17. Studio ScaleChem Interpreting

Results

Overview

Studio 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

Assumptions

Electroneutrality

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

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

lonic 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
misreported. 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 misreporting 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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| Description| & Design |3 Report| 2 File Viewer|

= L Variable | Vaue | Balanced Entry Opbans
5 Cations (mgiL) Uiits
= Hae1 3074.00 3074.00 A
= K+ 0.0 0.0 | SEE) '—J
a I ;
b Ca-2 910,000 910,000 o
ug-2 243,000 Jisong| Fomde ]
- T e
ﬁ Sre2 0.0 00 |Show Mon-zero Only
8 Bas2 0.0 0.0 |  [V]Show Balanced Column
o
& Fes2 0.770000 0.770000
1 T 1 Template Manager
Anions (mgiL) Standard 7|
CH 4474.00 4481.20 |
5042 2860.00 296000 L Saveas -] K
HCO3-1 429,000 435,000
E(OHM-1 LL 00|  Balance Options
HS-1 146 200 146200 | Type
C2H302-1 0.0 0.0 = 2
Neutrals (mg/L)
coz 0.0
HZS 0.0
Si02 0.0
B(OH)3 0.0

Figure 17-1 A non-electrically neutral sample

In Studio ScaleChem we will receive a report of the required amount of material

required to balance the sample in the yellow column headed as Balanced. Stream is

balanced as soon as the components are entered.

\0) Description |9 D“iﬂl‘u;_ﬁ Report I.‘ File V'imr:

Data Entry

Reconcile

[

Na+1

Ca+2
Wg+2
Sre2

Fe+2

okt
s042
HCO3-1
B(OH)4-1
H5-1
C2H302-1

coz
H2S

Variable

Value
Cations (mg/L)

[ 307400
00|
910,000 |
249.000 |
00|
00|

0.770000

Anions (mgiL)

0.0
146.200
oo

Neutrals imgﬂ_',l
0.0
0.0

Balanced

3074.00
0.0
$10.000
249.000
0.0

0.0
0.770000

0.0
146.200
oo

Figure 17-2 Switching of dominant ion

If CI- quantity is change from 4474 to 447.4 then automatically SO4-2 ion becomes

the dominant ion. And its balanced quantity increases by almost 5464

mg/L as opposed to 2960mg/L of SO4-2 ions.
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N, Mgs2 249.000 249.000 | e
T Sre2 0.0 0.0 Show Non-zero Only
5 Ba-2 00 00|  [¥]Show Baianced Column
= Fes2 0.770000 0.770000
Template Manager
Anions (mg/L) Standard ",
cH 4474.00 “s120| | 3
5042 2960.00 2960.00 Save &1
HCO3-1 439.000 439,000
B{OHM-1 0.0 0.0 | Balance Optons
H5-1 145.200 | 146200 | Type
CZH302-1 oo 0o
Domnant Ton
Neutrals (mg/L) Prorate Cation |
o0z 0.0
{ eup lon
H2s 0.0 —
si02 0.0
BOH)3 [ 0.0

Figure 17-2a Balance options

This report shows us that 5464mg/l of SO4-2 ions must be added. Since the original
sample only had 2960 mg/l of SO4-2 ion (see Figure 17-12a) 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 and that of chloride
ion rather than Sulfate ion.

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 17-1) or 134
mmoles (1000 mmoles =1 mole), then we would expect 4481 mg/| of chloride.

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.

Temperature (°F) o
. Pressure (psia) Temperature ('F)

pH | Pressure (psia)

Alkaliniy (mg HCO3L) pH

Akainty End Point pH | ARSIEy (I HOOS)
i Alkalinty End Point pH

Dens fmi |
| Densiy (g/m) Densty (g/mi)

Elec Cond, specific (mho/m) | Elec Cond, specific (mho/m)
Total Dissolved Solids (mg/L) Total Dissolved Solids (mg/L)

Added tirant (mg/L) Added titrant (mg/L)
' Add Charge BaLanu{EngL CI-L Add Charge aarance(mgn. soa-zi
Figure 17-3 Reconcile tab when Chloride ion quantity is 4474 mg/L and Chloride ion is 447.4
mg/L(SO4-2 becomes adjustment parameter in the second image on the right).
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Each species
concentration has been

W

\‘f De_scription. &¥ Design Report | = File Viewer

altered.

Only the chloride
concentration value

changed

pH/Alkalinity

Reconciling pH/Alkalinity

Alkalinity

Titration pH

[ Variable Value Balanced
E Cations (mgiL)
f Na+1 3074.00 3074.00
= K1 0.0 0.0
e Cas+2 910.000 910.000
h Mg+2 249.000 249.000
-§ Sre2 0.0 0.0
g Bas+2 0.0 0.0
- Fes2 0.770000 0.770000
Anions (mgiL)
Ch1 4474.00 4481.20
504-2 2960.00 2960.00
HCO3-1 429,000 439.000
B(OH)4-1 0.0 0.0
HS-1 146,200 146.200
C2H302-1 0.0 0.0
Neutrals (mg/L)
co2 0.0
H2S 0.0

Figure 17-4 The chloride ion has been increased to 4474 mg/I

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.

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

The alkalinity can be entered as:

meqg/I

mg/l as HCO3

mg/l as CaCO3

The units meg/l is the actual base capacity of the solution regardless of speciation.
The units mg/l as HCO3 are the most common unit in the industry. It is important to
note however, that the sample does not have to contain carbonates to have the
alkalinity reported as HCO3. The last unit, mg/l as CaCO3 is also used frequently.
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.

Clicking on Calculate will execute the procedure.

When the calculation is complete, Studio ScaleChem will report the values required
to reconcile the sample.
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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/I as
HCOs

The reconciled values
are approximately
159 mg/l HCI added
and 183 mg/l of CO,
removed

]

| Description| & Design |G Report | File Viewer|

= Calaulate Brine Properties Using:
& Concentration Data Only e— ]
2 Gas-Phase CO2 Content (mole) : :
- © Measured pH and Akalinity _ Codoe @ |
Measured pH Only
= Alow sokds to form
E o Properties Measured | Calculted
(- Temperature ('F) 77.0000
[ avmim ) 1456960 |
[os 7.98000 |
| Akalinty (mg HCOML) g
| Abkatinty End Point pH £.50000 |
| Densty (g/mi) B
| Elec Cond, specific (mhoim) o0
Total Dissolved Solids (mgiL) tﬁj I
| e :

| Added ttrant (mgiL)
Add Charge Balance (mg/L CL1)

Figure 17-5 Reconciled pH and alkalinity

Calculating pH and Alkalinity

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

reconciling.
Select the Equilibrium option

Click on Calculate to begin.

Studio ScaleChem will then return the calculated pH and alkalinity.

a/aj@a

el
(& Description I ¥ Design Report J File Viewer
Jumpto: [Brine Anslysis Dats -]
Brine Analysis Data
Row Fiter Appled: Only Non Zero Values
WTXWTR  06/20/2016
Stream Properties
P 77.0000 F

Pressure 14.6960 psia
Phase Properties
pH 7.98000
Density (g/ml) 1.00661
Specific Electrical Conductivity
(mholm) 1.70000
lonic Strength (molimol) 4.35554e-3
lonic Strength (molikg) 0.243200
Viscosity, absolute (cP) 0.919721
Viscosity, relative 1.03256
Alkalinity (mg HCO3/L) 439.275

Figure 17-6 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.

Report Contents IM
i Coegoy [ Reponitems [ Phases] Opiions |
r =1 Report Contents > 3
| Brine Summaty Row Display Column Display

Charge Balance All rows ) All columns
. _ 9 Orly non zet0 tows © Only non zero columns
} Scaling Terdemnea Only rows where any ) Only columns with 3l
| Pre-Scaling Tender value is greater than values greater than
: Sort Layout Details

© User entered order [¥] Show header
| Sort by name | Show footer
Sort descending amount |1 New page to start
| [7] New page after
|
] m [ \
|
ok | [ cancel || Apph | [ Heb

Figure 17-7 The default species display

Default Speciation Display

See Chapter 2: Thermodynamics for a more complete description of the standard
chemistry.
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Sumptar [ Speces Dutpd (Trum Species) =l

Phase Propertios

Parameter Aqueous

Clal 7 92000

Density igimi) 1.00681

Specic Electrical Condu

tr:nwrm o btk

lanic Sirangh (mobimal) 43555493

Fonic Strengh (molkg) 0.243200

Viscosity, abschute (cP) 0.919721

Viscosity, relative 103256

| Mlkcalinity {mg HEO3L) 439275

Pre and Post Scaling

Scale Mineral Pre-scaling Pre.index Post.scaling Postindex
CaC03 (Calcie) 14,3693 115742 14,3474 115738
Cas04.2H20

(Gypsum) 0.977387 -0.93362e-3 0976800 00101945
CaS04 (Anhydrite) 0.719723 0142834 0718281 0143098
FeCO3 (Siderite) 28606363 254354 28506363 254354
FeS (Pyihatite) 957.763 298126 957.763 288126
Fas 16.3519 1.21357 16.3519 1.21357
MgIOH)2 (Brucite) 55726604 -3.25304 55726604 -3.25304
[NaCl (Halite) 2354334 -162629 23540184 -162635
Bring C

Cations ) | Anions: Valse jmgiL) Neutrats Value (mgiL)
Mal=1} 3074.00 CH-1) 463684 H2S 150.603
Cal=2} 910,000 HEO3- ) 170.758

Fei+2) 0.770000 5042 2064.14

Mgi-2) 249,000
(") This is total sysiem cartonate including dsolved CO2. THES 5 NOT ALKALNITYY

Figure 17-8 The standard display

Expanded Species Display

Click on Customize under the report tab. Click on Species output and then by
checking boxes before the species name will display Species List. Click on OK to
redisplay the Report tab.

I Report Contents L# ﬁ

I Calegay

= Report Corterts
Biine Summary Teaddummemm_lmlheleom.cﬁl;ed\eckm Te
The expanded species lists Commboncs || G s e
Scaing Tendencies || Columns :
are scrollable Fre S Tendend | |2 -
Eieg] =
(7 Nas
¥1504:2
[FCas2
——————————————— B0t
I Mgs2
VICa504
[4IH5
|4 HO03
¥ Mgs04
[#1Cat03
[ MgHCO3+1
¥ NaHOO3
[¥]CaHC03
o

| Report ltems | Phases | Options

Drescription

135 of 135 leme selected

Ok [ Canest | | Hep |

Figure 17-9 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. Customize
report-> Species Output->Options leads to display options where we can select to
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view species only greater than value 0. Column and rows are adjustable according to
the user's preference.

tegary Report ibemsl Phases| Opiions
=} Report Contents
Brine Suraiy FowDisclay Lo Dipky
Chage Balance @ All iows All cohmng
Species Dutput Only non zeto rows Orly non zeto columns
Scaling Tendencies Only rows where any @ Orly cohumes with al
Pre-Scaling Tenden value iz greater than wvahies greater than
0o
Soet Lapout Detads
@ User entered order /| Show header
Sout by name Show footer
Soit descendng amount New page to start
New page after
|
e [ e

Figure 17-10 Water Analysis with zero values masked

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 Studio ScaleChem reporting that the
sample is supersaturated.

Isothermal Calculation
77.0000 °F 14.6960 psia
Calculation in progress

The brine is supersaturated with 3 solids:
CaC03, FeS, FeS
Calculation Complete!

Figure 17-11 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 field has been
“Scrolled Down” to
display the dew point
temperature

Gas Analysis

Summary

Summary

Unit Set: <Customs

Automatic Chemistry Model
AQ (H+ ion) Databanks
Public
No Sobd phase(s)
Custom K-fit P-span
Stream Parameters:
Temperature (*F) |77.0000
Pressure (psia) |14.6960
Stream amount (L) 1.00000
Dominant lon Charge Balance
(eq/L):
Cation Charge| 0.199639
Anion Charge | -0.159435
imbalance 202957e-4

lon(s) needed to balance (mgiL):
Ch1|7.185

Measured pH and Alkalinity.
Phase Amounts:

Agqueous (g)| 1006 .61

Vapor (g) 0.0

Aqueous Phase Properties:

pH 7.98000
lonic Strength (molimol) 4.35554e-3
Density (g/mi) 1.00651

Calc. elapsed time: 1.170 sec.
Caiculation complete 2

Figure 17-12 The summary for a water analysis

The information that can be displayed for a gas analysis is rather limited. Unless a

Dew Point calculation had been performed, the output is an echo of the input.

Unit Set: <Custom=

Automatic Chemistry Model
Agueous (H+ ion) Databanks:
Public
Second Liquid phase
Custom K-ft P-span

Saturate Gas with H20 Calculation
264.900 "F 215.990 psia
Phase Amounts
Agueous 1.00000e-6 mol
Vapor 57.9947 mol
7 Solid 0.0 mol
2nd Liquid 0.0 mol

Agqueous Phase Properties
pH 4.23000
lonic Strength  1.07249e-6 molmol
Density 0.935644 g/mi

Calc. elapsed time: 0.210 sec

Calculation complete

Node Summary

rouvie

Custom K-fit P-span

Dew Point Calculation
215.990 psia
264.900 °F

Phase Amounts

Solid 0.0 mol
2nd Liquid 0.0 mol

pH 4.22999

Figure 17-13 Gas Analysis Summary and the Dew Point summary

Second Liquid phase

Aqueous 5.79947e-5 mol
Vapor 57.9946 mol

Aqueous Phase Properties

lonic Strength  1.07249-6 molimol
Density 0.935644 g/ml

Calc. elapsed time: 0.190 sec

The brines and/or gases collected at the node are displayed along with the flow rate

of each item. The temperature and pressure of the node is also displayed.
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Summary

Automatic Chemistry Model
Aqueous (H+ ion) Databanks
Public
Excluding 116 solid phases
Custom K-fit P-span

Node(s) Summary:

Skim Tank:

Brine (bbVday) Field1/11000.0

Brine (bblday) Field2|6000.00

Suction Tank:

Brine (bbVday) Skim Tank|Calculated
Brine (bbVday) Water Supply| 3000.00

Selected Solids Summary:
BASO4PPT
CACO3PPT
CAS04.2H20
CASO4PPT
FENCO3PPT
FEISPPT

Figure 17-14 Node Summary Report

Overview of Studio ScaleChem Output

There are three types of output which a user can request after a Studio ScaleChem
calculation: Plot, Reports, or File Viewer.

Summaries

Summaries is the default Studio ScaleChem output. It is located on the right most
corner of the software window under the calculate button.

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 when customize section is clicked open under the reports tab. This
includes 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 report.

Facilities Summary

Report for each node and dropped phases are shown.

Pre-Scaling tendencies

Solids to be displayed can be chosen from an extensive list of possible precipitants.
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Scaling Tendencies

Survey Parameters

Sorting options are more to choose from. TRANGES can be displayed. 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.

Stream Amount, Temperature, pressure etc is reported.

OLI Speciation Report

Convergence Pattern

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.

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

k=

To view Studio ScaleChem Plot Options click on Plot tab. This is located next to the
design tab. This will show a default plot.

& Description | &F Design Wil Plot |5 Repon | J File Viewer

ViewDaia | [ Curves || Opiions

FeS - Sol, CaS04 - Sel, elc

S - N oW e

Temperature ['F]

sungese

L T 4 & 2 i s e P L . 00
R e BB bR %

Figure 17-15 Displaying the Default plot
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Determining the Default Plot

After returning from the OLI Solver, Studio 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 If any precipitates, use the solids
else if Pressure varying, use Pressure else use  else user any pre-scaling indices > 0
Case number or Mix Ratio to a maximum of 8 variables

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. Right click on the X or Y
axis will pop up a format plot window. It has options like Format X-axis, Adjust
Scale, Label Axes etc. Curves Button will prompt a Select data window.

Select Data To Plot (-2
Curves |
. - X e
¢ Stream Parameters s | | Temperature
+ Calculation Parameters B
4 Inflows Y1 Aods |
+ Additional Stream Parameters — | Ca(i2 Pre-scaling tendency
+ Aqueous #2 | |CaCO3 Pre-scaling tendency
+ Vapor £ BaS04 Pre-scaling tendency
+ Solid
+- Molecular Totals

+ Scaling Tendencies

+# Pre-scaling Tendencies

+ Gibbs Free Energy Y2 Auds |
. Gibbs Free Energy Standard Stats :

+- Entropy 22

+ Entropy Standard State (x-based)

# MBG Agqueous Totals

+ MBG Vapor Totals
- MBG Solid Totals
+ MBG Second Liquid Totals L. Z hds
10 Terete . =
[¥] Hide Zer Species
| = = - =
O (cnCononli] [ ooy | [ssmubiobrios

Figure 17-16 Selecting Data

Data Available

The list of variables which can be displayed are shown as Data Available. Stream
parameters include Temperature and Pressure etc. Additional Stream parameters
contain density, viscosity etc.

Selecting Data

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