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8. Multiple Point Calculations 

Objectives 
We now continue to explore some of the other calculations in the OLI Studio. In this 

chapter we’ll explore multiple point calculations. As in chapter 7, we will introduce 

some additional features.  

1. Temperature 

 Additional Specifications 

2. Pressure 

3. Composition 

4. pH 

5. Secondary Surveys 

6. Mixer Surveys 

7. Cascading Mixers 
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Temperature  
 

Many thermodynamic properties are strong functions of temperature. It is useful to plot our systems as a function of 

temperature.  In this example, we will determine the solubility of benzoic acid in the temperature range of 0 to 100 

degrees centigrade. 

As we do this, the aqueous composition of the solution will change as some of the benzoic acid in the solid phase will 

dissolve into the aqueous phase. 

By now you should be very familiar with entering data into the grids. For this example, enter the following: 

Stream Amount  = 55.508 mol  

Temperature  = 25 C 

Pressure  = 1.0 Atm 

Water   = 55.508 mol 

Benzoic Acid  = 0.0  mol 

The Definition should look like the figure below. 

 

 
Figure 8-1 Stream Definition for Temperature survey 

The temperature survey is the default. Now click on the Specs button to display this figure. We will be using a 

temperature range of 0 to 100 C.  

Click Survey By 

button to select 

calculation types 

Click on Specs… to select 

options for this calculation 
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Figure 8-2 Spec Options - Range 

Make sure the Increment is set to 5 degrees C. 

Now Click on Calculation Type 

We will now set up a secondary calculation to determine the amount of benzoic acid necessary to saturate the solution 

(See Chapter 7 – Precipitation Point calculation) 

 
Figure 8-3 the default calculation type dialog. 

Click on the Type of Calculation button. 

The list of calculations is similar to ones found in the single point calculations chapter (see chapter 7). 
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Figure 8-4 Specifying calculation type. 

Select Precipitation Point. 

You will now be given a choice of which solid to “FIX”. In this case, there is only one possible choice, Benzoic Acid – 

Sol.  You will also be given a choice of an inflow to adjust. The inflow species is adjusted such that the scaling tendency 

of the selected solid is exactly 1.0. It is generally a good idea to pick an inflow with the same materials as the selected 

solid. 

 
Figure 8-5 Selecting benzoic acid solid 

Select Benzoic acid – Sol and Benzoic acid as the components. 

Click on the OK button when you are ready. 
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The calculation is now set up correctly. Click on the Calculate button to start the calculation. This will now take more 

time than in the single point calculations since we are calculating many points. 

When the program is finished, click on the Plot Tab. 

 
Figure 8-6 The Default Plot 

This is the default plot. The program makes an attempt to intelligently plot what you calculated.  

This plot shows the amount of benzoic acid required to saturate the solution as a function of temperature. The plot has 

many defaults which you may want to change.  

 

Click the Options button. 

 
Figure 8-7 Plot Options 

 For example, you can Click on the Y-Axis category. 
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Figure 8-8 Y-axis options 

To change the scale on the Y-axis.  

Click on the Title tab. 

 

 
Figure 8-9 Y-Axis title 

 

Enter the text in the below box. Click on OK when ready. 
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Figure 8-10 Entering a new Y-axis title. 

You can see that the Preview box automatically updates with the new text and the Auto check box is automatically 

turned off. 

The Y Axis title has changed. You can also change the font, scaling and grid lines as you require. 

 

 
Figure 8-11 Revised Plot 

You can directly change the axis properties by right-clicking the axis. For example, if you wanted to change the Y-axis 

to logarithmic right-click anywhere on the Y-axis: 
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Figure 8-12Right-Click on axis and select Logarithmic 

 
Figure 8-13 Now on a logarithmic scale 

You can also display the data in table form.  Click the View Data button: 



A Guide to Using the OLI Studio  Multiple Point Calculations   129 

 

 
Figure 8-14 Select View Data 

 
Figure 8-15 Table format 

This table view has the same units as displayed in the plot. The data can be copied to the clipboard and pasted into other 

programs such as Microsoft’s Excel. 

 

To copy all the data, click the empty box in the upper left-hand corner: 

 
Figure 8-16 
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Next use the Menu and select Edit > Copy to copy the data: 

 
Figure 8-17 

Now paste this data into the program of your choice. 

 

Please save your file now! 

 

 

Pressure 
Many thermodynamic properties are less dependent on pressure than they are temperature. In this case, vapor-liquid 

equilibrium is more affected by pressure. In this example, a large amount of carbon dioxide will be placed under 

pressure. This simulates the charging of a pressure vessel. 

 

Enter this Definition: 

Temperature =  25  °C 

Pressure =  1 Atm. 

H2O  =  55.508 mole 

CO2  =  2.0 mole 
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Figure 8-18 Stream Definition for Pressure Survey 

Click the Add Calculation button. Then Click on the Survey by button and then select Pressure. 

The Summary box will display the current calculation options and status. The default range is from 1 to 10 atmospheres 

with increment of 1 atmosphere. We need to change the range to 100 atmospheres with an increment of 5 atmospheres.  

Click on the Specs button. 
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Figure 8-19 Changing the range 

Change the increment from 1 to 5 as shown in the above figure. Change the end value to 100. 

Click the OK button if you are ready. The calculation is now ready. Click the Calculate button to start the calculations. 

When the program stops, click on the Plot tab to display the default plot. 

 

 
Figure 8-20 Default Dominant Aqueous species 
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The default plot of this type of calculation is a mass phase flow display. We can see that the mass of the aqueous phase is 

increasing until approximately 70 atmospheres where it becomes constants. At this point we will also notice that the 

mass of the vapor phase has become zero.  This is the pressure where the vapor phase has collapsed and is no longer 

present. 

There are other properties to view besides the mass phase flow. Click on the Variables button. 

We no longer need to view the Mass Flow Variables. Select all of them and then click the left double arrow. 

Scroll up/down to find Additional Stream Parameters. 

 

 
Figure 8-21 Classes of variables, select Additional Stream Parameters 

From the new list, select pH  
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     Figure 8-22 Locate and select pH 

Then click on the Right double-arrow or double click the entry. 

 

 
Figure 8-23 Final Variables selection 

Click on the OK button to display pH as a function of pressure. 
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Figure 8-24 Final Plot 

The pH decreases with pressure because of the increased solubility of carbon dioxide. Carbon dioxide is an acid gas. The 

pertinent equilibria are: 

CO2(vap) = CO2(aq) 

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

HCO3
- = H+ + CO3

2- 

Thus as the amount of carbon dioxide in the aqueous phase increases, more of it can dissociate producing hydrogen ions. 

Please save your work now! 
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Composition 
Often is in necessary to determine the effect of adding a species to a solution. One such case is the solubility of calcite 

(CaCO3) as carbon dioxide is added to solution. Calcite is a scale that forms very easily in the production of oil. Carbon 

Dioxide is also produced in the production of oil. The addition of carbon dioxide frequently makes the formation of 

calcite scale unlikely. 

In this example we will add carbon dioxide at high pressure to a saturated calcium carbonate solution. Please enter the 

following: 

Stream Amount34 = 55.558  moles 

Temperature  = 25 C 

Pressure  = 75.0 Atm 

H2O   = 55.508 mole 

CaCO3 (Calcite)  = 0.05 mole 

CO2   = 0 mole 

The following figure is filled out for this example. 

 
Figure 8-25 Composition Survey Definition 

Add a Survey and then Click on the Survey by button and select Composition.  

 

Next click on the Specs button and select the Component tab. 

 

                                                           
34 The stream amount will be automatically calculated from the sum of the component inflows. To indicate that the 

summation has occurred, the grid will highlight the stream amount cell in green. 
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Figure 8-26 Selecting the component CO2 

Select Carbon dioxide, CO2 from this list. Next, click on the Survey Range tab.  

 

We only want to see a narrow range of compositions for carbon dioxide. Enter an increment of 0.05, and an ending value 

of 1.0. 

 

 
Figure 8-27 Narrowing the range of the calculation 

Click OK when ready. 

Click the Calculate button when ready. 
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Click on the Plot tab. The default plot is not what we need to see. Click on the Variables button. 

 
Figure 8-28 The default composition survey plot 

Remove the existing entry. Scroll up or down to find and select Solid. Select CaCO3 (Calcite) from the list. Click on 

OK when ready. 

 
Figure 8-29 Removing default variable and replacing it with the solid CaCO3 
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Figure 8-30 Our desired plot. 

The amount of calcium carbonate decreases with increasing carbon dioxide. In an oil production setting, when there is a 

pressure drop (see previous tour) carbon dioxide will be lost. This will decrease the solubility of calcium carbonate and 

increase the likelihood of scale formation. 

 

Please save this file now. We will be using the file in a later tour. 
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pH (Mixer) 
We have already covered the pH survey in earlier chapter. In this example we wish to discuss the dissociation of a tri-

protic acid, citric acid. Citric Acid has the structure: 

 

There are three acid hydrogen atoms and hence three pKa’s.   

We will use the MIX calculation to perform an actual titration curve. 

 

We need to create two new streams. You have already done this many times. Create the following two streams. 

Stream Name = Citric Acid 

Temperature = 25 oC 

Pressure = 1 Atmosphere 

H2O  = 55.5082 moles (default) 

Citric Acid = 0.1 moles 

 

Stream Name = NaOH 

Temperature = 25 oC 

Pressure = 1 Atmosphere 

H2O  = 55.5082 moles (default) 

NaOH  = 0.1 moles. 

 

Choose Add Mixer from the Action area. 

 

OH 

| 

HOOC-CH2-C-CH2-COOH 

| 

COOH 
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Figure 8-31 The Mixed Stream Input 

We now have many stream from which to select35. Select the newly created Citric Acid and NaOH streams. Highlight 

the stream and use the double-arrow (>>) to select them. 

 

                                                           
35 You can only add streams or calculation that share the same thermodynamic framework.  Thus only AQ framework 

species are viewable since that is the framework selected. MSE framework objects are not displayed. 
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Figure 8-32 Selected Streams 

The two streams (and more than two may be selected) are summarized in the grid below the selector box. We now want 

to vary the amount of the NaOH stream to simulate adding a base titrant to our acid system. Each solution is 

approximately 1 liter. We will add up to 2 liters of the NaOH stream. 

Click the Mixing Method Button 

 
       Figure 8-33 

 

Then select Multiplier. 
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This will add the varied stream in a specific amount. Now select the Specs… button. 

 
Figure 8-34 Selecting the NaOH stream. 

Select the NaOH stream. This will tell the program we will adjust the multiplier of the two streams by adjusting the 

NaOH stream. 

 

Now click on the Survey Range Tab. 

 

 
Figure 8-35 Setting the range of the ratio variable. 

We will set the ratio range from 0 to 2 in 0.1 increments.  
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What this means is that we will start off with the 1 liter of the citric acid solution and 0 liters of the NaOH stream. We 

will continue to increase the amount of NaOH stream until we have 2 volumes of the NaOH stream to 1 volume of the 

citric acid stream. 

Click the OK button. 

Click the Calculate button. When the calculation has completed, click on the Plot tab. 

 
Figure 8-36 The default plot. 

Occasionally our intelligent plot display cannot determine what to plot. We will have to make the selection ourselves.  

Click the Variables button and select pH as the variable to display. 
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Figure 8-37 pH v. NaOH 

The pH increases with adding NaOH. Now we want to select the following ions to see the changes in the citrate ion.36 

Use the Variables button and select the following Aqueous Species. Remove pH. 

 
Figure 8-38 species to select 

                                                           
36 You may find it easier to locate the ion names if you switch the Names Manager to Display Name. 
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Figure 8-39 Citric Acid species v. NaOH 

This plot shows that as the amount of NaOH is titrated the dominant citric acid species changes. 

 

The resulting plot shows the various ions of citric acid changing form.  The pH where each ion changes dominance is the 

pKa of that acid dissociation. For example, the change from H2 Citrate-1 to H citrate-2- occurs slightly above a ratio of 0.5.  

Another interpretation is that this is the amount of the NaOH stream necessary to make this change ~ 500 mL or 0.5 L. 
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Cascading Mixers 
 

In this example we will mix two streams, one basic and one acidic, and mix them together under adiabatic conditions.  

The output of this mixer will then be used as the input to a second mixer where a new caustic stream is added.  The 

schematic in Figure 8-40 below illustrates the layout. 

 

 
Figure 8-40 Schematic of cascading mixers 

For this example, we need to create three streams. You have already done this in other examples so we will only give 

you the input data (for all streams, we will use the AQ – default – thermodynamic framework) 

 

Stream: Base Waste 

Temperature  25.0 oC 

Pressure   1.0 Atmospheres 

H2O   55.5082 moles (default value) 

CO2   0.1 moles 

NH3   0.01  moles 

SO2   0.01 moles 

 

Stream: Acid Waste 

Temperature  25.0 oC 

Pressure   1.0 Atmospheres 

H2O   55.5082 moles (default value) 

HCL   0.1 moles 

H2SO4   1.0 moles 

 

Stream: Caustic 

Temperature  25.0 oC 

Pressure   1.0 Atmospheres 

H2O   55.5082 moles (default value) 

NaOH   1.0 moles 

 

To test that our streams are representing their respective names, perform a single point isothermal flash on each stream.  

When you are done you should have a window that looks similar to Figure 8-41 below: 
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Figure 8-41 completed inputs for cascading mixer 

Now we are ready to begin. Click on the “Streams” at the top of the tree-view in the left hand window and then select 

Add Mixer from the actions panel. 
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Figure 8-42 Adding a mixer 

 

We can now add the “Base Waste” and “Acid Waste” stream as we have done in previous examples. The only difference 

here is that we are selecting an Adiabatic calculation instead of the default isothermal calculation. 
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Figure 8-43 Selecting the Base and Acid waste stream 

Let’s calculate this mixer. Click the Calculate button. If everything is set up correctly the resultant mixed pH should be 

approximately 0.337 

 

In the stream tree-view panel, locate your mixer and click the “+” sign. 

 

 
Figure 8-44 Click the "+" sign to expand the tree 

Click the “+” sign to expand the tree. 

 

 
Figure 8-45 Expanded tree view 

You can see that the program has performed an equilibrium calculation on each of our input streams as well as calculated 

the mixer. The results of the mixer are stored in the object “1 of 1”. 

 

We will now add a second mixer from the actions panel. 

 

                                                           
37 You can use the Report Tab to find the pH value. 
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Figure 8-46 Adding the second mixer 

When we add a subsequent mixer we will see all of our previous objects still displayed. It is possible to reuse a stream 

that we already used (this is not possible in OLI’s other simulators such as ESP or OLI Pro.)  We want to connect the 

output from our first mixer (Mixer1) to the inlet of the Caustic Reagent stream.  Click the object Mixer1 as highlighted  

in Figure 8-46 above. 

 

Then add the Caustic Reagent. 

 

 
Figure 8-47 connecting the output of mixer 1 to the new mixer 

We are now ready to calculate the second mixer. Press the calculate button. 

 

The resultant pH should be approximately 0.95.  We want to increase this value. Change the Multiplier value for Caustic 

Stream from 1.0 to 2.4 

 

 
Figure 8-48 Changing the multiplier value 
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Click the calculate button again. The new pH should be approximately 12.1. 

 

The real value of the cascading mixer is the quick ability to re-calculate the objects if we want to change something.  

Let’s add some diethanolamine to the series of calculations. Click the Acid Waste stream (not the single point 

calculation below it) and add the component DEXH38 to the grid with a value of 10.0 moles. 

 

 
                                            Figure 8-49 Adding diethanolamine, note that the Acid Waste Stream is highlighted. 

Reduce the Caustic Multiplier back to 1.0 

 

To recalculate all the objects at once, press the control-F9 keys and all objects will be calculated.  Now if you look at the 

summary of Mixer2 you will see that the pH has changed to approximately 10. 

 

 

  

                                                           
38 This is the OLI Tag name for diethanolamine, which is easier to type if you know the name. 
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Secondary Surveys 
 

On many occasions we wish to study a system that varies two independent variables at the same time.  This can be 

accomplished via the secondary survey. In this example, we will re-use the composition survey entered earlier.   

We are not only interested in the solubility of calcium carbonate as a function of carbon dioxide; we also are interested in 

the temperature effects. 

If you re-open this file, you can skip down to the section “Starting from a saved case” below. 

As a review, enter the Definition below. 

 
Figure 8-50 Composition survey definition 

Select Composition from the Survey by button. Select the Specs button and then select CO2. 

Select the Range tab and adjust the increment to 0.05, the ending value is 1.0. 

 

Starting from a saved case 

Click on the Definition tab for the survey. 

Now select the Then by button. 

 
Figure 8-51 
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Figure 8-52 Selecting the Secondary Survey 

Select Temperature. 

 

We are making no changes to the default range. 

 

Click the Calculate button when ready. 

 

This will now launch a very large series of calculations. Essentially we multiple the range of the composition survey by 

the range of the temperature survey to get the number of calculations. The following figure shows the large number of 

points being calculated 

When the calculation completes, click on the Plot tab. The plot options should be the same if you opened the file that 

was previously saved. If not click the Variables button and select the plot variables as shown below. 

 

 
Figure 8-53 Setting the plot variables 

Click on OK to return to the plot.  The plot now has points from 0 to 100 °C. Unfortunately, the legend is covering a 

large part of the graph. 
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Figure 8-54 A family of Curves, the legend is in the way. 

Right-clicking anywhere on the plot brings up the following menu: 

 
Figure 8-55 Right-Click on the plot to pop this up. 

You may toggle the axes between linear and logarithmic, suppress the legend, allow changes to placement of titles 

(Allow Layout Changes) and save the design. 

 

For now, click on Hide Legend to turn off the legend. 
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Figure 8-56 The uncluttered view. 

The solubility of calcium carbonate increases with temperature.  The lower temperatures are the bottom curves.  

 

When the mouse-pointer is positioned over a point on one of the curves, the message box at the top of the plot indicates 

the variable and the coordinates of that point.  

 

Please save the file now (you may want to use a different name since this is different from the previous composition 

survey). 
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Contour Plots 
If you have created a dual survey, you can then create a contour plot.  To do this you simply have to click the contour 

plot button: 

 

 
Figure 8-57 the contour plot button 

 

This dramatically changes the display. 

 

 
Figure 8-58 the contour plot 

 

The plot shows a lot of information at once.  The position of the mouse pointer is shown in the information bar at the top. 

(This is represented by the Number 1 in the figure) In this case the x,y coordinate of 0.2 moles of CO2 and a temperature 

of 80 oC  reports 0.0396 moles of CaCO3 solid forming.  The colors are indication of minimum (blue) and maximum 

(red) values on the plot. 

 

Unlike the standard plot, we have limited some of the variables that can be plotted at once. For example, you can only 

plot a single variable and the axis variables cannot be changed. If you click the Variables button  

 

You will see the following dialog: 
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Figure 8-59 Contour variables 

Only a single variable can be selected.  If you expand some categories such as “Aqueous” you will find that the 

“Dominant” species is not present since that will attempt to plot more than a single variable. 

 

To change back to the standard plot you need click the plot button: 

 

 
Figure 8-60 The standard plot button 

 

Please save your file.  


