “MAX VALUE        “: FOR J = 1 TO M: PRINT #3, USING “#######.#”; XMX(J);: NEXT J: PRINT 
#3, “ “
PRINT #3, “MINIMUM VALUE    “: FOR J = 1 TO M: PRINT #3, USING “#######.#”; XMN(J);: NEXT J: PRINT 
#3, “ “
PRINT #3, “AVERAGE  VALUE   :”: FOR J = 1 TO M: XMA(J) = ABS(XMX(J) - XMN(J)) / NN: PRINT #3, USING 
“#######.#”; XMA(J);: NEXT J: PRINT #3, “ “
FOR I = 1 TO M
    SX = 0: SXX = 0
    FOR J = 1 TO N
        SX = SX + X(J, I)
        SXX = SXX + X(J, I) ^ 2
    NEXT J
    ‘PRINT #3, “SXXXXXXXX=”; SX, SXX, N
    XM = SX / N
    TOP = (SXX - SX * SX / N)
    BOT = (N - 1): ‘PRINT #3, “TOP, BOT =”; TOP, BOT
    SD = SQR(TOP / BOT)
    ‘PRINT #3, “STD DEVIATION       SD=”; SD
    PRINT #3, “MEAN =”; XM, “SD=”; SD
    FOR J = 1 TO N
        X(J, I) = (X(J, I) - XM) / SD
    NEXT J
NEXT I
‘PRINT “  STANDARDISED INPUT DATA “
REM
PRINT #3, “SYMMETRICAL CORRELATION MATRIX”: PRINT #3, “ “
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PRINT #3, “CALCULATED CORRELATION COEFFICIENTS  BETWEEN COLUMNS I AND J”
NN = N
FOR I = 1 TO M
    FOR J = I TO M
        SX1 = 0!: SX2 = 0!: SX1X1 = 0: SX2X2 = 0: SX1X2 = 0
        ‘ CALCULATE SUMS, SUMS OF SQUARES AND SUM OF CROSS PRODUCT OF COLUMNS I AND J
        FOR K = 1 TO N
            SX1 = SX1 + X(K, I)
            SX2 = SX2 + X(K, J)
            SX1X1 = SX1X1 + X(K, I) ^ 2
            SX2X2 = SX2X2 + X(K, J) ^ 2
            SX1X2 = SX1X2 + X(K, I) * X(K, J)
        NEXT K
        SR = (SX1X2 - SX1 * SX2 / NN)
        TR = (SX1X1 - SX1 * SX1 / NN)
        QR = (SX2X2 - SX2 * SX2 / NN)
        TR = SQR(TR * QR)
        R = SR / TR
        A1(I, J) = R
        A1(J, I) = R
    NEXT J
NEXT I
FOR J = 1 TO M
    PRINT #3, USING “#####”; J, TAB(8);: FOR I = 1 TO M
    PRINT #3, USING “###.##”; A1(J, I);: NEXT I: PRINT #3, “ “
NEXT J
PRINT #3, “ “
RETURN
‘***********************************************************************************
7000 REM PLOTTING SUBROUTINE-1 TYPE 1 AND TYPE 2 MODEL 
‘---  -    PORTION OMITTED FOR SAVING SPACE

RETURN
‘----------------------------------------------------------------
‘ SUBROUTINE 8000
‘
8000 REM SCATTER PLOT -    PORTION OMITTED FOR SAVING SPACE
RETURN
‘PLOTTING SECTION NEW 9000
‘
9600 REM SIMPLE LINEAR REGRESSION PART
S1 = 0: S2 = 0: S3 = 0: S4 = 0: S5 = 0: NU = NN
FOR I = 1 TO NN: XV(I, 1) = XP(I, 1): XV(I, 2) = XP(I, 2): NEXT I
‘FOR I = 1 TO NN
‘IF LGX = 2 THEN XV(I, 1) = LOG(XV(I, 1))
‘IF LGY = 2 THEN XV(I, 2) = LOG(XV(I, 2))
‘NEXT I
FOR I = 1 TO NN: S1 = S1 + XV(I, 1)
    S2 = S2 + XV(I, 2): S3 = S3 + XV(I, 1) * XV(I, 1)
    S4 = S4 + XV(I, 2) * XV(I, 1)
S5 = S5 + XV(I, 2) ^ 2: NEXT I
D = NU * S3 - S1 * S1
UB = (NU * S4 - S1 * S2) / D
UA = (S2 - UB * S1) / NU
TOP1 = NU * S4 - (S1 * S2)
BOT1 = NU * S3 - S1 ^ 2
BOT2 = NU * S5 - (S2 ^ 2)
R = TOP1 / SQR(BOT1 * BOT2)
PRINT #4, “Intercept,  Slope,  Corr. Coeft. Are”;: PRINT #4, USING “#####.#######”; UA, UB, R
‘PRINT #8, “Intercept,  Slope,  Corr. Coeft. Are “;: PRINT #8, USING “#####.#######”; UA, UB, R
PRINT #4, “ “
RETURN
‘----------------------------------------------------------------------------
9700 REM SCATTER PLOT NEW -    PORTION OMITTED FOR SAVING SPACE
RETURN
‘--------------------------------------------------------------------------------
9800 REM SCATTER PLOT NEW -    PORTION OMITTED FOR SAVING SPACE
‘**********************************************************************
RETURN
‘-----------------------------------------------------
9850 REM SCATTER PLOT NEW -    PORTION OMITTED FOR SAVING SPACE
RETURN
END
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