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Chapter 1 Overview 

Why Use ScaleChem? 
Scale problems arise in high rate gas wells for the same basic reason 
that they occur in waterflood operations: produced brines become 
supersaturated with mineral scales as a result of changing conditions 
between the reservoir and the point of deposition. 

A complicating factor in the assessment of these scale problems is that 
significant changes in the brine composition may occur between the 
reservoir and the surface conditions, due to the exchange of water 
between the liquid and vapor phases. 

Thus, scaling tendencies that are important at downhole conditions 
may not be evident based on the produced brine composition. 

The ScaleChem program estimates scale formation under CO2 and 
waterflood conditions.  ScaleChem can be used to evaluate stimulation 
compatibility amongst formation waters. 

ScaleChem’s Development 
Shell Oil originally developed the technology for the high temperature 
and pressure effects used in ScaleChem’s calculations and linked this 
technology to the OLI’s unique, predictive aqueous model.  OLI has 
since incorporated a state-of-the-art model for these effects and has 
refit all accepted experimental data on scaling to this model.  OLI is a 
recognized leader in the world of aqueous chemistry and has a 
generalized modeling capability which can be used for specific 
applications such as ScaleChem. 



 Chapter 1 Overview    4 

  



 Chapter 2 ScaleChem Thermodynamics    5 

Chapter 2 ScaleChem 
Thermodynamics 

Aqueous Chemistry 
The ScaleChem chemistry uses the OLI Aqueous Model to predict the 
distribution of species.  The OLI Aqueous Model is unique because it 
can predicatively model the speciation of  a wide range of chemicals in 
water.  Like other process simulation software, the OLI Aqueous 
Model considers the vapor-liquid equilibrium (VLE) of a given 
chemistry for the molecular species.  

However, the OLI Aqueous Model also considers the speciation, if 
any, of a chemistry and can accurately predict reactions between 
chemicals, solid formation, pH, and the ionic composition. This makes 
the OLI software a valuable tool for studying any water chemistry. 

It is our belief that the calculation of aqueous systems be fully 
speciated.  This allows for smoother extrapolation of experimental data 
with less “Faith” placed on corrections. 

The user, after completing this section, should have a better 
understanding on why full speciation is required and how the 
ScaleChem program performs its calculations. 
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An Example: The pH of a FeCl3 Solution 

What is the pH of this chemistry? 

Temperature    =   25 Centigrade 

Pressure    =   1 Bar 

55.51 moles is approximately 
1 kilogram of water. All of the 
aqueous concentrations are 
calculated internally on a 
moles/Kg H2O basis 

H2O                             =  55.51 moles/hr 

FeCl3                            =  1.0     moles/hr 

  

 

Answer: pH = 2.21 

Why is the pH so low? 

The following is a summary of the aqueous speciation. 

 

This equilibrium is always present: 

H2O  = H+ + OH- 

 
  Speciation 
 
 
    Fe+3   FeCl+2   FeOH+2 
    Cl-1   FeCl2

+1  Fe(OH)2
+1 

    H+1   FeCl3
0   Fe(OH)3

0 
    OH-1   FeCl4

-1  Fe(OH)4
-1 

    H2O
0   HCl0   Fe2(OH)2

+4
 

 

 

The aqueous iron species complex the hydroxide ion which shifts the 
water dissociation in the direction to replenish the hydroxide ions. This 
is referred to as Le Châtelier’s principle (See: P.W.Atkins. Physical 
Chemistry. W.H.Freeman and Company, San Francisco (1982) p 269) 

So the equilibrium shifts to the right to replace the complexed 
hydroxide ions resulting in an excess of hydrogen ions. Since a 
definition of pH is: 

                                                           
1 This number may change slightly between versions of the software. As new data becomes available, the data base is 
revised to reflect this new data. Improvements to the data result in improvements to the software. 
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The real definition of pH is 
based on the activity of the 
hydrogen ion rather than 
concentration. 

pH = - Log [H+] where [H+] is the concentration of the hydrogen 
ion, as the concentration goes up, the pH goes down. 

  

Another Example: Sour Water 

The sour water system, H2O, H2S, CO2 and NH3 is often very 
important in oil refinery operations. Traditional vapor-liquid-
equilibrium codes frequently do not consider the aqueous phase 
reactions. 

Let’s just consider the vapor-liquid equilibrium. The following are the 
equations: 

H2O(vap) = H2O 

NH3(vap) = NH3(aq) 

CO2(vap) = CO2(aq) 

H2S(vap) = H2S(aq) 

What would we get if we plotted the calculated partial pressures of 
these gases versus the experimental partial pressures for the following 
conditions: 
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Data Summary2,3 

Temperature  20oC & 60oC 

Solution Composition 

NH3: 1.126 - 2.160 molal 

  (1.8 - 3.3 wt%) 

CO2: 0.424 - 1.601 molal 

  (1.8 - 6.4 wt%) 

H2S: 0.040 - 0.407 molal 

  (0.1 - 1.3 wt%) 

H2O: Balance 

 

 
Figure 2-1Parity Plot of the Partial Pressure of Gases. 

As you can see, the calculated partial pressures are much greater than 
the experimental values, in some cases the difference is 10,000 times 
too large. 

                                                           
2 IGT Process Research Division, “HYGAS, 1972 to 1974 Pipeline Gas from Coal - Hydrogenation (IGT 
Hydrogasification Process)” R & D Report No. 110; Interim Report No. 1. ERDA July 1975. 
3 D.W.VanKrevelen, P.J.Hoftijzer, and F.J Juntjens. “Composition and Vapour Pressures of Aqueous Solutions of 
Ammonia, Carbon Dioxide and Hydrogen Sulphide” Rec.Trav.Chem., Pay-Bas 68, 191-216 (1949) 
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Now let’s add the aqueous reactions: 

H2O    = H+ + OH- 

NH3(aq) + H2O  = NH4
+ + OH- 

CO2(aq) + H2O  = H+ + HCO3
- 

HCO3
-   = H+ + CO3

2- 

NH2CO2
- + H2O = NH3(aq) + HCO3

- 

H2S(aq)   = H+ + HS- 

HS-    = H+ + S2- 
Now the partial pressures are re-determined and displayed in the 
following diagram. 

 
Figure 2-2 Parity plot with all reactions. 

The agreement between the calculated values and the experimental 
values are much better. 
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ScaleChem Chemistry 
ScaleChem was originally developed with a very specifically defined 
selection of chemicals. This has become to be known as the Standard 
Chemistry Model. 

With the evolution of the program, our users have requested additional 
chemistry to be added. We now refer to this as the Expanded 
Chemistry Model. 

The Standard Chemistry Model 

As originally developed, the Standard Chemistry model contained a 
vapor phase, an aqueous phase and a limited number of solid phases. 

Standard Chemistry: Aqueous phase 
H2O        
Na+,   K+,  NH4

+,   Ca+2,  Mg+2,  Fe+2,  Ba+2,  Sr+2   
Cl-,    SO4

-2, HCO3
-,  COOH-,  

H2S
o,  CO2

o,  CH4
o 

 

 

Standard Chemistry: Vapor phase 
H2O 
H2S, CO2, CH4 
 

Standard Chemistry: Solid phases 
anhydrite CaSO4 
barite  BaSO4 
calcite  CaCO3 
gypsum CaSO4.2H2O 
siderite  FeCO3 

iron sulfide FeS 
halite  NaCl 
celestite SrSO4 

Dolomite (CaMg(CO3)2) is not the Standard Chemistry but is 
represented as an inflow only species in the expanded chemistry. 

Dolomite is not considered to be a possible scaling solid under most 
oil field operations. 

The Expanded Chemistry Model 

Expanded Chemistry: Aqueous phase 
This includes all the aqueous phase species from the Standard 
model plus: 
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Al+3,  Cs+,  Cu+, Cu+2, Fe+3, Ni+2, Pb+2, Zn+2 
SO3

-2, CO3
-2, F-, Br-, NO3

-, NO2
-, H2BO3

-, H3SiO4
- 

CH3COO-, C2H5COO-, C3H7COO- 
ethane, propane, butane, isobutane, pentane, isopentane, 
hexane 

 

Expanded Chemistry: Vapor phase 
This includes all the vapor phase species from the Standard 
Model plus: 

CH3COOH, C2H5COOH, C3H7COOH 
ethane, propane, butane, isobutane, pentane, isopentane, 
hexane 

Expanded Chemistry: Solid phases 

With the ScaleChem expanded chemistry, the solids analysis has been 
expanded to include all solids which are covered by the extensive OLI 
databanks.  This allows solids analysis from the new cations and 
anions which have been added.    

Scaling tendencies for every solid with a scaling tendency > 1.0E-05 
will be reported for a calculation request which uses expanded solids. 

Expanded solids is automatically accessed when using the expanded 
chemistry.  It can also be accessed for the standard chemistry by using 
the radio buttons on the Precipitates Page, in any Scaling request. 

Dolomite (CaMg(CO3)2) was removed from the Standard Chemistry 
and placed in the Expanded Chemistry. 
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Hydrocarbon Petroleum Fractions 
 

Frequently a hydrocarbon analysis is the only data available for entry into the 
software. This analysis is usually a distillation curve where the volume distilled as a 
function of temperature of a petroleum fraction has been analyzed. This information 
must be turned into a vapor, organic and aqueous component for use in the simulator. 

 

ASTM D86 
Used for light and medium petroleum products and is carried out at 
atmospheric pressure. The results are converted internally in the OLI model 
generator to a TBP (True Boiling Point Curve). This curve is then fit to a 
spline to smooth the curve. The cuts are taken from the spline. 

ASTM D1160 
Used for heavier petroleum products and is often carried out under vacuum. 
Sometimes as low as 1 mm Hg.  The results are converted internally in the 
OLI model generator to a TBP (True Boiling Point Curve). This curve is 
then fit to a spline to smooth the curve. The cuts are taken from the spline 

 

ASTM D2887 
Uses gas chromatography to produce the distillation curve and is applicable 
to a wide range of petroleum products. The results are always reported on a 
volume percent basis. The results are converted internally in the OLI model 
generator to a TBP (True Boiling Point Curve). This curve is then fit to a 
spline to smooth the curve. The cuts are taken from the spline 

 

TBP 
This is the true boiling point curve. These curves, in practice, are difficult to 
obtain. The other methods are usually used instead. 

 

The density units for the average bulk density are: 
 

Specific Gravity Unitless 
 

API Gravity  

Degrees API (oAPI). This is calculated via the following equation: 
 

    
 

 SG is the specific gravity at 60 oF. 
 

5.131
)60(

5.141
)60( 










FSG
FAPIo



 Chapter 2 ScaleChem Thermodynamics    13 

Watson K  

The Watson K has no units but is calculated via: 
 

  
 

Where NBP is the normal Boiling point and SG is the specific gravity. 
 

Thermodynamic Methods (pseudo-components and petroleum fractions) 
 
API Uses the specific gravity to estimate the critical parameters. The specific gravity, if not 

entered, can be estimated from the API gravity or the Watson K. The boiling points are taken 
from the assay data. 

 
Cavett This method uses the API gravity method to determine the critical properties. The API 

gravity, if not entered can be estimated from the actual specific gravity or the Watson K. The 
boiling points for the pseudo-components are taken from the assay. 

 
Lee-Kesler This method uses the Watson K and the specific gravity (which can be estimated via the 

Watson K) to determine the critical parameters. 
 

 

 

 

Summary 
The use of a full speciation model allows for more accurate 
calculations. Using just a simple vapor-liquid equilibrium approach is 
not valid for aqueous systems. 











SG

NBP
K

3/1
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Chapter 3 Getting Started 

Terminology 
Before we can discuss how to use ScaleChem we must first discuss 
some terms. This will help us define some of the concepts in 
ScaleChem that will be expanded in later sections. 

Analysis 

There are two types of analysis, brines and gases. Each type must be 
reconciled. 

Brines 

ScaleChem refers to all waters and aqueous samples as brines. A brine 
can be a surface water, an injection water, a formation water, a 
production water or any other type of aqueous fluid you can create.  
Brine compositions are entered in terms of ionic concentrations. In 
addition, the brine pH, density and alkalinity are also specified. 

A brine is entered by means of the Water Analysis function, located 
in the Samples menu. 

Gases 

A gas is any hydrocarbon mixture which may or may not contain 
water, carbon dioxide or hydrogen sulfide. The default hydrocarbon is 
methane (CH4) but the hydrocarbon list may be expanded to include 
higher carbon numbers. 

A gas is entered by means of the Gas Composition function, located 
in the Samples menu. 

 

Hydrocarbons 

A hydrocarbon a non-aqueous phase that is primarily an oil phase.  
The hydrocarbon sample may be consist of distillation data or 
pseudocomponent or both.  
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A hydrocarbon  is entered by means of the Hydrocarbon function, 
located in the Samples menu. 

Reconciliation 

Corrections must be made for deficiencies in the sample 
measurements. 

Electroneutrality 

Due to the nature of water analyses, most, if not all, brines entered into 
ScaleChem are incomplete and/or inaccurate in some manner. Thus, 
almost all brines will not be electrically neutral.  Yet, a real brine must 
be electrically neutral.  This requires ScaleChem to reconcile the brine 
for electroneutrality. The methods for reconciliation will be discussed 
in a later section. 

 

pH 

Many brines have a measured pH. The brine that is calculated by 
ScaleChem may not have the same pH as measured. Normally this is a 
result of the naturally incomplete and/or inaccurate description of the 
brine.  ScaleChem will adjust the pH by either adding or subtracting 
hydrochloric acid as needed to match the measured pH. 

 

Alkalinity 

Alkalinity is the base capacity of a brine. In other words, the alkalinity 
is a measurement of the ability of the brine to neutralize an acid. The 
actual alkalinity measurement involves the titration of the brine against 
a known acid to a predetermined pH. This pH is known as the 
alkalinity end point and is usually a pH of 4.5.  

ScaleChem performs a mini-electrolyte calculation to titrate the brine 
to the specified pH and alkalinity in three steps. 

1. Determine the calculated alkalinity by a titration to the end 
point. 

2. Add or remove carbon dioxide to correct for the excess or 
insufficient alkalinity 

3. Repeat the titration until there is no change in the amount 
of added/subtracted CO2. 

 

CO2 Fraction in Gas 

Frequently it is simpler to measure the amount of carbon dioxide in a 
gas that has been separated from the brine at a separator or choke.  The 
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amount of CO2 in solution is adjusted to reach an equilibrium 
condition with the CO2 in the gas. The gas is assumed to also contain 
methane.  The alkalinity and pH is reported as a result of the 
calculation. 

Scaling Tendency 

The Activity product is the 
product of all the species on 
the right hand side of the 
equation, also known as the 
Available ions. 

The scaling tendency is defined as the ratio of the activity product to 
the solubility product for a particular solid.  This ratio is related to the 
saturation index. 

When this ratio is greater than 1.0, then there is a thermodynamic 
tendency for this solid to form. When less than 1.0 then there is no 
thermodynamic tendency for the solid to form. 

The solubility product, usually represented as Ksp is the 
thermodynamic equilibrium constant and is a function of temperature 
and pressure. 

Calculating a Scaling Tendency 

The Scaling Tendency is defined as the ratio of the activity product of 
an equilibrium equation to the solubility product for the same 
equation. We define the activity product as Q, therefore the Scaling 
Tendency (ST) = Q/Ksp. 

As an example, consider the equilibrium for gypsum solubility. The 
chemical formula for gypsum is CaSO42H2O and the equilibrium 
expression is: 

CaSO42H2O = Ca2+ + SO4
2- + 2H2O 

The activity product, Q, is defined as: 

Q = aca++ aso4-2 a
2
H2O 

Where ai is the activity of the species. 

 ai = i mi 

Where i  is the activity coefficient for species i. and mi is the molal 
concentration. 

The solubility product, Ksp is a thermodynamic quantity and is a 
function of temperature and pressure (although in most cases, the 
pressure functionality for solids can be ignored). ScaleChem has stored 
the Ksp for all of the solids used in the chemistry model. 

When the ratio Q/Ksp is greater than 1.0, then the solid has tendency to 
form.  When the ratio is less than 1.0, then there is little tendency to 
form. 

For example: consider a 0.01 molal solution of calcium sulfate at 25 C 
and 1 atmosphere. 



 Chapter 3 Getting Started    18 

The equilibrium concentrations are: 

[Ca+2]  = 0.008 molal 

[SO4
-2] = 0.008 molal 

Ca = 0.5 

SO4 = 0.5 

aH2O = 0.99977 

Ksp = 2.68 x 10-5
 

The Q value is: 

Q = (0.5)(0.008)(0.5)(0.008)(0.99977)2 

The Scaling Tendency is Q/Ksp 

ST = 0.000016/(2.68E-05) = 0.596 

Thus the solution is under-saturated with respect to calcium sulfate. 

Why are the concentrations of the ions not exactly equal to 0.01 molal 
(which is the feed concentration)? The neutral complex CaSO4

o exists 
and ties up 0.002 moles of each ion. The ions are not available for 
precipitation and thus do not appear in the scaling tendency 
calculation. 

 

Calculating a Scale Index 

The scale index is very much related to the Scaling Tendency.  The 
relationship is: 

Scale Index (SI) = Log10(ST). 

When the SI is less than zero (SI < 0), then the solid is said to be 
under-saturated.  When the SI is greater than zero (SI > 0) then solid is 
said to be oversaturated. 

 

Putting together a calculation 
Now that we have defined some terms we are now ready to begin 
entering the information required to run a calculation. In this 
calculation we will be entering the concentrations of a single brine. 
This sample will be calculated at a range of temperatures and 
pressures. The amount of any solids produced will be displayed 
graphically. 
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Starting the ScaleChem Program 
The ScaleChem program can be started in various ways. The method you choose will 
depend on the operating system that resides on your computer. It will be assumed 
that you can start the program.  

 

 
 ScaleChem Main Window. 

 



 Chapter 3 Getting Started    20 

ScaleChem Tour 
 

In this section we will put together a sample calculation. In this calculation we will 
define a brine (water analysis) and then define the calculation. Let’s begin. 

Select Analysis from the menu line or click the Beaker icon in the toolbar 

 
 

This will display the menu items 

 
 

Select Add Brine… from the menu list. 

This will display the Add Brine Analysis dialog box. 

 

As the file is built, more names will be present. For the moment, we will enter a new 
brine analysis using the default name. 

Click the OK button. 
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You will be prompted to save the file before the data entry can begin. 

 
 Saving the file. 

We recommend you use the default location for this save. 

Click the Save button. 

 
 

Brine Analysis Data  
 

The chemistry of the brine needs to be entered.  This information includes 
concentrations, alkalinity, pH and density. 

 

Entering a brine description 

There are several items which must be filled out for this brine. The first is the 
description Tab and this should be active (currently displayed).  

If the Description tab is not currently displayed, click on the tab. 
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Brine description tab. 

  

We can fill several items on this screen. All of the items (except the name) are 
optional. 

Well This name, if entered in a Well View calculation, is the name of the 
well. It is frequently blank. 

 
Water Analysis The name of the sample. The name is retrieved from the previous 

menu but may be altered. This name is required. A default name 
will be provided if you do not give it one. 

 
Date  The date of the sample. Defaults to the current date. 
 
Type of Water The type of water is entered. The user may select from several 

choices which best describe the water. This is a scrollable field. 
 
Comments Up to 256 characters may be entered as text to describe the well. 

Brief, direct comments are recommended. 
 

Entering Brine Species 

The Species Tab allows you to enter the concentrations of the cations, anions and 
dissolved gases. The species formulas may be displayed (default) or the names of the 
species may be displayed. This display By Formula or By Name can be changed by 
clicking the appropriate radio button. 

 

This screen allows the user to enter the concentrations of the various ions in the 
water sample. Both cations and anions are added as well as neutral gases.  It is highly 
unusual for the data to be electrically neutral (since most data will have been 
determined experimentally). The sample must be reconciled for Electroneutrality. 
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Click on the Balance button when the species are entered. An example of the Species 
Tab is shown below. 

 

 
Brine data entry 

 Note! If you do not see this screen then you are using the older style interface. 
You can switch to this new interface via the following steps: 
Tools | Options | General Tab | Check “Use new Brine Analysis screen” 

 
Fields 
 
Cations: The positively charged ions are entered in this spreadsheet-like field. The units may 

be changed by clicking on the Units button.  The default units are mg/l (milligrams 
per liter). 

 
Anions: This field is similar to the Cations field except that negatively charged species are 

added. 
 
Neutrals: Neutral gases such as carbon dioxide (CO2), hydrogen sulfide (H2S) and methane 

(CH4) are added.  These dissolved gases do not affect the Electroneutrality of the 
sample but can have an overall affect on pH and alkalinity. 

 
Mass of Solute: This field is calculated automatically by the program as the user enters data.  This 

field provides a check against a measured Total Dissolved Solids 
 
Measured solution Density:  The reported density of the sample can be entered in this field. This value can be 

adjusted or held constant during reconciliation.  The default density is set to zero (0).  
When a value of zero is entered, the program will estimate the solution density based 
on the mass of the solutes.  Previous versions of ScaleChem used a default density of 
1.0 g/cc.  This value introduced large density errors in concentrated brines. 

 
Total Dissolved Solids (TDS)  Total dissolved solids is a commonly reported value in water analysis.  In general, a 

known volume of sample is placed into a weighed container which is then heated 
very slowly.  As a result, the water (and any volatile gases) evaporate leaving behind 
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insoluble material.  The container is then re-weighed. The difference is the total 
dissolved solids. 

Analysis Buttons There are three radio buttons at the top of the data entry. When entering a sample for 
the first time, two of the buttons are grayed out. 

 
 Original – This is the original sample before any reconciliations 
 Balanced – this is the brine after electroneutrality has been applied 
 Reconciled – this is the brine after the reconciliation has been applied. 
 

Entering Brine Species - Balance Button 
 

Ionic samples measured experimentally are almost always not electrically neutral. 
Before we can proceed we must reconcile this sample for Electroneutrality. 

 

  

 

The current degree of imbalance with respect to Electroneutrality is displayed.  In the 
above example there is an excess of positive change of 0.067 equivalents/Kg of 
H2O.  The currently selected Balancing Method reports that 2222.606 mg/l of 
Chloride ion is required. 

 

When adding or removing an ion to balance the Electroneutrality, the mass of the 
solution is altered. We must make a decision as to whether we keep the mass of the 
solution constant (thereby adjusting the amount of water) or keeping the amount of  
water constant and adjusting the solution mass. 

We recommend adjusting the water to match the measured density (default 
setting).  

The user can select from a variety of Balancing Methods 
 

Method Allows the user to change the reconciliation method 
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Dominant Ions The deficient charged species with the largest concentration is 
added. 

 

Na+,Cl- Sodium ion is added if deficient in positive charge, chloride ion is 
added if deficient in negative charge. 

 

Proration  Equal ratios of the deficient charge is added. 

 

User Choice The user may make a choice of a cation and anion to be used to 
balance the charge. 

 

Make Up Ion The selected ion is either added or removed to balance the solution. 

 

Reconciling Ion  When a choice can be made (User Choice and  Make Up Ion), a list 
of available ions are displayed. 

 
The reconciled brine 

Reconciling a brine 

We are now ready to reconcile the sample for pH and alkalinity.  

Click the Calculate Button.   

Recommended Reconciliations (Select one). 

Due to experimental uncertainty and error, the measured values for a water sample 
may not match the calculated values. Therefore, we need to reconcile the calculated 
values. There are four major values which can be reconciled. These are pH, density, 
alkalinity and CO2 Fractions. 
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pH and Alkalinity Reconciliation   
This adds or removes Hydrochloric Acid (HCl) to match the specified pH and 
alkalinity. This is default calculation. 

 
Equilibrium Calculation Using the entered ionic and neutral compositions, the pH, density and alkalinity are 

calculated for this sample. 
 
CO2 Fraction in Gas The CO2 is adjusted to match a saturated gas composition 
 
 
Applying the reconciliation Check Box  

If checked, this box applies the adjusted values to the brine. This box is grayed-out if 
a calculation has not be performed. 

 
Input/Output Fields The user entered data for the reconciliations and the calculated output files are 

displayed in the spreadsheet grids.  The blue/cyan fields are user entered data.  The 
yellow fields are calculated by the program and are adjusted values.  The white fields 
are calculated values which are not adjustable by either the user or the program. 

 
Variables Temperature 
 

The default temperature is at ambient conditions.  The user may change these values 
as required. This is a user entered value. 

 
Pressure The default pressure is at ambient conditions.  The user may change these values as 

required. This is a user entered value. 
 
pH  This is generally considered to be a very reliable value, especially in low pressure 

brines. The pH of the calculated solution is adjusted by either adding or removing 
HCl.  This is a user entered value. 

 
Density The density of the solution is also a very reliable number. The program can adjust 

the total volume or amount of water to match this number. It is recommend that this 
option be turned off for this version.  If no density information has been entered, then 
a calculated density will be used.  This is a user entered value. 

 
Alkalinity This is the base capacity of the solution. Traditionally it is though of as the amount 

of carbonate containing species in solution. It is frequently the same value has the 
bicarbonate ion (HCO3-) entered on the species tab. Unlike pH and density, the 
alkalinity is a quality of the water and not measured directly.  An acid titration is 
performed using a standardized acid solution. The amount of acid required to reach 
the titration pH  is converted to alkalinity. This is a user entered value. 

 
Titration pH This is the measured end point for the alkalinity measurement.  The default value is 

4.5 This is a user entered value. 
 
CO2 Fraction in Gas It is typically difficult to measure the pH of brine under high pressures.  It is much 

simpler to measure the CO2 content of the adjunct gas.  The amount of carbon 
dioxide is adjusted to match this measured CO2 mole fraction.  The CO2 value is 
assumed to be on a dry basis (no water) and that the complimentary gas is methane 
(CH4). This is a user entered value. 

 
HCl Added This is the amount of HCl either added or removed to match the measured pH. This 

value is calculated by ScaleChem 
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CO2 Added This is the amount of carbon dioxide either added or removed to match the measured 
alkalinity. This value is calculated by ScaleChem. 

 
Total Dissolved Solids This is the calculated TDS as reported by ScaleChem. It is used as a check to see if 

all the solutes were properly accounted for in the analysis. This value is calculated by 
ScaleChem. 

 
Electrical Conductivity This is the solution electrical conductivity.  This value is calculated by ScaleChem. 
 
 
 
Units Button  The input and output units can be altered for these values.  To change the units for all 

values, use the Tools Menu to change the values. 
 

Enter a value of pH = 7.1 and alkalinity = 715 as HCO3-, mg/L 

 

The OLI calculation orbit will now display. 

 
the revolving electron! 

This dialog will close automatically. 

 

The reconciled brine 
 

Clicking the calculate button will start the calculation.  

Supersaturation Warning 

Experimental inaccuracies in sample measurement may, on occasion, result in a 
calculation that indicates that solid is supersaturated. This can normally be ignored 
providing that the super saturation is not excessive 
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Super saturation warning. 

Click the OK button to clear the warning. The results of the reconciliation should 
now be displayed. 

 
Reconciled Brine 

 The results of the calculation show that the pH has been reconciled to 7.1 and the 
alkalinity to 715 mg HCO3-/L. To do this approximately 21 mg/L of HCl had to be 
removed and approximately 33 mg/L of CO2 had to be added (you will need to scroll 
down to see this value) 

Click OK to save the reconciled brine. 

Defining a Scaling Calculation 

Once the data has been entered for the Water Analysis we can then begin to perform 
some calculations. 

We now begin to describe the conditions of the calculation. We have selected  a 
scaling calculation and will enter temperatures, pressures and flows. 

 
Select Calculations from the menu items or from the Toolbar 
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We now begin to describe the conditions of the calculation. As with the Analysis 
menu, we can select from several scaling calculations.  

 
Scaling Calculations 

Select Add Scaling  

 

Click OK. 

The program will automatically define the name and description of the calculation. 
You can click on the Description tab to change them. The program automatically 
displays the Components tab. 
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The components tab. 

Brine and Gases 
 

The brines and gases that are to be considered for this calculation must now be 
selected.  

Click the Drop-Down arrow in the box next to the word “Brine” under the 
“Name” heading. 

This will display all the available brines in this document. 

 
Selecting a brine 

In this example we are using only a single brine (Brine1) at 1000 barrels per day. 
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The completed case 

  

Input Box 
 
Type You can select the brine, gas or hydrocarbon of interest 
 
Name Click in the Name field. As you position the cursor in the field, a Down Arrow will 

appear. You can then select from a list of brines, gases or hydrocarbons already 
entered into this ScaleChem document. 

 
Amount Enter the flow rate for the gas, hydrocarbon or brine. 
 
Units The default units are specific to either a brine and hydrocarbon(barrels per day – 

bbl/day) or a gas (thousand of standard cubic feat per day – kscf/day) 
 
Units Button The flowrate unit can be changed as required for these values.  To change units for 

your entire document use the Tools Menu. 
 
Optional Output Each calculation has the ability to save the resultant gas or brine as a new gas or 

brine. These new gases and brines are available for other calculations and do not 
have the be reconciled. 

 

Conditions 
 

Now that we have specified the flowrate of the brine, we need to specify the 
temperatures and pressures that we wish to simulate as shown in the following 
example. 

Click on the Conditions tab. 

For our example we are going to perform a temperature survey at constant pressure. 
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The empty conditions tab. 

 Change the Pressure field to 250 PSIA. 

 
Figure 3-1 The conditions fields. 

Click the Add  button. 

 
The first point added. 

Change the temperature to 300 oF and then click the  Add  button. 
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Adding the last point. 

We now want to add additional points between the two we’ve just entered.  

Click the Auto Step button. 

 
Enter the number of steps. 

You can now enter the number of steps. The default is 5 and the maximum is 20. 

Click the OK button. 
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the completed conditions tab. 

 
 
Temperature The temperature of the point must be specified.  The units are displayed above the 

field.  Click the Units button to change the units. 
 
Pressure The pressure of the point must be specified.  The units are displayed above the field.  

Click the Units button to change the units. 
 
Description The description of the point location can be specified.  The text of the field has no 

effect on the calculation. 
 
 
Add Button When the temperature, pressure and description have been specified, click the Add 

button to add the point to the Points Selected list. 
 
Remove Button If a point in the Points Selected list is not desired, highlight it and click the Remove 

button (currently grayed-out in the above figure). 
 
Auto Step Button Once two points have been added to the Points Selected list, then up to 20 points can 

be automatically added by clicking this button.  The actual temperatures and 
pressures created will be based on a linear interpolation between the entered points. 

 
Sort options  
 
Ascending / Descending When two or more points are selected, the user can decide to calculate the points 

from lowest to highest (ascending) or highest to lowest (descending).  The order the 
points that are calculated determined how the points are stored for plotting, printing 
and viewing. 

 
Temperature/Pressure Sort the list according to the temperature or pressure fields. 
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Precipitates 

ScaleChem allows for many solid phases to be considered in the actual calculation. 
For this example we want to consider all the available solids 

Click on the Precipitates tab. 

 
All the possible precipitates. 

 
Highlight Choices The left-hand pane will display all the available solids for this calculation.  The list 

actually displayed is based on two factors.  These factors are: 1) Whether or not the 
expanded chemistry option is chosen and 2) the non-zero composition values of the 
brines in this calculation. For example, if the brine did not contain iron, then the iron 
species FeS and FeCO3 would not be displayed. 

 
To select solids, highlight the solid of choice. If all solids are desired, then click the 
Add All button.  
 
Click the Add All button. 

 
All solids selected. 



 Chapter 3 Getting Started    36 

 
 
 
Chosen Precipitates The right-hand pane will display the solids currently selected for this calculation.  If 

you do not wish to consider a particular solid phase, highlight it in this pane and then 
click the Remove button (currently grayed-out in the above example). This will 
remove the solid from the calculation. 
 
If you wish to remove all the solids, then click the Remove All button.  This will 
highlight all the Chosen Precipitates. To remove them you must click the Remove 
button. 

 
Solids 
 
Standard Clicking the Standard radio button will allow you to select from amongst the 

standard ScaleChem solids See Standard ScaleChem Chemistry  
 
Expanded Clicking the Expanded radio button will allow you to select from amongst the 

Expanded ScaleChem solids. See Expanded ScaleChem Chemistry  
 
Drop Solids… Checking this box will mathematically remove the mass of the solids before 

calculating the next point in the sequence.  
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Calculate 

We are now ready to calculate 

Click on the Calculate tab. 
 

 
Calculate dialog. 

 Click on the calculate button 

When the calculation finishes click on the Results tab 
 
 

Results 
 

After ScaleChem has finished calculating, there will be information of the type 
shown below available for review. Click on any area below to display more 
information 
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The results tab. 

Summary of calculation input/out  
These options are selected by placing an in the field.  Selecting these options will 
provide a quick display of the inputs to the calculation as well as the outputs. 

 
Individual point reports  
Reprint of individual brines Each brine as it was entered and reconciled will appear in the report.  All known 

information about the brine will be displayed.  Input gases will also be displayed. 
 
Input brine mixture Prior to each calculation, brines may be mixed with other brines and gases.  The sum 

of these mixtures is displayed in the report. 
 
Output brine and gas mixture After each calculation, the resultant brine and gas compositions are displayed. 
 
Scaling tendencies and solids The resultant formation of solids and their tendency to form is displayed. 
 
All Points This radio button, when selected, will display all points in the calculation. 
 
Points  This radio button, when selected, will display only those points that you wish to 

display. 

When you have finished looking at the printed summaries. Click the Plot radio 
button. 
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The resultant plot. 

  

Ending and Saving the work 

 

The ScaleChem main menu should look like this: 

 

 

The icons illustrate the 
function of the object. Wells 
are illustrated by a drilling 
derrick. A brine is illustrated 
by a “Beaker” and a 
calculation is illustrated by a 
graph. 

Not pictured here are a gas 
(cloud) and a facility (a 
process diagram). 

The Scaling1 object is 
highlighted and a summary of 
the calculation is displayed. 
This is true for all objects. 

The ScaleChem main menu with the updated display 
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By default, the ScaleChem document name is ScaleChem1. This can lead to 
confusion, we recommend changing the document name for later identification. 

Click on File and then select Save As  

Enter the name Scaletour in the file name block. 

Click on Save to save the file. 

 

You may now exit the program. 
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Chapter 4 Calculations 

Calculations Overview 
ScaleChem can be used to calculate scaling at one or more user specified 
temperatures and pressures.  Other calculation options include the ability to mix 
waters at user specified ratios to find compatible waters, and the ability to saturate a 
water with respect to one or more solids to simulate reservoir conditions. 

 

We have already entered a scaling calculation in the ScaleChem Tour, you are 
referred there to review that information 

We will need to add some additional brines, gases and hydrocarbons to continue. 
 

Calculations: Adding a new brine sample 
 

 

Position the mouse on the Analysis menu item and click. This will display a pull-
down list containing Brine Analysis, Gas Composition and Oil Analysis.  Position 
the mouse on Water Analysis and click.  You can also use the short cut keys alt-s to 
activate the Samples dialog 

 

This will bring up the Brine Analysis Name selection dialog box.  
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Figure 4-1 The default brine sample dialog 

  

Enter WTXWTR.   Click on OK when done. 

 
Figure 4-2 Renaming the brine 
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You must reconcile the sample for electroneutrality, pH and alkalinity. 
 

Name  WTXWTR 

Type of water Aquifer Water 

Comment: West Texas Water Supply 

Species:  

Na+  3074 mg/L 

Ca+2  910 mg/L 

Mg+2  249 mg/L 

Fe+2  0.77 mg/L 

Cl-1  4474 mg/L 

SO4-2  2960 mg/L 

HS-1  146.2 mg/L 

HCO3-  439 mg/L 

Conditions: 

pH  7.98 

Alkalinity 439 HCO3- mg/L 

Titration pH 4.5 

Temperature 77 F 

Pressure 14.7 PSI 

Density 0 (will be estimated) 
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Calculations: Adding a Gas Sample 

  

From the ScaleChem window click on Analyses and then click Add Gas. As with 
other samples, you will be given a dialog to enter a gas name. We recommend that 
you use a suitable name 

 

 
Figure 4-3 Entering a gas sample 

 The program will automatically display the Composition tab. If you need to add 
more descriptive information, click on the Description tab. 
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Figure 4-4 The blank gas entry. Initially 100 % methane (CH4) 

Please enter the following composition 

Carbon dioxide (CO2) 10 mole % 

Water  (H2O)  15 mole % 

 
 

 
Figure 4-5 Entered gas. 

 For more details on each part of this screen, see the Composition Dialog  
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Gas The composition of the gas is entered as mole or volume percents (these are 
equivalent for an ideal gas). The total must be 100% and can be adjusted by 
normalizing, or by letting the program determine the amount of 
hydrocarbon gases present. The gases that are displayed here will be either 
the standard gases or expanded gases .  Toggling from the standard to 
expanded can be achieved by clicking the Gases button. 

 

Normalizing You can enter just the amounts of carbon dioxide, hydrogen sulfide 
and water and let the program Calculate Hydrocarbon Percent  
(default) or enter all values and then normalize to 100%. 

 

 

Displaying Gases You can display the name of the gases by Name (the default) or 
by Formula. ScaleChem will assume that all of the hydrocarbon 
gas is methane (CH4). If you want to use a more detailed list of 
hydrocarbon gases, click on Gases to expand the list. 

 

Frequently the data received by the user refers to gas compositions that are reported 
on a "Dry" Basis. Any water that was present in the actual gas has been removed 
mathematically and reported as a dry sample. 

 

The dew point corresponds to the temperature or pressure where a gas will begin to 
condense and form a liquid (aqueous) phase 

 

The Dew Point calculation will allow you to determine the amount of water that 
could be contained in the gas at the stated temperature, pressure and composition.  

 

  
Click the Calculate button. 
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The results after the dew point calculation. 
 

Type of Calculation 

 

Saturated water Content At the entered conditions, the amount of water that the 
gas can contain before an aqueous liquid will form is 
determined.  If the Water Vapor field is entered, then that 
value is used as an initial guess to start the calculations. 

 

The calculated value is NOT updated in the actual gas 
composition. The user must enter that value manually if 
desired. 

 

Dew point temperature At the entered conditions, the temperature is calculated 
such that an aqueous liquid will form. If the Temperature 
field is entered, then that value is used as an initial guess 
to start the calculations. 

 

The calculated value is NOT updated in the actual gas 
composition. The user must enter that value manually if 
desired. 

 

Dew point pressure At the entered conditions, the pressure is calculated such 
that an aqueous liquid will form. If the Pressure field is 
entered, then that value is used as an initial guess to start 
the calculations. 
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The calculated value is NOT updated in the actual gas 
composition. The user must enter that value manually if 
desired. 

 

At Conditions Enter the temperature, pressure and water content of the 
gas. Click the Calculate button to start the calculation.  

 

You can change the units of the calculation by clicking 
the Units button. When the calculation is complete, you 
may view the internal files by clicking the View Files 
button (currently grayed-out in the above example). 

 

Name of Reconciled Gas You can enter a name of a gas that will have the 
calculated conditions.  

 
 

Calculations: Adding a hydrocarbon sample 
 

 

There are two methods of adding a hydrocarbon sample to ScaleChem. The first is 
by the use of individual components and pseudocomponents. The second is by the 
use of distillation data (termed petroleum fraction) 

 

From the ScaleChem window click on Analyses and then click Add Oil. As with 
other samples, you will be given a dialog to enter a hydrocarbon name. We 
recommend that you use a suitable name 
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The program will automatically display the Hydrocarbon tab. If you need to add 
more descriptive information, click on the Description tab. 

 

Calculations: Hydrocarbon - Pseudocomponent approach 
 

PC1For this example we will enter actual composition data and pseudocomponent 
data. By default, the program will highlight the C1-C20 entry. 
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Entering Pseudocomponent data 

 
Figure 4-6 Starting to add compositions. 

  

We will start by entering the following composition: 

 

Methane (CH4) 20.53 mole % 

Hexane (C6H14) 8.595 mole % 

CO2  6.09 mole %4 

(you will have to scroll down to find the CO2 entry). 

 

                                                           
4 You may need to scroll down to find CO2 
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Figure 4-7 C1 to C20 entered. Scroll down to find CO2 

Click the Add Pseudo button  

 

Please enter the following information. 

 

 
Figure 4-8 Adding the first pseudocomponent.  

 You need to define the name of the pseudocomponent. Use a name that does not 
already exist in ScaleChem.  

  

Click on the OK button to continue. 
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Figure 4-9 Adding the mole concentration. 

The new component PC1 is automatically entered at the bottom of the input grid. 

Add a mole percentage of 27.57 % 

 We have now entered the first pseudocomponent. Click the Define button to add 
more pseudocomponents. We have 3 additional entries. 

 

Name Molecular Weight Boiling Point (F) Thermo Method mole % 

PC2 170.34   216.32  API  29.35 

PC3 282.55   343.78  API  7.19 

PC4 506.0   645.00  API  0.68 
 

The completed input looks like this: 
 

  
Figure 4-10 Completed input 

  

Reconciling the Pseudocomponent 

 

Click on the Reconciliation tab to see how well the pseudocomponent will predict 
the phase behavior of the hydrocarbon sample. You will be presented with the 
following display: 

 

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.
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In this calculation we will hold the temperature constant at 204 F and vary the 
pressure from 200 to 2000 PSI in 100 PSI increments.  

Click the Boiling point P radio button. 

Enter a fixed value of 204 deg F  

Enter a pressure range: 

 Start 200 PSIA 

 Stop 2000 PSIA 

 Step 100 PSIA 

Click the Calculate button. 

 

After a moment or two, you will see the following graph: 
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Boiling point curve. 

  

If the curve does not meet expectations, you will have to adjust the mole percentages 
or the pseudocomponent properties. This is a manual iterative approach. You can see 
the actual data by clicking the View data button. 

 

Saturating the hydrocarbon with water 

 

Frequently the hydrocarbon was saturated with water.  

Click on the H2O Saturation tab. 
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In this example we are saturating the hydrocarbon sample at 77 F and 14.7 PSI. The 
program requires an initial "Guess" for the concentration of the water. When done, 
we will save the saturated hydrocarbon as the object SatOIL1. 

Click on the Calculate button. 

The results are show below: 
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The saturated amount of water is .048 mole %. 

You have the option of updating the current hydrocarbon with this value or letting 
the saved oil have the saturated amount of water.  For now we will leave the original 
sample unchanged. 

Click on the OK button. 
 
 
 
 

Mix Calculation: Overview 
The Mixing Waters calculation determines if two waters (brines) can be mixed. Frequently the mixing of two waters will 
cause precipitates to form which were not present in original brines. This can lead to the plugging of a formation when 
an injection water is mixed with the natural fluids in the formation. 
 
 
 
 

Mix Calculation: Set Up 
 
 

From the ScaleChem window, click on the Calculations menu item. From the pull-
down list, select Add Mixer 

 



 Chapter 4 Calculations    57 

  
 

Click on OK and a default name will be created. You will automatically placed on 
the Mix Components tab. 

 

Selecting objects for the calculation 

 
Figure 4-11 Setting up the mix calculation. 

Select your brines, gases and oils as shown in the next figure. Enter the 
indicated brine flow rate of 1000 bbl/day, gas flow of 230 kscf/day and oil flow 
of 7 bbl/day. 
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In this example we will mix two brines, created in other sections at a total brine flow 
rate of 1000 barrels per day. In addition, we will add a gas and a hydrocarbon to the 
calculation. 

 

Entering Conditions 

In this example, we are mixing the brines at 100 F and 200 PSIA. The first brine 
specified (brine1 in the example) is the one we compare to when evaluating the 
ratios. In this case we start out with all brine1 and none of the brine WTXWTR and 
end up with none of brine1 and all of WTXWTR. 

 
 the mixing conditions. 
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Selecting Precipitates 
 

 
Figure 4-12 Selecting a few solids. 

  

 

For this calculation we are only selecting a few of the possible solids.  Highlight the 
individual solids and click the Add button.  Notice that as each solid is selected, the 
list of available solids is decreased. 

 

Calculate 
 

Click on the calculate tab. Click the calculate button to start. 
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Results 

 
Figure 4-13 Mixing results 

 In this example we clicked the Plot radio button. The default plot is then displayed. 
The solid BaSO4 is the only solid (from the few we selected) that has precipitated. 
The ratio is relative to the first brine specified. This means at a ratio of 0.0 (all the 
first brine and none of the second) we have no BaSO4 scaling. As we add the second 
brine, the amount of BaSO4 increases.  These waters are perhaps in compatible. 

 
 
 

Saturate Calculations: Overview 
Water and gas samples at the surface are not necessarily representative of conditions 
in the reservoir. The processing of the samples may involve significant changes in 
the chemistry.  

 

The Saturate option (often referred to as "Saturate at reservoir conditions") allows 
the user to "Back" calculate the conditions down hole. 

 

Saturate Calculations: Set Up 
 

Select Add Saturator from the Calculations menu item. As with other calculations, 
a default name will be supplied if you do not supply one. 



 Chapter 4 Calculations    61 

  
 

The default location will be the Component tab. 

We will select objects that we have already defined. 
 

 
Figure 4-14 Selecting saturating components 

 In this case, we are going to save the resulting gas and brine with the names 
SatBrine1 and SatGas1 

We are then going perform a temperature survey. The last point will be saved as 
SatBrine1 and SatGas1 
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Figure 4-15 Conditions set up 

For this case we will start at 77 oF and 14.696 PSIA and end at 200 oF and 300 
PSIA. We will use 5 steps. 

This case differs from the other calculations in that we will force a scale to appear 
just at its solubility limit. The scaling tendency is forced to be equal to 1.0 exactly. 
See Scaling Tendency for more details. 

In this case we want to force the BaSO4 (barite) solid to appear. It is generally a 
good idea to select a maximum of one or two solids.  The saved brine and gas names 
are repeated on this panel. 

 

 
Figure 4-16 Saturating with Barite 
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After the calculation is complete, the plot shows that other solids are appearing. In 
this case both Anhydrite and calcite are appearing. 

 

 
Figure 4-17 The plotted results 

At this point it may be beneficial to saturate with other solids. We will leave that as 
an exercise for the user. 

 

Facility Calculation: Overview 
ScaleChem has the ability to link together several individual calculations to create a 
flowsheet facility.   

 

Each brine and gas in the flowsheet must have an identifiable name 
 

This example uses the following diagram: 
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Brine ID  Description  Flow Rate 

1   Field1   11000 bbl/Day 

2   Field2   6000 bbl/Day 

3   Skim Tank Discharge Calculated by program 

4   Water Supply System 3000 bbl/Day 

5   Discharge  Calculated by program   
 

For this example you will need to create the following brines: 
 

Name Field1 Field2 WaterSupply 
Na+ 38209 27078 3074 
Ca+2 6600 4480 910 
Mg+2 1531 1191 249 
Fe+2 120 6.6 0.77 
Cl-1 73150 51134 4474 
SO4-2 2453 1840 2960 
HS-1 244 146.2 0 
HCO3- 421 677 439 
Conditions    
Temperature 77 F 77 F 77 F 
Pressure 14.7 PSI 14.7 PSI 14.7 PSI 
Alkalinity (As HCO3 
mg/L) 

421 677 439 

Titration pH 4.5 4.5 4.5 
Sample pH 6.97 7.53 7.98 
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Facility Calculation: Set Up 
The facilities calculation is based upon transferring information between calculations 
through nodes. These nodes can be thought of as pseudo brines and gases.. These 
pseudo brines are not stored as individual brine rather they are used internally in the 
calculation. The concentration and flow rates for these nodes can be viewed in the 
output. 

 

Select Add Facilities from the Calculations menu. As with other calculations, a 
default name is provided. You can, of course, choose you own. 

 

  
 

The default display is the Node Manager tab. At the start the panel is empty. We 
will fill it out in due course.  Click on the New Node button. 
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Figure 4-18 Node input 

 This will display an object selection window that is similar to others that we have 
seen. This particular process mixes two brines.  

In the Node 1 Inlets box use the Type column to select a brine and then use the 
Name column to select FIELD1 and FIELD2. Enter the flow rates as indicated.  

The temperature and pressure of the calculation is 70 F and 20 PSI.  
 

 
Figure 4-19 Node 1 
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Change the description for Node 1 to “Skim Tank”. 

The output of this calculation will go to the next node.  
 

 
Figure 4-20 Back to the Node Manager 

In the Nodes box click the Add button. 

As with other windows like this one, we will select some objects. There is one major 
difference. We will select the output brine of the upstream node. This has a type 
brine from node. The temperature and pressure as well as the flow of the brine are 
calculated. 

We are also selecting a new brine with the name WaterSupply and specified its 
flowrate. The final change on this window is the Drop solids option.  When a brine is 
calculated in a facilities calculation, we have the option of allowing any produced 
solids to be considered (that is they traveled along with the brine) or to eliminate 
them as they precipitate out. We chose to eliminate the solids. 

 

 
Figure 4-21 the second node 

The program assigns a default node name of Node2 which is sufficient for our use. 
We have added the description "Suction Tank".  
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Figure 4-22 the completed node manager 

The precipitates tab is the same as in other calculations.  

Select all the solids for this example.  

The calculate tab is also the same as in other calculations.  

Click on the Calculate button. 

 

 
Figure 4-23 the results tab 

When the calculation has finished, we are automatically placed on the Results tab. 
The ""s what reports are available.  Please click on each  to remove it except for 
"Scaling Tendencies and Solids".  

Then Click on View Report. 
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Figure 4-24 Results for point 1 

Notice that the amount of CaSO4.2H2O is 275.6 mg/L. this is the amount of material 
that will precipitate out from 1 liter of solution. The same is true for FeS. 
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Figure 4-25 Results from point 2 

We did not allow any solids from the previous node to be carried forward to the 
second node. The amounts of solids are significantly reduced. 
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Chapter 5 Interpreting Results 

Overview 
ScaleChem reports and displays data in a variety of forms. This information can be 
confusing to a new user.  In this chapter we will examine the various types of output 
and interpret the meaning of that output. 

Some of the data that is reported are reported in summaries and other data are 
reported in dialog boxes. We will look at several examples of each. 

Valid Water Analysis Data 
Using valid water (brine) analysis data is the key concept behind using ScaleChem. 
If the water analysis is not valid then the resulting calculations are not valid. 

Assumptions 
Reconciliations within the Water Analysis are assumed to be at ambient conditions, 
77oF and 14.7 PSIA (25 oC and 1 atmosphere).  The default temperature and pressure 
are set to ambient conditions. 

Electroneutrality 
Ionic concentrations, even when measured with the best available techniques, tend to 
have some degree of uncertainty associated with them. These uncertainties will 
results in an aqueous solution which, when the concentrations are summed together, 
appears to be not electrically neutral. 

In addition to having uncertainties in the measured concentration, some ions may be 
mis-reported. For example, the pH of a solution may indicate that the dominant form 
of carbonate ion in solution should be bicarbonate ion but the reported value is 
carbonate ion.  For the same mass, there is approximately twice as much negative 
charge in mis-reporting the carbonate ion. 

Correcting for the Electroneutrality of a solution is essential for proper simulations. 
The following sample is not electrically neutral. 
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Figure 5-1 A non-electrically neutral sample 

When we click on Balance we will receive a report of the required amount of 
material required to balance the sample. 

 

 

 

 

 

 

Notice that over 4000 mg/l of 
Chloride ion has to be added. 
This is ten times the reported 
amount! 

Figure 5-2 Reconciliation report 

This report shows us that 4036 mg/l of Chloride ion (Cl-) must be added. Since the 
original sample only had 447.5 mg/l of chloride ion (see Figure 5-1) there is 
probably an error. 

In general, an added value of less than 10% of an ion concentration is acceptable. In 
this case we would have expected a value of less than 45 mg/l of chloride ion. 
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mmoles =  millimoles or 
1000th of a mole. 

Another consideration is the type water that this analysis represents.  This water is an 
aquifer water. The concentration of the sodium and chloride ions, on a mole basis, 
tends to be roughly equal.  If we have 3074 mg/l of sodium   (see Figure 5-1) or 134 
mmoles, then we would expect 134 mmoles of chloride or 4678 mg/l.  

Therefore the concentration of the chloride seems to be in error. Perhaps a 
typographical error occurred either in the analysis or in the input.  Change the value 
of the chloride concentration by increasing the number one order of magnitude from 
447.4 mg/l chloride ion to 4474 mg/l chloride ion. 

 
Figure 5-3 The chloride ion has been increased 

Clicking on Balance shows us the reconciliation dialog. 

 

 

 

 

The added amount of chloride 
ion is approximately 13 mg/l. 
This is only 0.3 % of 1he 
reported value. 

Figure 5-4 The reconciliation dialog 
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Density 
The user can enter a measured density.  During the reconciliations the density can be 
either held constant or allowed to vary.  There are advantages and disadvantages to 
both methods. 

 

Ignoring Density Changes 

Allowing the density to vary (the default) keeps the displayed values constant except 
for the adjusted species.  Let’s look at the Electroneutrality of a brine. 

 

 

 

 

 

 

 

 

 

 

The default density is set to 
zero.  When the program 
detects a density of 1.0, an 
estimated density is used. The 
density is estimated based on 
the total dissolved solids. 

Figure 5-5 A brine prior to being reconciled for Electroneutrality 

Clicking on Balance brings up the Electroneutrality dialog. 
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Figure 5-6 The Electroneutrality dialog 

If the information is acceptable then the user clicks on OK. 

ScaleChem will ask if we should ignore the density changes. By default the answer 
is, yes, ignore the changes (in other words, density is not held constant). 

Click on OK. 

Now look at the revised Species Tab. 

 

 

 

Only the chloride 
concentration value changed 

Figure 5-7 The Electroneutrality has been reconciled 
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Figure 5-6 on page 75 indicates that approximately 7 mg/l of chloride ion (Cl-) is to 
be added. On the Species Tab the only value to change is the chloride ion. Refer to  
on page 74 for comparison. 

 

Using the measured Density 

Now we wish to look at the Electroneutrality when the measured density is used. 

The brine sample is the same as in the previous case 

 

 

 

 

Each species concentration 
has been altered. 

 

Figure 5-8 Electroneutrality reconciled with density held constant 

This time use the measured density select Prorate all species to match measured 
density). 

Since the mass of the solution is now held constant and the Electroneutrality 
reconciliation either adds or subtracts material, the amount of  solute must change. 
This will affect the concentrations of all species. 

 

 

Compare and see that all the entered concentrations have been adjusted. 
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pH/Alkalinity 
The pH of a solution is related to the alkalinity of the solution. In the simplest terms, 
the alkalinity is the acid neutralizing capacity of the solution. In practice we often 
refer to the alkalinity as the concentration of carbonate species in the sample. 

The actual alkalinity experiment involves the titration of a known acid concentration 
against the sample. A predetermined Titration End Point (usually a pH of 4.5) is the 
end of the experiment.  The Titration End Point is set sufficiently low to ensure that 
all of the neutralizing species in solution have been neutralized. 

The pH/Alkalinity reconciliations have many options.  

Reconciling pH/Alkalinity 

The measured pH and alkalinity can be reconciled The user enters a measured pH 
and an alkalinity. The alkalinity can be entered as: 

meq/l 

milli-equivalents per liter, the actual base capacity of the solution regardless 
of speciation. 

as HCO3
-, mg/l 

The sample may be reported as milligrams of bicarbonate ion per liter. It is 
important to note that the sample does not have to contain carbonates to 
have the alkalinity reported as HCO3

-. 

as CaCO3, mg/l 

The sample may be reported as milligrams of calcium carbonate  per liter. It 
is important to note that the sample does not have to contain either calcium 
or  carbonates to have the alkalinity reported as CaCO3. 

Titration pH 
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The titration pH is the end point of the actual alkalinity experiment. 
Normally this value is a pH of 4.5. The only requirement here is that the 
alkalinity pH must be less than the measured pH. An error will occur if this 
is not true. 

 
Figure 5-9 Entering measured pH and alkalinity values 

Clicking on Calculate will execute the procedure. 

When the calculation is complete, ScaleChem will report the values required to 
reconcile the sample. 

 

 

 

 

 

 

 

 

 

 

The reconciled values are 
approximately 160 mg/l HCl 
added to reconcile pH and 
193 mg/l of CO2 removed to 
reconcile alkalinity. 
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Calculating pH and Alkalinity 

Sometimes it is desirable to determine the pH and alkalinity of the solution prior to 
reconciling. 

 

 

 

We are selecting the 
Equilibrium option. 

 

 

 

 

 

In this mode, the ability to 
enter an alkalinity is disabled. 

 

Figure 5-10 Calculating the pH and alkalinity 

Click on Calculate to begin. 

ScaleChem will then return the calculated pH and alkalinity. 

 

 

 

 

 

 

The calculated pH is 
somewhat higher than the 
measured pH. HCl will have 
to be added to adjust the pH. 

 

The calculated alkalinity is 
approximately 700 mg/l as 
HCO3

-. 

 

 

Figure 5-11 Calculated pH and alkalinity 
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Speciation 
The display of the ionic species can be altered to meet user requirements.  By default 
the display of the ionic species are the standard list and the reconciled values. 

 
Figure 5-12 The default species display 

 

 

Default Speciation Display 

See Chapter 2: Thermodynamics for a more complete description of the standard 
chemistry. 

 

 
Figure 5-13 The standard display 

Expanded Species Display 

Click on Species and then selecting Show Expanded Species List. Click on OK to 
redisplay the Species tab. 
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The expanded species lists are 
scrollable. 

 

Figure 5-14 Displaying the Expanded Species lists 

The complete list of the expanded ions can be found in Chapter 2: 
Thermodynamics. 

 

The Non-Zero species Display 

Sometimes viewing species with zero concentrations can be difficult to read. The 
Species Display dialog allows the user to mask zero valued species. 

 
Figure 5-15 Water Analysis with zero values masked 
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Show original Analysis 

Selecting this option displays the original, un-reconciled sample. 

 

Supersaturation of Solids 
Frequently a measurement of a water sample (brine) may have a small uncertainty 
associated with the measurement.  This uncertainty, especially when the sample was 
in contact with solid minerals, may lead to ScaleChem reporting that the sample is 
supersaturated. 

 
Figure 5-16 A warning that the sample is supersaturated. 

Summary Content 

Reconciliation summary 

Water Analysis 

The results of a reconciliation for pH, alkalinity and neutrality are reported for each 
sample. 
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This is a scrollable field. You 
can page down to see more 
information. 

 

Figure 5-17 The summary for a water analysis 

The summary information can be printed by clicking the Print button.  A file will be 
sent to the currently defined printer.  The Check button will display any missing data 
or warnings for the sample. 

 

 

 

 

 

 

 

 

 

 

Additional warnings may be 
present.  You need to scroll 
down to see them. 

 

Figure 5-18 The summary with Check clicked 
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Gas Composition 
The information that can be displayed for a gas composition is rather limited. Unless 
a Dew Point calculation had been performed, the output is an echo of the input. 

 

 

 

This field has been “Scrolled 
Down” to display the dew 
point temperature. 

 

Figure 5-19 The Dew Point summary 

Node Summary 
The brines and/or gases collected at the node are displayed along with the flowrate of 
each item.  The temperature and pressure of the node is also displayed. 

The Check button can be used to determine if information is missing. 
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Figure 5-20 Node Summary Report 

 

Overview of ScaleChem Output 
 

There are three types of output which a user can request after a ScaleChem 
calculation:   Plot, Summaries, or Internal Files. 

Summaries  
 

Summaries is the default ScaleChem output.    Clicking on Summaries will activate a 
Summaries Request, shown below. 
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Figure 5-21 Default result property page 

  
 
 

After a successful calculation, internal files produced by the OLI Solver are scanned 
for available sections of data which can be viewed.  A list of the available sections is 
displayed, along with check boxes which can include, or eliminate a section in the 
report. 

 

 

Report Section Selection 
 

Clicking on the individual check boxes toggles between including and eliminating 
that section from the output summary report. 

 

Point Range 

 

What is a point in this context?  For the Scaling Scenarios and Reservoir 
calculations, each pair of temperature and pressure conditions which are specified for 
a calculation is called a point.  In the Mixing Waters calculation, each ratio requested 
for calculation is called a point.  For the Facilities calculation, each node is also 
called a point.   Up to 20 of these sets of conditions, or points, can be specified in a 
calculation request. 

 

The Summaries Option will produce a report for all points which were requested by 
the user, or for a specified subset of points.  The default is always “all points.”  
However, by clicking on the points button, the user may limit the points selected to a 
single point, or range of points.   
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The format for the range of points selected is either individual point numbers 
separated by commas, or a range of points, specified by a dash, or a combination.  

 

Examples of valid entries in the point range field include: 

 

3  3-5 

3,5  3-5,7 
 

Content of the Summaries Output 
 

To view the report which is created by the Summaries Request, press the View Data 
Button.  The following sections may be displayed. 

   

Summary of Calculation Input 
 

The input is repeated in the output. The user can then review if the problem was set 
up correctly. 

Reprint of Individual Brines 

Each brine used in the calculation is repeated in the output. The user can review each 
brine to assure that each was entered correctly. 

Input Brine Mixture 
 

When using more than one brine, the flowrates for each species are combined.  The 
brine composition after this combination is displayed. 

Output Brine and Gas Mixture 
 

After the equilibrium calculation is complete, the resultant brine and gas 
compositions are displayed. 

Solids Analysis 
 

The solids analysis gives a report of  the solids which precipitated (Scaled out), and 
of the pre-precipitation and post-precipitation scaling tendency.   

 

If the solid was not selected as a possible precipitate, but if the scaling tendency is 
greater than 1.0E-04, the solid is included in the analysis list.  The amount of solid 
precipitated is left as 0.0, and the scaling tendency is reported. 

OLI Speciation Report 

When this report is available, the full speciation which the OLI Solver uses to 
perform an equilibrium calculation is given.   This report is activated by requesting 
detailed output, using the Tools.. Options menu choice. 



 Chapter 5 Interpreting Results    88 

Convergence Pattern 

When this report is available, the mathematical convergence pattern which was used 
in performing the equilibrium calculation is given.  This report is not normally 
requested.  It is included as a debugging aid when trying to identify convergence 
problems.  This report is activated by requesting detailed output, using the Tools.. 
Option menu choice. 

Plot 
 

Another way to view ScaleChem results is through the Plot Option.  This is located 
as the top radio button on the Results Page.  Clicking on Plot will show a default 
plot.. 

 
 

 
Figure 5-22 Displaying the Default plot 
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Determining the Default Plot 
 

After returning from the OLI Solver, ScaleChem analyzes the output file to 
determine an acceptable default plot.  The precedence followed is this: 

X axis Variable Y axis variable 

If the temperature varying, use Temperature 
else if Pressure varying, use Pressure else use 
Case number or Mix Ratio 

If any precipitates, use the solids 
else user any pre-scaling indices > 0 
to a maximum of 8 variables 

 
 
 

pScalTend and xScalTend 
 

pScalTend is the tag given to the plot variable which has the scaling index for a 
solid, before any of that solid has precipitated. 

 

xScalTend is the tag given to the plot variable which has the scaling index for a 
solid, once the solid is precipitated.  The xScalTend of a solid which has precipitated 
should be 1.0, signaling that the aqueous solution is saturated with respect to that 
solid. 

The xScalTend value is, by default, suppressed in the reports and plots.  The user, if 
desired, may turn on these value by selecting the Tools/Default menu item from the 
main ScaleChem window.  Any calculations will have to be re-run to update the 
reports and plots. 

Viewing Data 
The data which is used to create the plot can be viewed by using the View Data 
button.  In general, the View Data button shows the report which has been created.  
Use the View Plot button to return to the plot. 

Selecting Data 
    

To add to the variables displayed or to change the variables which are displayed, use 
the Select Data button, which is to the right of the Plot.  The Select Data display will 
allow you to change the X and Y axis variables on the plot. 
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Figure 5-23 Selecting Data 

 

Data Available 
 

The list of variables which can be displayed are shown as Data Available.  A 
standard subset of variables used in the OLI Solver, called Standard ScaleChem data, 
has been selected as the data of possible interest to ScaleChem users.  However, the 
entire set of calculated variables is also available to you, by selected that list instead 
of the ScaleChem list. 

 

Selecting Data 
 

To select different X and Y axis variables, highlight the variable in the Data 
Available box, and then click on either the Select X or Select Y button.  Of course, 
variables can also be removed from the axis variables by highlighting the selected 
variable, and clicking the Remove button. 

 

Minimum Data Required 
 

A minimum of one X variable and one Y variable must be selected from the Select 
Data facility, in order to leave Select Data.  Of course, you always have the option of 
canceling, and returning to the original plot. 

 
 

Printing the Plot 
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The plot can be printed using the Print button found on the Plot.  The plot can be 
printed in the actual size which is shown, or in a size to fill the page.  Of course, as 
with all printers, your printer must be setup in Windows, and you must be using a 
valid printer to which you have access.  

 

Internal Files 
 

The third type of ScaleChem output available is the internal files generated by the 
OLI Solver.  These files have been made available for two purposes:  to assist in the 
transition between DOS and Windows, and for debugging purposes, when some 
problem arises in the ScaleChem calculation.   

 

Three types of files are available.   All files are in internal, readable  format.  The 
information contained is: 

 

DAT brine and gas composition 

SIN calculation request information 

OSC results from the calculation 
 

 
You can select which internal file you would like to view by clicking on the radio 
button which describes the file, and then by clicking View Data 
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Chapter 6 ScaleChem and 
Windows 

 

Overview 
ScaleChem uses the Windows environment to facilitate utility functions which the 
user may need.  Among these functions are the manipulation of files and data, and 
the movement of data between ScaleChem and other software packages. 

File Handling 
 

Scale Documents 
 

As you work in ScaleChem, making brines and gases and calculation requests, the 
data that you enter is saved in a single document, called a Scale Document.  This 
document is saved on the disk in a file with the extension .SCA. 

 

You may have several Scale Documents which correspond to several projects, or 
different parts of one project.   

 

Output Files 
 

In addition to the Scale Document file which is created to contain the data that you 
enter, every time you make a calculation request, additional  temporary files are 
created to hold data.  These temporary files can require significant amounts of disk 
space, and for that reason they are not included in the Scale Document file. 

 

Also, these temporary files are not deleted until you either specifically ask to delete 
that Scale item in your document, or until you reuse the name of your calculation 
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request in another document.  These temporary files are not deleted because you may 
want access to the results of a calculation without rerunning the calculation itself. 

 

The four files which exist in addition to the .SCA file are called .SIN, .DAT, .OSC, 
and .PLT.  These files can always be deleted through the File Manager or the 
Explorer.  They are not needed to recreate and calculations or plots. 

 

File Handling Choices 
 

Upon entry into ScaleChem, the File menu choice has many of the options you will 
need to manage your ScaleChem data.   

 

New 
 

In ScaleChem, more than one Scale Document can be open at the same time.  The 
New File option is chosen when you would like to open another Scale Document, in 
addition to your current one.    

 

A new Scale Document is given a default system name.  Upon exiting or saving, you 
can name and save the data you entered. 

 
 

Save, Save As.. 

By default, the ScaleChem document name  is Scale1. This can lead to confusion.  
We recommend names which will have some meaning to you, and that you can 
recognize for later identification. 

Click on File and then select Save As  

Enter the name to save in the file name block.  In the example shown, it is Test1. 

 

 
 

The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location.
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 Figure 6-1 Saving the file 

Click on Save to save the file. 

You may now exit the program. 
 

Open 
 

To open an existing Scale Document, use the File menu and select Open, and then 
find your file (.SCA)  in the place where you had saved it.   

 

If you would like to open the sample problems included in the ScaleChem 
installation, go to the ScaleChem working directory (named during the installation) 
and try opening an example. 

 

Delete 
 

There are two ways to delete an item in ScaleChem.  First, you must highlight the 
item to delete by clicking once on the item name in the tree view of your document.  
Then, you can either 1) use the Delete key, found on the keyboard, or 2) use the 
File.. Delete option in the File menu choices. 

 

In either case, you will be prompted to confirm the item you would like to delete. 
 

All supporting temporary files associated with the item will also be deleted. 
 

You cannot delete an entire Scale Document using either of these methods.  You 
must delete the Scale Document using the Windows Explorer, or using File 
Manager. 

 

Printing  
 

Printing in ScaleChem is simple, provided your Windows installation is properly 
setup to print to a valid printer to which you are physically connected. This can be 
checked by printing a test page from the Windows Printer Setup dialogs. 

There are two levels of printing in ScaleChem.  They are either printing individual 
summaries, or printing the entire document. 

 

Location of the Individual Summaries 
 

On the Summary tab of the Water Analysis and the Gas Composition, and on the 
Calculate tab of Scaling Scenarios, Mixing Waters, Saturate, and Facilities, there is a 
Print button which controls the print of individual summaries of data.  These Print 
buttons can be used for a quick hardcopy of the item of interest. 

 

Printing The Scale Document 
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The entire Scale Document may be printed by invoking File... Print.  A table of 
contents is produced for each item listed. 
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New Features 

What’s new for version 4.0 
For this version of ScaleChem we have added some new features to the program. 
Some of the features are under the hood and we recommend that you refer to the 
release notes for ScaleChem  

ScaleChem Release Notes 

 

New Brine Reconciliation screens. 
Some long-time users of ScaleChem have requested that the brine reconciliation 
screens be merged into a single screen. OLI has accommodated them.  To turn on the 
single screen you need to select the Tools menu item: 

 

This will display the Options menu: 

 

Click on the General tab. 

The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location.

The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location.



 Chapter 6 New Features    98 

 

You can change the default document folder (not recommended) and also select the 
New Brine Analysis screen, Check the “Use New Brine Analysis Screen” box. 

 

Here is the traditional brine entry screen from the Scaletour in this book for Brine1 

 

Here is the same brine analysis with the check box selected: 

The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location.

The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location.
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All the data for the brine can be entered on a single page. You can change back by unchecking the box via the 
tools/options menu. 
 

 

 

 

 

 

The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location.
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